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Background: Carbapenem-resistant Klebsiella pneumoniae (CRKP) infection is associated with high mortality and has become
a major public problem threatening patients. This study aimed to explore risk factors for death in patients with Klebsiella pneumoniae
(KP) and identify risk factors for CRKP infection.
Methods: The study retrospectively analyzed clinical characteristics and microbiological data from patients infected with KP from
January 2019 to October 2021 to identify risk factors and mortality, using multivariate logistic regression analysis and Cox regression analysis.
Results: A total of 214 KP inpatients were enrolled in our study. The in-hospital mortality rate was significantly higher in patients
infected with CRKP (13/68, 19.12%) than carbapenem-susceptible KP (CSKP) (2/146, 1.37%) and the difference was statistically
significant (P= 0.03). Multivariate Cox regression analysis showed CRKP isolation (HR 12.26, 95% CI 2.43–61.68, P = 0.002), lower TP
(HR 10.50, 95% CI 1.33–82.76, P = 0.03), antibiotic days of therapy >15 (HR 0.08, 95% CI 0.01–0.56, P= 0.01) and length of stay (LOS)
(HR 0.03, 95%CI 0.002–0.61, P= 0.02) were independent risk factors for death fromKP. Additionally, intensive care unit (ICU) stay (OR
21.69, 95% CI 4.50–118.76, P< 0.001) and previous carbapenem exposure (OR 5.26, 95% CI 1.38–21.19, P= 0.02) are independent risk
factors for CRKP.
Conclusion: Our findings showed that patients infected with CRKP have a higher in-hospital mortality rate. Identifying the
independent risk factors for CRKP infection may contribute to the management of CRKP and reduce the mortality of KP patients.
Keywords: carbapenem-resistant, Klebsiella pneumoniae, risk factors, mortality

Introduction
Klebsiella pneumoniae (KP) is a major human pathogen associated with nosocomial infections, particularly in immune-
compromised individuals.1,2 Carbapenems are widely recognized as the last line of therapy for multidrug-resistant KP,2,3

and therefore are extremely important in conventional medicine. However, the growing problem of Carbapenem-resistant
Klebsiella pneumoniae (CRKP) poses a global threat, with the detection rate of CRKP in China rising sharply from 9.2%
in 2010 to 27.1% in 2021 (http://www.chinets.com/Data/GermYear).1–3 Moreover, CRKP has occurred by the acquisition
of virulent or resistant plasmids, which are easily transferred between bacteria and cause nosocomial infections.4,5 The
cost associated with CRKP is becoming alarming at present, making it necessary to push actions to tackle this problem.6

Previous studies showed that intensive care unit (ICU) admission, exposure to carbapenems, surgery, mechanical ventilation,
central venous catheterization, indwelling gastric tube and nasogastric intubation are independent risk factors for CRKP.7,8 In
addition, multiple studies have concluded that CRKP could increase the mortality rate of KP to about 40–50%.9,10 Therefore,
a comprehensive understanding of the clinical characteristics, risk factors, and outcomes of patients with CRKP infection will aid
surveillance and diagnostic initiatives, and help clinicians adjust treatment strategies.11
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Despite the large amount of data generated by epidemiology, the detection rate of CRKP continues to increase year
by year, and support for CRKP infection management remains inadequate. Meanwhile, risk factors for CRKP may vary
in different clinical settings. Therefore, in this paper, we focus on getting insights into the risk factors and the mortality of
patients with KP. Further, we also dissected the risk factors for patients with CRKP and Carbapenem-susceptible KP
(CSKP). The results obtained in this study will help clinicians to identify the risk factors for the occurrence of CRKP
infection, understand the prognosis of patients with KP, and provide new ideas for the prevention or most effective
management of CRKP.

