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Abstract. Prevalence of carbapenem-resistant Klebsiella pneumoniae (CRKP) 
has been increasing during the past decades with a high rate of mortality. A 
retrospective 1:2 case-control study was conducted at Zhongnan Hospital, Wuhan 
University, Hubei Province, China from January 2015 to July 2017 to identify risk 
factors associated with CRKP infection, mortality and prognostic factors among 
adult inpatients (n = 83) with CRKP infection and matched adult inpatients (n = 
166) with carbapenem-susceptible K. pneumoniae (CSKP) infection at the same site 
and time of isolation. Univariate and multivariate logistic regression analysis were 
performed to assess risk factors associated with CRKP infection and predictors of 
death. Incidence of CRKP in 2015, 2016 and 2017 was 5, 6 and 10%, respectively. 
Multivariable analysis identified cerebrovascular disease (odds ratio (OR) = 2.10, 
95% confidence interval (CI): 1.06-4.13, p-value = 0.032), central venous catheter 
catheterization (CVC) (OR = 2.03, 95% CI: 1.07-3.85, p-value = 0.029), indwelling 
gastric tube (OR = 2.00, 95% CI: 1.05-3.79, p-value = 0.034), and exposure to 
carbapenem (OR = 3.16, 95% CI: 1.58-6.30, p-value =0.001), cefoperazone plus 
sulbactam (OR = 2.99, 95% CI: 1.59-5.64, p-value = 0.001) or fluoroquinolones (OR 
= 2.54, 95% CI: 1.23-5.24, p-value = 0.012) as independent risk factors for CRKP 
infection. Mortality in CRKP (29%) is significantly higher than that of CSKP (11%) 
group (p-value = 0.001). Cardiac disorders (OR = 5.70, 95% CI: 1.02-32.02, p-value 
= 0.048), CVC (OR = 13.94, 95% CI: 2.15-90.40, p-value = 0.006), indwelling gastric 
tube (OR = 43.40, 95% CI: 4.01-470.35, p-value = 0.002), and decrease in absolute 
lymphocyte counts (OR = 5.49, 95% CI: 1.18-25.46, p-value = 0.030) were predictors 
for higher mortality rate. These findings should be of value in developing 
preventive measures to reduce mortality among inpatients with CRKP infection.

Keywords: carbapenem-resistant Klebsiella pneumoniae, mortality, prognostic 
factors, risk factors

INTRODUCTION

Klebsiella pneumoniae (K. pneumoniae) is 
a common cause for nosocomial infection 
(Ahmad et al, 2012) presenting a broad 
spectrum of diseases, such as bacteremia, 
meningitis, pneumonia, and urinary tract 
infection (Pitout and Laupland, 2008). As a 
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result of emergence of extended spectrum 
beta-lactamase (ESBL)-producing K. 
pneumoniae, carbapenem use has been 
widespread; however, carbapenem-
resistant K. pneumoniae (CRKP), first 
reported in the United States in 2001 (Yigit 
et al, 2001) is now globally widespread 
(Lautenbach and Perencevich, 2014).

The predominant mechanism of 
resistance to carbapenem is production 
of plasmid-encoded carbapenemase, 
which can be horizontally transferred to 
other K. pneumoniae strains (Munoz-Price 
and Quinn, 2009). Prevalence of CRKP 
infection has increased during the past 
two decades (Hu et al, 2016a). In Italy, 
the overall proportion of non-susceptible 
carbapenem K. pneumoniae  isolates 
increased from 2.2% in 2009 to 19.4% in 
2012 (Sisto et al, 2012). In USA, an overall 
rate of 24.6% of CRKP was reported 
among 64 long-term acute care hospitals 
(LTACHs) from January 2014 to March 
2015 (Han et al, 2017). In China, according 
to the China Antimicrobial Surveillance 
Network (CHINET) surveillance system, 
carbapenem res is tance  among K. 
pneumoniae isolates increased from 2.4% in 
2005 to 13.4% in 2014 (Hu et al, 2016a), but 
there are significant differences in CRKP 
rates across geographic regions, being 
highest in the western region (42.2%) of 
the country (Han et al, 2017). As CRKP 
growth rate is high and prevalence varies 
in different regions, an understanding 
of the evolving regional epidemiology 
of CRKP is important to regional and 
national infection prevention and 
surveillance efforts.

