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Abstract
Background: Bloodstream infection (BSI) caused by carbapenem resistant Klebsiella pneumoniae (CRKP), especially in
elderly patients, results in higher morbidity and mortality. The purpose of this study was to assess risk factors associated with CRKP BSI and short-term mortality among elderly patients in China.
Methods: In this retrospective cohort study, we enrolled 252 inpatients aged ≥ 65 years with BSI caused by KP from
January 2011 to December 2020 in China. Data regarding demographic, microbiological characteristics, and clinical
outcome were collected.
Result: Among the 252 BSI patients, there were 29 patients (11.5%) caused by CRKP and 223 patients (88.5%) by carbapenem-susceptible KP (CSKP). The overall 28-day mortality rate of elderly patients with a KP BSI episode was 10.7%
(27/252), of which CRKP BSI patients (14 / 29, 48.3%) were significantly higher than CSKP patients (13 / 223, 5.83%)
(P < 0.001). Hypertension (OR: 13.789, [95% CI: 3.883–48.969], P < 0.001), exposure to carbapenems (OR: 8.073, [95% CI:
2.066–31.537], P = 0.003), and ICU stay (OR: 11.180, [95% CI: 2.663–46.933], P = 0.001) were found to be associated with
the development of CRKP BSI in elderly patients. A multivariate analysis showed that isolation of CRKP (OR 2.881, 95%
CI 1.228–6.756, P = 0.015) and KP isolated in ICU (OR 11.731, 95% CI 4.226–32.563, P < 0.001) were independent risk
factors for 28-day mortality of KP BSI.
Conclusion: In elderly patients, hypertension, exposure to carbapenems and ICU stay were associated with the
development of CRKP BSI. Active screening of CRKP for the high-risk populations, especially elderly patients, is significant for early detection and successful management of CRKP infection.
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Introduction
Bloodstream infection (BSI) caused by carbapenemresistant Klebsiella pneumoniae (CRKP) is a major public health problem worldwide, which causes the multiple
nosocomial outbreaks, high morbidity and high mortality [1, 2]. World Health Organization listed CRKP as one
of the critical antibiotic-resistant bacterial pathogens in
2017, for which new antibiotics are urgently needed [3].
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The mortality rates of patients with BSI caused by
CRKP is reported to be significantly higher than that
caused carbapenem-susceptible K.pneumoniae (CSKP)
(30–50% versus 2.4–12.5%) [4, 5]. Identifying the risk
factors for increased prevalence of CRKP BSI can help
formulate effective intervention strategies to prevent
outbreaks of CRKP BSI. A growing body of literature
suggests that risk factors for CRKP infection include
exposure to antibiotics, intensive care units (ICU),
invasive devices, and intestinal colonization by K.
pneumoniae(KP) [4, 6, 7]. The risk factors for fatal outcomes were confirmed to include mechanical ventilation,
septic shock and CRKP isolation [4].
Population-based studies demonstrate that BSIs are
more common in older people, due to a variety of factors
such as comorbidity, immunocompromised, malnutrition, and environmental factors. More than 50% of the
cases occurred in patients aged 65 and over [4, 5]. In a
recent large series of assessments of community onset
BSI in patients aged 65 and older, 37.5% of bacteremia
was medically related [6]. Due to the high frequency of
atypical clinical manifestations, the diagnosis of BSI in
frail elderly remains a challenge [7]. In the absence of specific infection symptoms, senile symptoms such as weight
loss, delirium, drowsiness, anorexia, fall and urinary
incontinence may be the most important symptoms [8].
In two retrospective studies, the independent risk factors
for elderly patients to obtain nosocomial BSI were age,
bed rest status, the presence of intravascular access or
gastrostomy at admission, and urinary incontinence [8,
9]. However, it is worth noting that, currently in China,
there are few studies on the risk factors and mortality for
elderly patients with bloodstream infection of CRKP.
The aim of this study was to assess risk factors associated with CRKP BSI and mortality among elderly patients
in China, improving the awareness of medical institutions on the prevention and control of CRKP infections
in the elderly.

