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Abstract 

 

Objective: The aim of the study was to describe the characteristics of all bacteremias caused 

by multidrug-resistant bacteria in a university hospital center and to assess the mortality 

related to these events. 

Design: Retrospective observational cohort study. 

Setting: A 2200-bed acute and long-term care French university hospital center. 

Patients: All patients with bacteremia caused by multidrug-resistant bacteria between 2011 

and 2013 were included. 

Methods: The characteristics of patients and bacteremias, antibiotic therapy within the first 

day, and 30-day mortality were collected from patients’ medical records.  

Results: A total of 228 patients were included with bacteremias caused by Enterobacteriaceae 

producing extended-spectrum--lactamase (ESBL) (n=102), Enterobacteriaceae 

overproducing  AmpC beta-lactamase (n=59), carbapenem-resistant Enterobacteriaceae (n=3), 

ceftazidime- or carbapenem-resistant Acinetobacter baumannii (n=2), ceftazidime- or 

carbapenem-resistant Pseudomonas aeruginosa (n=23), methicillin-resistant Staphylococcus 

aureus (MRSA) (n=40), and vancomycin-resistant Enterococcus (VRE) (n=2). The median 

Charlson comorbidity score was 6. Inappropriate antibiotic therapy was prescribed in 41.7% 

of bacteremias and 30-day mortality was 23%. For 20.9% of the patients who had had a 

positive bacteriological sample in the preceding 2 months, the initial antibiotic therapy was 

inappropriate. Four independent risk factors were statistically significant in multivariate 

analysis for 30-day mortality: multi-bacteria bacteremia (aOR=3.62; 95%CI: 1.42–9.27), age 

≥65 years (aOR=6.08; 95%CI: 2.17–17.04), liver disease (aOR: 6.56; 95%CI: 2.15–19.97), 

and severe sepsis or septic shock (aOR=8.96; 95%CI: 3.86–20.80).  



Conclusions: In this cohort of bacteremia patients, varied multidrug-resistant bacteria were 

found. A high rate of mortality and numerous patient comorbidities were also observed. More 

appropriate consideration of bacteriological antecedents could improve the pertinence of 

initial antibiotic therapy. 
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Introduction 

 

 

Multidrug-resistant (MDR) bacteria incidence has been persistently increasing for many 

years
1
. In the meantime, the prevalence of bacteremia in France is also on the rise, which can 

be explained by the increase in risk factors and patients’ comorbidities
2
. In 2012, bacteremias 

accounted for the fourth infectious site in the hospital patient population according to the 

national prevalence survey in France
2
. It was also shown that the bacteria isolated in 

bacteremia are more often MDR bacteria compared with other infectious sites
2
.  

Several studies have demonstrated an increased fatal outcome in bacteremias caused by MDR 

bacterial infections such as MRSA
3
, resistant Pseudomonas aeruginosa

4
, ESBL producing 

bacteria
5, 6

, and VRE 
7
 compared to drug-sensitive bacteria. This excess mortality seems to be 

caused by an association of host, bacteria, and treatment factors
8
. 

The aim of the study was to describe the profile of patients and the characteristics of 

bacteremias due to MDR bacterial strains in a university hospital center. Identification of risk 

factors for mortality and for inappropriate antibiotic therapy in bacteremia involving MDR 

bacteria, all strains combined, were the secondary objectives. 

  



Materials and methods 

 

 

Patient inclusion and characteristics 

 

A retrospective observational cohort study was conducted between 1 January 2011 and 31 

December 2013. All patients with bacteremia due to MDR bacteria in Grenoble University 

Hospital (2200 acute and long-term beds, France) were screened.  

The MDR bacteria included were MRSA, VRE, ceftazidime- and/or carbapenem-resistant 

Acinetobacter baumannii, ceftazidime- and/or carbapenem-resistant P. aeruginosa, ESBL 

producing Enterobacteriaceae, AmpC overproducing Enterobacteriaceae, and carbapenem-

resistant Enterobacteriaceae.  

The characteristics of each patient were collected from the medical records and the Charlson 

comorbidity score
9
 was calculated based on these data. The Simplified Acute Physiology 

Score II
10

 was collected in the summary of hospitalization of patients who stayed in the 

intensive care unit during the bacteremia episode. Most of characteristics collected are shown 

in Table 1.  

