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Abstract
BACKGROUD To analyze the risk factors for acquiring multi-drug resistant
Klebsiella pneumoniae (MDR-Kpn).
METHODS Data were collected from patients who were admitted into a tertiary
teaching hospital in China from January 2018 to October 2020. Sensitive Klebsiella
pneumoniae (Kpn) was detected in 82 patients. After a period of treatment, 41 patients
were detected with MDR-Kpn, and they were designed as the MDR-Kpn group.
Another 41 patients always detected with sensitive Klebsiella pneumoniae were
assigned to the sensitive Kpn group. The baseline characteristics and clinical
parameters were compared between these two groups. Multivariate logistic regression
analysis were conducted to determine the risk factors for acquiring MDR-Kpn.
RESULTS The proportion of sex, history of smoking and department distribution had
no significant differences between these two groups. However, the patients with
chronic pulmonary diseases and neurological disorders were more likely to acquire
MDR-Kpn. It also showed longer hospital stay before the first detection of multi-drug
resistant Kpn in MDR-Kpn group than the hospital stay before the last detection of
sensitive-Kpn in sensitive Kpn group. Additionally, days of hospitalization, ICU stay,
days of drainage tube use, times of sputum suction, days of foley catheter use, days of
vascular catheter use between the twice detection (it represents the time interval
between first detection of sensitive-Kpn to first detection of resistant-Kpn in
MDR-Kpn group, and also represents the time interval between first detection of
sensitive-Kpn to last detection of sensitive-Kpn in sensitive Kpn group), were higher
in MDR-Kpn group. The results showed more categories of antimicrobials in patients
of acquiring MDR-Kpn, along with more days of using broad-spectrum
cephalosporins, fluoroquinolones and glycylcyclines, compared to non-transition
group. Multivariate logistic regression analysis showed that the number of
comorbidities, hospital stay before the first detection of multidrug-resistan Kpn
(MDR-Kpn group) or last detection of sensitive Kpn (Sensitive group), days of using



drainage tube and number of antimicrobial categories between the two detection were
independent risk factors of acquiring multidrug-resistance for Kpn.
CONCLUSION: The number of comorbidities, the hospital stay, the number of
antimicrobial categories, and days of using drainage tube were independent risk
factors for acquiring MDR-Kpn.
Key words: Klebsiella pneumoniae; Drug resistance; Transformation; Risk factors

1 Introduction
Klebsiella pneumonia (Kpn) is a common pathogen that causes a wide range of
nosocomial and community-acquired infections, and it accounts for more than 95% of
Klebsiella infections. When the host's immune system is compromised or skin tissue
is damaged, the pathogen can invade the host and cause infections through respiratory
tract, blood, urinary system, etc, resulting in prolonged hospital stay and increased
medical expense. What’s more, multi-drug resistant (MDR) strains of Klebsiella
pneumoniae has been increasingly detected in recent years, and it has become one of
the most important pathogens causing nosocomial infections (hospital-acquired
infection) and seriously threatened the lives of patients [1-2]. Clinically, carbapenem
antibiotics, with the advantages of broad antibacterial spectrum and strong
antibacterial activity, have become the main therapeutic drugs for Klebsiella
pneumoniae infection. However, along with more and more normalized application of
carbapenem antibiotics, the status of MDR-Kpn is getting worse, thus resulting in
more failure of clinical treatment and death [3]. Results from China Antimicrobial
Surveillance Network (CHINET) showed that the rate of carbapenems-resistant Kpn
rose from 3.6% in 2009 to 24.6% in 2018 [4]. Patients infected with
carbapenem-resistant Kpn usually progressed and deteriorated rapidly, with a high
mortality rate between 40% to 70%. Additionally, majority of carbapenem-resistant
Kpn were detected in critically ill patients from intensive care unit (ICU). The factors
including greater severity of disease and poor immune system in critically ill patients,
made them have a propensity to acquire carbapenem-resistant Kpn than those patients
from other departments, and carbapenem-resistant Kpn has become a critical risk
factor for hospital mortality [5]. Most studies focused on the relationship between the
acquisition of drug-resistant Kpn and the use of invasive procedures and antimicrobial
agents during whole hospitalization. In the current study, we set up a time point
segmentation of Klebsiella pneumoniae transforming from susceptibility to multiple
commonly used antimicrobial agents to multi-drug resistant Kpn (MDR-Kpn), and
focused on association between MDR-Kpn acquisition and various invasive operation
and treatment strategies during a specific period, and explored the susceptible risk
factors of acquiring multi-drug resistance for Kpn, and provided a more accurate
reference for MDR-Kpn prevention and control.



