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Purpose: Carbapenem-resistant Klebsiella pneumoniae (CRKP) infections have been
increasingly reported worldwide. We aimed to identify the risk factors for nosocomial
CRKP infections and assess the clinical outcomes.

Patients and Methods: We conducted a case-control study with data collected from
January 2016 to December 2018 in China. Controls were selected at a ratio of 1:1 from
patients with nosocomial carbapenem-susceptible Klebsiella pneumonia (CSKP) infections.
Risk factors for nosocomial CRKP infections and clinical outcomes were assessed with
univariate and multivariate analyses.

Results: A total of one hundred forty-two patients with CRKP infections and one hundred forty-
two patients with CSKP infections were enrolled in this study. Multivariate analysis showed that
exposure to antibiotics within 3 months prior to admission (odds ratio OR, 2.585; 95% con-
fidence interval [CI], 1.425-4.691; P=0.002), exposure to carbapenems (OR, 2.532; 95% CI,
1.376-4.660; P=0.003), exposure to fluoroquinolones (OR, 3.309; 95% CI, 1.326-8.257;
P=0.010), and the presence of a nasogastric tube (OR, 2.796; 95% CI, 1.369-5.712; P=0.005)
were independent risk factors for CRKP infections. The 30-day mortality rate in the CRKP group
was 19.7%, while the in-hospital mortality rate was 28.9%. In the CRKP group, a higher
creatinine level (OR, 1.009; 95% CI, 1.002-1.016; P = 0.013), being in shock at the time of
a positive culture (OR, 4.454; 95% CI, 1.374-14.443; P = 0.013), and co-infection with other
resistant bacteria (OR, 4.799; 95% CI, 1.229-18.740; P = 0.024) were independent predictors of
in-hospital mortality in patients with CRKP infections. Kaplan—-Meier curves showed that the
CRKP group had a shorter survival time than the CSKP group.

Conclusion: Nosocomial CRKP infection was associated with exposure to carbapenems and
fluoroquinolones within 3 months prior to hospitalization and the presence of a nasogastric
tube. Patients infected with CRKP had higher 30-day and in-hospital mortality rates.
A higher creatinine level, shock and co-infection with other resistant bacteria were indepen-
dent predictors of in-hospital mortality in patients with CRKP infections.

Keywords: carbapenem-resistant Klebsiella pneumoniae, risk factors, clinical outcomes,

nosocomial infection

Introduction
Over the past two decades, the risk of antimicrobial resistance among gram-negative
bacteria has grown to become a serious worldwide problem due to the potential for the
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rapid spread of resistance mechanisms and limited treatment
options. In particular, the global increase in multidrug-
resistant (MDR) strains, which are resistant to three or
more classes of antimicrobials, or extensively drug-resistant
(XDR) strains, which are resistant to all but one or two
classes of antimicrobials, is a cause for major concern.'~
Nosocomial infections caused by multidrug-resistant bacteria
significantly increase in-hospital mortality rates and medical
costs, and solutions are urgently needed.

Carbapenems, which are beta-lactam antibiotics with the
broadest spectrum against gram-negative organisms, used to
be considered the last option for multidrug-resistant gram-
negative bacterial infections, including Klebsiella pneumo-
niae. However, carbapenem-resistant Klebsiella pneumoniae
(CRKP) with the ability to produce extended-spectrum beta-
lactamases (ESBLs) was first reported in northeastern Scotland
in 1997.% In the past ten years, the spread of CRKP has posed
a threat to public health worldwide. In CRKP, plasmids con-
taining the gene for carbapenemase often carry additional
genes that confer resistance to other antibiotics, leading to
limited treatment options. Moreover, these plasmids easily
spread among bacteria, resulting in outbreaks of nosocomial
CRKP infections.*” According to data from the China
Antimicrobial Surveillance Network (CHINET, www.chi
nets.com), the rates of resistance to meropenem and imipenem
in Klebsiella pneumoniae rapidly increased from 2.9% and
3.0% in 2005 to 28% and 26.4% in 2020, respectively.
Infections with CRKP are widespread in developed and devel-
oping countries,”” with a poor prognosis, high mortality rate
and high associated economic costs.'®"!

