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Purpose: The incidence of carbapenem-resistant Enterobacteriaceae (CRE) has increased in the last two decades, 

causing significant morbidity and mortality. Our study investigated the factors associated with mortality from 

CRE bloodstream infection in a single center in Oman. 

Methods: Data from adult patients with CRE bacteremia, over a 10-year period, were retrospectively collected. 

Demographic and clinical characteristics were compared according to intensive care unit (ICU) admission status 

and mortality. A logistic regression model was used to evaluate factors associated with mortality. 

Results: 169 cases of CRE bacteremia were identified, of whom 93 (55%) required ICU admission and 96 (56.8%) 

died. Patients who required ICU care were more likely to require organ transplant (15% vs 4.0%; p = 0.02), 

be on immunosuppressants (31% vs 17%; p = 0.035), be transferred from other hospitals (40% vs 14%; p < 

0.001), be colonized with CRE (73% vs 43%; p < 0.001), have vascular lines (85% vs 42%; p < 0.001), be on 

mechanical ventilation (91% vs 9.2%; p < 0.001), require a longer stay (37 vs 17 days; p < 0.001), and have 

increased mortality (80% vs 29%; p < 0.001). In the multivariate analysis, mechanical ventilation (adjusted odds 

ratio (aOR) 15.3; 95% confidence interval 5.39–43.2; p < 0.001) and prior use of the broad-spectrum antibiotics 

meropenem ( p = 0.01) and piperacillin/tazobactam ( p = 0.026) were associated with CRE mortality. 

Conclusion: CRE bacteremia carries a high mortality rate in patients requiring ICU care. Implementation of 

infection control measures and antimicrobial stewardship programs are essential in reducing the rates of CRE 

BSI. 
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Carbapenems have been among the most effective treatment op-

ions for multidrug-resistant pathogens ( Gupta et al., 2011 ). Active

urveillance has revealed rapidly increasing incidences of carbapenem-

esistant Gram-negative bacilli (CRGNB) worldwide ( Gupta et al., 2011 ;

agiorakos et al., 2013 ; Guh et al., 2014 ; Britt et al., 2018 ). Nosoco-

ial transmission of these resistant organisms poses an even greater

hallenge to healthcare systems due to the associated high morbid-

ty and mortality. Carbapenem resistance has been primarily reported

n Pseudomonas and Acinetobacter species ( Perez et al., 2010 ). How-

ver, it has also emerged among species of the Enterobacteriaceae

amily that includes Klebsiella pneumoniae, Escherichia coli, Enterobacter
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loacae, and Enterobacter aerogenes ( Hussein et al., 2009 ). The

idespread distribution of carbapenem-resistant Enterobacteriaceae

CRE) is mainly attributable to their production of carbapenemases and

he plasmid-mediated horizontal transmission of the encoding genes

 Cui et al, 2019 ). Carbapenemases can hydrolyze carbapenems and other

-lactam antibiotics, rendering them inactive. Based on the Ambler clas-

ification method ( Ambler et al., 1980 ), they have been grouped into

lasses A, B, and D. Class A and class D are serine 𝛽-lactamases, while

hose in class B are metallo- 𝛽-lactamases (MBLs). 

The prevalences of CRE and carbapenemase type tend to vary accord-

ng to geographical region. In the USA, the most common carbapene-

ase is the class A enzyme Klebsiella pneumoniae carbapenemase enzyme

KPC); the class B enzyme New Delhi metallo-beta-lactamase (NDM-1)
31, A’seeb, Muscat, Oman. 
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nd the class D enzyme OXA-48 are predominant in Asia and the Middle

ast, respectively ( Nordmann et al., 2011 ). 

Several studies have shown that mortality rates are significantly

igher for CRE infections than for carbapenem-susceptible Enterobac-

eriaceae bacteremia (CSE) ( Falagas et al., 2007 ; Falagas et al., 2014 ;

mit et al., 2015 ; Li et al., 2017 ), but these studies were limited by

ample size and scope. Several factors have been associated with the ac-

uisition of infections caused by CRE; these include concomitant chronic

edical conditions, the healthcare environment, and prior use of flu-

roquinolones, cephalosporins, and carbapenems ( Amit et al., 2015 ).

owever, the factors behind the increased death rate in cases of CRGNB

acteremia remain unclear. Identification of the risk factors would be

mportant in foreseeing and improving the clinical outcomes. 

