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ABSTRACT
Introduction: Automation is increasingly used in microbiology 
laboratory, however, few studies assessed clinical outcomes 
compared to traditional methods. In Brazil, no studies with this 
objective were detected. Objective: To analyze the clinical and 
microbiological impacts after implantation of an automated 
phenotypic method in a microbiology service. Methods: 
Observational and retrospective study carried out on the 
microbiology laboratory involving blood culture test from intensive 
care unit (ICU) patients. Data were collected from hospitalized 
patients between January 2014 and December 2015. The length 
of hospitalization, number of empirical therapies, deaths and 
information related to microbiological isolation were analyzed. 
The sample was obtained by convenience. Pearson's Chi-
square and Student's t-tests were used to compare outcomes. 
The program used was the Stata release, version 11, being 
considered significant values of p<0.05. Results: A total of 472 
patients were evaluated. There was no reduction in the empirical 
prescription of antimicrobials (54.7% vs 45.3%; p=0.33), ICU 
stay (14.5 days vs 15.8 days; p=0.78) and mortality (54.4% 
vs 45.6%; p=0.36). Similarly, profile of isolated agents in both 
methods did not appear to be discrepant, however, there was 
an increase of 44.7% in the number of microbial isolates (76 vs 
110) and a better characterization of them. Conclusion: The 
microbiology laboratory automation did not modify the length 
of stay, ICU mortality and the number of empirical therapies. 
However, identification and isolation of microorganisms was 
improved.
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RESUMO
Introdução: A automação laboratorial é cada vez mais utilizada 
em microbiologia, no entanto, poucos estudos avaliam desfechos 
clínicos em comparação aos métodos tradicionais. No Brasil, 
nenhum estudo com esse objetivo foi detectado. Objetivo: Analisar 
os impactos clínicos e microbiológicos após implantação de método 
fenotípico automatizado em um serviço de microbiologia. Métodos: 
Realizamos estudo observacional e retrospectivo no laboratório de 
microbiologia referente a exame de hemocultura de pacientes da 
Unidade de Terapia Intensiva (UTI). Os dados foram coletados de 
pacientes internados entre janeiro/2014 a dezembro/2015. Analisou-
se o tempo de internação, número de terapias empíricas, óbitos e 
dados relacionados ao isolamento microbiológico. A amostra foi 
obtida por conveniência. Para a comparação entre os desfechos 
foram empregados os testes t de Student e Qui-quadrado de 
Pearson. O programa empregado foi o Stata release, versão 11, 
sendo considerados significativos valores de p<0,05. Resultados: 
Foram avaliados 472 pacientes. Não houve redução na prescrição 
empírica de antimicrobianos (54,7% vs 45,3%; p=0,33), tempo de 
internação na UTI (14,5 dias vs 15,8 dias p=0,78) e na taxa de 
óbitos (54,4% vs 45,6%; p=0,36). Similarmente, o perfil de agentes 
isolados em ambos os métodos não parece ser discrepante, 
no entanto, houve um aumento de 44,7% no número de isolados 
microbianos (76 vs 110) com melhor caracterização dos mesmos. 
Conclusão: A automação do laboratório de microbiologia não 
impactou no tempo de internação, mortalidade na UTI e no número 
de terapias empíricas. No entanto, a identificação e o isolamento de 
microrganismos melhoraram.

Palavras-chave: automação; hemocultura; microbiologia; testes 
de sensibilidade microbiana.
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INTRODUCTION
Automation stands out in microbiology laboratories, characte-

rized by gradual changes in laboratory routine with replacement 
of manual techniques by automated devices, covering several sta-
ges of the microbiological examination.

Microbiological automation minimizes errors1 improves qua-
lity of microbiological examination2 reduces incubation time3,4 
and decreases hospital costs5. There are also studies demonstra-
ting the advantages in cost-effectiveness of automated methods 
based on molecular analysis opposite to the conventional me-
thod6. However, as disadvantages, the reduced participation of 
the microbiologist in some preanalytical and analytical stages of 
the process is highlighted7. Automation in microbiology presents 
high maintenance costs, as well as contamination risks in sample 
and incubator processors8.