Methods
Study design and patients

This study was conducted in the 2850 beds of First Affiliated Hospital of Sun Yat-sen University from January
2011 to December 2020. Patients aged ≥ 65 years with
confirmed K. pneumoniae BSI were included. According
to established criteria, K. pneumoniae BSI is defined as
the presence of at least one positive blood culture with
infectious symptoms and signs [5, 7]. K. pneumoniae BSI
cases were identified from the microbiology laboratory
database. Only the first episode of K. pneumoniae BSI
was included. Patients with multibacterial BSI or patients
with incomplete medical records were excluded. A total
of 252 episodes were enrolled in this study.
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Patients included were followed for 28 days from the
day of the first positive blood culture. The CRKP was
defined as an isolate with a minimum inhibitory concentration (MIC) of ≥ 2 μg/mL for ertapenem or ≥ 4 μg/mL
for imipenem/meropenem, according to the CLSI criteria
(Clinical and Laboratory Standards Institute, 2022). The
outcome measured was death within 28 days of the first
positive blood culture, respectively.
The data collected included information regarding
demographics, underlying diseases, length of hospitalization, intensive care unit (ICU) admission, exposure
to invasive procedure, antibiotic treatment, significant
history of infection, immunosuppressive therapy in the
90 days prior to the date of BSI onset, microbiological
data and patient outcomes.
Microbiological methods

The strains were identified by the Vitek 2 system (bioMérieux, Marcy l’Etoile, France). The antibiotics susceptibility tests for the strains were examined by Gram-negative
susceptibility (GNS) cards on the Vitek system (bioMérieux, Marcy l’Etoile, France). Susceptibility testing
results were interpreted according to the criteria recommended by the Clinical and Laboratory Standards
Institute (CLSI, 2022). E. coli ATCC 25,922 and K. pneumoniae ATCC 700,603 were used as the the quality control strains for susceptibility testing.
Statistical analysis

Categorical variables are expressed in numbers and
percentages. Continuous variables are showed as mean
and standard deviation (SD) (normal distribution) or
median and interquartile range (IQR) (non-normal distribution). Chi square test or Fisher’s exact test were
used for comparing categorical variables. According
to their distribution, Student’s test or Mann–Whitney U-test was analyzed for continuous variables. The
results of univariate analysis were as follows: Odds ratio
(or), 95% confidence interval (CI), and P value. Significant variables with P value of < 0.05 were then selected
into binary logistic regression model for multivariate
analysis to evaluate risk factors of CRKP BSIs. Risk factors for 28-day KP-BSI mortality were analyzed by cox
logistic regression. Multivariable analysis including
binary logistic regression and cox logistic regression
using Forward LR method. Survival analysis was examined by Kaplan–Meier survival analysis.
During all the statistical analysis, variables with
P-value < 0.05 were considered statistically significant.
All statistical analyses were performed using IBM SPSS
24.0 software.
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Results
Clinical and demographic characteristic of patients with KP
BSI

Among these 252 KP BSI inpatients, 29 (11.5%) KP isolates were carbapenem-resistant. The overall 28-day mortality rate of elderly patients with a KP BSI episode was
10.7% (27/252). It was significantly higher for patients
with CRKP BSI (14/29, 48.3%) than patients with CSKP
BSI (13/223, 5.83%) (P < 0.001).
Most elderly patients (233/242, 92.5%) had at least
one underlying disease, including hypertension (40.5%),

previous bacterial infections (40.5%), solid organ
tumors (37.3%), diabetes mellitus (27.0%), organ dysfunction (24.6%), septic shock (14.7%), hematologic
malignancies (5.2%), and immunodeficiency (2.8%).
Besides, 23.4% of these patients had been admitted to
ICU department before BSI onset. The median duration
of hospital stay before the onset of BSI was 6 days (IQR,
2 to 13 days). The clinical and demographic characteristics of cohort patients with KP BSI isolates were shown
in Table 1.