Mortality of hospitalized patients 
with CRKP infection is exceptionally 
high, ranging 40-50% (Patel et al, 2008; 
Schwaber et al, 2008). Identification of 
risk factors for CRKP infection can help 
inform infection prevention programs 

and guide appropriate empirical clinical 
therapy. Although several studies have 
been performed to determine risk factors 
for CRKP infection, but conclusions are 
inconsistent (Kofteridis et al, 2014; Jiao 
et al, 2015; Hu et al, 2016b). Furthermore, 
a few studies have reported risk factors 
for mortality in adult inpatients with 
CRKP infection in mainland China but no 
unanimous conclusion is reached (Jiao et 
al, 2015; Tian et al, 2016). 

In order to facilitate the efficacy of 
empirical therapy for CRKP infection, 
a retrospective case-control study was 
conducted to (i) assess incidence of 
CRKP infection, (ii) identify risk factors 
associated with CRKP infection, and (iii) 
assess mortality and factors associated 
with poor outcome among hospitalized 
adults in all departments of a large 
teaching hospital in central China.

MATERIALS AND METHODS

Study subject recruitment and study design
The  s tudy  was  conducted  a t 

Zhongnan Hospital, Wuhan University, 
a 3,000-bed tertiary-care hospital located 
in Wuhan, Hubei Province, central China 
between January 2015 and July 2017. 
Study subject inclusion criteria were (i) 
K. pneumoniae isolated >48 hours after 
hospital admission, and (ii) >18 years of 
age. If a patient had multiple episodes 
of K. pneumoniae infection, only the first 
occurrence was included in the study. For 
determination of risk factors for CRKP 
infection, a carbapenem-susceptible K. 
pneumoniae (CSKP) group was randomly 
selected from a pool of patients with CSKP 
infection determined at the same site and 
time as CRKP isolation at a ratio of 2:1 
CSKP:CRKP patients.

The research protocol was approved 
by the Ethics Committee of Zhongnan 
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Hospital, Wuhan University (approval 
no. 2019031). As this was a retrospective 
survey, no prior written consent was 
required and all data were stripped of 
patients’ identity prior to collection. 

Study subjects’ demographic profiles and 
medical records

Data on age,  admission date , 
medical history (lung disease, cardiac 
disorder, liver disease, renal dysfunction, 
cerebrovascular disease, diabetes, illness 
severity requiring admission to intensive 
care unit (ICU), and prior hospital stay) 
and laboratory findings (lymphocyte 
(LYM) numbers) were collected. Acute 
Physiology and Chronic Health Evaluation 
(APACHE II) scores were determined on 
the day or before the day but no more 
than 72 hours prior to sample collection 
for K. pneumoniae culture. Interventions 
(central venous and indwelling urinary 
catheters,  mechanical  venti lation, 
indwelling gastric tube and antibiotic 
use during the 2-month period prior to 
K. pneumoniae culture) and mortality rate 
were recorded. Antibiotics used were 
classified into carbapenems (meropenem, 
biapenem or imipenem), cefoperazone 
p l u s  s u l b a c t u m ,  c e p h a l o s p o r i n s 
(second-, third- and fourth-generation), 
fluoroquinolones, glycopeptides and 
piperacillin tazobactam.

Laboratory investigation of CRKP and 
CSKP cultures

K .  p n e u m o n i a e  f ro m  s p u t u m , 
bronchoalveolar lavage fluid, urine, 
drainage fluid, wound secretion, blood 
and bile samples were identified by 
culturing on standard media (Debby et 
al, 2012). Antimicrobial susceptibility to 
ertapenem, imipenem or meropenem 
was carried out using a VITEK 2 system 
(bioMérieux, Marcy l’ Etoile, France). 
Resistance is defined as such when the 

minimum inhibitory concentration (MIC) 
of meropenem or imipenem was >4 μg/ml, 
and the MIC of ertapenem was >2 μg/ml. 
A strain with intermediate susceptibility 
to a carbapenem is considered resistant. 
A K. pneumoniae infection is defined as a 
positive culture together with symptoms 
and/or signs of infection.
Statistical analysis

Continuous variables are expressed 
as mean ± SD and categorical variables 
as percent. Variables showing statistically 
significance differences (p-value <0.05) in 
potential risk factors for CRKP infection 
or mortality by univariate analysis were 
subsequently subjected to multivariate 
logistic regression model analysis (Hu 
et al, 2016b). Odds ratios (OR) and 95% 
confidence intervals (CIs) were calculated 
to evaluate strength of association. For 
all statistical analyses, a two-tailed 
p-value <0.05 is considered significant. 
Statistical analyses were performed using 
a Statistical Package for the Social Sciences 
software, version 21.0 (SPSS, Chicago, IL).