 

 

Bacteriological methods 

 

Bacterial strains isolated in the samples were identified using a VITEK2
®
 system 

(BioMérieux, Marcy l’Etoile, France). Antibiotic susceptibility was tested using the VITEK2
®
 

system or the disk diffusion method. Minimal inhibitory concentration (MIC) breakpoints 

were based on the French guidelines in effect at the time of sampling
11

. Confirmation and 



phenotypic typing of the third-generation cephalosporin resistance mechanism were carried 

out using a specific disk diffusion method along with combination disk diffusion tests 

recommended by the national guidelines
11

. If a carbapenem-resistant strain was suspected 

with the VITEK2
®
 system, disk diffusion tests and exact MIC determination using Etest

®
 

strips (BioMérieux, Marcy l’Etoile, France) were performed for confirmation. If carbapenem 

resistance was confirmed, the strain was sent to the French national reference center for 

antibiotic resistance to confirm and precisely identify the resistance mechanism using the 

Carba NP Test and PCR (in-house techniques from the national reference center). Resistant 

strains of S. aureus (i.e., MRSA) identified by the VITEK2
®
 system were also confirmed 

using the disk diffusion method completed in case of discordance with 

immunochromatographic test targeting PBP2a protein (Alere
TM

 PBP2a Culture colony test, 

Jouy-en-Josas, France). P. aeruginosa and A. baumannii resistance was investigated with the 

disk diffusion test and MIC determination using Etest
®
 strips. Vancomycin-resistant 

Enterococcus strains were confirmed by identification of vanA/vanB genes using a 

commercial PCR system (Xpert
®
 vanA/vanB, Cepheid, Maurens-Scopont, France). 

 

 

Definitions 

 

Bacteremia was defined by at least one positive blood culture for one of the bacteria studied. 

Original source of the bacteremia was evaluated according to bacteriological samples at the 

presumed source and/or medical reports of clinical examination. In cases of discrepancy, the 

files were discussed with a second reviewer. 

If the bacteremia occurred more than 48 h after hospital admission or if the patient was 

hospitalized in another hospital for more than 48 h, it was considered nosocomial. Less than 



48 h after hospital admission, the bacteremia was a healthcare-associated infection if it 

occurred during or after care. In other cases, bacteremia was considered community-acquired. 

Plausibility of the association was evaluated in each case as recommended
12

. 

A recurrent bacteremia was defined by a new bacteremic episode during the study period. 

These must be preceded by a negative blood culture window after the first bacteremia and can 

be due to the same or another MDR bacterium. 

Clinical state was mainly judged according to medical reports. In case of missing information 

on the patient’s clinical condition, the following definitions were applied. Severe sepsis was 

defined by blood lactate >4 mmol/L, organ dysfunction, and/or hypotension <90/40 mmHg 

before fluid resuscitation. Definition of septic shock was persistent hypotension despite fluid 

resuscitation requiring vasopressive drugs
13

. 

Colonization variable was defined as a positive bacteriological sample documented to the 

same bacterium as the one identified in bacteremia, in the previous 2 months without 

intercurrent negativity. This variable gather previous positive bacteriological samples with the 

same bacterium, related either to bacterial colonization or/and to an early antecedent of 

infection.  

Information on the antibiotic therapy was collected on the day after the first positive blood 

culture. Appropriateness of antibiotic therapy was judged according to the results of 

susceptibility testing. Following current recommendations for clinical practice, the treatment 

of ESBL producing bacteria by piperacillin/tazobactam was considered inappropriate as 

piperacillin/tazobactam is not recommended for susceptible strains in case of severe infection. 

An active monotherapy by aminoglycoside was considered inappropriate for P. aeruginosa
14

. 

 

 

Statistical analysis 



 

Patients and bacteremia characteristics according to the patient’s condition were compared 

using the chi-square or Fisher exact test for qualitative variables and the Wilcoxon rank sum 

test for quantitative variables.  

Risk factors of 30-day mortality and inappropriate antibiotic therapy were analyzed with a 

univariate logistic regression model on first bacteriemia episodes in the adult population. 