Only a few drugs, such as tigecycline and polymyxins,
may be effective against CRKP. Although new sensitive anti-
microbial agents for the treatment of CRKP infections, such as
ceftazidime-avibactam, have emerged in recent years, they are
still ineffective against New Delhi metallo-beta-lactamase
(NDM)-producing CRKP.'? Therefore, it is important to iden-
tify the risk factors for nosocomial CRKP infections to support
the development of effective prevention and treatment mea-
sures. In recent years, a number of risk factors for CRKP
infections have been identified in retrospective clinical studies.
However, the conclusions of these clinical studies have not
been entirely consistent. Furthermore, a few studies have
focused on the clinical outcomes and predictors of mortality
in patients with CRKP infections in China.'®'* More systema-
tic studies about nosocomial CRKP infections are needed to
facilitate the development of appropriate methods of control.
Here, we conducted a case-control study to identify the risk
factors, mortality and predictors of mortality.

Patients and Methods

Ethics Statement

This study was approved by the Ethics Committee of
Beijing Tsinghua Changguang Hospital with approval
number 20357-0-01 and adhered to the principles of the
Declaration of Helsinki. This was a retrospective study,
and the privacy of the involved subjects was not affected.
Therefore, the need to obtain written informed consent
from the participants was waived.

Study Design and Patient Population
This
Changguang Hospital, a 1000-bed tertiary-care hospital

study was conducted in Beijing Tsinghua
with approximately 35,000 hospital admissions per year.
CRKP in this study was defined as either meropenem- or
imipenem-resistant according to the minimum inhibitory
concentration (MIC) cut-off values established by the
Clinical and Laboratory Standards Institute (CLSI)."

A case—control study was conducted to assess the risk
factors for CRKP infections and the clinical outcomes.
Patients diagnosed with CRKP infections for the first
time between January 2016 and December 2018 were
identified from the database, and those from whom strains
were isolated within the first 48 h after admission were
excluded. For each patient with a CRKP infection, we
selected a matched control patient from the pool of
patients with CSKP infections. The CSKP group was
selected from the source population admitted to the same
ward during the same time period (within 30 days).

Data Collection

We reviewed the medical records and collected the case
information. A standard case report form (CRF) was used
to collect the epidemiologic and clinical data, including the
department, patient demographics (sex and age), intensive
care unit (ICU) stay within 3 months prior to a positive
culture, exposure to antibiotics within 3 months prior to
admission, underlying diseases (pulmonary disease, cardio-
vascular disease, liver disease, neurologic disease, malig-
nancy, diabetes mellitus, autoimmune disease, use of
corticosteroids or immunosuppressors within 6 months),
emergency surgery within 1 month prior to a positive culture,
blood transfusion within 1 month prior to a positive culture,
biochemical indicators (albumin, prealbumin, creatinine)
within 1 week prior to a positive culture, Acute Physiology
And Chronic Health Evaluation II (APACHE 1II) score (only
for patients in the ICU), presence of drainage tube for >48
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hours (thoracic drainage tube, abdominal drainage tube, ven-
tricular drainage tube, central venous catheters, arterial
catheters, tracheal cannula and mechanical ventilation,
Foley catheter, nasogastric tube, intravenous nutrition)
within 1 month prior to a positive culture, and types of
antibiotic used (>48 hours) within 1 month prior to
a positive culture. We also collected information from the
period after a positive culture, including the procalcitonin
(PCT) level, presence of shock, co-infection with other resis-
tant bacteria and appropriate definitive treatment. Most of the
variables were recorded as binary results (yes/no), while the
specific values were recorded for the biochemical indicators.
Patients with a positive culture from blood or any other
sterile source were defined as having an infection. Patients
with positive cultures from respiratory, urine and surgical
wounds were defined as having infections according to the
Centers for Disease Control and Prevention (CDC) and
National Healthcare Safety Network (NHSN) criteria.'> Co-
infections with other drug-resistant bacteria were defined by
the isolation of drug-resistant pathogens other than CRKP
from the same infection site. Appropriate definitive treatment
was defined as at least one active drug treatment given for
more than 48 hours based on the antimicrobial susceptibility
testing reports.

The clinical outcomes were defined as follows: 30-day
mortality (within the 30 days after the first positive culture),
in-hospital mortality (death during hospitalization after the
first positive culture), and total hospital length of stay (dura-
tion from the first positive culture to hospital discharge).