This study evaluated the number of deaths attributable to CRE blood-

tream infections and the factors associated with mortality in a tertiary

are hospital in Oman. 

ethods 

tudy setting 

A retrospective study was conducted from 2010 to 2020 in a tertiary

are hospital with 1100-bed capacity in Muscat, Oman. Demographic,

icrobiological, and clinical characteristics, and data on antibiotic use

nd clinical outcomes for patients diagnosed with CRE bloodstream in-

ection (BSI) were collected from medical records. 

icrobiology 

Species identification and susceptibility testing were performed in

he clinical microbiology laboratory using a BD BACTEC Instrumented

lood Culture System (BD, USA), with BD Phoenix antibiotic suscep-

ibility testing providing minimum inhibitory concentrations (MICs),

sing automated broth microdilution methodology. Carbapenem resis-

ance was confirmed by the disk diffusion method, the MBL E test, and

eneXpert PCR (Cephid). 

ata collection and definitions 

Data collected from the medical records included demographic vari-

bles (sex and age), prior hospitalization or transfer from other hos-

itals, hospitalization records before intensive care unit (ICU) admis-

ion, indwelling devices, concurrent conditions, previous colonization

y CRE, and sites of colonization. Empirical and definitive treatment

egimens were recorded, along with clinical outcomes, including length

f stay and mortality. Patients with prior infection with CRE reported

n admission and repeat isolates in the same admission were excluded.

CRE were defined as Enterobacteriaceae showing decreased suscepti-

ility to carbapenem (diameter for imipenem ≤ 19 mm, meropenem ≤

9 mm, and ertapenem ≤ 18 mm, or MICs for imipenem and meropenem

 4 and for ertapenem ≥ 2), in line with the updated Clinical and Lab-

ratory Standards Institute 2021 guidelines of the respective year (Per-

ormance Standards for Antimicrobial Susceptibility Testing, 28th infor-

ation supplement). 

CRE BSI was defined by the presence of CRE in the bloodstream,

s evidenced by positive blood cultures in cases where contamination

ad been excluded. BSIs were classified according to standard criteria

 Horan et al., 2008 ). Onset of BSI was defined as the date of collection

f first blood culture that produced the CRE. 

Attributable mortality was defined as the difference in all-cause mor-

ality between patients with carbapenem-resistant infections admitted to

CU and those with carbapenem-resistant infections not requiring ICU

are. Empirical treatment was defined as antimicrobial treatment given

efore the susceptibility results. Definitive treatment was defined as an-

imicrobial treatment given after the susceptibility results. 
166 
An Excel program was to create a data collection tool and database.

he study was approved by the Institutional Research and Ethics Com-

ittee at the Royal Hospital. 

tatistical analysis 

Descriptive statistics were used to analyze the data. For categorical

ariables, frequencies and percentages were reported. Differences be-

ween groups were analyzed using Pearson’s 𝜒2 test (or Fisher’s exact

est for expected cells < 5). For age, mean and standard deviation were

sed to summarize the data, while abnormally distributed variables (e.g.

ength of hospital stay (LOS)) were summarized using median and in-

erquartile range and analyzed using the Wilcoxon Mann-Whitney test.

 multiple logistic regression model was used to evaluate factors as-

ociated with overall cumulative mortality (i.e. age, gender, diabetes

ellitus, chronic kidney disease (CKD) requiring hemodialysis, cancer,

rgan transplant, CRE body colonization, immunosuppression, vascu-

ar lines, mechanical ventilation, meropenem, and tazocin). Statistical

nalyses were conducted using STATA version 16.1 (STATA Corpora-

ion, College Station, TX, USA). 

esults 

In total, 169 bacteremia patients were included in the study. The

verall mean age was 58 ± 17 years, ranging from 16 years to 99 years,

nd 60% (101/169) were males. The three most prevalent comorbidi-

ies recorded were CKD requiring hemodialysis (57%; 96/169), diabetes

ellitus (51%; 86/169), and cancer (27%; 46/169). Sixty six per cent

111/169), 60% (101/169), and 54% (92/169) of the patients had in-

ospital vascular lines, a history of CRE body colonization, and were

echanically ventilated, respectively. The number of patients colonized

ith CRE on admission was 74 (43.7%), while the number of patients

ho developed CRE body colonization after antibiotic use was 26 (15%).