Table 1 Characteristic of patients, univariate and multi-variate analysis of risk factors for BSI caused by CRKP compared with patients
with BSI caused by CSKP
Total (n = 252)

CSKP (n = 223)

CRKP (n = 29)

P

166(65.9)

143(64.1)

23(79.3)

0.105

OR

P

13.789(3.883–48.969)

< 0.001

8.073(2.066–31.537)

0.003

11.180(2.663–46.933)

0.001

Demographic variables
Male sex
Age
60–70

138(54.8)

123(55.2)

15(51.7)

0.78

70–80

73(29.0)

65(29.2)

6(20.7)

0.66

80–90

38(15.1)

33(14.8)

5(17.2)

0.44

> 90

5(2.0)

2(0.9)

3(10.3)

0.26

Co-morbidities
Hypertension

102(40.5)

79(35.4)

23(79.3)

< 0.001

Diabetes mellitus

68(27.0)

57(25.6)

11(37.9)

0.158

Hematological tumors

13(5.2)

12(5.4)

1(3.5)

0.658

Solid organ tumors

94(37.3)

86(38.6)

8(27.6)

0.25

Previous bacterial infections

102(40.5)

85(38.1)

17(58.6)

0.034

Septic Shock

37(14.7)

31(13.9)

6(20.7)

0.331

Immunosuppression

7(2.8)

5(2.2)

2(6.9)

0.151

Organ dysfunction

62(24.6)

54(24.2)

8(27.6)

0.692

Antibiotics before KPN isolation
β-Lactam/lactamase combinations

29(11.5)

21(9.4)

8(27.6)

0.009

cephalosporins

47(18.6)

35(15.7)

12(41.4)

0.001

carbapenems

45(17.9)

28(12.6)

17(58.6)

< 0.001

quinolones

23(9.1)

19(8.5)

4(13.8)

0.354
0.016

Hospital stays before onset

6(2,13)

5(1,12)

16(5,33)

ICU stay

59(23.4)

38(17.0)

21(72.4)

< 0.001

Pathogen isolated from other sites

96(38.1)

75(33.6)

21(72.4)

< 0.001

Ward
Internal medicine

128(50.8)

123(55.2)

5(17.2)

0.98

Surgical

76(30.2)

73(32.7)

3(10.3)

0.98

ICU

48(19.1)

27(12.1)

21(72.4)

< 0.001

Invasive operation
Surgery

68(27.0)

61(27.3)

7(24.1)

0.714

Puncture

108(42.9)

90(40.4)

18(62.1)

0.026
0.081

Catheter

28(11.1)

22(9.9)

6(20.7)

Mechanical ventilation

31(12.3)

18(8.1)

13(44.8)

< 0.001

Mortality

27(10.7)

13(5.8)

14(48.3)

< 0.001

Data are expressed as n(%) or median(IQR)

Chen et al. BMC Geriatrics

(2022) 22:573

Page 4 of 8

Risk factors for patients suffered from CRKP BSI
versus CSKP BSI

The clinical characteristics of patients with CRKP BSIs
and CSKP BSIs were compared in Table 1. The variables
associated with CRKP BSI, using the univariate analysis,
included hypertension, previous bacterial infections, and
hospital stay before BSI onset. Further, ICU stay before
BSI onset, department when KPN isolated, blood transfusion, mechanical ventilation, application of puncture,
prior exposure to β-lactam/lactamase combinations,
carbapenems, cephalosporins were identified associated
with CRKP BSI.
Further, our multivariate analysis summarizes independent risk factors for developing CRKP BSI versus
CSKP BSI: hypertension (OR: 13.789, 95% CI: 3.883–
48.969, P < 0.001), exposure to carbapenems (OR: 8.073,
95% CI: 2.066–31.537, P = 0.003), and ICU stay (OR:
11.180, 95% CI: 2.663–46.933, P = 0.001).
Risk factors for 28‑day mortality in patients with KP BSI

The univariate analysis to identify potential risk factors for 28-day mortality of KP BSI include isolation of
CRKP (OR 15.077, 95% CI 6.015–37.789, P < 0.001),
combination with other site infection (OR 2.8, 95% CI

1.225–6.397), P < 0.001), sepsis shock (OR 4.314, 95% CI
1.792–10.385, P < 0.05), hospital stay (OR 1.023, 95% CI
1.009–1.036, P = 0.001), ICU stay before onset (OR 1.038,
95% CI 1.018–1.059, P < 0.001), infection with other
pathogen(OR 7.000, 95% CI 2.711–18.076, P < 0.001),
BSI onset in ICU (OR 25.667, 95% CI 9.514–69.241,
P < 0.001), catheter (OR 5.552, 95% CI 2.155–14.300,
P < 0.001), mechanical ventilation (OR 13.176, 95% CI
5.344–32.487, P < 0.001).
A multivariate analysis conducted on these 252 patients
showed that variable associated with 28-day mortality in
patients with KP BSI were CRKP isolation (OR 2.881,
95% CI 1.228–6.756, P = 0.015) and KP isolated in ICU
(OR 11.731, 95% CI 4.226–32.563, P < 0.001) (Table 2).
Elder patients with KP BSI in ICU