Microbiologic Methods

The identification of CRKP and other pathogens was per-
formed wusing routine  microbiological = methods.
Susceptibility testing was performed in the clinical micro-
biology laboratory using the Vitek 2 automated system
(bioMérieux, Marcy I’Etoile, France). Carbapenem (merope-
nem and/or imipenem) resistance was confirmed by the
Kirby-Bauer (K-B) method, according to the manufacturer’s

instructions (Thermo Fisher Scientific, United Kingdom).

Statistical Analysis

In this study, continuous variables were compared with
Student’s t-test (for normally distributed variables) or the
Mann—Whitney U-test (for non-normally distributed vari-
ables) and are presented as the means + standard devia-
tions (SDs) or medians (interquartile ranges, IQRs). The
infection types and clinical outcomes in the CRKP group
were compared to those in the CSKP group using y2 tests.

Logistic regression models were used to analyse the risk
factors for and predictors of in-hospital mortality due to
nosocomial CRKP infection. All variables with a P value
<0.05 in univariate analysis were included in the multi-
variate analysis. Cox proportional hazards regression ana-
lysis was performed to estimate the survival rates in the
CRKP and CSKP groups. All variables with a P value
<0.05 in univariate analysis were considered probable
predictors in the multivariable Cox proportional hazards
regression analysis. The number of days from the first
positive culture to death are displayed in Kaplan-Meier
curves. A Log rank test was used to compare the results
between the different groups. All tests were two-tailed,
with the significance level set at 0.05. SPSS 19 (SPSS
Inc., Chicago, IL, USA) was used for the data analysis.

Results
Department Distribution and Types of

Infection

Among the one hundred forty-two patients with CRKP infec-
tions identified during the study period, the ICU treated the
most patients, followed by the gastrointestinal surgery depart-
ment. The department distribution is shown in Table 1. The
most common type of infection was respiratory tract infection,
followed by urinary tract infection and intra-abdominal infec-
tion. One hundred forty-two patients with CSKP infections
were included. The infection types in the CRKP group and the
CSKP group are listed in Table 2. There was no significant
difference in infection type between the two groups.

Risk Factors

The characteristics of the study population are shown in
Table 3. There was no difference in demographic features
between the two groups. In the CRKP group, there were greater
proportions of patients with ICU stays within 3 months prior to
a positive culture (OR, 1.812 95% CI, 1.119-2.935; P=0.016),
exposure to antibiotics within 3 months prior to admission
(OR, 2.217; 95% CI, 1.340-3.668; P=0.002), blood transfu-
sions (OR, 2.145; 95% CI, 1.251-3.678; P=0.0006), the pre-
sence of arterial catheter (OR,1.640; 95% CI, 1.019-2.637,
P=0.041), the presence of a Foley catheter (OR, 2.1; 95% ClI,
1.181-3.734; P=0.011), the presence of a nasogastric tube
(OR, 3.397; 95% CI, 1.991-5.794; P=0.001), and the use of
intravenous nutrition (OR, 2.229; 95% CI, 1.359-3.656;
P=0.001). The CRKP group had a lower albumin level than
the CSKP group (OR, 0.939; 95% CI, 0.894—0.986; P=0.01).
In addition, the proportions of patients exposed to antibiotics,
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Table | Distribution of Nosocomial CRKP Infections Among
Departments

Departments CRKP [n (%)]
ICU 55 (38.7)
General medicine ward 12 (8.5)
Rehabilitation medicine ward 9 (6.3)
Neurology ward 7 (49)
Respiratory medicine ward 5 (3.5)
Gastrointestinal surgery ward 14 (9.9)
Hepatobiliary and pancreatic surgery ward 12 (8.5)
Urology surgery ward 6 (4.2)
Emergency observation room 13 (9.2)
Other wards 9 (6.3)
Total 142 (100)

Abbreviations: CRKP, carbapenem-resistant Klebsiella pneumoniae; ICU, intensive
care unit.