Among the methods used in the automation of microbiology 
laboratories, phenotype is widely used. It consists of the detection 
of colorimetric and turbidity changes in the incubated substrates, 
these alterations reflect the microbial metabolism allowing iden-
tification of pathogen and performance of antibiogram. Examples 
of systems commercialized is the VITEK® 2, described in litera-
ture as agile and accurate for microbiological identification and 
antibiogram9-11.

Despite the advantages related to automated microbiology, few 
studies have evaluated clinical outcomes8. As far as we know, some 
scholars compared the impact of automation implantation on pa-
tients and observed shorter hospitalization time, costs reduction, 
better therapeutic optimization and reduction in mortality5,12,13. 
Therefore, despite the importance of the topic and considering the 
cost of automation, data are scarce to assist in decision making for 
its implementation in the services. In Brazil, no studies with this 
objective were detected.

Therefore, the objective of this study was to evaluate the clinical 
and microbiological impacts after implantation of an automated 
phenotypic method (VITEK® 2 compact) in the microbiological 
identification of blood culture of critical patients.

METHODS

Study design and population
Observational and retrospective study in a microbiology labo-

ratory of a university hospital. Data were collected from patients 
hospitalized at the Intensive Care Unit (ICU) of the Onofre Lopes 
University Hospital (HUOL), a reference institution in emergency 
cardiology and renal transplantation in state of Rio Grande do 
Norte (a total of 248 beds, 19 in ICU).

Information on critical patients was included with age 18 years 
and with a blood culture request were included. Patients with in-
complete data in electronic medical record and readmitted to ICU 

were excluded, the latter being considered the data only the first 
admission. We considered as critical patient all those who needed 
intensive care in the ICU. For better understanding of the article, 
the terms VITEK® 2 compact and phenotypic method/automated 
phenotypic method will be used as synonyms.

This study was approved to Research Ethics Committee of 
HUOL (CAAE no. 60372116.0.0000.5292).

Data collection
The collection period was between January 2014 and December 

2015. The following information was collected: age in years, sex, 
use of invasive devices and stay in days of the peripheral and cen-
tral venous accesses on the day of collection of the first blood cul-
ture, diagnosis of sepsis and blood culture results. For the clinical 
outcomes were collected time of intensive care, number of empi-
rical antimicrobial prescriptions (for patients with positive blood 
culture) and mortality.

The information was obtained from the electronic medical re-
cord and the records of the microbiology service.

From January 2014 to February 2015, the processing of sam-
ples relating to microbiological identification were performed by 
manual methods, being called the manual group (Gm). The auto-
mated group (Ga) included data from March to December 2015, 
when the microbiological identification were automated through 
VITEK® 2 Compact (BioMérieux, France).

Clinical isolates
For both groups, Gm and Ga, clinical isolates were obtained 

from positive blood previously incubated in BacT/Alert® 3D 
(BioMérieux, France) automated system at 36.5°C, system that 
detects only positive samples. Positive vials were submitted to 
bacterioscopy (Gram staining) and the sample was seeded in the 
culture media in blood, McConkey and mannitol agar (incubated 
at 36.5ºC for 24 hours) for identification of the micro-organism 
and subsequent performance of the sensitivity test by manual 
or automated method. In the manual methodology, biochemical 
tests were used to identify microorganisms: for Gram-negative 
fermentation tests glucose and lactose, motility, gas produc-
tion, sulfide, indole, phenylalanine, lysine and ornithine decar-
boxylase, citrate, malonate and oxidase were perfomed, while 
for Gram-positive they were made the catalase test, coagulase 
tube, optochin, bacitracin, esculin bile and PYR (Pyrrolidonil 
arylamidase). These tests were supplemented by diffusion disc 
sensitivity tests on specific antimicrobials performed according 
to Clinical & Laboratory Standards Institute (CLSI) standardi-
zation. In the automated methodology the sample was directed 
to VITEK® 2 Compact: colonies isolated from the culture media 
were selected and collected with swab and dissolved in a tube 
containing 3 mL of saline until complete homogenization of the 
suspension. The turbidity of the suspension was performed by 
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densichek (Biomérieux, France) respecting the range 0.5 to 0.63 
McFarland scale and taken to the apparatus. The microorganis-
ms were identified phenotypically in genus and species by the 
automated method. Phenotypic identification by the manual me-
thod was only possible for some microorganisms, since this me-
thod often does not allow a better characterization of some species.