2 Methods
2.1 Study design and participants
This was a retrospective cohort study of hospitalized patients admitted to Xiangya
Hospital, Central South University from January 1, 2018 to October 31, 2020. The
patients were firstly detected with sensitive Klebsiella pneumoniae. After a period of
treatment, 41 patients were detected with multi-drug resistant Klebsiella pneumoniae,
and these patients were divided into MDR-Kpn group. Another 41 patients were still
detected with sensitive Klebsiella pneumoniae during the same period, and they were
assigned to sensitive Kpn group. This study’s protocol was reviewed and approved by
the Ethics Commission of Xiangya Hospital of Central South University, and the
written informed consent was obtained from each patients.

2.2 Data collection
Demographic (age and sex) and clinical data (smoking, comorbidities, length of
hospital stay, hospital stay from admission to first detection of MDR-Kpn or hospital
stay from admission to last detection of sensitive Kpn, period between the first
detection of sensitive Klebsiella pneumoniae and first detection of MDR-Kpn, and
period between the first detection of sensitive Klebsiella pneumoniae and last
detection of sensitive Kpn in the two groups respectively) were collected from the
electronic medical record system. The length of ICU stay, use of invasive mechanical
ventilation and tracheotomy, days of using ventilator and drainage tubes (including
abdominal drainage tube, ventricular drainage tube, thoracic drainage tube, anal canal
and wound drainage), days of using a gastric tube, times of sputum suction, and days
of using a foley catheter or a vascular catheter, were also collected. Additionally, the
data related to the use of antibiotics including the type and length of antimicrobial
agents used between the two samples of detection were obtained as well.

2.3 Measurements
The specimens (including sputum, blood, urine, etc) were collected, and the bacteria
were isolated, cultured and identified in accordance with the fourth edition of The
National Clinical Laboratory Operating Procedures. The bacterial strain identification
and drug susceptibility test were carried out using the automatic microbial
identification and analysis system (Vitek 2 Compact). The quality control strain
KLEbsiella pneumoniae ATCC700603 was purchased from the Clinical
Testing/Laboratory Center of the Ministry of Health and the drug susceptibility was
interpreted according to the 2019 American Association for Clinical Laboratory
Standardization (CLSIM100-S29).



2.4 Criteria for MDR-Kpn
If the isolated Kpn is not sensitive to three or more antimicrobial classes in eleven
classes of antimicrobial agents (including non-broad-spectrum cephalosporins,
broad-spectrum cephalosporins, penicillins, penicillins plus enzyme inhibitors,
carbapenems, monocyclic β-lactams, fluoroquinolones, tetracyclines, amino
Glycosides, folate metabolism inhibitors, glycylcyclines) for Kpn, it is defined as
MDR-Kpn [6]. Since Kpn is naturally resistant to pseudomonas penicillin and enzyme
inhibitors, these classes of antimicrobials are not included.

2.5 Statistical analysis
Continuous variables following a normal distribution were expressed as the mean and
standard deviation and analyzed using a Student’s t-test. In contrast, those with a
skewed distribution were presented as medians and interquartile ranges (IQR) and
analyzed using the Mann–Whitney U test. Categorical variables were summarized as
counts and proportions and evaluated using the Chi-square test. Multiple logistic
regression analysis was conducted to determine the risk factors for acquiring
multi-drug resistance of klebsiella pneumoniae. All statistical analyses and graphs
were generated using SPSS version 25.0 (IBM, United States), and a P-value <0.05
was accepted to be statistically significant.