Table 2 Infection Types in the CRKP and CSKP Groups

Infection Types CRKP Group | CSKP Group | P-value
[n (%)] [n (%)]

Respiratory tract 57 (40.1) 78 (54.9) 0.17

infections

Urinary tract 37 (26.1) 27 (19.0)

infections

Intra-abdominal 28 (19.7) 22 (15.5)

infections

Bloodstream 12 (8.5) 6 (4.2)

infections

Wound and soft 5(3.5) 3210

tissue infections

Intra-cranial 321 6 (4.2)

infections

Total 142 (100) 142 (100)

Abbreviations: CRKP, carbapenem-resistant Klebsiella pneumoniae; CSKP carbape-
nem-susceptible Klebsiella pneumonia.

including carbapenems (OR, 3.437; 95% CI, 2.025-5.833;
P=0.001), B-lactam/B-lactamase inhibitor combinations (OR,
2.119;95% CI, 1.315-3.413; P=0.002), fluoroquinolones (OR,
2.709; 95% CI, 1.201-6.114; P=0.016), and glycopeptides
(OR, 3.711; 95% CI, 1.918-7.184; P=0.001) were higher in
the CRKP group than in the CSKP group.

Multivariate analysis showed that exposure to antibio-
tics within 3 months prior to admission (OR, 2.585; 95%
ClI, 1.425-4.691; P=0.002), the presence of a nasogastric
tube (OR, 2.796; 95% CI, 1.369-5.712; P=0.005), expo-
sure to carbapenems (OR, 2.532; 95% CI, 1.376—4.660;

P=0.003), and exposure to fluoroquinolones (OR, 3.309;
95% CI, 1.326-8.257; P=0.010) were independent risk
factors for CRKP infections.

Outcomes
In our study, 28 patients (19.7%) died within 30 days of
a positive culture of CRKP, and 13 patients (9.2%) in the
CSKP group died. The 30-day mortality rate was higher in
the CRKP group than in the CSKP group (P=0.022).
A significantly longer hospitalization duration was
observed in the CRKP group than in the CSKP group
(P=0.001). The clinical outcomes in the two groups are
shown in Table 4. Variables associated with 30-day in-
hospital mortality in the Cox proportional hazard model
were CRKP infection (HR, 2.825; 95% CI, 1.157-6.896;
P = 0.023), higher creatinine level (HR, 1.005; 95% CI,
1.002-1.008; P = 0.004), and shock (HR, 11.667; 95% ClI,
4.145-32.835; P<0.001). Kaplan-Meier survival analysis
was performed, and the results are shown in Figure 1.
Forty-one patients (28.9%) in the CRKP group died
during hospitalization, while 20 patients (14.1%) in the
CSKP group died. Univariable predictors of in-hospital
mortality in the CRKP group are shown in Table 5. Age
(P =0.027), a history of an emergency operation within 1
month (P = 0.038), lower prealbumin levels (P = 0.024),
higher creatinine levels (P = 0.007), the presence of arter-
ial catheters (P = 0.02), the presence of a tracheal cannula
(P = 0.009), shock at the time of a positive culture (P =
0.001), and co-infection with other resistant bacteria (P =
0.003) were predictors of in-hospital mortality in the
CRKP group. Multivariable analysis showed that higher
creatinine level (OR, 1.009; 95% CI, 1.002-1.016; P =
0.013), shock at the time of a positive culture (OR, 4.454;
95% CI, 1.374-14.443; P = 0.013), and co-infection with
other resistant bacteria (OR, 4.799; 95% CI, 1.229-18.740;
P = 0.024) were independent predictors of in-hospital
mortality in the CRKP group.

