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Background: Infections by multidrug-resistant Gram-negative (MDRGN) bacteria are
among the greatest contemporary health concerns, especially in intensive care units
(ICUs), and may be associated with increased hospitalization time, morbidity, costs, and
mortality.
Aim: The study aimed to predict carbapenem-resistant MDRGN acquisition in ICUs, to
determine its risk factors, and to assess the impact of this acquisition on mortality rate.
Methods: A matched caseecontrol study was performed in patients admitted to the ICU at
a large Brazilian hospital over a five-year period. Cases were defined as patients who
acquired carbapenem-resistant MDRGN bacteria during hospitalization. Controls were
defined as patients who had no detection of carbapenem-resistant MDRGN bacteria. Cases
were matched to controls according to the admission period. Risk factors were identified
by multiple logistic regression using a stepwise selection method.
Findings: In total, 343 cases and 1029 controls were analysed. The 30-day mortality rate
for subjects with ICU-associated carbapenem-resistant MDRGN was 37.6%. Five variables
were identified as statistically significant and more relevant for the acquisition of
multidrug-resistant strains: increased Simplified Acute Physiology Score 3, patients with
severe chronic obstructive pulmonary disease and exposure to haemodialysis catheter,
central venous catheter, or mechanical ventilation. Models developed displayed good
results with an accuracy of w90%. Patients who acquired MDRGN were 2.72 times more
likely to die than non-MDRGN acquisition patients.
Conclusion: Finding risk factors and developing predictive models may benefit patients
through early detection and by controlling the spread of MDR. The presence of mechanical
ventilation and central venous catheter were the main risk factors demonstrated, and
their use requires special attention.
ª 2019 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.
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Introduction

Infections by antibiotic-resistant bacteria are among the
most significant current threats to global health. Although
these bacteria have become a cause of community-acquired
infections, in general, they are associated with hospital-
acquired infections (HAIs) [1,2]. These infections are fre-
quently related to increased mortality, hospitalization time,
and economic costs, mainly in the context of intensive care
units (ICUs) where severely ill patients have a higher risk of
developing a hospital infection and frequently require anti-
biotics and invasive procedures [3e6].

Although both Gram-positive and Gram-negative bacteria
have demonstrated increasingly resistant patterns, the recent
appearance of Gram-negative strains resistant to almost all
antibiotics is an additional concern [7,8]. According to the
global priority list of antibiotic-resistant bacteria developed by
the World Health Organization (WHO), the Gram-negative
pathogens resistant to carbapenems (Acinetobacter bau-
mannii, Pseudomonas aeruginosa, and Enterobacteriaceae)
are a critical priority (number 1) for research and development
[9]. In Brazilian hospitals, a significant proportion of infections
are caused by these three Gram-negative bacteria and they are
a major concern on infection control initiatives in ICUs [10].

Studies evaluating populations with multidrug-resistant
Gram-negative (MDRGN) bacteria have shown high mortality
rates ranging from 26% to 80% [5]. A recent meta-analysis
reported 1.78 times higher mortality in patients with MDRGN
infections than patients with non-MDRGN infections, but the
precise rate of death attributable to resistant infections is not
known [6,8].

Although most studies have addressed the influence of risk
factors on infection, the prediction of MDRGN acquisition
including colonization and infection is also relevant. Infection
usually occurs after colonization, and the timing of colo-
nization is essential to determine the origin of the multidrug-
resistant bacteria [1]. Efforts directed at identifying colo-
nization can help to avoid transmission risks and to decrease
the rates of future infections [11].

Several predisposing factors have been associated with
increased risks of infection or colonization, such as the
patient’s demographic characteristics, comorbidities, and use
of invasive procedures. Several statistical methods have been
used to evaluate the relationship between these factors and
MDRGN acquisition, such as logistic regression, multi-state
Markov models, decision tree analysis, and artificial neural
networks [3,6,12]. Statistical models can monitor and predict
the possibility of MDRGN bacteria being acquired in the hospital
before it occurs, thereby reducing deaths, complications, and
hospital costs [13].

