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INTRODUCTION

Sepsis mortality is in the 30-50% range, though mortality 
rates have declined in recent years (Stevenson, Rubenstein, 
Radin, Wiener, & Walkey, 2014), (Bouza, López-Cuadrado, 
Saz-Parkinson, & Amate-Blanco, 2014). Annual incidenc-
es have, however, increased in several countries (221 in 
2000 to 377/100000 in 2008 – USA data (Hall, Williams, 
DeFrances, & Golosinskiy, 2011) and 256 in 2007 to 
335/100000 in 2013 – Germany data (Fleischmann et al., 
2016). It is interesting to note that recent sepsis coding 
changes have led, at least in the USA, to an overall higher 
sepsis incidence, which might contribute to an apparent 
decline in mortality (Gohil et al., 2015). However, mortal-
ity rates for children with severe sepsis have declined in 
several countries (Thompson & Kissoon, 2014), (Hartman, 
Linde-Zwirble, Angus, & Watson, 2013). In England, 5.1% 
of deaths (general population) were found to be associated 
with sepsis (McPherson et al., 2013).
Microbiological diagnosis is critical in sepsis manage-
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ment. Traditional microbiological techniques are valuable 
for antibiotic susceptibility testing (AST) and genotyping 
and may be complemented with newly introduced meth-
ods such as analytical (e.g., mass spectrometry) and mo-
lecular ones (Jordana-Lluch, Giménez, Quesada, Ausina, 
& Martró, 2014). Many studies have looked into the value 
of non-culture-based methods and biomarkers for the di-
agnosis of bloodstream infections – BSIs (Skvarc, Stubljar, 
Rogina, & Kaasch, 2013). Several reviews on molecular 
biology-based techniques have been published in recent 
years (Liesenfeld, Lehman, Hunfeld, & Kost, 2014) (Lebo-
vitz & Burbelo, 2013) that highlight the potential value of 
these techniques in clinical sepsis settings. 
The impact of non-culture-based techniques for the 
microbiological diagnosis of sepsis has been assessed 
(Skvarc et al., 2013) (Ratzinger et al., 2016) (Chang et al., 
2013) (Rodrigues et al., 2019). The above techniques have 
a demonstrated value in the diagnosis of culture-negative 
BSIs, for instance in bacteraemia episodes caused by fas-
tidious or slow-growing microorganisms and in patients 
with fungemia. Some studies identify the benefit of non-
culture-based techniques in added positivity rates for 
microorganism identification when considering blood 
cultures and other techniques among a panel of available 
microbiological diagnostic methods. Overall sensitivities 
and specificities of commercially available molecular bi-
ology-based platforms are in general better than those of 
blood cultures alone (Makristathis et al., 2018). 
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SUMMARY

To evaluate the impact of the use of a multiplex-real time PCR-based assay (SeptiFast M-Grade®) on 
in-hospital mortality in ICU sepsis patients. 
Demographic, clinical and microbiological data from ICU patients with suspected sepsis and available 
SeptiFast (SF) test results were gathered. The intervention group comprised patients in which SF indicat-
ed a clinical intervention; the non-intervention group included patients in whom SF result did not lead to 
any clinical intervention. The study looked at expected and observed in-hospital mortality rates in both 
intervention and non-intervention groups.
Two-hundred and fifty-five patients (121 patients in the intervention group and 134 patients in the non-in-
tervention group) were included in the study. When comparing both groups, we found no significant 
differences in severity scores, either in estimated or observed mortalities. Older age, high APACHE II 
scores, and infections caused by Gram-negative pathogens and carbapenem-resistant enterobacteria were 
all associated with a higher risk of death in both groups. Overall, blood cultures and SF agreed in 75.3% of 
cases. Positivity rates were 22.0% for blood culture, 29.4% for SF, and 38.0% combined.
Though we did not find a correlation between SeptiFast-based intervention and changes in in-hospital 
mortality, SeptiFast improved positivity rates. The above improvement in microbiological diagnosis might 
be associated with fewer complications, lower hospitalization costs and presumably better long-term sur-
vival rates in sepsis patients.
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Currently available molecular biology systems for detec-
tion and identification of microorganisms in suspected 
BSIs include real-time PCR platforms such as the Light-
Cycler SeptiFast Mgrade Test – LC SeptiFast (Roche Di-
agnostics, Mannheim, Germany) which has been used 
for several years and tested in research and clinical sce-
narios (Chang et al., 2013). The LC SeptiFast (SF) is a 
multiplex quantitative polymerase chain reaction-based 
assay that detects DNA sequences corresponding to a 
panel of 20 organisms prevalent in sepsis /BSIs. While 
the value of the Roche test is clear for the positivity of 
detection rates, only a few studies have looked at LC Sep-
tiFast (SF) clinical value in terms of outcomes in groups 
of critically ill patients. 