Discussion

In this study, we found that nosocomial CRKP infections
were concentrated in the ICU, gastrointestinal surgery
ward, hepatobiliary and pancreatic surgery ward, general
medicine ward and emergency observation room in our
hospital. We know that the proportion of drug-resistant
bacteria, including CRKP, is significantly higher in ICU
patients than in patients in other departments. Patients in
the ICU are in critical condition and require treatment with
a variety of broad-spectrum antibiotics and life-support
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Table 3 Risk Factors for Nosocomial CRKP Infections
Risk Factors CRKP Group CSKP Group Univariate Analysis Multivariate Analysis
[ (9] [ (9] P-value OR (95% CI) P-value OR (95% CI)
Demographics
Male 87 (61.3) 85 (59.9) 0.808 /
Female 55 (38.7) 57 (40.1)
Age (years), (mean, SD) 65.08+ 17.22 66.28+16.25 0.547 0.996 (0.982-1.010)
ICU stay within 3 months 96 (67.6) 76 (53.5) 0.016 1.812 (1.119-2.935) 0.638 1.188 (0.580-2.432)
Exposure to antibiotics within 3 months 61 (43) 36 (25.4) 0.002 2217 (1.340-3.668) 0.002 2.585 (1.425-4.691)
Underlying diseases
Pulmonary disease 15 (10.6) 20 (14.1) 0.368 0.720 (0.353-1.471)
Cardiovascular disease 61 (43) 75 (52.8) 0.097 0.673 (0.421-1.074)
Liver disease 14 (9.9) 18 (12.7) 0.454 0.753 (0.359-1.581)
Neurologic disease 46 (32.4) 53 (37.3) 0.384 0.805 (0.493-1.312)
Malignancy 14 (9.9) 25 (17.6) 0.061 0.512 (0.254-1.031)
Diabetes mellitus 39 (27.5) 36 (25.4) 0.686 1.115 (0.658-1.890)
Autoimmune diseases 5(3.5) 2 (1.4) 0.267 2.555 (0.487-13.391)
Emergency surgery within | month 75 (52.8) 68 (47.9) 0.406 1.218 (0.765-1.941)
Blood transfusion 49 (34.5) 28 (19.7) 0.006 2.145 (1.251-3.678) 0.227 1.509 (0.774-2.942)
Biochemical indicators
Albumin (g/L), (mean, SD) 31.75£4.22 33.261£5.49 0.01 0.939 (0.894-0.986) 0.970 0.999 (0.939-1.062)
Prealbumin (mg/L), median (IQR) 106.5 (54.0, 170.0) 113.0 (57.7, 187.5) 0.59 0.999 (0.996-1.002)
Creatinine (umol/L), median (IQR) 64.0 (42.2,99.5) 64.9 (44.9, 86.1) 0.772 1.00 (0.998-1.003)
APACHE Il score, median (IQR) 20.0 (14.0, 25.0) 22.0 (14.0, 25.0) 0.551 0.984 (0.933-1.037)
Drainage tube
Thoracic drainage tube 16 (11.3) 7 (4.9) 0.057 2.449 (0.975-6.150)
Abdominal drainage 49 (34.5) 34 (23.9) 0.051 1.674 (0.997-2.809)
Ventricular drainage tube 6 (42) 12 (8.5) 0.152 0.478 (0.174-1.311)
Central venous catheters 85 (59.9) 70 (49.3) 0.074 1.534 (0.959-2.454)
Arterial catheters 68 (47.9) 51 (35.9) 0.041 1.640 (1.019-2.637) 0.435 0.735 (0.339-1.593)
Tracheal cannula and mechanical 62 (43.7) 49 (34.5) 0.115 1.471 (0.911-2.375)
ventilation
Foley catheter 119 (83.8) 101 (71.7) 0.011 2.1 (1.181-3.734) 0.357 1.421 (0.672-3.006)
Nasogastric tube 115 (81) 79 (55.6) 0.001 3.397 (1.991-5.794) 0.005 2.796 (1.369-5.712)
Intravenous nutrition 65 (45.8) 39 (27.5) 0.001 2.229 (1.359-3.656) 0.120 1.607 (0.884-2.919)
Types of antibiotics before a positive
culture
3rd- or 4th-generation cephalosporins 32 (22.5) 26 (18.3) 0.378 1.298 (0.727-2.317)
Carbapenems 65 (45.8) 28 (19.7) 0.001 3.437 (2.025-5.833) 0.003 2.532 (1.376-4.660)
B-Lactam/B-lactamase inhibitor 76 (53.5) 50 (35.2) 0.002 2.119 (1.315-3.413) 0.456 1.242 (0.703-2.195)
combinations
Fluoroquinolones 22 (15.5) 9 (6.3) 0.016 2.709 (1.201-6.114) 0.010 3.309 (1.326-8.257)
Glycopeptides 41 (28.9) 14 (9.9) 0.001 3711 (1.918-7.184) 0.059 2.065 (0.972-4.338)
Antifungal medication 13 (9.2) 8 (5.6) 0.261 1.688 (0.677—4.207)

Abbreviations: CRKP, carbapenem-resistant Klebsiella pneumoniae; CSKP carbapenem-susceptible Klebsiella pneumonia; ICU, intensive care unit; SD, standard deviation;

IQR, interquartile range; OR, odds ratio; Cl, confidence interval.

systems. Patients in hepatobiliary, pancreatic, and gastro-
intestinal surgery wards often have complicated condi-
tions, need to have various drainage tubes for a long
time and use broad-spectrum antibiotics (especially carba-
penems) due to repeated infections. In China, the emer-
gency observation room is actually a transitional ward, and

patients with various infectious diseases are often treated
there. The general medicine ward treats many emergency
patients with various complicated infections. Therefore,
the situation in the general medicine ward with regard to
CRKP infections is similar to that in the emergency obser-

vation room.