Although few studies on the risk factors for MDRGN infec-
tions have been developed in low- and middle-income coun-
tries’ (LMIC) hospitals, there is a shortage of statistical models
that can be used to predict acquisition in this setting [10,14].
Moreover, studies available in the literature tend to examine
only infected patients, but the colonization timing is also a
vital issue to be included in the models. Therefore, this study
aims to identify risk factors associated with MDR acquisition
and to develop models that can predict the possibility of ICU
patients acquiring these pathogens. This study analysed the
acquisition of carbapenem-resistant Enterobacteriaceae,
A. baumannii and P. aeruginosa, and the impact of this
acquisition on mortality.

Methods

Setting and study population

A matched caseecontrol study was performed between
January 1st, 2012 and December 31st, 2016 involving hospi-
talized patients in eight adult ICUs at a large Brazilian hospital.
The hospital has 207 beds (90 adult ICU beds) and is a tertiary
care facility with w9300 annual hospital admissions.

A caseecontrol design was used to compare two groups of
patients. Cases were defined as patients colonized or infected
by carbapenem-resistant Gram-negative bacteria identified by
positive culture after 72 h of hospital admission. Colonization
refers to all patients who had any positive cultures for
carbapenem-resistant Gram-negatives that did not require
antimicrobial treatment, and infection refers to patients with
an infection documented by the clinicians with the initiation of
treatment [15,16]. Hospital-acquired infections were defined
according to the National Healthcare Safety Network criteria
[17]. The detailed protocol for surveillance is presented in
Supplementary Appendix A.

The controls were defined as patients who had no detection
of MDRGN bacteria. The controls were randomly selected from
potential controls matched by the admission date in the hos-
pital at a 3:1 proportion (control:case).

Information from the infection control team was used to
identify all patients with a positive culture for carbapenem-
resistant MDRGN, A. baumannii, P. aeruginosa, or Entero-
bacteriaceae, and the Epimed Monitor System� database to
identify all admissions and the demographic and clinical vari-
ables. Information of clinical isolates with species identi-
fication and phenotypic antimicrobial susceptibility testing
(AST) was obtained from the microbiology service. Phenotypic
AST was performed on the Vitek 2 platform (bioMérieux, Marcy
l’Etoile, France) and interpreted according to the Clinical and
Laboratory Standards Institute (CLSI) reference tables [18].
Carbapenem resistance was defined phenotypically by CLSI
criteria and MDR by a standard definition [18,19].

First introduced during the 1980s, carbapenems still play a
critical role as some of the last-line agents for the treatment of
antibiotic-resistant Gram-negative pathogens [20]. Due to the
global importance and the epidemiological relevance in Brazil
and other LMICs, we decided to focus on Gram-negatives with
resistance to carbapenem.

The selection included all subjects matching inclusion cri-
teria during the study period: patients aged>18 years, patients
with a length of stay�72 h in the hospital, patients admitted to
the ICU, and patients who did or did not acquire MDRGN bac-
teria up to 60 days of hospital stay. Only the first episode of
carbapenem-resistant MDRGN bacterial isolation was consid-
ered for each subject.

Between January 1st, 2012 and December 31st, 2016, there
were 512 adult patients with 648 records with a positive culture
for carbapenem-resistant MDR in ICU, of which 500 records were
deemed to be hospital-acquired infections or colonization by
Gram-negative bacteria. In the same time period, there were
12,695 patients admitted to the adult ICU without any identi-
fication of MDRGN bacteria.
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After applying the inclusion criteria, we included a total of
343 patients (case group), as shown in Supplementary Appendix
B, and a matched sample with 1029 non-MDRGN inpatients
(control group).

Data preparation

We obtained all patients’ data from the Epimed Monitor
System� (http://www.epimedsolutions.com). All data were
anonymized and aggregated before being provided to us for
analysis. The medical records were reviewed and variables
were extracted as follows: gender, age, Simplified Acute
Physiology Score 3 (SAPS 3), Charlson Comorbidity Index,
admission type, underlying and associated diseases, such as
hepatic failure, solid metastatic tumour, immunosuppression,
steroid use, acquired immune deficiency syndrome, uncom-
plicated diabetes, complicated diabetes, dementia, rheumatic
disease, stroke sequelae, or severe chronic obstructive pul-
monary disease (COPD), previous exposure to invasive proced-
ures, such as central venous catheter (CVC), mechanical
ventilation, arterial catheter, bladder/urinary catheter or
haemodialysis catheter, length of stay, and outcome (discharge
from hospital or death).