3 Results
3.1 General information of the included patients
The characteristics of the included patients were summarized in Table 1. Sixty-four
males and 18 females were included and analyzed in the current study. The median
age was 53 years (range from 0 to 92 years) in MDR-Kpn group, and 55 years (rang
from 0 to 96 years) in sensitive group. The proportion of sex, history of smoking and
department distribution had no significant differences between these two groups.
However, the patients with comorbidities of chronic pulmonary diseases (P=0.02) and
neurological disorders (P=0.00) were more likely to acquire multidrug-resistant
Klebsiella pneumoniae.

3.2 Clinical parameters and treatment strategies of the included patients
The clinical parameters were compared between these two groups in Table 2, and the
results showed that patients in MDR-Kpn group had more underlying chronic
comorbidities (P=0.009) and treatments of blood transfusion (P=0.01). It also showed
longer hospital stay before the detection of resistant-Kpn in patients of MDR-Kpn
group than the hospital stay before the last detection of sensitive-Kpn in patients of
sensitive group (P=0.007). Additionally, days of hospitalization (P=0.000), ICU stay



between the twice detection (it represents the time interval between first detection of
sensitive-Kpn to first detection of resistant-Kpn in MDR-Kpn group, and also
represents the time interval between first detection of sensitive-Kpn to last detection
of sensitive-Kpn in sensitive group) (P=0.047), days of the drainage tube use
(P=0.013), times of sputum suction (P=0.033), days of foley catheter use (P=0.041)
and days of vascular catheter use (P=0.043) between the twice detection, were also
different between these two groups.

3.3 Analysis of the use of antimicrobial agents.
The analysis of the use of antibiotics during the twice detection between these two
groups was shown in Table 3. The results showed more types of antibiotics were used
in patients of MDR-Kpn group compared to sensitive group (P=0.00). Additionally,
patients in MDR-Kpn had more days of using broad-spectrum cephalosporins
(P=0.01), fluoroquinolones (P=0.03) and glycylcyclines (P=0.04).

3.4 Multivariate logistic regression analysis on risk factors of acquiring MDR-Kpn
Multivariate logistic regression was summarized in Table 4 after including the above
susceptible factors that were significantly different between these two groups. The
results showed that the number of comorbidities (OR 1.629, 95%CI 1.081-2.456),
hospital stay before the first detection of multidrug-resistan Kpn (MDR-Kpn group)
or last detection of sensitive Kpn (Sensitive group) (OR 1.045, 95%CI 0.998-1.095),
days of using drainage tube (OR 1.106, 95%CI 1.012-1.209) and number of
antimicrobial categories between the two detection (OR 2.228, 95%CI 1.279-4.094)
(it represents the time interval between first detection of sensitive-Kpn to first
detection of resistant-Kpn in MDR-Kpn group, and also represents the time interval
between first detection of sensitive-Kpn to last detection of sensitive-Kpn in sensitive
Kpn group) were independent risk factors of acquiring multidrug-resistance for Kpn.

4 Discussion
Klebsiella pneumoniae belongs to the most common strain of bacteria in the genus
Klebsiella bacillus, ranking the second in bloodstream infections and the first in
respiratory infection with hospital-acquired gram-negative bacteria [7-8]. Along with
the extensive and unreasonable use of antibiotics in recent years, multidrug-resistant
Klebsiella pneumoniae has be increasingly isolated, resulting in more difficulties of
controlling clinical infections and problems of public health around the world [9].
Previous studies reported that higher prevalence of MDR-Kpn was seen in ICU
patients, and those critically ill patients with long-term hospitalizations and older ages
had a propensity to acquire MDR-Kpn because of the decreased sensitivity to