Infection and Drug Resistance 2021:14

submit your manuscript I 397

Dove


http://www.dovepress.com
http://www.dovepress.com

Zhang et al

Dove

Table 4 Clinical Outcomes in the Two Groups

Outcomes CRKP Group CSKP Group P-value
[n (%)] [n (%)]

30-day mortality 28 (19.7) 13 (9.2) 0.011

In-hospital mortality 41 (28.9) 20 (14.1) 0.002

LOS (days), median (IQR) 50.5 (30, 110.25) 33.5 (18.75, 61.25) 0.001

Abbreviations: CRKP, carbapenem-resistant Klebsiella pneumoniae; CSKP carbapenem-susceptible Klebsiella pneumonia; LOS, length of hospital stay; IQR, interquartile

range.

Although most recent studies have suggested that CRKP
infections are related to carbapenem exposure, the conclu-
sions have not been consistent in the literature.''® Our
study showed that the prior use of carbapenems was an
independent risk factor for a CRKP infection, which is con-
sistent with most previous clinical studies.””'*'""'"*! The
acquisition of the ability to produce carbapenemase is the
main cause of carbapenem resistance, which can easily result
in nosocomial spread.” Han et al demonstrated that in China,
the most prevalent carbapenemase gene in CRKP was KPC-
2, followed by genes for other carbapenemases, including
NDM, and OXA-48.* Carbapenem exposure may induce the
emergence of these resistance-conferring genes. We did not
find an association of 3rd- or 4th-generation cephalosporins
or B-lactam/B-lactamase inhibitors with CRKP infections,
unlike in other studies identifying risk factors.'®'7
Exposure to another very commonly used type of antibiotic,
fluoroquinolones, was an independent risk factor for CRKP
infections in our study, and this association has been reported
in a few previous studies.'***** However, other studies did
not find an association between fluoroquinolone exposure
and CRKP infection.”* A previous study suggested that in
the presence of fluoroquinolones, the frequency of mutations
conferring carbapenem resistance in Pseudomonas aerugi-
nosa strains was enhanced. Loss of OprD activity or

-t CRKP
— CSkP

Cum Survival (%)

70—

0 10 20 30
Time (day)

Figure | Kaplan—Meier curves showing 30-day mortality in the CRKP group versus
the CSKP group (P = 0.044).

increased mexAB-oprM expression may be the main
mechanisms;>> these changes can also occur in Klebsiella
pneumoniae. The mechanism underlying fluoroquinolone-
induced carbapenem resistance needs further study. The use
of antibiotics within 3 months prior to admission means that
the patient may have had repeated infections and antibiotic
exposure, thereby increasing the risk of the development of
antibiotic resistance. This conclusion is also consistent with
the findings in other studies.?®*’

Similar to a previous study, we found that indwelling
gastric tubes are an independent risk factor for CRKP
infection.”® Meta-analyses have shown that the use of
medical devices (including gastric tubes) had the highest
pooled estimate.'®** Many studies have shown that CRKP
can colonize the body, especially the gastrointestinal tract.
Patients with CRKP colonization in the gastrointestinal
tract are more likely to develop CRKP infections.’***
The majority of patients in the clinic with gastric tubes
have gastrointestinal dysfunction and poor nutritional sta-
tus and have a higher risk of intestinal translocation of
bacteria, including CRKP.

Mortality rates in patients with CRKP infections have
ranged from 24% to 65% in various studies.'!-'®-?%-2431.32
In the studies by Schwaber et al and Wang et al, CRKP
infection was found to be an independent risk factor for
mortality.'**? Our study had similar findings: patients with
CRKP infections had a relatively higher mortality rate and
a longer hospital stay.