Methods
Data Collection and Study Design
This was a retrospective study conducted in Shunde Hospital of Southern Medical University (a 3000-bed tertiary
hospital in Guangdong Province, China) from January 2019 to October 2021. All patients with CRKP detected during
hospitalization were included in the study. Data collected from the hospital database include patients’ clinical and
demographic characteristics, infection outcomes, ICU stay, invasive procedures, treatment options, and so on. For each
bacterial isolate, antimicrobial sensitivity was analyzed from the laboratory database. Only the first episode of each
patient was included in our study, and those with recurrent infections were excluded. In addition, incomplete cases or
cases with cultivated CRKP prior to hospitalization were also excluded. To assess the risk factors and explored the
prognosis among patients, the study was designed as follows. First, patients were divided into CSKP and CRKP groups,
and the differences between the two groups were analyzed. Second, the risk factors for patients with CRKP infection
were confirmed. Finally, KP patients were divided into survival and death groups according to their discharge outcomes
to determine risk factors following KP infection.

Diagnostic and Drug Susceptibility Test
Vitek2 (Biomerieux, France) was used to confirm the species identification and drug susceptibility tests. Clinical
specimens were mainly sputum samples, and other samples included mid-stream urine, whole blood, pleural and
abdominal fluid, etc. Carbapenem resistance is defined as MIC ≥2 μg/mL of ertapenem or MIC ≥4 μg/mL of meropenem
or imipenem, according to the guidelines of the Clinical and Laboratory Standards Institute (CLSI).12 According to the
standards of the Centers for Disease Control (CDC), CRKP is diagnosed when non-susceptibility is found to at least one
carbapenem class antibiotic (including imipenem and meropenem).13

Statistical Analysis
Continuous variables with normal distribution were evaluated using Either Student’s t-test or Mann–Whitney
U-Test, resulting in median (interquartile range [IQR]). Categorical variables were compared by the Chi-squared
test and expressed as counts or counts/total (percentages). Identification of risk factors for in-hospital mortality
by univariate and multivariate Cox regression analysis. Kaplan–Meier (KM) survival curves were generated with
Log-rank test analysis. Logistic regression analyses were performed to confirm independent risk factors for
CRKP, the results were listed as odds ratios (95% confidence interval). All analyses were performed with
R version 3.6.3 (The R Foundation, Vienna, Austria). P < 0.05 was considered statistically significant, and all
analyses were two-tailed.

Results
Clinical and Demographic Characteristic of Patients with KP
A total of 214 KP inpatients were enrolled in our study. Most of the positive specimens were obtained from sputum
samples (53.74%), followed by mid-stream urine (21.50%), whole blood (14.49%), pleural and abdominal fluid (2.34%),
etc. According to the resistance of isolates to carbapenems, the clinical and demographic characteristics of patients with
KP isolates were shown in Table 1. Compared to patients with CSKP, those who suffered from CRKP had diabetes
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mellitus, lung infection, lower TP, had stayed in ICU, or had undergone invasive procedures, including surgery.
Furthermore, patients with CRKP tend to be hospitalized for longer than 30 days. In addition, those who received
antibiotics treatments before KP isolation were more likely to develop CRKP than those with CSKP.

Table 1 Clinical and Demographic Characteristics of patients with KP

Total (n=214) CSKP (n=146) CRKP (n=68) P value

Demographic variables
Age 68(57.76) 69(61.77) 63(52.72) 0.05

Male sex 133(62.15) 86(58.90) 47(69.12) 0.20

Underlying diseases

Diabetes mellitus 62(28.97) 49(33.56) 13(19.12) 0.04
Chronic lung disease 39(18.22) 30(20.55) 9(13.24) 0.27

Kidney diseases 26(12.15) 22(15.07) 4(5.88) 0.09

Blood disease 9(4.21) 8(5.48) 1(1.47) 0.31
Malignant tumors 40(18.69) 32(21.92) 8(11.76) 0.11