ICU is a significant factor in patients which always
means higher risk of carbapenem resistance and higher
mortality. Kaplan–Meier survival analysis showed the
significant of 28-days survival of patients in ICU versus
non-ICU (P < 0.001) (Fig. 1).
Among 48 patients with KP BSI in ICU, the overall
28-day mortality rate of elderly patients with a KP BSI
episode was 43.6% (21/48). It was significantly higher for

Table 2 Univariate and multi-variate analysis of risk factors for 28-day mortality in patients with KP BSI
Survival (n = 225)

Death (n = 27)

OR

P

OR

P

Male sex

145(64.4)

21(77.8)

Age

69(64,76)

70(64,79)

Carbapenem resistance

15(6.7)

14(51.9)

2.881((1.228–6.756)

0.015

Hypertension

87(38.7)

15(55.6)

0.091

Diabetes mellitus

61(27.1)

7(25.9)

0.896

Hematological tumors

12(5.3)

1(3.7)

0.718

Solid organ tumors

85(37.8)

9(33.3)

Infection(any)

85(37.8)

17(63.0)

2.8(1.225–6.397)

0.012

0.331

Septic Shock

27(12.0)

10(37.0)

4.314(1.792–10.385)

0.001

0.148

Immunosuppression

5(2.2)

2(7.4)

Organ dysfunction

52(23.1)

10(37.0)

Hospital stays before onset

5(1,12)

14(7,38)

1.023(1.009–1.036)

0.001

0.223

ICU stays before onset

0(0,1)

10(1,34)

1.038(1.018–1.059)

< 0.001

0.613

Pathogen isolated from other sites

75(33.3)

21(77.8)

7.000(2.711–18.076)

< 0.001

KP isolated in ICU

27(12.0)

21(77.8)

25.667(9.514–69.241)

< 0.001

surgery

60(26.7)

8(29.6)

puncture

23(10.2)

5(18.5)

catheter

87(38.7)

21(77.8)

5.552(2.155–14.300)

< 0.001

0.060

Mechanical ventilation

17(7.6)

14(51.9)

13.176(5.344–32.487)

< 0.001

0.327

Appropriate empirical therapy

23(10.22)

1(3.7)

Demographic variables
0.167
0.134
15.077(6.015–37.789)

< 0.001

Co-morbidities

0.652

0.121
0.112

0.324
11.731(4.226–32.563)

< 0.001

Invasive operation

Data are expressed as n (%) or median (IQR)

0.743
0.195

0.299
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Fig. 1 Kaplan–Meier curves of elderly patients in ICU (green line) and non-ICU (blue line)

Fig. 2 Kaplan–Meier analysis of elderly patients with CSKP-BSI and CRKP-BSI in ICU
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Table 3 Characteristics of patients with KP BSI in ICU
Total (n = 48)

MICU (n = 27)

SICU (n = 21)

P

Demographic variables
Male sex

34(70.8)

18(66.7)

16(76.2)

0.471

Age

69(65–77)

69(65–77)

69(69–75)

0.834

Length of ICU stay

14(1,33)

5(1,31)

16(8,33)

0.184

Pathogen isolated from other parts

38(79.2)

24(88.9)

14(66.7)

0.06

surgery

13(27.1)

2(7.4)

11(52.4)

0.001

Carbapenem resistance

21(43.6)

15(55.6)

6(28.6)

0.062

Mortality

21(43.6)

15(55.6)

6(28.6)

0.062

Data are expressed as n(%) or median(IQR)

patients with CRKP BSI (11/21, 52.4%) than patients with
CSKP BSI (10/27, 37.0%) (P < 0.001) (Fig. 2). The median
duration of ICU stay before the onset of BSI was 14 days
(IQR, 1 to 33 days). Except patients have higher operation rate in SICU, there was no significant in characteristics between patients in MICU and SICU (Table 3).