PATIENTS AND METHODS

Study design
We collected data from ICU patients with suspected sep-
sis admitted to a large referral hospital in Quito, Ecuador, 
through 12 months from April 2016 to April 2017. Selected 
patients had SeptiFast M Grade® (Roche Molecular Sys-
tems, Mannheim, Germany) testing from whole blood re-
sults available. The study collected clinical, microbiologi-
cal and demographic data and uploaded them to a tailored 
database. The intervention group included patients in 
which the SF result led to a modification in antimicrobial 
therapy (start of antibiotic therapy, change of antibiotic 
scheme or antibiotic withdrawal). The non-intervention 
group included patients in whom the SF result did not 
lead to a change in antibiotic therapy. The study then ret-
rospectively looked at estimated and observed in-hospital 
mortality rates in both groups. All patients provided writ-
ten consent for the study. The hospital ethics committee 
approved the study and its protocols.

Severity scores
The APACHE II score (Knaus, Draper, Wagner, & Zimmer-
man, 1985) was chosen due to its demonstrated good cor-
relation with expected mortality (Basile-Filho et al., 2019) 
(Kądziołka, Świstek, Borowska, Tyszecki, & Serednicki, 
2019). ICUs assess the APACHE II score on the patient’s 
admission to the units. APACHE II data were available 
from medical charts and patients’ logbooks. 

Data collection
A database was built using Excel spreadsheets. Data were 
manually gathered from patients’ logbooks as detailed 
above. Data clean-up and validation, as well as pivot tables 
and preliminary analysis, were performed with the built-
in Excel tools. Patients who had neither blood culture nor 
SF results were excluded from the study.

Microbiological methods
Blood cultures: Blood cultures were drawn on attending 
physician’s orders. 
The hospital microbiology laboratory performed blood 
culturing according to CLSI standards. All microbiology 
procedures were carried out in the hospital lab and by ex-
perienced lab technicians. 
LightCycler SeptiFast MGrade® Test: ICU physicians, fol-
lowing the unit’s algorithm, ordered SF testing. The hospi-
tal’s molecular biology laboratory carried out the SF tests 
under strict aseptic conditions and complying with the 
manufacturer’s instructions.

Study endpoint and data collection
The in-hospital mortality rate was the dependent variable. 
The study retrospectively collected clinical and epidemio-
logical data from medical charts and patients’ data logs. The 
study end-point was the patient’s condition at discharge. 

Statistical analysis
Continuous values were shown as means ± standard de-
viations. Categorical values were expressed as counts and 
percentages. The T-test was used to compare continuous 
values and χ2 tests were used for categorical values. The 
level of agreement was measured using the kappa test. The 
relationship between treatment switch (intervention) after 
SF and hospital discharge was assessed using a logistic 
regression adjusted by potentially confounding factors, 
including age and sex.

RESULTS

Two hundred and fifty-five patients with suspected sep-
sis were included in the study. The mean age was 54.2 ± 
17.5 years; 65.5% of patients were males. The interven-
tion group included 121 patients in which SF determined 
any type of clinical intervention and the non-intervention 
group had 134 patients who continued with their original 
therapy. There was a statistical difference in hospitaliza-
tion length, blood culture time and SF time between inter-
vention and non-intervention groups (Table 1).
The APACHE II index provides a mortality estimation 
based on specific clinical and biochemical patient-char-
acteristics. The study of concordance between mortality 
estimation and status at hospital discharge (dead or alive) 
showed a kappa index of 0.387 (95% CI: 0.273-0.502), 
equivalent to a moderate agreement, and a percentage 
agreement of 69.8% (95% CI: 63.7-75.3%).