Co-infection
Lung infection 137(64.02) 80(54.79) 57(83.82) <0.001

Urinary tract infection 49(22.90) 34(23.29) 15(22.06) 0.98

Abdominal cavity infection 16(7.48) 8(5.48) 8(11.76) 0.18
Bloodstream infections 32(14.95) 19(13.01) 13(19.12) 0.34

Intracranial infection 1(0.47) 1(0.68) 0(0.00) 1.00

Antibiotic used before KP isolation

Type of antibiotic treatment≥3 76(35.51) 29(19.86) 47(69.12) <0.001

Antibiotic days of therapy>15 63(29.44) 30(20.55) 33(48.53) <0.001
Drug combination therapy 58(27.10) 20(13.70) 38(55.88) <0.001

Carbapenems 54(25.23) 14(9.59) 40(58.82) <0.001

Third or fourth generation cephalosporin 56(26.17) 39(26.71) 17(25.00) 0.92
β -Lactam/lactamase combinations 110(51.40) 56(38.36) 54(79.41) <0.001

Quinolones 41(19.16) 24(16.44) 17(25.00) 0.20

Tigecycline 20(9.35) 4(2.74) 16(23.53) <0.001
Aminoglycesides 15(7.01) 3(2.05) 12(17.65) <0.001

Glycopeptides or oxazolidine 26(12.15) 6(4.11) 20(29.41) <0.001

Antifungals 22(10.28) 8(5.48) 14(20.59) 0.002

Invasive procedures

Tracheal intubation 78(36.45) 24(16.44) 54(79.41) <0.001
Tracheotomy 11(5.14) 1(0.68) 10(14.71) <0.001

Put on a ventilator 69(32.24) 18(12.33) 51(75.00) <0.001

Drainage tube 52(24.30) 30(20.55) 22(32.35) 0.09
Deep venipuncture 67(31.31) 23(15.75) 43(63.24) <0.001

Bronchofiberscope 46(21.50) 13(8.90) 33(48.53) <0.001

Surgery 65(30.37) 35(23.97) 30(44.12) 0.005

LOS(>30day) 69(32.24) 32(21.92) 37(54.41) <0.001

ICU stay 59(27.57) 10(6.85) 49(72.06) <0.001

Outcome(dead) 15(7.01) 2(1.37) 13(19.12) 0.03

TP(<60g/L) 80(37.38) 44(30.14) 36(52.94) 0.002

ALB(>30 g/L) 54(25.23) 31(21.23) 23(33.82) 0.07

Note: Data expressed as n (%) or median (IQR).
Abbreviations: LOS, length of stay; TP, total protein; ALB, serum albumin; ICU, intensive care unit.
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Risk Factors for in-Hospital Mortality in Patients with KP Infection
The univariate analyses to identify potential risk factors for in-hospital mortality of KP include CRKP isolation (HR 5.59,
95% CI 1.21–21.91, P =0.03), lower TP (HR 13.79, 95% CI 1.78–106.86, P= 0. 01), ICU stay (HR 13.95, 95% CI 1.77–
110.23, P =0.01), antibiotic days of therapy>15 (HR 0.10, 95% CI 0.02–0.47, P =0.004), drug combination therapy (HR
4.05, 95% CI 1.07–15.42, P =0.04), LOS >30day (HR 0.03, 95% CI 0.002–0.42, P =0.04). Multivariate analysis of these
214 patients showed that variable associated with in-hospital mortality in patients with KP were: CRKP isolation (HR
12.26, 95% CI 2.43–61.68, P= 0.002), lower TP (HR 10.50, 95% CI 1.33–82.76, P= 0.03), antibiotic days of therapy>15
(HR 0.08, 95% CI 0.01–0.56, P= 0.01), LOS>30day (HR 0.03, 95% CI 0.002–0.61, P = 0.02) (Table 2). The in-hospital
mortality rate of patients with KP was 7.01% (15/214). Nevertheless, it was significantly higher for patients with CRKP
(13/68, 19.12%) than patients with CSKP (2/146, 1.37%). Survival curve analysis also confirmed that infection with
CRKP has a higher risk of mortality (P =0.02) (Figure 1).