As shown in Table 1 , those admitted to the intensive care unit

ICU) were more likely to have had an organ transplant (15% vs 4.0%;

 = 0.02), require in-hospital vascular lines (85% vs 42%; p < 0.001),

e on mechanical ventilation (91% vs 9.2%; p < 0.001), be on immuno-

uppressants (31% vs 17%; p = 0.035), have a history of CRE body col-

nization (73% vs 43%; p < 0.001), have been transferred from other

ospitals (40% vs 14%; p < 0.001), be associated with a longer hospital

tay (37 vs 17 days; p < 0.001), and show increased overall mortality

80% vs 29%; p < 0.001). 

The demographic and clinical characteristics stratified by mortality

re presented in Table 2 . Those who died were more likely to have been

dmitted to ICU (77% vs 26%; p < 0.001) and be on mechanical ventila-

ion (76% vs 26%; p < 0.001). Those who had prior body colonization of

RE had a tendency towards increased mortality compared with those

ho did not (65% vs 53%; p = 0.143). However, this finding did not

ttain statistical significance, largely due to the study’s low power (26%

nstead of the usual 80% or above). 

Adjusting for other factors in the multivariate logistic

egression model ( Table 3 ), the only variables that were

ignificantly associated with increased mortality were mechanical

entilation (adjusted odds ratio (aOR) 15.3; 95% confidence interval

CI) 5.39–43.2; p < 0.001) and the antibiotics meropenem (aOR 4.48;

5% CI 1.42–14.1; p = 0.01) and piperacillin/tazobactam (aOR 2.97;

5% CI 1.14–7.72; p = 0.026). The combined antibiotic effect (includ-

ng that of meropenem and piperacillin/tazobactam) was associated

ith mortality in bacteremia patients (odds ratio 2.9; 95% CI 1.2–7.0;

 = 0.018). 

The three most prevalent empiric antibiotics were

iperacillin/tazobactam (27%; 45/169), meropenem (22%; 37/169),

nd vancomycin (6.5%; 11/169). Colistin was prescribed in only six

3.6%) patients. Overall, 67% of the patients were on antibiotics 4 days

rior to blood culture. Patients who had taken antibiotics 4 days prior

o collection of blood culture (as opposed to those who had not) were
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Table 1 

Demographic and clinical characteristics stratified by intensive care unit (ICU) admission 

Characteristic, n (%) unless specified otherwise All (N = 169) ICU admission p-value 

No (n = 76) Yes (n = 93) 

Demographics 

Age, mean ± SD, years 58 ± 17 60 ± 17 56 ± 16 0.125 

Male gender 101 (60%) 45 (59%) 56 (60%) 0.895 

Clinical 

Diabetes mellitus 86 (51%) 36 (47%) 50 (54%) 0.408 

Chronic kidney disease (CKD) ∗ 96 (57%) 40 (53%) 56 (60%) 0.322 

Organ transplant 17 (10%) 3 (4.0%) 14 (15%) 0.020 

Cancer 46 (27%) 29 (38%) 17 (18%) 0.004 

In-hospital 

Vascular line 111 (66%) 32 (42%) 79 (85%) < 0.001 

Mechanical ventilation 92 (54%) 7 (9.2%) 85 (91%) < 0.001 

On immunosuppressants 42 (25%) 13 (17%) 29 (31%) 0.035 

Transferred from other hospital 48 (28%) 11 (14%) 37 (40%) < 0.001 

History of CRE colonization 101 (60%) 33 (43%) 68 (73%) < 0.001 

Outcome 

LOS, median (IQR), days 22 (13–45) 17 (9–27) 37 (18–64) < 0.001 

Dead 96 (57%) 22 (29%) 74 (80%) < 0.001 

SD, standard deviation; CRE, carbapenem-resistant Enterobacteriaceae ; LOS, length of hospital stay; IQR, interquartile range 
∗ CKD requiring dialysis 

Table 2 

Demographic and clinical characteristics stratified by mortality 

Characteristic, n (%) unless specified otherwise All (N = 169) Mortality p-value 

No (n = 73) Yes (n = 96) 