For the carbapenem-resistant MDRGN group, previous use of
invasive procedures was considered if it occurred between 24 h
and 30 days prior to the positive culture date. For non-MDRGN
patients, it was considered if used at any time during their stay.
The Charlson Comorbidity Index is an aggregate measure for
prognosticating comorbidities. SAPS 3 is a patient severity
index based on physiological data.

The ICU admission type was considered by elective surgery,
emergency surgery, or medical admission (e.g. sepsis/infec-
tion, cardiovascular disease, neurological disease, respiratory
disease, or gastrointestinal disease).

Statistical analysis

Comparative analyses were performed between the
case and control groups. For univariate analysis, continuous
variables were matched between patient groups using Stu-
dent’s t-test or Wilcoxon signed-rank test, and categorical
variables were compared using c2-test or Fisher’s exact tests,
as appropriate. Risk factors with P < 0.25 were considered as
candidates for inclusion in the multiple logistic regression [21].
A stepwise regression method (described in the next section)
was used to select the statistically significant variables. The
data set (1372 inpatients) was randomly divided into two
groups: 80% to build the model (training set) and 20% to test it
(test set).

Variable selection

The task of determining which predictors are associated
with the response to find the best model is referred to as var-
iable selection [22]. Thus, we applied a stepwise regression
method using the training set to select the best subset of
variables and obtain the optimal prediction with the fewest
statistically significant factors, the reduced model [3,23,24].
For that process, we used Akaike’s Information Criterion (AIC),
which deals with the trade-off between goodness-of-fit
and complexity of the model to minimize the information loss
among the candidate models. The method used was the
backward algorithm, starting with all variables in the model
and removing the variable with the largest P-value until the
stop criterion was reached [22].

In addition to the reduced model, other multiple logistic
regression models were developed to obtain good predictions
using similar information groups that focused on the presence
or lack of invasive devices, similar to Chang et al. [3]. All
analyses were performed by using R software version 3.4.3.

Performance analysis

First, we used a stratified K-fold cross-validation technique
to avoid overfitting and to assess how well the models are able
to predict different subsets of the data [22]. The test set was
then used as a final evaluation of prediction power from the
models.

Receiver-operating characteristic (ROC) curves were used
and the confusion matrix to evaluate the performance of each
group. ROC curves are useful for comparing different classifiers
since they take into account all possible thresholds.

From the multiple logistic regression model, we can esti-
mate the carbapenem-resistant MDRGN bacteria acquisition
probability for each individual by feeding the model with the
values for the predictive variables associated with the partic-
ular patient. The likelihood ratio test identifies whether the
observed difference in model fit is statistically significant.

Mortality analysis

Comparative analyses were also performed between survi-
vor patients and patients who died after admission to adult
ICUs, using the same methodology of the previous analysis. The
mortality analysis considered the MDRGN acquisition (or non-
acquisition) as one of the independent variables and the out-
come (survivors or death) as the dependent variable. We aimed
to evaluate the impact of carbapenem-resistant MDRGN
acquisition (colonized and infected patients both included) on
mortality rate, adjusting for all variables.

The cases were defined as patients who died during the
hospital stay and controls were defined as patients who were
discharged (survivors), considering all patients who did or did
not acquire carbapenem-resistant MDRGN bacteria in the hos-
pital up to 60 days. Between January 1st, 2012 and December
31st, 2016, a total of 13,038 patients admitted to an adult ICU
were analysed, of whom 11,834 survived (cases), and 1204 died
(controls).

Results

Descriptive analysis and variable selection

The study population included a total of 343 cases and 1029
controls. Considering only the first episode of carbapenem-
resistant MDRGN isolation for each subject, A. baumannii was
the most frequently isolated (164 cases) followed by
P. aeruginosa (98 cases) and Enterobacteriaceae (81 cases).
The highest mortality was associated with P. aeruginosa
acquisition as 62.2% of the patients colonized or infected by
this pathogen died at the hospital. Among the non-MDRGN
group, the mortality rate was 10%. See Supplementary
Appendix C for the distribution of pathogens for each factor.

http://www.epimedsolutions.com
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The demographic and clinical characteristics of both groups
are summarized in Table I. The patients with carbapenem-
resistant MDRGN acquisition were older, had greater severity
indices, had a higher probability of being admitted for emer-
gency surgery, sepsis/infection or respiratory disease, and
received more invasive devices compared to patients without
MDRGN pathogens.