Risk Factors for the Development of CRKP Infection in Patients
Univariate analysis showed that, compared with patients with CSKP, patients with CRKP were more likely to
have old age, lower TP, diabetes mellitus, lung infection, ICU stay, or to have undergone invasive procedures,
including surgery. As a supplement, patients with CPKP also had LOS>30 and they were more likely to have been
exposed to extensive antimicrobial therapy before infecting KP (Table 3). Further, the multivariate logistic

Table 2 Univariate and Multivariate COX Regression Analysis of Risk Factors for in-Hospital Mortality Among Patients with KP

Survival (n = 199) Death (n = 15) Univariate Analysis Multivariate Analysis

HR (95% CI) P HR (95% CI) P

Age(years) 68(57–76) 73(62–81) 1.02(0.98–1.06) 0.28

Male sex 124(62.31) 9(60.00) 0.50(1.16–1.53) 0.23

CRKP isolation 55(27.64) 13(86.67) 5.59(1.21–25.91) 0.03 12.26(2.43–61.68) 0.02

TP (g/L) 63.30(57.00, 69.85) 52.20(51.10–56.60) 13.79(1.78–106.86) 0.01 10.50(1.33–82.76) 0.03

ALB (g/L) 34.10(30.00, 38.15) 30.70(25.50–33.85) 1.43(0.49–4.16) 0.51

Diabetes mellitus 59(29.65) 3(20.00) 0.83(0.23–3.03) 0.77

Chronic lung disease 36(18.09) 3(20.00) 0.69(0.15–3.18) 0.63

Kidney diseases 24(12.06) 2(13.33) 1.96(0.42–9.12) 0.39

Malignant tumors 39(19.60) 1(6.67) 0.34(0.04–2.69) 0.30

Lung infection 125(62.81) 12(80.00) 1.16(0.32–4.26) 0.82

Urinary tract infection 47(23.62) 2(13.33) 0.74(0.16–3.37) 0.70

Abdominal cavity infection 12(6.03) 4(26.67) 1.81(0.53–6.15) 0.34

Bloodstream infections 27(13.57) 5(33.33) 1.46(0.39–5.14) 0.57

ICU stay 45(22.61) 14(93.33) 13.95(1.77–110.23) 0.01

Type of antibiotic treatment≥3 64(32.16) 12(80.00) 2.84(0.76–10.57) 0.11

Antibiotic days of therapy>15 58(29.15) 4(26.67) 0.10(0.02–0.47) 0.004 0.08(0.01–0.56) 0.01

Drug combination therapy 46(23.12) 12(80.00) 4.05(1.07–15.41) 0.04

LOS(>30day) 62(3.16) 7(46.67) 0.03(0.002–0.42) 0.01 0.03(0.002–0.61) 0.02

Note: Data expressed as n (%) or median (IQR).
Abbreviations: LOS, length of stay; TP, total protein; ALB, serum albumin; ICU, intensive care unit.
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regression analysis in Table 3 summarizes independent risk factors for developing CRKP versus CSKP: ICU stay
(OR 21.69, 95% CI:4.50–118.76, P < 0.001), and previous carbapenem exposure (OR 5.26, 95% CI:1.38–21.19,
P = 0.02).

Discussion
The spread of CRKP has become a major global health event and a new crisis for humanity.14 Developing new antibiotics
and strictly controlling their use is the most effective means of curbing the spread of CRKP, but it takes time and
considerable effort. Whole-genome sequencing of drug-resistant strains will likely uncover novel drug-resistant biomar-
kers, but extensive systematic studies are also required for further confirmation.15 Therefore, we conducted this retro-
spective study to identify risk factors for CRKP infection and in-hospital mortality with the aim of guiding future
interventions and reducing the spread of CRKP.