Blood culture and SF level of agreement
Blood culture and SF tests agreed 75.3% (95% CI: 69.4-
80.4) of the time; nevertheless, both tests showed a fair 
to moderate level agreement according to kappa (0.3575; 
95% CI: 0.219-0.495). Also, six positive samples for blood 
culture and SF grew different bacteria in each test. Among 
patients with no-growth blood cultures, 16.1% had 
switched treatment due to positive SF results (Table 2). 
The positivity rate was 22.0% (56/255) for blood culture 
and 29.4% (75/255) for SF. The positivity rate in the group 
of patients with an identified bacterial species result was 
57.7% (56/97) for the blood culture and 77.3% (75/97) for 
the SF test. The overall positivity was 38.0% (97/255), in-
dependent of the test used. With regard to the added pos-
itivity percentage, blood culture added 22.6% (22/97) over 
the SF test; however, SF added 42.3% (41/97) over blood 
cultures. When SF and blood culture were performed to-
gether positivity rates increased by 73.2%. 
SF detected more than one bacterial species in a collected 
blood sample 28.9% of the time. These bacteria includ-
ed (not exclusively) Klebsiella pneumoniae, Klebsiella ox-
ytoca, Klebsiella aerogenes, Escherichia coli, Enterobacter 
cloacae, Serratia marcescens and Pseudomonas aerugino-
sa. In samples where SF was negative and blood culture 
was positive, the most frequently isolated bacteria were 
Gram-positive (40.9% of cases), including Staphylococcus 
epidermidis and Staphylococcus aureus. (Tables 3 and 4)
The assessment of mortality estimation and switch of 
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Table 1 - Baseline characteristics of the study patients on admission to the Intensive Care Unit.

Characteristics Intervention Group
N=121

Non-intervention Group
N=134 p value**

Sex (%)
Male
Female 

78 (64.5)
43 (35.5)

89 (66.4)
45 (33.6)

0.648

Age (years)
Mean ± SD
Interquartile range

54.9 ± 17.4
17 - 92

53.5 ±17.6
17 - 90

0.622

APACHE II score*
Mean ± SD
Interquartile range

22.8 ± 7.52
3 - 39

21.8 ± 9.08
3 - 43

0.321

Mortality Estimation (%)
Mean ± SD
Interquartile range

46 ± 23
4 - 90

44 ± 26
4 - 94

0.321

In-hospital length of stay (days)
Mean ± SD
Interquartile range

17.4 ± 14.1
1 - 66

8.7 ± 6.8
1 - 40

0.001

Blood Culture (days after admission)
Mean ± SD
Interquartile range

7 ± 9
0 - 52

3 ± 4
0 - 26

0.001

SF (days after admission)
Mean ± SD
Interquartile range

7 ± 9
0 - 52

3 ± 4
0 - 26

0.001

Hospital discharge
Alive
Death

61 (48.8)
64 (51.2)

81 (57.4)
60 (42.6)

0.158

*APACHE II denotes the Acute Physiology and Chronic Health Evaluation. Patients were assessed on the day of admission to the UCI. **P - values were determined with 
the use of the chi square test for categorical variables and the T-test for numerical variables.

Table 2 - Level of agreement for blood cultures and SF test (n=255).

Results Counts Percent Kappa index P value

BC- SF- 158 62.0
0.357

95% CI: 0.219-0.495
0.001

BC+ SF+ 34 13.3

BC+ SF- 22 8.6

BC- SF+ 41 16.1

Abbreviations: BC, blood culture; +, positive (no growth); -, negative (growth) SF, Septi-fast; +, positive (amplification signal with Ct within accepted parameters); -, negative 
(no amplification signal or Ct outside accepted parameters).

Table 3 - Microorganisms identified in blood cultures with growth and negative SeptiFast.

Bacterial species identified in blood culture (BC+,SF-)*

Microorganism Counts Percent

Escherichia coli 4 18.2

Methicillin-resistant Staphylococcus epidermidis 4 18.2

Staphylococcus epidermidis 2 9.1

Methicillin-resistant Staphylococcus aureus (MRSA) 2 9.1

Staphylococcus aureus 1 4.5

Carbapenem-resistant Acinetobacter baumannii (CRAB) 1 4.5

Candida glabrata 1 4.5

Candida parapsilosis 1 4.5

Candida albicans 1 4.5

Eschericha coli ESBL 1 4.5

Klebsiella pneumoniae 1 4.5

Morganella morganii 1 4.5

Pseudomonas aeruginosa 1 4.5

Raoiltella ornithinolytica 1 4.5

Total 22 100

*BC= blood cultures, SF= SeptiFast.
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therapy after the SF test did not show a statistically sig-
nificant impact of therapy changes on hospital discharge 
condition (alive) [OR: 0.746; CI 95% 0.434-1.284; p = 0.22]. 
There was a tendency, however, for patients who changed 
treatment after SF (intervention group) and had higher 
predicted mortality to show higher survival rates (Figure 
1). At hospital discharge, 50.4% of patients in the interven-
tion group and 42.5% of patients in the non-intervention 
group had died. There was no statistical difference in sta-
tus at hospital discharge.
Negative SF test results were found in 68.6% of patients 
who died, and 72.1% who did not. In samples from pa-
tients who died, the most common bacterial species iden-
tified by the following, by SF were Staphylococcus aureus 
and Klebsiella pneumoniae/Klebsiella oxytoca. Patients who 