RESULTS

Study subjects’ profiles
Incidence of CRKP at Zhongnan 

Hospital, Wuhan University, Wuhan, 
Hubei, China rose from 5% in 2015 to 10% 
in 2017, an average increase of 2% (Fig 1). 
Inpatients with CRKP infection (n = 83) 
and matched inpatients (n = 166) were 
recruited between January 2015 and July 
2017. Study subjects were mainly elderly 
(>60 years of age) (Table 1). CRKP was 
most commonly isolated from sputum 
and bronchoalveolar lavage fluid (58%), 
followed by urine (21%), drainage fluid 
(10%), wound secretion (8%), blood 
(2%), and bile (1%). According clinical 
departments where they were admitted, 
CRKP was most commonly isolated 
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from intensive care unit (ICU) (36%), 
followed by units of respiratory medicine 
(24%,), neurology (10%,), neurosurgery 
(8%), geriatrics (6%), gastrointestinal 
surgery (4%), hepatobiliary surgery and 
orthopedics (3% each), and emergency 
ward, endocrinology, infectious disease, 
nephrology, thoracic surgery, and urology 
(1% each).

Risk factors associated with CRKP infection
Univariable analysis revealed CRKP 

infection was associated with older 
age, cerebrovascular disease, central 
venous catheter catheterization (CVC), 
presence of indwelling gastric tube, 
exposure to antibiotics (cefoperazone 
plus sulbactam, fluoroquinolones, or 
carbapenem) and stay in intensive care 
unit (Table 1). Subsequent analysis 
of these risk factors by multivariable 
analysis, only cerebrovascular disease, use 
of central venous catheter catheterization, 
presence of indwelling gastric tube and 
exposure to cefoperazone plus sulbactam, 
fluoroquinolones or carbapenem remained 
independently associated risk factors for 
CRKP infection (Table 1). 

Prognostic factors and outcome
Mean mortality rate from Klebsiella 

pneumonia infection during the study 
period was 17%, significantly higher 
(24/83, 29%) in CRKP compared to 
CSKP (19/166, 11%) group (p-value 
= 0.001). Univariate analysis showed 
cardiac disorders, CVC, presence of 
indwelling urinary catheter, presence of 
indwelling gastric tube, and low absolute 
lymphocyte counts were associated 
with death from CRKP infection, from 
which multivariate analysis ruled out the 
presence of indwelling urinary catheter as 
independent predictor of mortality from 
CRKP infection (Table 2).

DISCUSSION

The survey shows an overal l 
prevalence of CRKP at a tertiary-care 
hospital in central China between January 
2015 and July 2017 was lower than that 
(13.4%) reported by CHINET surveillance 
system in 2014 (Hu et al, 2016a); however, 
the annual rate of increase was higher 
than (1.10%) of the previous study (Hu 
et al, 2016a). The majority of CRKP 

Fig 1-	Incidence of carbapenem-resistant Klebsiella pneumoniae infection at Zhongnan Hospital, Wuhan 
University, Wuhan, Hubei, PR China (January 2015 - July 2017).
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was isolated from patients in 
medicine department, followed 
by ICU and surgery departments, 
similar to the report from Italy 
during 2009 to 2012 (Cascio et 
al, 2014). These findings should 
be of concern to physicians in 
hospitals across China.

I n  o rd e r  t o  l i m i t  t h e 
spread of CRKP and improve 
empirical therapy efficacy, it is 
critical to understand the risk 
factors for CRKP infection. 
One independent risk factor 
was previous exposure to 
carbapenems, cefoperazone plus 
sulbactam or fluoroquinolones. 
Previous studies (Falagas et 
al, 2007; Hussein et al, 2009; 
Kritsotakis et al, 2011; Bart et al; 
2015; Hu et al, 2016b) showed 
prior use of carbapenems is a risk 
factor for CRKP infection. Third 
generation cephalosporins alone 
did not emerge as significant 
predictors, consistent with 
the results of Kritsotakis et al 
(2011) but not those of Falagas 
et al (2007); however, third 
generation cephalosporin plus 
β-lactamase (cefoperazone 
plus sulbactam) was a CRKP 
infection predictor. β-Lactam/
β-lactamase combinat ions 
were reported to be associated 
with ESBL-CRKP infection 
(Kritsotakis et al, 2011), although 
the precise antibiotics used was 
not indicated. Previous use of 
fluoroquinolones is negatively 
associated with isolation of 
CRKP (Kwak et  a l ,  2005) ; 
however, this contradicts prior 
studies (Falagas et al, 2007; 
Schwaber et al, 2008; Kritsotakis 
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et al, 2011; Bart et al, 2015). Prior exposure 
to glycopeptides was considered to be a 
risk factor for CRKP infection (Wu et al, 
2011; Jiao et al, 2015), but this was not 
observed in the present study.