In this paper, those who suffered from CRKP have longer hospital and ICU stay, and frequent use of invasive
procedures, compared to patients with CSKP. Carbapenems are often considered a last resort to treat infections with
multi-resistant strains. A study has confirmed that the use of carbapenem antibiotics was closely related to the production
of carbapenemase by KP.16 Our results demonstrated that previous carbapenem exposure was an independent risk factor
for CRKP. Consistently, several studies of hospitalized patients in specific populations have revealed similar risk factors
identified in our study.17,18 Furthermore, we also found that ICU stay is a critical risk factor for CRKP infection
development, which is in line with several previous publications.19–21 It must be admitted that KP usually colonizes the
respiratory tract or intestine due to frequent use of invasive procedures (eg endotracheal intubation) and can lead to
mucosal barrier damage. However, it is unlikely that patients in ICU will be able to avoid prolonged exposure to invasive
equipment or antibiotics, especially carbapenems, due to their weakened autoimmune, critical illness, and vulnerability to
infection.22 Interestingly, some studies identified that KP colonization is a significant risk factor for infection in ICU, and
acquisition of CRKP during ICU hospitalization may be due to colonization of existing CRKP in the gastrointestinal
tract, particularly after widespread use of antibiotics.23,24 Therefore, it is critical to implement colonization screening and

Figure 1 Kaplan–Meier survival estimates the mortality among patients with carbapenem resistant Klebsiella pneumoniae (CRKP) and carbapenem susceptible Klebsiella
pneumoniae (CSKP).
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intervention strategies in ICU Settings, especially to enhance equipment care, to further prevent colonization and
transmission of CRKP.

The paper also identified that CRKP isolation, low TP, LOS>30, and antibiotic days of therapy>15 were independent
risk factors for in-hospital mortality of KP. The in-hospital mortality for CRKP of 19.11% was higher than that of the

Table 3 Univariate and Multivariate Logistic Regression Analysis of Risk Factors for Patients with CRKP

CSKP
(n = 146)

CRKP
(n = 68)

Univariate Analysis Multivariate Analysis

OR (95% CI) P OR (95% CI) P

Demographic variables

Age 68(57.76) 69(61.77) 0.41(0.23–0.74) 0.003
Male sex 133(62.15) 86(58.90) 1.56(0.85–2.88) 0.15

TP(<60g/L) 80(37.38) 44(30.14) 2.60(1.44–4.72) 0.002

ALB(<30g/L) 54(25.23) 31(21.23) 1.89(1.00–3.60) 0.05

Underlying diseases

Diabetes mellitus 62(28.97) 49(33.56) 0.47(0.23–0.94) 0.03
Chronic lung disease 39(18.22) 30(20.55) 0.59(0.26–1.32) 0.20

Kidney diseases 26(12.15) 22(15.07) 0.35(0.12–1.07) 0.06

Blood disease 9(4.21) 8(5.48) 0.26(0.03–2.10) 0.21
Malignant tumors 40(18.69) 32(21.92) 0.48(0.21–1.10) 0.08

Co-Infection
Lung infection 137(64.02) 80(54.79) 4.28(2.07–8.81) <0.001

Urinary tract infection 49(22.90) 34(23.29) 0.93(0.47–1.86) 0.84

Abdominal cavity infection 16(7.48) 8(5.48) 2.30(0.82–6.42) 0.11
Bloodstream infections 32(14.95) 19(13.01) 1.58(0.73–3.42) 0.25

Intracranial infection 1(0.47) 1(0.68) 0.98

Antibiotic used before KP isolation

Antibiotic days of therapy>15 63(29.44) 30(20.55) 3.65(1.96–6.79) <0.001
Type of antibiotic treatment≥3 76(35.51) 29(19.86) 9.03(4.69–17.40) <0.001

Drug combination therapy 58(27.10) 20(13.70) 7.98(4.07–15.63) <0.001

Carbapenems 54(25.23) 14(9.59) 13.47(6.47–28.02) <0.001 5.26(1.38–21.19) 0.02
Third or fourth generation cephalosporin 56(26.17) 39(26.71) 0.91(0.47–1.77) 0.79
β -Lactam/lactamase combinations 110(51.40) 56(38.36) 6.20(3.15–12.19) <0.001