We first selected the variables to identify the risk of
carbapenem-resistant MDRGN acquisition through univariate
Table I

Descriptive statistics of potential predictors of carbapenem-
resistant MDRGN acquisition (N ¼ 1372)

Variables MDRGN Non-MDRGN P-value

(N ¼ 343) (N ¼ 1029)

Outcome, no. (%) <0.001
Survivor 156 (45) 927 (90) e

Death 187 (55) 102 (10) e

Age (years), median (IQR)b 77 (64e86) 74 (59e85) 0.008
SAPS, median (IQR)a 61 (52e62) 47 (37e54) <0.001
Charlson Comorbidity Index,
median (IQR)b

2 (0e3) 1 (0e2) <0.001

Female, no. (%)c 166 (48) 558 (54) 0.070
Admission type, no. (%)c <0.001

Elective surgery 23 (7) 196 (19) e

Emergency surgery 41 (12) 48 (5) e

Clinical type, no. (%)
Sepsis/infection 133 (39) 301 (29) e

Cardiovascular 21 (6) 187 (18) e

Neurological 22 (6) 82 (8) e

Respiratory 47 (14) 49 (5) e

Gastrointestinal 15 (4) 70 (7) e

Others 41 (12) 96 (9) e

Comorbidities, no. (%) e

Hepatic failured 3 (1) 2 (0.2) 0.103
Solid metastaticc tumour 20 (6) 48 (5) 0.472
Immunosuppressionc 15 (4) 54 (5) 0.617
Steroid usec 12 (3) 31 (3) 0.788
AIDSd 2 (1) 8 (1) 0.748
Uncomplicatedc diabetes 66 (19) 191 (19) 0.841
Complicatedc diabetes 24 (7) 63 (6) 0.654
Dementiac 61 (18) 88 (9) <0.001
Rheumatic diseased 1 (0.3) 6 (1) 0.687
Stroke sequelaec 18 (5) 32 (3) 0.096
Severe COPDc 80 (23) 103 (10) <0.001
Transplantationc 39 (11) 117 (11) 1

Invasive procedures use,
no. (%)c

e

Haemodialysis catheter 123 (36) 50 (5) <0.001
Arterial catheter 280 (82) 205 (20) <0.001
Bladder catheter 310 (90) 497 (48) <0.001
Central venous catheter 322 (94) 324 (31) <0.001
Mechanical ventilation 302 (88) 119 (12) <0.001

MDRGN, multidrug-resistant Gram-negative; IQR, interquartile range;
AIDS, acquired immune deficiency syndrome; COPD, chronic obstruc-
tive pulmonary disease; SAPS 3, Simplified Acute Physiology Score 3.
a Student’s t-test.
b Wilcoxon test.
c c2-Test.
d Fisher’s exact test.
analysis (Table I). The variables with P < 0.25 were fed into a
multiple logistic regression for selection of a reduced model.
There were significant differences in age, gender, SAPS 3,
admission type, Charlson Comorbidity Index, invasive devices,
and the presence of hepatic failure, dementia, stroke seque-
lae, and severe COPD.

Applying the stepwise logistic regression using the training
set (1098 inpatients), we analysed the best subsets of
variables. The lower the AIC value, the lower the loss of
information among the candidate models and, consequently,
the better the model. All multiple logistic regression models
and their respective AIC values can be seen in Supplementary
Appendix D. The best subset selected by the stepwise
method was considered the reduced model.

Table II presents the results of the reduced/final model,
including coefficients, odds ratio (OR) with 95% confidence
interval (CI), and P-values for each independent variable. The
reference level for each category is indicated in parenthesis for
each variable. In this case, OR >1 predicts a higher likelihood
of acquiring MDRGN bacteria compared to the reference level.

Risk factors identified as the most relevant for acquisition of
multidrug-resistant species were SAPS 3 (OR: 1.03; 95% CI:
1.01e1.04), severe COPD (1.90; 1.10e3.27), and exposure to
medical devices, especially mechanical ventilation (14.46;
8.45e24.70), central venous catheter (3.97; 2.04e7.70), or
haemodialysis catheter (2.20; 1.31e3.69). The presence of
mechanical ventilation prior to index culture was the most
relevant risk factor.