Because of missing data on their clinical state, some patients were excluded from the logistic 

regression model. Variables associated with a p-value <0.20 were selected for the multivariate 

logistic regression model. The logistic regression model was constructed by a backward 

selection approach based on the Wald statistic. Variables that did not significantly contribute 

to the model were removed. The interaction in the multivariate logistic regression model was 

analyzed according to the Wald statistic. Statistical significance was set at 0.05 (two-tailed) 

and data were analyzed with R software version 3.0.2
15

. 

  



Results 

 

 

Patient inclusion and characteristics 

 

Two hundred forty-nine bacteremic episodes corresponding to 228 patients were detected 

from the database for the 3 years of the study. Twenty-one bacteremias were recurrent 

episodes in patients already included. The fate at 30 days was unknown for 6 patients. Patient 

characteristics are shown in Table 1. These characteristics were those at the first bacteremic 

episode. The median age was 69 years (interquartile range [IQR]: 60–81) and the median 

Charlson comorbidity score was 6 (IQR: 4–8). More than half of the patients had neoplastic 

pathology (53.1%). Almost 36% of the patients were immunodepressed at the bacteremia 

onset (n=81). Forty-three percent of the patients (n=98) had available bacteriological samples 

data from less than 2 months before the bacteremia onset, to guide toward a possible 

colonization with the same MDR bacterium. All patients combined, this variable was positive 

in 18.9% of the cases (n=43). Fourteen percent of the patients (n=36) were hospitalized in 

intensive care unit at the bacteremia onset or for take-in care. The median Simplified Acute 

Physiology Score II of the latter patients was 50 (IQR: 43–62).  

 

 

Bacteremia characteristics 

 

Most of bacteremia characteristics are shown in Table 2. Leading source of bacteremias were 

urinary tract infection (28.1%) followed by intra-abdominal infection (21.9%).  Source of 

infection was unknown in 40 bacteremias (17.6%). Most isolated MDR bacteria were ESBL 



producing Enterobacteriaceae (44.7%), Enterobacteriaceae overproducing AmpC beta-

lactamase (25.9%), and MRSA (17.5%). Glycopeptide-intermediate S. aureus was isolated in 

one case of bacteremia.  

Combination of two MDR bacteria were found in three bacteremia cases (ESBL producing 

Enterobacter aerogenes and carbapenem-resistant P. aeruginosa; carbapenem-resistant A. 

baumannii and P. aeruginosa; ESBL producing  Klebsiella pneumoniae and carbapenemase-

producing Enterobacter cloacae).  

Clinically, 69.4% cases were simple sepsis and 30.6% were severe sepsis or septic shock. 

Five patients were excluded from the logistic regression models because of their unknown 

clinical status. A previous infection with the same MDR bacterium was known at the 

bacteremia onset in 11.0% of the cases.  

For 33 bacteremias, a nonsurgical procedure such as endoscopy was known in the previous 30 

days. Bacteremias were directly related to these nonsurgical procedures in 39.4% of the cases 

(n=13). Among these, 8 were related to an intra-abdominal source, especially postendoscopic 

retrograde cholangiopancreatography, and 4 to a urinary tract source.  

The median length of stay, except in the rehabilitation and long-term care units, was 23 days 

(IQR: 10–39), and the median time between hospital admission and bacteremia was 5 days 

(IQR: 1–18) all patients combined. 

 

 

Recurrent bacteremia 

 

Twenty-one cases of bacteremia were a second episode or more of patients already included 

during the study period. Eighteen of these were early recurrent bacteremia within 90 days 

after the previous bacteremic episode (85.7%). Early recurrent bacteremia involved a total of 



15 different patients including one child. The same MDR bacterium was isolated in 83% of 

early recurrences (n=15) relative to the initial bacteremia. The recurrences were excluded 

from the data analysis. 