Quinolones 41(19.16) 24(16.44) 1.69(0.84–3.42) 0.14
Tigecycline 20(9.35) 4(2.74) 10.92(3.49–34.18) <0.001

Aminoglycesides 15(7.01) 3(2.05) 10.21(2.78–37.57) <0.001

Glycopeptides or Oxazolidine 26(12.15) 6(4.11) 9.72(3.69–25.63) <0.001
Antifungals 22(10.28) 8(5.48) 4.47(1.78–11.27) 0.001

Invasive procedures
Tracheal intubation 78(36.45) 24(16.44) 19.61(9.42–40.80) <0.001

Tracheotomy 11(5.14) 1(0.68) 25.00(3.13–199.65) 0.002

Put on a ventilator 69(32.24) 18(12.33) 21.33(10.20–44.63) <0.001
Drainage tube 52(24.30) 30(20.55) 1.85(0.97–3.53) 0.06

Deep venipuncture 67(31.31) 23(15.75) 9.20(4.73–17.87) <0.001

Bronchofiberscope 46(21.50) 13(8.90) 9.64(4.59–20.26) <0.001
Surgery 65(30.37) 35(23.97) 2.50(1.36–4.61) 0.003

ICU stay 59(27.57) 10(6.85) 35.07(15.26–80.63) <0.001 21.69(4.50–118.76) <0.001

LOS>30day 69(32.24) 32(21.92) 4.25(2.29–7.89) <0.001

Note: Data expressed as n (%) or median (IQR).
Abbreviations: LOS, length of stay; TP, total protein; ALB, serum albumin; ICU, intensive care unit.
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CSKP of 1.37%, and the difference was statistically significant (P =0.03), which is consistent with the results of Liu
et al.18 In immune-compromised patients, the mortality associated with CRKP infection was higher than that observed in
our study, particularly when considering patients undergoing transplantation (55.8%), or patients with hematologic
malignancies and solid tumors (56–73%).25–28 In contrast, the mortality of CRKP in this study was significantly lower
than in other literature, probably because many Chinese chose to be discharged home at the end of their life. These
differences may be due to differences in inclusion criteria and study design chosen by different investigators. In addition,
patient conditions, co-morbidities, as well as geographic variations, should be taken into account. Our study also
analyzed risk factors for KP in-hospital mortality. The results suggest that CRKP isolation is associated with high in-
hospital mortality, which is similar to those reported in previous publications.29,30

Admittedly, there are several limitations to our study. First, our study was a single-center retrospective analysis with a
small sample size or selection bias. Second, The risk factors we identified are limited, and their applicability to other settings
needs to be further validated in prospective studies. Third, further research is needed to conduct drug resistance gene detection
in the CRKP group to explore the relationship between CRKP drug resistance types and clinical characteristics. Additionally,
in future iterations of the project, we hope to improve the identification of MDR and XDR infections.

Conclusion
In conclusion, patients with CRKP showed poor outcomes and high mortality. CRKP isolation, low total protein, long
hospital stay, and antibiotic days of therapy>15 were independent risk factors for mortality of patients with KP.
Furthermore, ICU stay and previous carbapenem exposure are associated with an increased risk of CRKP. Awareness
of these risk factors will help guide future interventions and hopefully reduce the transmission of CRKP, thereby
reducing the mortality of KP and the risk of developing CRKP. Our findings also can be applied to the advancement
of knowledge in the broader area of antimicrobial resistance and infection control.

Abbreviations
ICU, intensive care unit; KP, Klebsiella pneumoniae; CRKP, Carbapenem-resistant Klebsiella pneumoniae, CSKP,
carbapenem-susceptible Klebsiella pneumoniae; LOS, length of stay.
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