died were 3.2 times as likely to have an infection caused by 
Gram-negative bacteria than patients who survived. Among 
patients with infections caused by Carbapenem-Resistant 
Enterobacteriaceae (CRE), 72.7% (8/11) died. The odds of 
having a CRE-associated infection for the death group was 
5.3 times higher than for the survival (alive) group (Table 5). 
The higher the age and the mortality estimation, the 
greater the probability of dying regardless of the time of 
hospitalization, bacterial infection, bacterial phenotype, 
microbiological test and antibiotic treatment switch after 
the SF test. There was no influence of the time of sample 
collection and testing (blood culture or SF) during ICU 
stay on survival rates.

DISCUSSION

Clinical microbiology aims at identifying the etiological 
agent of an infectious episode and at providing a pattern of 
antibiotic resistance/susceptibility for the clinical isolate. 
This diagnosis is crucial in BSIs, which has proved to be a 
major cause of hospital mortality worldwide. Although the 
multiplex PCR method does not allow determining bacte-
rial resistance patterns, real-time PCR allows the identifi-
cation of sepsis-causing bacteria in a fast, highly sensitive 
and specific manner, reducing the risk of contamination of 
the sample and enhancing the patient’s treatment choices 
and, in turn, potentially improving patients’ survival. 
This study confirms the usefulness of the APACHE II index 
as a predictor of mortality in patients admitted to the ICU 
with suspected sepsis. However, it emphasizes that the type 
of bacteria and its antibiotic susceptibility influence the 
outcome (status at hospital discharge) independent of the 
value of the APACHE II index on the admission diagnosis. 
Our study hypothesized that the start of antibiotic thera-
py and changes of antibiotic schemes or antibiotic with-
drawal based on SF test results were associated with both 
the in-hospital length of stay and patient status at hospi-
tal discharge. We found, indeed, a statistical difference in 

Table 4 - Microorganisms identified with SeptiFast and with no growth in blood cultures.

Bacterial species identified by SeptiFast (BC- SF+)* 

Microorganisms Counts Percent

Klebsiella pneumoniae/ Klebsiella oxytoca 11 26.8

Staphylococcus aureus 11 26.8

Klebsiella pneumoniae/ Klebsiella oxytoca/ Staphylococcus aureus 3 7.3

Eschericha coli 3 7.3

Enterobacter cloacae/ Klebsiella aerogenes 2 4.9

Coagulase-negative Staphylococcus (CNS) 2 4.9

Serratia marcescens 2 4.9

Aspergillus fumigatus 1 2.4

Candida krusei/ Pseudomonas aeruginosa 1 2.4

Coagulase negative Staphylococcus/ Enterobacter cloacae/ Klebsiella aerogenes/ Candida albicans 1 2.4

Enterococcus faecium 1 2.4

Pseudomonas aeruginosa 1 2.4

Stenotrophomonas maltophilia 1 2.4

Streptococcus pneumoniae 1 2.4

Total 41 100

*BC= blood cultures, SF= SeptiFast.