Other models were then developed, aiming to compare
different variable groups. The definition and variables in each
group are shown in Table III.
Prediction analysis

We used the five-fold cross-validation technique to avoid
overfitting and to evaluate whether the models were good
predictors for different subsets of this database. The means
and standard deviation (SD) results for each group are shown in
Table II

Multiple logistic regression (carbapenem-resistant MDRGN vs non-
MDRGN) using a training set (N ¼ 1098): reduced model

Variables

(reference)

b OR 95% CI P-value

Intercept e4.959
SAPS 3 0.025 1.03 (1.01e1.04) <0.001
Severe COPD
No 1 0.021
Yes 0.642 1.90 (1.10e3.27)

Haemodialysis catheter
No 1 0.003
Yes 0.788 2.20 (1.31e3.69)

Central venous catheter
No 1 <0.001
Yes 1.380 3.97 (2.04e7.70)

Mechanical ventilation
No 1 <0.001
Yes 2.671 14.46 (8.45e24.70)

MDRGN, multidrug-resistant Gram-negative; b, regression coefficient;
OR, odd ratio; CI, confidence interval; SAPS, Simplified Acute Physiol-
ogy Score; COPD, chronic obstructive pulmonary disease.
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Supplementary Appendix D. The low SDs of the models (from
0.018 to 0.099) for all performance measurements confirmed
that there was no overfitting.

The performance of each multiple logistic regression model
using the test dataset (274 inpatients) along with the likelihood
ratio test can be seen in Table III. The cut-off point for pre-
dicted values was 0.30 to improve accuracy and sensitivity and
to reduce false negatives.

The performance of the reduced model may be considered
good (accuracy: 0.891; sensitivity: 0.875; specificity: 0.895)
and is the best compared to the other groups. The likelihood
ratio tests did not identify differences between groups 1 and 2.
Therefore, we can use themodel with fewer variables (group 2)
without loss of performance.

Using only medical devices as variables (group 4), we also
found a good performance that was similar to that of the
reduced model. However, the model with only variables
already present at admission (group 3) produced worse pre-
diction rates (accuracy: 0.759; sensitivity: 0.578; specificity:
0.814). Evaluating the PPV values confirms that models 1, 2,
and 4 provide the ability to predict who will acquire
carbapenem-resistant MDRGN bacteria, and model 3 is insuf-
ficient for this prediction.

The ROC curves for the test set are shown in Figure 1, which
compares the true-positive rate (sensitivity) and false-positive
rate (1 e specificity), considering all possible cut-offs. The
values for the area under the ROC curve are shown in Table III.
Therefore, we can confirm that group 3 is the only weak model
for predicting MDR bacteria acquisition. Models 1, 2, and 4 had
high and similar AUC values, indicating good prediction.

Mortality

The hospital mortality rate for subjects who acquired
carbapenem-resistant MDRGN bacteria during the hospital stay
was 54.5%, and the 30-day mortality rate after positive culture
was 37.6%. The comparative analyses were performed between
death (1204 cases) and survivor (11,834 controls) groups using
stepwise logistic regression. Supplementary Appendix E pres-
ents the result of the final model selected. Even adjusting for
other variables, the presence of carbapenem-resistant MDRGN
bacteria proved to be a relevant risk factor in death. The
results suggest that patients who acquired carbapenem-
resistant MDRGN bacteria are 2.72 times more likely to die
than non-MDRGN patients.
0
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Figure 1. Comparison of the area under the receiver-operating
characteristic curves (AUC) among all groups using the test set
(N ¼ 274).
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Discussion

This study aimed to predict carbapenem-resistant MDRGN
acquisition during ICU stays, to identify the risk factors asso-
ciated with this acquisition, and to assess its impact on mor-
tality. Carbapenem-resistant MDRGN is a global threat and a
major concern for infection control specialists around the
world. Recently, there has been a myriad of information about
the mechanism of resistance to carbapenems and review
articles on specific agents; however, very few original studies
have asked questions about risk factors, predictors of acquis-
ition, or mortality rates, especially in hospital from LMIC.

The predictors observed as significant for carbapenem-
resistant MDRGN acquisition were SAPS 3, severe COPD, expo-
sure to a central venous line, mechanical ventilation, and
haemodialysis catheter. The use of mechanical ventilation (OR:
14.46) was the most important factor in carbapenem-resistant
MDRGN acquisition. Our study resulted in good predictive
models with accuracies of w90% using logistic regression. In
addition, we concluded that patients who acquired
carbapenem-resistant MDRGN were 2.72 times more likely to
die than non-MDRGN patients.