Statistical analysis
The sample was obtained by convenience, searching for pe-

riods and number of equivalent samples between the two groups. 
Statistical analysis was performed using Stata release 11 (Stata 
Corporation, College Station, TX, USA). In the descriptive analy-
sis, the characteristics of the patients and isolated microorganis-
ms were presented in mean and standard deviation or relative or 
absolute frequencies when appropriate. For the comparison bet-
ween the Gm and Ga groups we used the Pearson's Chi-square 
for the proportions and Student's t-test for the means between the 
groups. In the case of nonparametric distribution identified by the 
Shapiro-Wilk test, we used the Mann-Whitney U test for compa-
rison of means. Values of p<0.05 were considered significant.

RESULTS
During the study period, 492 patients had a blood culture test, 

but only 472 met the inclusion criteria (Table 1). Of these, 248 are 
from the manual group (Gm) and 224 from the automated group 
(Ga). The mean age was 59.0±17.3 years with a low predominance 
of females (53.4%). The main invasive devices were the peripheral 
(58.6%) and central (51.4%) venous accesses, and mean length of 
stay until blood collection was 3.1±3.6 days. Sepsis was diagnosed 
in 44.1% of the patients and 82.2% of the cases were those with 
positive blood cultures (30.9%). Of these, 72.6% had empirically 
prescribed antimicrobial. The patients had an average of 15.3±16.2 
days under intensive care and overall mortality was 45.1%.

In Table 1, population characteristics between Gm and Ga 
groups are described. Use of a hemodialysis catheter (36.1% vs 
63.9%, p<0.01), device for invasive blood pressure assessment 
(32.4% vs 67.7%, p=0.01) and greater venous access time (2.7±3.0 
vs 3.6±4.2 days, p<0.01) was more pronounced in Ga.

There was no reduction in the empirical prescription of antimi-
crobials (p=0.33), ICU stay (p=0.37) and mortality (p=0.36). As 
for empirical prescription, there were no significant changes in 
treatments usually place after automation (Figure 1).

The profile of isolated agents in both methods did not appear 
to be discrepant, however, there was an increase in the number 
of microbial isolates and a better characterization of them, with a 
percentage reduction of agents identified only by genus and iden-
tification of species that were not detected (Table 2). By corre-
lating the most commonly prescribed antimicrobials empirically 
to the microorganisms that were later isolated more frequently, 

we observed that the Gram-negative species had a greater resis-
tance profile to the treatments usually instituted and the fungal 
infections were little considered when prescribing the empirical 
therapy (Table 3), with only 10% of the empirical prescriptions 
including fluconazole empirically.

DISCUSSION
We observed that the automated phenotypic method, despite a 

larger number of isolates and better microbiological characteriza-
tion, did not alter the number empirical prescriptions, as well as 
time of hospitalization, mortality and to the empirical treatments 
usually instituted.

The automation of microbiological analysis has improved se-
veral aspects in laboratorial work and health care. Taking this 
into account, the literature reports better sensitivity, shorter in-
cubation time14 higher reproducibility and quality in the isolation 
of microorganisms leading to results with lower variability and 
higher rate of detection in biological samples2. Other benefits 
of automation would be better tracking quality1, however grea-
ter agility in microbiological identification is highlighted7,15,16. 
As for clinical outcomes, automation would reduce errors in me-
dical conduct, mortality, hospitalization time and costs1,5,8,12,16. 
However, among the outstanding advantages, we observed some 
discrepancies with our data.

Table 1: Clinical and infectious profile and clinical outcomes among 
patients submitted to manual (Gm) and automated (Ga) method 
(n=472).