 

 

Antibiotic therapy 

 

Antibiotic therapy at day 1 after positive blood sample was inappropriate in 41.7% of 

bacteremias. Multidrug therapy was prescribed in 51.3% of bacteremia cases (n=117). No 

antibiotic therapy was prescribed in 4.4% of bacteremias within the 1
st
 day (n=10). Of the 43 

patients who had positive bacteriological samples to the same MDR bacterium in the 2 

months preceding bacteremia (colonization or infection), 20.9% received inappropriate initial 

antibiotic therapy (n=9). For patients who were suffering from a previously known active 

infection (i.e.: urinary tract infection, pulmonary infection, etc) by the same MDR bacterium, 

with available antibiotic susceptibility results at the bacteremia onset, appropriate antibiotic 

therapy rate was 92% (n=23).  

Risk factor analysis of inappropriate antibiotic therapy at 1 day revealed two elements 

independently associated in this series: AmpC beta-lactamase overproduction (aOR=2.36; 

95%CI:1.22–4.59) and the presence of P. aeruginosa resistant to ceftazidime and/or 

carbapenem (aOR=3.15; 95%CI: 1.16–8.55). On the opposite, another factor appeared 

statistically significant in multivariate analysis as a protective element: severe sepsis or septic 

shock (aOR=0.46; 95%CI: 0.24–0.89). 

 

 

30-day mortality 



 

Fifty-one patients died within 30 days after bacteremia onset, for a 30-day mortality rate of 

23%. Four independent risk factors of 30-day mortality appeared statistically significant in 

multivariate analysis: bacteremia involving multiple bacterial strains (aOR=3.62; 95%CI: 

1.42–9.27), age ≥65 years (aOR=6.08; 95%CI: 2.17–17.04), liver disease (aOR: 6.56; 95%CI: 

2.15–19.97), and severe sepsis or septic shock (aOR=8.96; 95%CI: 3.86–20.80) (Table 3).  

Among patients dead at 30 days, 33.3% died within the first 2 days after bacteremia onset 

(n=17). However, half of them had received appropriate initial antibiotic treatment at 1 day 

(n=8). In the Charlson score <3 subgroup, only two patients had died at 30 days (5.9%). 

Appropriate antibiotic therapy rate was not significantly different between the Charlson score 

<3 subgroup and the Charlson score ≥3 subgroup (61.3% vs 57.1%, p=0.82). 

Introduction of an interaction term between each covariate of multivariate logistic models did 

not reveal a significant association.  

 

  



Discussion 

 

 

This study describes the characteristics of bacteremia related to all MDR bacteria types in a 

French university hospital center.  

The patients included in this study had severe clinical condition with multiple comorbidities 

such as malignancy (53.1%), diabetes (31.1%), and chronic renal failure (28.9%), as shown 

by the high Charlson comorbidity score: 70.2% of patients had a Charlson score ≥5. The 

population’s comorbidity profile seems similar to other comparable studies on bacteremias 

due to MDR bacteria
16 – 24

, despite the heterogeneous types of MDR bacteria observed here. 

Majority of bacteremias have nosocomial acquisition (61.0%). More than 80% of bacteremias 

are related to patients frequenting the care environment (nosocomial and healthcare-

associated bacteremia).  

Another important point brought out by this study concerns the colonization of patients by 

MDR bacteria before bacteremia. The proportion of patients with positive bacteriological 

samples in the preceding 2 months appeared high (18.9%). However 20.9% of those patients 

with available MDR data received an inappropriate initial antibiotic therapy, which is 

comparable to the results of a recent study on ESBL bacteremias (23%)
16

 but was twice as 

low as in the overall patient group. Nevertheless, this also suggests that the bacteriological 

antecedents had not been consulted systematically or that possible involvement of the 

previously known MDR bacterium was erroneously excluded when starting probabilistic 

antibiotic therapy. We can conclude that the appropriateness of initial antibiotic treatment can 

be optimized in case of bacteremia by taking more into account recent bacteriological history 

of colonization or infection by MDR bacteria in the prior 2 months. 



The mortality rate observed here is high, reflecting the severity of the symptoms. High levels 

are also found in the literature, regardless of the MDR bacteria etiology involved
3,4,6,7

.  

The inappropriate initial antibiotic therapy exceeding 41% also seems high in this study. 

Other studies have shown varied results such as 63% for Frakking et al.
16

, 52.8% for Kang et 

al.
18

, 62.2% for Morata et al.
20

, and 67.1% for Paul et al.
21

. All of these results are high but the 

heterogeneity of the settings and etiologies precludes direct comparison. 