Patients with CRKP infections who develop shock status
are considered critically ill. The mortality rate was signifi-
cantly higher in the patients who developed shock than in
those who did not. High creatinine levels were an indepen-
dent predictor of mortality in patients with nosocomial
CRKP infections. This finding was also reported in other
studies.'®!” It has been shown that factors such as underlying
illnesses and comorbidities significantly affect mortality in
patients infected with multidrug-resistant gram-negative
bacteria.>® In our study, the mean creatinine level in the
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Table 5 Univariable and Multivariable Analyses of In-Hospital Mortality in the Nosocomial CRKP Infection Group

Variable CRKP Non- CRKP Univariate Analysis Multivariate Analysis
Survivors (41) Survivors (101)
[n (%)] [n ()] P-value OR (95% CI) P-value OR (95% CI)
Demographics
Male 22 (53.7) 65 (64.4) 0.236 1.559 (0.747-3.257)
Female 19 (46.3) 6 (35.6)
Age (years), (mean, SD) 70.20+14.958 63.01£17.824 0.027 1.027 (1.003-1.052) 0.375 1.018 (0.979-1.059)
ICU stay within 3 months 31 (75.6) 63 (62.4) 0.134 1.870 (0.825—4.240)
Exposure to antibiotics within 3 months 14 (34.2) 47 (46.5) 0.179 0.596 (0.280-1.267)
Underlying diseases
Pulmonary disease 7 (17.1) 8 (7.9) 0.116 2.393 (0.806-7.103)
Cardiovascular disease 15 (36.6) 46 (45.5) 033 0.690 (0.327-1.455)
Liver disease 5(122) 9 (89) 0.553 1.420 (0.445-4.525)
Neurologic disease 12 (29.3) 34 (337) 0.612 0.815 (0.370-1.795)
Malignancy 3(7.3) 11 (10.9) 0.52 0.646 (0.171-2.447)
Diabetes mellitus 13 31.7) 26 (25.7) 0.471 1.339 (0.605-2.965)
Autoimmune diseases 1 (2.4) 4 (4.0 0.659 0.606 (0.066-5.593)
Emergency surgery within | month 16 (39.0) 59 (58.4) 0.038 0.456 (0.217-0.957) 0.870 0.912 (0.301-2.764)
Blood transfusion 18 (43.9) 31 (30.7) 0.136 1.767 (0.837-3.733)
Biochemical indicators
Albumin (g/L), (mean, SD) 30.85+3.33 32.12+4.50 0.105 0.929 (0.849-1.01¢6)
Prealbumin (mg/L), median (IQR) 83.8 (40.5, 129.0) | 114.0 (57.5, 201.0) 0.024 0.993 (0.988-0.999) 0.424 0.997 (0.989-1.005)
Creatinine (umol/L), median (IQR) 76.9 (44.9, 146.0) 59.8 (41.5, 88.9) 0.007 1.007 (1.002-1.012) 0.013 1.009 (1.002-1.016)
PCT (ng/mL), median (IQR) 1.3 (04, 6.7) 0.3 (0.1, 1.6) 0.098 1.028 (0.995-1.061)
APACHE Il score, (mean, SD) 17.0 (15.0, 22.5) 10.0 (7.5, 15.5) 0.177 1.015 (0.899-1.090)
Drainage tube
Thoracic drainage tube 5(12.2) 11 (10.9) 0.824 1.136 (0.369-3.502)
Abdominal drainage 12 (29.3) 37 (36.6) 0.404 0.716 (0.326—1.569)
Ventricular drainage tube 3(7.3) 3 (3.0 0.259 2.579 (0.498-13.332)
Central venous catheters 28 (68.3) 57 (56.4) 0.194 1.663 (0.773-3.578)
Arterial catheters 26 (63.4) 42 (41.6) 0.02 2.435 (1.152-5.148) 0.399 0.437 (0.064-2.996)
Tracheal cannula and mechanical ventilation 25 (61.0) 37 (36.6) 0.009 2.703 (1.281-5.703) 0.159 3.784 (0.594-24.120)
Foley catheter 38 (92.7) 81 (80.2) 0.079 3.128 (0.876-11.137)
Nasogastric tube 36 (87.8) 79 (78.2) 0.193 2.005 (0.703-5.718)
Intravenous nutrition 20 (48.8) 45 (44.5) 0.647 1.185 (0.573-2.453)
Kinds of antibiotic before positive culture
3rd- or 4th-generation cephalosporins 10 (24.4) 22 (21.8) 0.736 1.158 (0.493-2.724)
Carbapenems 17 (41.5) 48 (47.5) 0.512 0.782 (0.375-1.629)
B-Lactam/B-lactamase inhibitors 22 (53.7) 54 (53.5) 0.983 1.008 (0.487-2.087)
Fluoroquinolones 9 (22.0) 13 (12.9) 0.18 1.904 (0.743-4.880)
Glycopeptides 12 (29.3) 29 (28.7) 0.947 1.027 (0.462-2.284)
Antifungal medication 5(12.2) 8(7.9) 0.427 1.615 (0.495-5.264)
State at the time of a positive culture
Shock 20 (48.8) 11 (10.9) 0.001 7.792 (3.246-18.706) 0.013 4.454 (1.374-14.443)
Co-infection with other resistant bacteria 32 (78.1) 51 (50.5) 0.003 3.486 (1.511-8.043) 0.024 4.799 (1.229-18.740)
Appropriate definitive treatment 15 (36.6) 33 (32.7) 0.655 1.189 (0.556-2.541)