Characteristics
Total

(n=472)
Gm

(n = 248)
Ga

(n = 224)
p*

Age (m, sd) 59.0 17.3 58.5 17.8 59.6 16.6 0.48

Women (n, %) 252 53.4 144 57.1 108 42.9 0.09

Invasive devices (n, %)

Peripheral 
venous access

276 58.6 150 54.4 126 45.7 0.38

Central venous 
access

242 51.4 120 49.6 122 50.4 0.17

Hemodialysis 
catheter

72 15.3 26 36.1 46 63.9 <0.01

Drains 62 13.2 33 53.3 29 46.8 0.92

Invasive blood 
pressure

34 7.2 11 32.4 23 67.7 0.01

Permanence of 
venous accesses 
(m, sd)

3.1 3.6 2.7 3.0 3.6 4.2 <0.01

Sepsis diagnosis 
(n, %)

208 44.1 112 53.8 96 46.2 0.62

Patients with positive 
blood culture (n, %)

146 30.9 75 51.4 71 48.6 0.73

Stay in the ICU on 
days (m, sd)

15.3 16.2 14.5 13.2 15.8 18.9 0.37

Empirical prescription 
of ATM (n, %)

106 72.6 58 54.7 48 45.3 0.33

Deaths (n, %) 213 45.1 141 54.4 118 45.6 0.36

n – number of samples; m – mean; sd – standard deviation; *Pearson’s chi-squared 
test or Student’s t-test. ATM – Antimicrobial. The empirical prescription of ATM was 
evaluated only for patients with positive blood culture.
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With a similar design to our study, Huang et al.12 evaluated clini-
cal outcomes in 501 patients with positive blood cultures. The au-
thors observed a shorter hospitalization time, mortality and better 
optimization of antimicrobial use after submitting the microbio-
logical identification to the automated method. Similarly, Perez et 
al.5 included 219 patients with positive blood cultures for aerobic 
Gram-negative or anaerobic facultative, highlighting the therapeu-
tic optimization, decrease in hospitalization time and cost. Other 
author, Delport et al.13 analyzed data from 396 patients with posi-
tive blood cultures and compared the period of the conventional 
method execution of microbiological identification with the period 
after automation of this process associated to the creation of a fast 
identification protocol, obtaining as results the reduction in the mi-
crobiological examination runtime, faster therapeutic appropriate-
ness, shorter hospital stay and lower risk of mortality.

The cited articles present some methodological differences 
compared to our study. The authors investigated hospitalized 
patients with positive blood cultures. In contrast, we analyzed 
positive and negative blood cultures. Negative results in micro-
biological evaluation also guide clinical behavior and impact on 
costs. Our data encompass the process of automation in all critical 
patients, allowing a more complete analysis. Another difference 
was the direct detection of pathogens in clinical samples.

However, an important difference observed is the automated mi-
crobiological identification method used by Huang et al.12, Perez 
et al.5 and Delport et al.13: matrix assisted laser desorption ioniza-
tion-time of flight (MALDI-TOF). This methodology is technically 
superior to the VITEK® 2 compact17,18. MALDI-TOF identifies mi-
croorganisms in minutes, while the automated phenotypic method 
needs hours for identification. This greater velocity would lead to bet-
ter clinical results19,20. Therefore, the benefits of automation in micro-
biology are closely related to the type of method. Our study compares 

Figure 1: Empirical prescription of antimicrobial. * p<0.05 (Pearson’s chi-squared test).
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Table 2: Agents isolated by manual method (Gm) and automated 
method (Ga).