Carbapenem-resistant MDRGN (500 cases) were more com-
monly isolated than Gram-positive species (89 cases). Accord-
ing to previous studies of Gram-negative infections in Brazil,
A. baumannii is the most prevalent carbapenem-resistant
MDRGN bacterium, which supports the findings of this study
(N¼ 164, 47.8%), followed by P. aeruginosa (N¼ 98, 28.6%) and
then Enterobacteriaceae (N ¼ 81, 23.6%) [25,26]. The dis-
tribution of the isolates of carbapenem-resistant Entero-
bacteriaceae was as follows: Klebsiella pneumonia (65.6%),
Escherichia coli (13.3%), Enterobacter cloacae (12.5%), Kleb-
siella oxytoca (3.1%), Citrobacter freundii (2.3%), Proteus
vulgaris (1.6%), and Serratia marcescens (1.6%).

The results for risk factors are consistent with previous
studies in which the severity of illness, chronic respiratory
disease, and the use of invasive devices, such as central venous
or arterial catheters, mechanical ventilation and urinary
catheters, were most likely to result in isolation of multidrug-
resistant organisms [27e32].

Besides identifying risk factors associated with
carbapenem-resistant MDRGN acquisition, our study developed
predictive models of high performance. We conclude that a
reduced model including only the factors SAPS 3, severe COPD,
central venous line, mechanical ventilation, and haemodialysis
catheter can be used to obtain good prediction results.

Using only invasive procedures as variables for predicting
carbapenem-resistant MDRGN is also a significant finding since
efforts can be made to mitigate acquisition by implementing
care bundles, removing devices earlier, using alternative pro-
cedures or reducing their utilization. In some developing coun-
tries, the frequency of infections associatedwith the use of CVC,
ventilators, and other invasive devices can be up to 19 times
higher than those reported from Germany and the USA [33]. By
contrast, the model considering only information acquired at
the time of admission does not give a good prediction.

The predictive models found in the literature are restricted
to a specific type of infection, as in Chang et al., or aim only at
the analysis of significance [3]. Therefore, it was not possible
to compare the performance analysis of our predictive model
with previous studies.
In the carbapenem-resistant MDRGN group, 37.6% of
patients died within 30 days of a positive culture, and 54.5% of
patients died during the hospital stay. The reported mortality
rates for patients with MDRGN infections in the literature
ranged between 14% and 92%, and the attributable mortality
varied between 7% and 44% [8]. The reasons for this variation
could be from the MDR definition to the rate of treatment
compliance, use of medical devices, age, or severity index,
among other factors. In our study, the presence of
carbapenem-resistant MDRGN bacteria impacted mortality and
was demonstrated to be a relevant risk factor in hospitals,
justifying efforts directed at control of colonization and
infection.

Similar to Patel et al., the ICU patients infected by
carbapenem-resistant MDRGN have an increased risk of mor-
tality and the effect is greatest up to seven days after positive
culture (16.3% died), compared to 15 days (9.0% died) or 30
days (12.2% died) after positive culture [30]. The impact of MDR
bacteria on mortality cannot easily be assessed, as it is difficult
to compare the effects of inappropriate and appropriate
treatment [7]. Our study therefore did not consider the
attributable mortality.

This study has some limitations. The main limitation is that
these results cannot be directly extrapolated to other health-
care institutions, given the specificity of the case mix at the
study hospital, but the methods described and the analytical
process can be adapted or extended. Heterogeneous Gram-
negative bacteria were included and analysed collectively,
but patients colonized by these bacteria may have different
risk factors and prognosis. Moreover, clinical data may be
conflicting, since patients who have the same conditions may
have different types and timing of observations, such as the use
of invasive support. There is no information regarding prior
antibiotic use, thereby limiting the number of independent
variables that could be included. Finally, the relevance of
colonization and infection in attributable mortality is not clear,
since it could not be easily assessed.

In conclusion, we believe that identifying risk factors and
developing predictive models may benefit patients at risk of
acquiring multidrug-resistant bacteria. Infection control poli-
cies can be established for early detection and to control the
spread of these bacteria, such as identifying subject groups for
which culture test is needed. The high mortality and risk fac-
tors presented in our study highlight the need to develop
effective strategies. The presence of mechanical ventilation
and CVC are the main risk factors found; therefore, their use
warrants further research.
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