Figure 1 - Mortality Estimation by group (antibiotic treat-
ment switch after SF test result) across hospital discharge 
groups (outcome).
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length of hospital stay among patients in the intervention 
group and those in the non-intervention group. Length of 
stay in the UCI, however, was almost the same for both 
groups at hospital discharge. We found that BSIs caused 
by Gram-negative bacteria, as well as infections caused by 
pathogens with antibiotic-resistant phenotypes, increase 
the odds of fatal outcomes. Importantly, the diagnosis of 
bacteraemia due to CRE species is associated with a high-
er risk of death. (Sabino et al., 2019) (Satlin et al., 2017) 
(Stewardson et al., 2019)
We found no association between patient groups and sta-
tus at hospital discharge. Factors such as the initial assess-
ment of mortality risk by APACHE II scoring and age seem 
to be, however, useful predictors of in-hospital mortality 
in patients with both positive and negative blood cultures 
(Kądziołka et al., 2019). Our hypothesis resonates with the 
previous study that concludes that mortality at hospital 
discharge and in-hospital length of stay depend on factors 
beyond initial medical assessment mortality risk.
The present study found a weak to moderate correlation 
between the results of blood cultures and those of the SF 
test. However, SF increased the overall pathogen detection 
rates, especially in BSIs caused by Gram-negative bacteria. 
A recent study found that the use of SF in a group of sepsis 
patients with grown blood cultures led to earlier therapy 
de-escalation in comparison to a BC-only controlled group 
(Rodrigues et al., 2019). This implies a benefit of the multi-
plex PCR system for the microbiological diagnosis of sepsis 
with a potential reduction of the time of empirical antibiot-
ic treatment duration (Makristathis et al., 2018)
An impact on treatment and control of infections in pa-
tients with suspected sepsis, duration of hospitalization, 
medical expenses, and hospital discharge seems feasible 
when applying molecular diagnostics in groups of sepsis 
patients.

Conflicts of interest: This research did not receive any 
specific grant from funding agencies in the public, com-
mercial or not-for-profit sectors.

References
Basile-Filho A., Lago A.F., Menegheti M.G., Nicolini E.A., Rodrigues L.A. 

de B., Nunes R.S., Ferez M.A. (2019). The use of APACHE II, SOFA, 
SAPS 3, C-reactive protein/albumin ratio, and lactate to predict mor-
tality of surgical critically ill patients: A retrospective cohort study. 
Medicine. 98, e16204.

Bouza C., López-Cuadrado T., Saz-Parkinson Z., Amate-Blanco J.M. 
(2014). Epidemiology and recent trends of severe sepsis in Spain: a 
nationwide population-based analysis (2006-2011). BMC Infectious 
Diseases. 14, 3863.

Chang S.S., Hsieh W.H., Liu T.S., Lee S.H., Wang C.H., Chou H.C., Lee C.C. 
(2013). Multiplex PCR System for Rapid Detection of Pathogens in Pa-
tients with Presumed Sepsis - A Systemic Review and Meta-Analysis. 
PLoS ONE. 8. 

Fleischmann C., Thomas-Rueddel D.O., Hartmann M., Hartog C.S., Welte 
T., Heublein S., Reinhart K. (2016). Fallzahlen und sterblichkeitsraten 
von sepsis-patienten im krankenhaus. Deutsches Arzteblatt Internation-
al. 113, 159-166.

Gohil S.K., Cao C., Phelan M., Tjoa T., Rhee C., Platt R., Huang S.S. (2015). 
Impact of Policies on the Rise in Sepsis Incidence, 2000-2010. Clinical 
Infectious Diseases. 62, 695-703.

Hall M.J., Williams S.N., DeFrances C.J., Golosinskiy A. (2011). Inpatient 
care for septicemia or sepsis: a challenge for patients and hospitals. 
NCHS Data Brief. 62, 1-8.

Hartman M.E., Linde-Zwirble W.T., Angus D.C., Watson R.S. (2013). Trends 
in the epidemiology of pediatric severe sepsis. Pediatric Critical Care 
Medicine. 14, 686-693.

Jordana-Lluch E., Giménez M., Quesada M.D., Ausina V., Martró, E. 
(2014). Improving the diagnosis of bloodstream infections: PCR cou-
pled with mass spectrometry. BioMed Research International. https://
doi.org/10.1155/2014/501214

Kądziołka I., Świstek R., Borowska K., Tyszecki P., Serednicki, W. (2019). 
Validation of APACHE II and SAPS II scales at the intensive care unit 
along with assessment of SOFA scale at the admission as an isolated 
risk of death predictor. Anaesthesiology Intensive Therapy. 51, 107-111.

Knaus W.A., Draper E.A., Wagner D.P., Zimmerman J.E. (1985). APACHE 
II: a severity of disease classification system. Critical Care Medicine. 13, 
818-829.

Lebovitz E.E., Burbelo P.D. (2013). Commercial multiplex technologies for 
the microbiological diagnosis of sepsis. Molecular Diagnosis and Ther-
apy. 17, 221-231.

Liesenfeld O., Lehman L., Hunfeld K.-P., Kost, G. (2014). Molecular diag-
nosis of sepsis: New aspects and recent developments. European Jour-
nal of Microbiology and Immunology. 4, 1-25.