Etiological agent
Gm

(n, %)
Ga

(n, %)
p*

Acinetobacter spp. 10 13.1 4 3.7 0.03

Acinetobacter baumannii(a) - - 12 10.9 -

Acinetobacter lwoffii(a) - - 1 0.9 -

Enterobacter spp. 6 7.9 2 1.8 0.06

Enterobacter cloacae(a) - - 2 1.8 -

Enterococcus spp. 4 5.3 1 0.9 0.08

Enterococcus faecalis(a) - - 4 3.7 -

Klebsiella spp. 6 7.9 3 2.7 0.13

Klebsiella pneumoniae(a) - - 3 2.7 -

Yeasts 4 5.3 6 5.5 0.96

Candida albicans(a) - - 3 2.7 -

Candida glabrata(a) - - 1 0.9 -

Candida spp.(a) - - 1 0.9 -

Candida tropicalis(a) - - 1 0.9 -

Pseudomonas spp. 5 6.6 4 3.7 0.38

Pseudomonas aeruginosa(a) - - 3 2.7 -

Coagulase-negative staphylococci 20 26.3 26 23.6 0.75

Staphylococcus capitis(a) - - 2 1.8 -

Staphylococcus epidermidis(a) - - 4 3.7 -

Staphylococcus haemolyticus(a) - - 1 0.9 -

Staphylococcus hominis(a) - - 1 0.9 -

Others 21(b) 27.6 13(c) 11.8 -

Unidentified agents in Gm(d) - - 12 10.9 -

Total 76 100 110 100

n – number of samples; *Pearson’s chi-squared test.
(a) Agents that started to have their respective species identified only after 
automation. (b) Staphylococcus aureus (8-10.5%), Escherichia coli (5-6.6%), 
Proteus vulgaris (3-4.0%), Streptococcus spp. (2-2.6%), Streptococcus 
pneumoniae (1-1.3%), Proteus spp. (1-1.3%), non-fermenting Gram-negative bacilli 
(1-1.3%). (c) Staphylococcus aureus (6 - 5.45%), Escherichia coli (4-3.63%), non-
fermenting Gram-negative bacilli (3-2.72%). (d) Serratia marcescens (4-3.6%); 
Burkholderia cepacia (2-1.8%), Achromobacter dentrificans (1-0.9%), Aeromonas 
hydrophila/caviae (1-0.9%), Citrobacter freundii (1-0.9%), Morganella morgannii 
(1-0.9%), Raoultella ornithinolytica (1-0.9%), Stenotrophomonas maltophilia (1-0.9%).
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the automated phenotypic method with the traditional method in the 
identification of microorganisms in blood cultures, we did not detect 
difference in mortality and hospitalization time.

After automation, however, we observed a better characteriza-
tion of the microbiological profile (Table 3). Automation improves 
the quality of the process and increases the recovery of microor-
ganisms in biological samples2. In the manual method, the iden-
tification was restricted to the genus (for example, Acinetobacter 
spp., Enterobacter spp. and Enterococcus spp). The identification of 
fungi is more limited, characterized only as yeast. The automa-
ted phenotypic method allowed for better microbiological iden-
tification. For example, samples of Acinetobacter spp. have been 
identified as A. baumannii and A. lowffii. Likewise, species of 
fungi (Candida albicans, Candida glabrata and Candida tropica-
lis) became isolated. It was also possible to observe an increase in 
the number of bacteria and fungi isolated after automation and 
species that were not detected were identified after automation. 
Regarding the variability of microorganisms isolated in our study, 
it does not appear to be very different from other studies, differing 
only in the incidence of the different agents in the services3,12,19.

A better characterization of microorganisms influences the se-
lection of antimicrobial therapy. For example, different species of 
Candida spp have different sensitivity to treatment with echino-
candins21 as well as species of the genus Enterococcus spp. and its 
response profile to variable vancomycin22. In particular, in critically 

ill patients, appropriate choice of antimicrobials results in better cli-
nical outcomes23,24 and less occurrence of microbial resistance.

Several factors are related to prescription of antimicrobials: iso-
lated species, bacterial sensitivity, infection topography, pharmaco-
kinetic aspects and intrinsic characteristics of the patient, among 
others. Regarding the factors related to empirical prescription, it is 
possible to emphasize the clinical severity of the patient, in whi-
ch case the least time to start is primordial, and the knowledge 
of the infectious profile of the institution. The latter is essential. 
In our study, we observed that fungal infections have not gained 
the same importance in the diagnostic hypotheses, although they 
were a major cause of bloodstream infection. In this group, only 
10% of the prescriptions included fluconazole empirically and the 
mortality rate exceeded 80%. Other antimicrobials used empirically 
when the isolate was yeast or Candida spp. where: meropenem and 
vancomycin (25% each), cefepime (15%), polymyxin B (10%) and 
amphotericin B, metronidazole and piperacillin-tazobactam (5% 
each). As for the sensitivity profile, Gram-negative infections were 
more resistant to empirical treatments against Gram-positive infec-
tions, another factor that impacts the quality of care and the choice 
of initial empirical treatment.