We can observe that the appropriate initial antibiotic therapy rate differed according to the 

source of bacterial infection. In fact, initial antibiotic treatments are judged appropriate in 

case of urinary tract infection (66%) more often than infections of unknown origin (35%), for 

example. The appropriateness of the initial antibiotic treatment is influenced by the 

bacteriological probability, which depends on the source of infection, as has been suggested 

in other studies
24,25

.  

In multivariate analysis of risk factors associated with inappropriate antibiotic therapy, the 

presence of severe sepsis or septic shock appeared as a protective factor. This can be 

explained by the systematic use of combination therapy usually involving an aminoglycoside 

with beta-lactam in this clinical situation. This has the effect of extending the spectrum of 

activity of the treatment like that has been objectified. 

However, this study has several limitations, the first of which is its retrospective design. In 

addition, the results observed cannot be generalizable because of the monocentric design, 

characteristic of referral centers and a lack of homogeneity in bacteremia etiologies. It should 

also be noted that the classification of bacterial species resistance is not uniform in all the 

studies published to date, especially in cases of P. aeruginosa
4,20

 and A. baumannii
19

. Indeed, 

the definition of MDR of these two bacteria was based on the definition used for the French 

national prevalence survey 
2
. 



Moreover, possible misclassification error between appropriate and inappropriate antibiotic 

therapy is possible. In fact, in bacteremias due to ESBL producing bacteria, recent studies 

have demonstrated the absence of all-cause mortality difference between the carbapenems 

group and beta-lactam/beta-lactamase inhibitor combination group
26

. This suggests that 

bacteremias due to ESBL producing bacteria can be effectively treated with the beta-

lactam/beta-lactamase inhibitor combination despite their severity. The pertinence of 

antibiotic therapy did not take into account the criterion of favorable clinical or 

bacteriological outcome, or the criterion of sufficient length of prescription of adequate 

treatment. In addition, the observation of antibiotic treatment at 72 h should have been added 

to analyze its appropriateness according to final results of bacterial identification and 

antibiotic susceptibility testing. Possible prior exposure to antimicrobial therapy was not 

sought, and minimum inhibitory concentrations of MDR bacterial strains were not analyzed in 

this study. Finally, the prevalence of bacteremia related to MDR bacteria could not be 

calculated.  

To conclude, this study provides a comprehensive picture of all-cause bacteremia due to 

multidrug-resistant strains combined for this hospital. The key findings are a high rate of 30-

day mortality (23%) and a high rate of inappropriate antibiotic treatment 1 day after a positive 

blood sample (41.7%) even in patients with bacteriological antecedents to the same MDR 

bacteria in the prior two months (20.9%). Thus, taking more into account antecedents of 

MDR bacteria could improve the rate of appropriate initial antibiotic therapy. 
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Table 1. Characteristics of patients with bacteremia. 

Variable 

All patients 

n=228 (%) 

Patients at 30 days P-value 

Alive 

n=171 (77%) 

Dead 

n=51 (23%) 

Age    0.004 

0–14  7 (3.0) 6 (3.5) 1 (2.0)  

15–64 82 (36.0) 72 (42.1) 9 (17.6)  

≥65 139 (61.0) 93 (54.4) 41 (80.4)  

Male 143 (62.7) 108 (63.2) 33 (64.7) 0.84 

Obesity (n=214) 35 (16.4) 30 (18.5) 5 (10.9) 0.22 

Comorbidity     

Solid tumor 89 (39.0) 59 (34.5) 25 (49.0) 0.06 

Hematologic tumor 33 (14.5) 25 (14.6) 7 (13.7) 0.87 

Diabetes 71 (31.1) 53 (31.0) 15 (29.4) 0.83 

Chronic respiratory 

failure/COPD
a
 

34 (14.9) 24 (14.0) 9 (17.6) 0.52 

Chronic renal failure 66 (28.9) 48 (28.1) 16 (31.4) 0.65 

Chronic dialysis 16 (7.0) 15 (8.8) 1 (2.0) 0.13 

Liver disease 29 (12.7) 16 (9.4) 12 (23.5) 0.007 

Charlson comorbidity score    0.004 

≤2 33 (14.5) 31 (18.1) 2 (3.9)  