Demographics 

Age, mean ± SD, years 58 ± 17 57 ± 17 59 ± 16 0.512 

Male gender 101 (60%) 46 (63%) 55 (57%) 0.452 

Clinical 

Diabetes mellitus 86 (51%) 41 (56%) 45 (47%) 0.231 

Chronic kidney disease (CKD) ∗ 96 (57%) 44 (60%) 52 (54%) 0.427 

Organ transplant 17 (10) 6 (8.2%) 11 (11%) 0.609 

Cancer 46 (27%) 17 (23%) 29 (30%) 0.317 

In-hospital 

Vascular line 111 (66%) 42 (58%) 69 (72%) 0.052 

Mechanical ventilation 92 (54%) 19 (26%) 73 (76%) < 0.001 

On immunosuppressants 42 (25%) 14 (19%) 28 (29%) 0.137 

Transferred from other hospital 48 (28%) 16 (22%) 32 (33%) 0.103 

History of CRE colonization 101 (60%) 39 (53%) 62 (64%) 0.143 

ICU admission 93 (55%) 19 (26%) 74 (77%) < 0.001 

Outcome 

LOS, median (IQR), days 22 (13–45) 18 (12–40) 27 (15–47) 0.077 

SD, standard deviation; CRE, carbapenem-resistant Enterobacteriaceae ; ICU, intensive care unit; LOS, length of hospital stay; 

IQR, interquartile range 
∗ CKD requiring dialysis 
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ssociated with a longer total length of hospital stay (LOS) (27 days vs

7 days; p = 0.002) and increased 30-day (58% vs 25%; p < 0.001) and

verall total (71% vs 29%; p < 0.001) mortality. 

There were no significant differences in terms of treatment du-

ation (10 days vs 10 days; p = 0.753) and median duration from

ositive blood culture to mortality (for those who died) (5.5 days

s 8 days; p = 0.342) between those who were on meropenem

ersus those who were not. The median time to developing CRE

acteremia from admission date was longer for those on meropenem

han for those who were not (15.5 days vs 1 day; p < 0.001). Meropenem

sers were associated with overall longer LOS (40 days vs 20 days;

 = 0.023), higher 30-day mortality (68% vs 41%; p = 0.004), and over-

ll total mortality (84% vs 49%; p < 0.001) in comparison with those

ho were not on meropenem. 

No significant differences were observed in treatment duration (8

ays vs 10 days; p = 0.085), median duration after positive blood cul-

ure to mortality (for those who died) (8 days vs 6 days; p = 0.448), me-

ian time from admission date to developing CRE bacteremia (10 days

s 2 days; p = 0.071), or LOS (22 days vs 23 days; p = 0.775) between
167 
hose who were on piperacillin/tazobactam and those who were not.

owever, those on piperacillin/tazobactam were associated with signif-

cantly higher 30-day mortality (67% vs 40%; p = 0.002) and overall

otal mortality (73% vs 51%; p = 0.009). 

iscussion 

This study evaluated the risk factors and outcomes in 169 patients

ith CRE BSIs. In our cohort, the most reported comorbidities were CKD

equiring hemodialysis, diabetes mellitus, and cancer. The majority of

atients had a history of CRE body colonization, vascular lines, and me-

hanical ventilation. 

Patients with CRE bacteremia who required ICU care were more

ikely to have an organ transplant, be on immunosuppressants, have

een transferred from other hospitals, be colonized with CRE, require

n-hospital vascular lines, require mechanical ventilation, and be as-

ociated with a longer hospital stay and increased overall mortality.

igher mortality rates were also reported in patients requiring me-

hanical ventilation or those with prior body colonization with CRE
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Table 3 

Factors associated with mortality in bacteremia patients, utilizing a multiple 

logistic regression model 

Predictor aOR 95% CI p-value 

Age 1.02 1.00–1.05 0.077 

Male gender 0.50 0.22–1.15 0.103 

Diabetes mellitus 0.58 0.23–1.48 0.254 

Chronic kidney disease requiring hemodialysis 0.99 0.38–2.56 0.978 

Cancer 2.28 0.80–6.49 0.122 

Organ transplant 1.24 0.23–6.73 0.802 

Body colonization of CRE 0.61 0.25–1.49 0.276 

Immunosuppressed 1.41 0.43–4.63 0.569 

Vascular line 0.78 0.30–2.06 0.619 

Mechanical ventilation 15.3 5.39–43.2 < 0.001 

Meropenem 4.48 1.42–14.1 0.01 

Piperacillin/tazobactam 2.97 1.14–7.72 0.026 

aOR, adjusted odds ratio; CI, confidence interval; CRE, carbapenem-resistant 

Enterobacteriaceae 

The multivariate logistic model was statistically significant ( p < 0.001), re- 

porting a pseudo R 2 of 31%, while the C -statistic and the Hosmer-Lemeshow 

p -value were 0.85 and 0.865, respectively, denoting an overall good model 

fit. 
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rganisms. Furthermore, in a multivariate logistic regression, CRE bac-

eremia was associated with a significantly higher risk of mortality in

atients on mechanical ventilation and those who received meropenem

r piperacillin/tazobactam several days prior to the onset of CRE bac-

eremia. 