Discussion
Population-based studies showed the incidence rate of
BSI has been rising in recent years, especially in elderly
patients. A recent study showed that the average incidence rate of age group over 65 was 6000 times per 100
thousand population [8, 9]. More than half of BSI occurs
in patients aged 65 and over, and 70% of deaths occur in
this age group, highlighting the severity of BSI in elderly
patients [8]. Klebsiella spp.is the common pathogen causing BSI in the elderly, accounting for about 3%—10% [10].
It is worth noting that CRKP infection is becoming a serious problem and has attracted much attention due to
limited treatment options and adverse effects on prognosis. However, currently, there is a lack of epidemiological
data on BSI caused by CRKP in the elderly population,
especially the studies on specific measures to prevent BSI
infection of older patients are still insufficient.
In the present study, we described the clinical characteristics, risk factors and outcome of BSI due to KP
in the elderly population, in order to reveal the severity of CRKP related bloodstream infection and provide
a theoretical basis for further prevention of multidrugresistant bacterial infection in the elderly patients.
In this retrospective observational study with 252
elderly patients with KP BSI, we identified over 10% of
the patients suffered BSI caused by CRKP. It is worth
noting that the incidence of CRKP was the highest in
the age group over 90 years old, suggesting that these
patients should be vigilant about the isolation of CRKP
in other parts to avoid further BSI. Almost all the
study subjects have an underlying disease/comorbidity. The common underlying diseases/comorbidities

of the study subjects included hypertension, previous
bacterial infections, malignant tumors, diabetes mellitus, organ dysfunction and septic shock. This finding is
similar to previous studies [11, 12]. It is reported that
the most common source of BSI in older patients is the
urinary tract, increasing with age, and accounting for
20–40% and up to 60% of bloodstream infections [13–
15]. Compared with young patients, the elderly have a
higher risk of BSI in pyelonephritis [14]. Our results
showed that more than one fifth of patients had a history of admission to the ICU. Most of these patients
were severe patients with consciousness disorder, limb
movement disorder, language disorder and so on. They
sufferd from a variety of underlying diseases, immunosuppression, exposure to a variety of antibiotics, and
invasive operation, such as indwelling urinary catheter,
gastric tube, endotracheal intubation, mechanical ventilation, etc., which increased the risk of bloodstream
infection. Meanwhile, receipt of broad-spectrum antibiotics has also been identified as risk factors of CRKP
BSI [5, 7]. The inadequacy of empirical antimicrobial
regimens also emerged as a predictor of mortality of
BSI caused by antibiotic resistant Enterobacteriaceae in
the general populations. The present study proved that
exposure to carbapenems was one of the independent
risk factors for developing CRKP BSI in elderly.
In the present study, the 28 days-mortality of those
who suffered from bloodstream infection caused by
KP was 10.7% (27/252). This mortality was lower compared with another study with 46.2% (48/104) [16].The
mortality associated with CRKP-BSI was significantly
(48.3%) higher in elderly patients. Significantly, the
mortality associated with CRKP-BSI in ICU patients
was much higher. As identified in previous studies, ICU
stay is a critical risk factor to develop CRKP BSI [17,
18]. According to a systematic review and meta-analysis, pooled mortality among 2462 patients infected
with CRKP was 42.14%, while 21.16% in those infected
with CSKP. The mortality of patients with bloodstream
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infection (BSI) was 54.30%, and 48.9% in patients
admitted to the intensive care unit (ICU) [18]. In our
study, totally 48 (48/252, 19.0%) patients developed KPBSI in ICU and mortality of these patients was 43.6%,
which was much higher than overall mortality (10.7%).
It is worth noting that the separation rate of CRKP in
ICU is significantly higher than that in ordinary ward. It
can be detected in ICU environment and various equipment, including bed, table, floor and ventilators. In
addition, patients admitted to the ICU are more likely
to undergo invasive surgery, which will lead to a higher
probability of CRKP-BSI. Studies have proved that KP
colonization is another important risk factor for ICU
infection [19, 20], and more than 50% of the infections
are caused by the strains carried by themselves. More
importantly, it is believed that the reason for obtaining CRKP BSI during ICU hospitalization may be that
after the extensive use of broad-spectrum antibiotics,
the pre-existing CRKP in the gastrointestinal tract is
screened out to become dominant, which develops into
sequent infections [21]. Therefore, screening for colonization on admission and intervention strategies are
urgently needed in.
There were some limitations in this study. First of all,
it was a retrospective study conducted in a single center,
including 252 elderly patients. This may affect the ability
to generalize the study results. Further large-scale prospective multicenter investigations are needed. Moreover, molecular characterization on the clinical isolates
to examine the carbapenem resistance mechanisms was
not performed in this study. To our knowledge, this is the
first study in China to demonstrate the epidemiological
characteristics of the risk factors and mortality of BSI
caused by CRKP in the elderly for the last decade, which
provides a useful basis for the diagnosis and treatment of
KP BSI in the elderly.
In summary, hypertension, exposure to carbapenems
and ICU stay were associated with the development of
CRKP BSI in elderly patients. We also found a high mortality caused by K. pneumoniae BSI in elderly patients
in ICUs. Active screening of CRE for high-risk groups,
especially for elderly patients, is conducive to the early
identification, treatment and control of CRE infections,
so as to achieve the successful management.
Abbreviations
BSI: Bloodstream infection; CRKP: Carbapenem resistant Klebsiella pneumoniae; CSKP: Carbapenem susceptible Klebsiella pneumoniae.
Acknowledgements
None.
Authors’ contributions
YLC was responsible for the design of the subject, the collection and statistics
of data, and the writing of the manuscript. YC was responsible for consulting