3 – 4 35 (15.3) 30 (17.6) 4 (7.9)  

≥5 160 (70.2) 110 (64.3) 45 (88.2)  

Immunosuppression      



Immunosuppressive 

treatment 

39 (17.1) 34 (19.9) 5 (9.8) 0.10 

Corticosteroid treatment 21 (9.2) 16 (9.4) 5 (9.8) 1.00 

Chemotherapy 37 (16.2) 30 (17.5) 7 (13.7) 0.52 

Radiotherapy 3 (1.3) 2 (1.2) 1 (2.0) 0.54 

HIV 2 (0.9) 2 (1.2) 0 (0.0) 1.00 

Other immunosuppression 6 (2.6) 3 (1.8) 3 (5.9) 0.14 

Colonization
b
 (n=98) 43 (43.9) 35 (46.1) 8 (38.1) 0.52 

Invasive procedure in last 30 

days
c
 (n=224) 

94 (42.0) 68 (40.2) 24 (49.0) 0.28 

a. Chronic obstructive pulmonary disease; b. colonization or bacteriological sample positive 

by the same MDR bacterium documented within 2 months prior to the bacteremic episode; c. 

surgical procedure or nonsurgical procedure performed in technical platform. 

 



Table 2. Characteristics of bacteremias due to multidrug resistant bacteria.  

Variable 

All bacteremias 

n=228 (%) 

Patients at 30 days P-value 

Alive 

n=171 (77%) 

Dead 

n=51 (23%) 

Acquisition     0.32 

Community onset 45 (19.7) 33 (19.3) 10 (19.6)  

Healthcare-associated 44 (19.3) 36 (21.1) 6 (11.8)  

Nosocomial 139 (61.0) 102 (59.6) 35 (68.6)  

    0.06 

Medical unit 71 (51.1) 53 (52.0) 17 (48.6)  

Surgical unit 33 (23.7) 29 (28.4) 4 (11.4)  

ICU 18 (12.9) 10 (9.8) 7 (20.0)  

Postacute care and 

rehabilitation unit 

13 (9.4) 7 (6.9) 6 (17.1)  

Long-term care unit 4 (2.9) 3 (2.9) 1 (2.9)  

Bacteremia source    0.88 

Vascular catheter infection 18 (7.9) 14 (8.2) 4 (7.8)  

Urinary tract infection 64 (28.1) 49 (28.7) 12 (23.5)  

Pulmonary infection 14 (6.1) 9 (5.3) 5 (9.8)  

Surgical site infection 18 (7.9) 15 (8.8) 3 (5.9)  

Intra-abdominal infection 50 (21.9) 37 (21.6) 13 (25.5)  

Other infection 24 (10.5) 18 (10.5) 5 (9.8)  

Unknown source or primary 

bacteremia 

40 (17.6) 29 (16.9) 9 (17.7)  

Related to a nonsurgical procedure 13 (39.4) 10 (43.5) 3 (37.5) 1.00 



(n=33) 

Infection previously known
a
 

(n=227) 

25 (11.0) 18 (10.6) 7 (13.7) 0.54 

Bacteria species and resistance 

mechanisms 

    