Abbreviations: CRKP, carbapenem-resistant Klebsiella pneumoniae; CSKP carbapenem-susceptible Klebsiella pneumonia; ICU, intensive care unit; SD, standard deviation;
IQR, interquartile range OR, odds ratio; Cl, confidence interval.

CRKP group was higher than that in the CSKP group.
Treatment for infections with CRKP often involves the use
of many different antibiotics. However, a higher creatinine

level limits the use of antibiotics, and the antibiotic doses
need to be reduced due to impaired renal function, resulting
in inadequate treatment. At the same time, patients with poor
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renal function have reduced bacterial toxin clearance, leading
to a more critical condition in these patients. Therefore,
patients with renal insufficiency have a relatively higher
mortality rate. Concomitant infections with other drug-
resistant bacteria constitute another important predictor of
mortality. In the past, few studies focused on patients co-
infected with CRKP and other drug-resistant bacteria. Mixed
infections with two or more drug-resistant bacteria are much
more difficult to control. We did not find an association
between the APACHE 11 score and mortality because of the
limited sample size.

The purpose of studies on nosocomial CRKP infections
is to provide a basis for the development of effective
control measures. In our hospital, CRKP infections are
concentrated in the specific departments listed above. In
these departments, CRKP transmission can be avoided by
implementing measures such as appropriate hand hygiene
protocols and environmental disinfection measures.
Meanwhile, pre-emptive contact isolation should be imple-
mented for patients who have used carbapenems and fluor-
oquinolones for a long time, were exposed to antibiotics
within 3 months prior to admission and have indwelling
nasogastric tubes. It is important to develop hospital-based
policies to minimize CRKP infections. Our data also pro-
vide an impetus to redouble our efforts to ensure the
rational usage of antibiotics and nasogastric tubes.

In recent years, an increasing number of studies have
focused on active screening for CRKP. Through active
screening in higher-risk departments or higher-risk
patients, we can achieve early detection, isolation and
intervention. The US CDC also suggested that the decision
to implement active screening for CRKP should be based
on local epidemiological conditions. In our hospital, noso-
comial CRKP infections tend to occur in specific depart-
ments and patients with risk factors. This suggests that
those departments should actively screen for CRKP. In
addition, given the growing problem of antibiotic resis-
tance and the identification of nosocomial infections with
carbapenemase-resistant strains of Klebsiella pneumoniae,
studies have increasingly focused on the possibility of
using natural substances to combat multidrug-resistant
Klebsiella pneumoniae>*>’

In summary, this retrospective study was performed to
evaluate the risk factors for and clinical outcomes of noso-
comial CRKP infections in China. Exposure to carbapenems
and fluoroquinolones within 3 months and the presence of
a nasogastric tube were independent risk factors for CRKP
infections. Patients infected with CRKP had higher 30-day

and in-hospital mortality rates. Higher creatinine levels,
shock state and co-infection with other resistant bacteria
were independent predictors of in-hospital mortality in
patients with CRKP infections. However, we should note
several limitations of our study. First, it was a single-centre
study with a relatively small and non-stratified sample.
Prospective, multicentre and large-sample clinical trials are
needed. Second, a molecular epidemiological investigation
of CRKP was not carried out, although different drug resis-
tance mechanisms may influence the clinical outcomes.
Therefore, we will perform molecular epidemiological inves-
tigations in future studies.
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