Page 7 of 8

medical records, laboratory data, statistical analysis and chart making. PJL,
PHG and ZWW participated in collecting the routine lab data. YQP, YPC and
JKD participated in literature searching and assessments. KL and BH were in
charge of the proposal of scientific problems, the design and organization of
the subject, and the overall interpretation. All authors read and approved the
final manuscript.
Funding
None.
Availability of data and materials
The datasets used and/or analyzed during the current study available from the
corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
All methods were carried out in accordance with the declaration of Helsinki.
Written informed consent was obtained from all subjects. This study was
approved by the Clinical Research and Ethics Committee of the First Affiliated
Hospital of Sun Yat-sen University.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
NA
Author details
1
Department of Laboratory Medicine, The First Affiliated Hospital of Sun YatSen University, Guangzhou, Guangdong, China. 2 Department of Laboratory
Medicine, the Nanhai’s Fifth People’s Hospital of Foshan, Guangdong, China.
Received: 1 April 2022 Accepted: 30 June 2022

References
1. Suay-Garcia B, Perez-Gracia MT: Present and Future of Carbapenem-resistant Enterobacteriaceae (CRE) Infections. Antibiotics (Basel) 2019, 8(3).
2. Stewardson AJ, Marimuthu K, Sengupta S, Allignol A, El-Bouseary M, Carvalho MJ, Hassan B, Delgado-Ramirez MA, Arora A, Bagga R, et al. Effect
of carbapenem resistance on outcomes of bloodstream infection caused
by Enterobacteriaceae in low-income and middle-income countries
(PANORAMA): a multinational prospective cohort study. LANCET INFECT
DIS. 2019;19(6):601–10.
3. Tacconelli E, Carrara E, Savoldi A, Harbarth S, Mendelson M, Monnet
DL, Pulcini C, Kahlmeter G, Kluytmans J, Carmeli Y, et al. Discovery,
research, and development of new antibiotics: the WHO priority list
of antibiotic-resistant bacteria and tuberculosis. LANCET INFECT DIS.
2018;18(3):318–27.
4. Zhang Y, Guo LY, Song WQ, Wang Y, Dong F, Liu G: Risk factors for carbapenem-resistant K. pneumoniae bloodstream infection and predictors of
mortality in Chinese paediatric patients. BMC INFECT DIS 2018, 18(1):248.
5. Schwaber MJ, Klarfeld-Lidji S, Navon-Venezia S, Schwartz D, Leavitt A, Carmeli Y. Predictors of carbapenem-resistant Klebsiella pneumoniae acquisition among hospitalized adults and effect of acquisition on mortality.
Antimicrob Agents Chemother. 2008;52(3):1028–33.
6. Tian L, Tan R, Chen Y, Sun J, Liu J, Qu H, Wang X. Epidemiology of Klebsiella pneumoniae bloodstream infections in a teaching hospital: factors
related to the carbapenem resistance and patient mortality. Antimicrob
Resist Infect Control. 2016;5:48.
7. Jiao Y, Qin Y, Liu J, Li Q, Dong Y, Shang Y, Huang Y, Liu R. Risk factors for
carbapenem-resistant Klebsiella pneumoniae infection/colonization and
predictors of mortality: a retrospective study. PATHOG GLOB HEALTH.
2015;109(2):68–74.
8. Skogberg K, Lyytikainen O, Ollgren J, Nuorti JP, Ruutu P. Populationbased burden of bloodstream infections in Finland. Clin Microbiol Infect.
2012;18(6):E170–6.