The association between serious CRE infection and chronic medical

onditions such as diabetes mellitus, chronic renal failure, malignancies,

nd transplantation is well-known. In particular, due to the exposure

ressure of broad-spectrum antibiotics, one third of patients with malig-

ancies may become colonized with CRE and subsequently develop CRE

acteremia. The presence of an indwelling device has been recognized as

n additional significant risk factor for CRE invasive infections in these

atients. Other factors that have been reported as independent risk fac-

ors for BSI with multidrug-resistant Enterobacteriaceae include admis-

ion to the ICU, long hospital stay, use of quinolones and cephalosporins,

nd a history of colonization with resistant strains ( Falagas et al., 2007 ;

chwaber et al., 2008 ; Falagas et al., 2014 ; Amit et al., 2015 ; Li et al.,

017 ; Tran et al., 2019 ). 

In univariate analyses, CRE body colonization has been a significant

actor for ICU admission among patients with CRE bacteremia. CRE col-

nization among hospitalized patients varies widely, ranging from 13%

o 89%, while the prevalence of CRE among non-hospitalized patients

as been reported as high as 30% in some countries ( Schwaber et al.,

008 ; Debby et al., 2012 ; Salomão et al., 2020 ). Newly detected CRE

ay indicate either nosocomial acquisition of resistant pathogens or

xpansion of pre-existing, but undetected, colonization following sub-

tantial use of antibiotics such as vancomycin, cephalosporins, and an-

imicrobial agents with an anti-anerobic spectrum. Prolonged hospital

tay, hospital-acquired infections, and treatment with a carbapenem

ave been found to be independent risk factors for CRE colonization

 Debby et al., 2012 ; Salomão et al., 2020 ). CRE bacteremia following

olonization has been shown to be common in immunocompromised

atients, with a negative predictive value for CRE colonization to de-

elop bacteremia of 99.9% and a positive predictive value of 29.3%

 Salomão et al., 2020 ). In our cohort, prior CRE colonization was asso-

iated with a tendency for increased risk of death from CRE bacteremia.

urveillance and early detection of CRE colonization in ICUs and opti-

ization of infection control measures are essential in preventing trans-

ission and serious CRE infections. 

Similar to previous reports ( Zarkotou et al., 2011 ; Viale et al.,

013 Salomão et al., 2020 ), the mortality rate from CRE bacteremia

n our cohort reached 58.9%. Several studies, including a meta-analysis

y Falgas et al., have indicated that patients with CRE are two to three
168 
imes more likely to die than patients with CSE. In subgroup analyses,

ortality has been consistently high in patients with BSI and with in-

ections caused by carbapenem-resistant K. pneumoniae ( Falagas et al.,

014 ). Although patients with CRE tend to have more severe disease

nd comorbid conditions, the presence of CRE remains a significant pre-

ictor of mortality after adjusting for all other variables ( Daikos et al.,

009 ; Mouloudi et al., 2010 ; Ben-David et al., 2012 ; Bleumin et al.,

012 ; Daikos et al., 2012 ; Brizendine et al., 2015 ). 

In our study, the main predictors of death from CRE bacteremia were

CU admission and mechanical ventilation. In multivariate analysis, the

wo major variables found to be associated with mortality were mechan-

cal ventilation and the use of carbapenem and piperacillin/tazobactam.

ew studies have attempted to identify the factors associated with mor-

ality among patients with CRE bacteremia. KPC-3-Kp bacteremia and

acteremia in patients admitted to the ICU have been independently

ssociated with mortality ( Neuner et al., 2011 ; Hussein et al., 2013 ;

apadimitriou-Olivgeris et al., 2014 ; Li et al., 2019 ). 

Our results indicated that mechanical ventilation was a predictor of

ortality among patients with CRE bacteremia. This was also demon-

trated by Shi et al. ( Ko et al., 2013 ). Mechanically ventilated patients

ith bacteremias tend to have high APACHE and SOFA scores on ad-

ission, longer length of stay, multiple vascular lines, and higher col-

nization rates of multidrug-resistance organisms ( Martin et al., 2018 ).

ll these factors potentially increase the risk of death. 