Makristathis A., Harrison N., Ratzinger F., Kussmann M., Selitsch B., 
Forstner C., Burgmann H. (2018). Substantial diagnostic impact of 
blood culture independent molecular methods in bloodstream infec-
tions: Superior performance of PCR/ESI-MS. Scientific Reports. 8, 1-9.

McPherson D., Griffiths C., Williams M., Baker A., Klodawski E., Jacobson 
B., Donaldson L. (2013). Sepsis-associated mortality in England: an 

Table 5 - Clinical characteristics of SF-tested patients by condition at discharge.

Variables

Hospital discharge

p value* OR [IC95%]Death (n=118) Alive (n=137)

Counts % Counts %

Microorganism identified by SF

Gram-positive bacteria 11 61.1 7 38.9 0.779 1.2 [0.4 - 3.5]

Gram-negative bacteria 21 65.6 11 34.4 0.009 3.2 [1.3 - 7.7]

Fungi 1 16.7 5 83.3 0.219 0.2 [0.02 - 2.3]

Negative SF 85 42.7 114 57.3 Ref Ref

AST Profile (BC+ cases)

ESBL resistance pattern 5 71.4 2 28.6 0.195 3.1 [0.6 - 17.7]

CRE pattern 8 72.7 3 27.3 0.034 5.3 [1.1 - 24.7]

MRSA pattern 5 55.6 4 44.4 0.847 1.2 [0.3 - 5.4]

Susceptible 14 60.9 9 39.1 0.206 1.9 [0.7 - 5.1]

No bacteria grown 86 42.0 119 58.0 Ref Ref

SF test positive result 38 49.4 39 50.6 0.386 0.8 [0.4 - 1.4]

Switch Treatment after SF-test 64 51.2 61 48.8 0.272 1.4 [0.8 - 2.4]

*BC= blood cultures, SF= SeptiFast.



Molecular microbiological diagnosis and sepsis mortality 69

analysis of multiple cause of death data from 2001 to 2010. BMJ Open. 
3, e002586.

Ratzinger F., Tsirkinidou I., Haslacher H., Perkmann T., Schmetterer K.G., 
Mitteregger D., Burgmann H. (2016). Evaluation of the Septifast 
MGrade Test on Standard Care Wards--A Cohort Study. PloS One. 11, 
e0151108.

Rodrigues C., Siciliano R.F., Filho H.C., Charbel C.E., de Carvalho Sarahyba 
da Silva L., Baiardo Redaelli M., Strabelli T.M.V. (2019). The effect of a 
rapid molecular blood test on the use of antibiotics for nosocomial sep-
sis: a randomized clinical trial. Journal of Intensive Care. 7, 1-9. 

Sabino S., Soares S., Ramos F., Moretti M., Zavascki A.P., Rigatto M.H. 
(2019). A Cohort Study of the Impact of Carbapenem-Resistant Entero-
bacteriaceae Infections on Mortality of Patients Presenting with Sepsis. 
MSphere. 4, 1-9.

Satlin M.J., Chen L., Patel G., Gomez-Simmonds A., Weston G., Kim A.C., 
Kreiswirth B.N. (2017). Multicenter clinical and molecular epidemio-

logical analysis of bacteraemia due to Carbapenem-Resistant Entero-
bacteriaceae (CRE) in the CRE epicenter of the United States. Antimi-
crobial Agents and Chemotherapy. 6, 1-13.

Skvarc M., Stubljar D., Rogina P., Kaasch A.J. (2013). Non-culture-based 
methods to diagnose bloodstream infection: Does it work? European 
Journal of Microbiology and Immunology. 3, 97-104.

Stevenson E.K., Rubenstein A.R., Radin G.T., Wiener R.S., Walkey A.J. 
(2014). Two Decades of Mortality Trends Among Patients With Severe 
Sepsis. Critical Care Medicine. 42, 625-631.

Stewardson A.J., Marimuthu K., Sengupta S., Allignol A., El-Bouseary M., 
Carvalho M.J., Harbarth S. (2019). Effect of carbapenem resistance on 
outcomes of bloodstream infection caused by Enterobacteriaceae in 
low-income and middle-income countries (PANORAMA): a multination-
al prospective cohort study. The Lancet Infectious Diseases. 19, 601-610.

Thompson G.C., Kissoon N. (2014). Sepsis in Canadian children: a national 
analysis using administrative data. Clinical Epidemiology. 6, 461-469.