Chen et al. BMC Geriatrics

9.
10.
11.
12.

13.

14.
15.

16.
17.

18.
19.

20.

21.

(2022) 22:573

Page 8 of 8

Buetti N, Atkinson A, Marschall J, Kronenberg A. Incidence of bloodstream infections: a nationwide surveillance of acute care hospitals in
Switzerland 2008–2014. BMJ Open. 2017;7(3): e13665.
Rebelo M, Pereira B, Lima J, Decq-Mota J, Vieira JD, Costa JN. Predictors of
in-hospital mortality in elderly patients with bacteraemia admitted to an
Internal Medicine ward. Int Arch Med. 2011;4(1):33.
Ben-David D, Kordevani R, Keller N, Tal I, Marzel A, Gal-Mor O, Maor Y,
Rahav G. Outcome of carbapenem resistant Klebsiella pneumoniae
bloodstream infections. Clin Microbiol Infect. 2012;18(1):54–60.
Ku NS, Kim YC, Kim MH, Song JE, Oh DH, Ahn JY, Kim SB, Kim HW, Jeong
SJ, Han SH, et al. Risk factors for 28-day mortality in elderly patients
with extended-spectrum beta-lactamase (ESBL)-producing Escherichia
coli and Klebsiella pneumoniae bacteremia. Arch Gerontol Geriatr.
2014;58(1):105–9.
Hernandez C, Feher C, Soriano A, Marco F, Almela M, Cobos-Trigueros N,
De La Calle C, Morata L, Mensa J, Martinez JA. Clinical characteristics and
outcome of elderly patients with community-onset bacteremia. J Infect.
2015;70(2):135–43.
Gavazzi G, Mallaret MR, Couturier P, Iffenecker A, Franco A. Bloodstream
infection: differences between young-old, old, and old-old patients. J AM
GERIATR SOC. 2002;50(10):1667–73.
Sogaard M, Schonheyder HC, Riis A, Sorensen HT, Norgaard M. Shortterm mortality in relation to age and comorbidity in older adults with
community-acquired bacteremia: a population-based cohort study. J AM
GERIATR SOC. 2008;56(9):1593–600.
Tuon FF, Kruger M, Terreri M, Penteado-Filho SR, Gortz L. Klebsiella
ESBL bacteremia-mortality and risk factors. BRAZ J INFECT DIS.
2011;15(6):594–8.
Borer A, Saidel-Odes L, Riesenberg K, Eskira S, Peled N, Nativ R, Schlaeffer F, Sherf M. Attributable mortality rate for carbapenem-resistant
Klebsiella pneumoniae bacteremia. Infect Control Hosp Epidemiol.
2009;30(10):972–6.
Xu L, Sun X, Ma X. Systematic review and meta-analysis of mortality of
patients infected with carbapenem-resistant Klebsiella pneumoniae. Ann
Clin Microbiol Antimicrob. 2017;16(1):18.
Qin X, Wu S, Hao M, Zhu J, Ding B, Yang Y, Xu X, Wang M, Yang F, Hu F. The
Colonization of Carbapenem-Resistant Klebsiella pneumoniae: Epidemiology, Resistance Mechanisms, and Risk Factors in Patients Admitted to
Intensive Care Units in China. J INFECT DIS. 2020;221(Suppl 2):S206–14.
Kiddee A, Assawatheptawee K, Na-Udom A, Treebupachatsakul P,
Wangteeraprasert A, Walsh TR, Niumsup PR: Risk Factors for Gastrointestinal Colonization and Acquisition of Carbapenem-Resistant GramNegative Bacteria among Patients in Intensive Care Units in Thailand.
Antimicrob Agents Chemother 2018, 62(8).
Guidelines for the Prevention and Control of Carbapenem-Resistant
Enterobacteriaceae, Acinetobacter baumannii and Pseudomonas aeruginosa in Health Care Facilities. Geneva: World Health Organization; 2017.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