Enterobacteriaceae 163 (71.5) 125 (73.1) 34 (66.7) 0.37 

AmpC beta-lactamase 

overproduction 

59 (25.9) 44 (25.7) 14 (27.5) 0.81 

Escherichia coli 15 (6.6) 13 (7.6) 1 (2.0) 0.20 

Enterobacter cloacae 18 (7.9) 13 (7.6) 5 (9.8) 0.57 

Other 26 (11.4) 18 (10.5) 8 (15.7) 0.31 

ESBL
b
 102 (44.7) 79 (46.2) 20 (39.2) 0.38 

Escherichia coli 75 (32.9) 60 (35.1) 12 (23.5) 0.12 

Klebsiella pneumoniae 21 (9.2) 14 (8.2) 7 (13.7) 0.28 

Other 6 (2.6) 5 (2.9) 1 (2.0) 1.00 

Carbapenem-resistant 

Enterobacteriaceae 

3 (1.3) 3 (1.8) 0 (0.0) 1.00 

Gram-negative bacillus other 

than Enterobacteriaceae 

24 (10.5) 19 (11.1) 5 (9.8) 0.79 

Acinetobacter baumannii 2 (0.9) 2 (1.2) 0 (0.0) 1.00 

Pseudomonas aeruginosa 23 (10.1) 18 (10.5) 5 (9.8) 0.88 

Ceftazidime-R and 

carbapenem-S 

2 (0.9) 2 (1.2) 0 (0.0) 1.00 

Ceftazidime-S and 

carbapenem-R 

14 (4.8) 7 (4.1) 4 (7.8) 0.28 



Ceftazidime-R and 

carbapenem-R 

10 (4.4) 9 (5.3) 1 (2.0) 0.46 

Gram-positive bacteria  42 (18.4) 28 (16.4) 12 (23.5) 0.24 

MRSA
c
 40 (17.5) 27 (15.8) 11 (21.6) 0.34 

VRE
d
 2 (0.9) 1 (0.6) 1 (2.0) 0.41 

≥2 bacteria 41 (18.0) 26 (15.2) 15 (29.4) 0.02 

Severe sepsis or septic shock 

(n=222) 

68 (30.6) 36 (21.6) 32 (65.3) <0.001 

Median length of stay (IQR) before 

bacteremia (days)
e 
(n=139) 

13 (6 – 31.5) 13 (6 – 31,25) 10 (5.5 – 

31,5) 

0.46 

Recurred within 90 days 15 (6.6) 12 (7.0) 3 (5.9) 1.00 

Inappropriate antibiotic therapy at 

1 day (n=218) 

91 (41.7) 69 (41.8) 21 (43.8) 0.81 

a. Documented infection with the same MDR bacterium before bacteremia onset; b. extended-

spectrum--lactamase; c. methicillin-resistant Staphylococcus aureus; d. vancomycin-

resistant Enterococcus; e. time from admission to bacteremia onset for nosocomial acquisition 

bacteremia. 

  



Table 3. Analysis of risk factors associated with 30-day mortality in adult population. 

 

Variable Univariate analysis Multivariate analysis of final model 

OR (95% CI) P-value Adjusted OR (95% CI) P-value 

Male 1.01 (0.51–2.00) 0.98   

Age ≥65 years 3.44 (1.51–7.87) <0.01 6.08 (2.17–17.04) <0.001 

Charlson comorbidity score ≥3 4.18 (0.99–17.56) 0.02   

Malignancy 1.68 (0.86–3.30) 0.13 2.24 (0.99–5.07) 0.053 

Liver disease 3.44 (1.47–8.04) <0.01 6.56 (2.15–19.97) <0.001 

Immunosuppression 0.85 (0.42–1.72) 0.66   

Healthcare-associated 

infection 

0.93 (0.42–2.07)  0.86   

ICU acquisition 2.46 (0.66–9.11) 0.18   

Urinary tract infection source 0.67 (0.31–1.46) 0.31   

Severe sepsis or septic shock  6.81 (3.31–14.01) <0.001 8.96 (3.86–20.80) <0.001 

Inappropriate initial antibiotic 

therapy  

0.98 (0.50–1.92) 0.96   

Bacteremia ≥2 bacteria 2.64 (1.24–5.61) 0.01 3.62 (1.42–9.27) 0.007 

ESBL
a
 0.70 (0.35–1.38) 0.30   

AmpC beta-lactamase 

overproduction 

1.28 (0.62–2.64) 0.51   

P. aeruginosa CAZ-R and/or 

carbapenem-R
b
 

0.86 (0.27–2.71) 0.80   



MRSA
c
 1.39 (0.59–3.24) 0.45   

Infection previously known
d
 1.03 (0.36–2.96) 0.96   

Length of stay before 

bacteremia ≥21 days  

1.27 (0.59–2.71) 0.54   

a.
 
Extended-spectrum--lactamase; b. ceftazidime-resistant or carbapenem-resistant; c. 

methicillin-resistant Staphylococcus aureus; d. documented infection to the same MDR 

bacterium before bacteremia onset. 

 

 

 

 

 