Our study revealed an association between exposure to agents with

nti-anerobic activity and mortality. These agents may increase CRE col-

nization in the lower gastrointestinal tract through the suppression of

astrointestinal anerobic flora, and increase the likelihood of CRE in-

asion of the bloodstream. A significant association has been shown

etween exposure to carbapenems and hospital-acquired CRE in some

ultivariate models ( Marchaim et al., 2012 ; Swaminathan et al., 2013 ;

rizendine et al., 2015 ; Martin et al., 2018 ; Shi et al., 2020 ). Similarly, in

 recent study from China that included 98 patients, adverse outcomes

ppeared to be more likely among patients with previous carbapenem

xposure and neutropenia ( Li et al., 2019 ). Other plausible explanations

or the higher mortality among patients with serious CRE infections who

re receiving antimicrobials include inappropriate or delayed adminis-

ration of effective antibiotics ( Patel et al., 2008 ; Ben-David et al., 2012 ;

ussein et al., 2013 ; Brizendine et al., 2015 ; Trecarichi et al., 2015 ). In

ddition, monotherapy has led to a 3.8 times increased mortality risk in

atients with BSI compared with those patients receiving combination

herapy ( Kontopidou et al., 2014 ; Tumbarello et al., 2015 ; Sheu et al.,

019 ). Neither of these confounders was measured in our study. Addi-

ionally, the virulence features of the carbapenem-resistant organisms

ay vary among isolates with different classes of carbapenemase or

mong strains that belong to different clones. Furthermore, some studies

ight have included only clonal isolates (e.g. KPC isolates in an endemic

etting), while others might have included isolates from different clones

e.g. VIM producers, which are typically polyclonal), which could have

ffected responses to antimicrobial therapy. 

The effect of piperacillin/tazobactam on mortality could be due

o the emergence of multidrug-resistant bacteria, including those with

arbapenem resistance, which has been highlighted in several studies

 Falagas et al., 2007 ; Perez et al., 2011 ; Wang et al., 2016 ). In animal

odels, piperacillin/tazobactam has promoted colonization of Klebsiella

neumonia ( Donskey et al., 2006 ) and has appeared to be less resistant to

he inoculum effect ( Wu et al., 2014 ; Harris et al., 2018 ). Conversely, the

ssociation of piperacillin/tazobactam with increased mortality could

e a result of cofounding by indication, whereby very sick patients tend

o be given broad-spectrum antibiotics. Cofounding by indication some-

imes makes medications appear to increase the adverse outcomes that

hey are meant to prevent ( Walker et al., 1996 ; Bosco et al., 2010 ). 

Our study had several strengths. First, it included only true blood-

tream infections, and used data from a large cohort ( N = 169) with

he aim of identifying multiple risk factors for CRE bacteremia. Second,

he measurement of severity indices was based on ICU admission and
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ortality, and involved analyzing clinical variables using a multiple lo-

istic regression model to ensure objectivity and reliability. Third, this

tudy identified CRE pathogens from actual patients and not laboratory

pecimens. Nevertheless, several limitations need to be considered when

nterpreting these findings. First, are those inherent with retrospective

esigns, including bias during data collection. Second, the study might

ave been insufficiently powered to detect other, weaker confounding

actors, but with potential clinically significant effects. Third, treatment

spects were not explored in terms of treatment selection, dosage ad-

ustments, timings, or use of combination antibiotics, which could po-

entially have influenced the mortality rate. Finally, other variables that

ave were not analyzed, including APACHE score, might have affected

he strength of outcomes such as ICU admission. Nevertheless, mechan-

cal ventilation was a strong predictor of mortality, because all patients

ho were transferred to ICU were on mechanical ventilation. 

onclusions 

CRE bloodstream infections have high morbidity and mortality rates.

he use of broad-spectrum antibiotics, admission to the ICU, and the

eed for mechanical ventilation were found to be independent risk fac-

ors for CRE bloodstream infections. Therefore, antimicrobial steward-

hip, avoidance of invasive procedures, use of strict infection control

easures, and increasing hand hygiene compliance are essential strate-

ies for the prevention of CRE bloodstream infections. Further research

o re-evaluate the mortality in CRE populations, especially among pa-

ients who receive early and effective newer antibiotics, including cef-

azidime/avibactam and meropenem/vaborbactam, is required. 
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