The presence of indwelling gastric 
tube as a risk factor for CRKP infection 
is a controversial issue. No association 
with CRKP infection has been reported 
(Wu et al, 2011; Bart et al, 2015; Jiao et 
al, 2015), but the present study showed 
presence of indwelling gastric tube was 
as an independent risk factor. Similarly, 
it is still controversial whether CVC is 
associated with CRKP infection; Falagas 
et al (2007), Correa et al (2013) and 
Bart et al (2015) found no association, 
but Kritsotakis et al (2011) and Jiao et 
al (2015) did. The present finding of 
association of neurologic disease with 
CRKP infection is in agreement with 
the study of Schwaber et al (2008) but 
not those of Falagas et al (2007) and Hu 
et al (2016b). These discrepancies could 
be due to such factors as study subject 
selection, hospital settings and clinical 
practices. 

As expected, the overall mortality 
rate was higher in CRKP than in CSKP 
group, consistent with previous studies 
(Tumbarello et al, 2015; Xu et al, 2017; 
Zhang et al, 2018). It was suggested 
isolation of CRKP itself is a risk factor 
for worst outcome (Zhang et al, 2018) 
as is severity of disease, defined by 
APACHE II score (Zarkotou et al , 
2011). However, in the present study, 
no correlation was observed between 
APACHE II score among CRKP infected-
patients in ICU and death rate, but 
cardiac disorder was an independent 
risk factor for such outcome. Although 
mechanical ventilation (Zhang et al, 
2018) and previous cefoperazone plus 
sulbactam medication (Jiao et al, 2015) 
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were independent risk factors poor 
outcome, these phenomena were not 
observed in the present study. This might 
be due to the small sample size and high 
rate of ventilator use and long exposure 
to cefoperazone plus sulbactam in the 
previous studies. The present study noted 
CVC and presence of indwelling gastric 
tube were independent risk factors 
for high mortality rate among CRKP-
infected patients, which were not seen 
in other reports (Zarkotou et al, 2011; 
Vardakas et al, 2015; Hoxha et al, 2016; 
Zhang et al, 2108). Lymphocytopenia is 
implicated with immunosuppression in 
severe infection and is associated with 
poor outcome in septic shock patients 
(Drewry et al, 2014), possibly accounting 
for a similar outcome of the CRKP group 
in the present study.

The study suffers from several 
limitations. Firstly, although the case-
control group was designed to help 
in identifying risk factors for CRKP 
infection, it was problematic to analyze 
certain important variables, eg location 
and time of risk. Secondly, the study 
was performed at a single tertiary-care 
hospital and the results might not be 
applicable to other hospitals, and could 
only provide data for that study region. 
Thirdly, although the predominant 
mechanism of resistance to carbapenems 
is the production of carbapenemase 
enzymes (Chen et al, 2014), the types of 
carbapenemases or other mechanisms 
of carbapenem resistance in the CRKP 
isolates were not investigated. 

In summary, the study demonstrates 
that prior exposure to carbapenems, 
c e f o p e r a z o n e  p l u s  s u l b a c t a m  o r 
f l u o r o q u i n o l o n e s ,  u n d e r l y i n g 
cerebrovascular disease, use of central 
venous catheter catheterization and 
presence of indwelling gastric tube were 

independent risk factors for carbapenem-
resistant Klebsiella pneumoniae infection 
among inpatients. Low lymphocyte 
counts, underlying cardiac disorders, use 
of central venous catheter catheterization 
and presence of indwelling gastric tube 
were independent predictor of mortality 
from CRKP infection. These findings 
should provide guidance in devising 
precautionary measures to minimize 
death among such patients.
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