Adjustments in antimicrobial therapy after initial empiri-
cal therapy may result in better outcomes25,26. Huang et al.12, 
Perez et al.5 and Delport et al.13 observed that reduction in 
time to identify microorganism resulted in rapid adjustments 
in antimicrobial treatment, however, as highlighted, the 

NT – Not Tested; n – number of samples tested; *Pearson’s chi-squared test.
**Sensitivity tests for fungal isolates were only performed after automation.
Staphylococcus spp. negative coagulase represented 29.03% of the total, but were not included in this table because it represented contamination in more than 90% of 
the samples. The remaining 17.73% represent the other isolated microorganisms that were not included due to the low number of clinical isolates (Table 2). 

Table 3: Description of the most incident microorganisms, main antimicrobials prescribed empirically by isolated agent and sensitivity 
profile. 

Isolated agent ATM
Sensitivity

p*
Gm (n; %) Ga (n; %)

Acinetobacter spp.

Amikacin 12; 50.0 21; 71.4 0.55

Cefepime 12; 25.0 21; 14.3 0.16

Meropenem 12; 25.0 20; 15.0 0.20

Leveduras/Candida spp. Fluconazole ** 6; 100.0 -

Staphylococcus aureus

Clindamycin 9; 55.5 9; 44.4 0.64

Meropenem NT NT -

Vancomycin 9; 100.0 9; 100.0 >0.99

Klebsiella spp.
Meropenem 6; 50.0 6; 80.0 0.58

Polimixina B 6; 100.0 6; 100.0 >0.99

Pseudomonas spp.

Amikacin 6; 66.6 7; 85.7 0.71

Cefepime 6; 66.6 7; 57.1 0.85

Meropenem 6; 66.6 8; 50.0 0.67

Enterobacter spp.

Cefepime 5; 80.0 4; 25.0 0.14

Ceftriaxone 6; 83.3 4; 25.0 0.11

Meropenem 6; 100.0 3; 100.0 >0.99

Enterococcus spp.

Amikacin 6; 83.3 NT -

Meropenem 6; 100.0 NT -

Vancomycin 4; 100.0 6; 100.0 >0.99
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MALDI-TOF methodology allows more agile analyzes against 
the automated phenotypic method. Therefore, despite the 
shortest execution time in the microbiological identification 
provided by VITEK® 2 compact against the manual method, it 
would not be able to provide the agility necessary for adjust-
ments in microbial treatment as fast as the MALDI-TOF, or, in 
our case, to reduce the number of empirical treatments.

Regarding this type of treatment, an important factor to 
consider is diagnosis of sepsis prevalent in our sample. The 
guidelines indicate the initiation of broad-spectrum empiri-
cal therapy within a maximum of one hour after diagnosis of 
sepsis27. Considering what was said in the previous paragraph, 
this variable directly impacts on the number of empirical an-
timicrobial prescriptions in our study.

This work has some limitations. Data were collected in a 
single unit from a single institution, reducing the generaliza-
bility of the findings. Retrospective collection may be associa-
ted with incomplete or incorrect information. We also did not 
assess whether antimicrobial therapies were adequate after 
release of microbiological test results, as other studies have 
done, and therefore we cannot assess whether this factor could 
be related to a better clinical outcome in our analysis. Finally, 
we did not evaluate the time of execution of microbiological 
examination before and after automation.

The differences observed between the groups regarding the 
use of a hemodialysis catheter, device for assessing invasive 
blood pressure and access time, were changes related to the 
hospital service and not to the automation process, that is, did 
not affect the study results.

As for our methodology, we highlight the analysis of 

equivalent populations before and after automation, in ad-

dition to a considerable period of data collection and num-

ber of participants, although with few isolated agents (186 

microorganisms).

It is important to note that automation in the microbiology 

laboratory has multiple benefits. Although we have not obser-

ved advantages in relation to clinical outcomes, the literature 

establishes automation as related to optimization of workflow 

and in the clinical practice we have observed advantages alrea-

dy highlighted in the literature, such as more agile exams in 

relation to the manual method, which demonstrates its impor-

tance to the service and the continuous need for investments.

In conclusion, the automation of the microbiology labora-

tory did not bring about significant changes in the empirical 

treatments usually instituted after automation, did not reduce 

the number of empirical treatments, length of hospital stay 

and ICU mortality. However, identification and isolation of 

microorganisms improved.
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