antibiotics and weakened immune systems [10-11]. Carbapenems are the first choice
for the treatment of Klebsiella pneumoniae, and their broad antibacterial spectrum and
strong antibacterial activity make them become one of the important antibiotics for
the treatment of severe bacterial infections. However, with the extensive use of
multiple antimicrobials, the problem of carbapenem-resistant Kpn has emerged
become the biggest challenge for the treatment of Klebsiella pneumoniae around the
world [12].
The current study showed that the number of chronic comorbidities, hospital stay
before first detection of multidrug-resistant Kpn (MDR-Kpn group) or last detection
of sensitive Kpn (Sensitive Kpn group) , days of using drainage tube and the number
of antimicrobial categories between the two detection were independent risk factors of
acquiring multi-drug resistance for Kpn. Patients with MDR-Kpn had higher
prevalence of chronic pulmonary disease, which could explain that Kpn was the main
pathogen in patients with hospital or community-acquired gram-negative bacillus
pneumonia. A higher prevalence of neurological disorders was also observed in
patients with MDR-Kpn, since those patients with neurological disorders of
consciousness and mobility were more likely to be affected by MDR-Kpn. As many
patients have several pre-existing comorbidities, the multivariate logistic regression
analysis showed that the number of comorbidities was an independent risk factor of
acquiring multi-drug resistance for Kpn. Therefore, it could be deliberately concluded
that the patients with more comorbidities, greater severity and worse immunity, were
more likely to acquire the multi-drug resistance from sensitive Kpn.
Previous studies showed that the length of hospital stay was an important risk factor
of carbapenem-resistant Kpn infection [13]. Prolonged hospitalization, accompanied
with various operations and treatments, would make patients be more susceptible to
MDR-Kpn. However, previous retrospective investigations mainly focused on entire
course of hospital stay, and did not divided the phases of hospitalization based on the
timepoint of acquiring MDR-Kpn. In the current study, the patients in MDR-Kpn
group had significantly longer hospital stay than those patients in sensitive Kpn group.
Additionally, the hospital stay before the first detection of resistant-Kpn in MDR-Kpn
group was longer than the hospital stay before last detection of sensitive Kpn in the
control group, and the multivariate logistic regression analysis demonstrated it was an
independent risk factor of acquiring multi-drug resistance for Kpn. Therefore, it is
important and urgent to identify the patients with high risk of MDR-Kpn to reduce the
incidence of acquiring multi-drug resistance for Kpn and shorten hospital stay with
early and effective treatments [14].

Some studies have shown that the use of invasive medical procedure was an
independent risk factor of Kpn colonization or infection [15]. The use of urinary
catheter was an independent risk factor of multi-drug resistant bacteria infection in



ICU patients [16]. In addition, surgery damaged the skin barrier and provided more
chances for multi-drug resistant bacteria to invade into the bodies [16]. Long-term
tracheal intubation was more likely to form a biofilm on the inner wall of the artificial
airway, and increase colonization and infection of multi-drug resistant strains [17].
Long-term use of drainage tube always causes congestion and edema in surrounding
tissues, and makes it easier for bacteria to colonize and increases the risk of retrograde
infection and bloodstream infection [18]. Frequent maintenance also increases the
chance of invasive infections. In this study, we focused on the time and frequency of
using various invasive operations (including ventilators, urinary catheters, vascular
catheters, sputum suction, gastric tube and drainage tube). Although most above
variates had a significant difference between the patients with or without acquiring
MDR-Kpn, the multivariate regression analysis showed only the days of using
drainage tube was an independent risk factor for acquiring MDR-Kpn after adjusting
these confounding factors.

At present, the types of antimicrobials used in the treatment of Klebsiella
pneumoniae mainly include β-lactams, quinolones, aminoglycosides, glycylcyclines,
and polymyxins. Previous studies showed that the use of antibiotics, such as
cephalosporins, carbapenems and quinolones, was an independent risk factor for
acquiring MDR-Kpn [19-21]. In the present study, the data showed more days of
using broad-spectrum cephalosporins, fluoroquinolones and glycyrrhizin, and greater
number of antimicrobial categories in patients with MDR-Kpn. However, the
multivariate logistic regression analysis showed that only the number of antimicrobial
categories was an independent risk factor for acquiring MDR-Kpn after adjusting
those confounding factors. Sensitive Kpn is characterized with strong ability of
acquiring mutation and resistance, and it is more likely for patients to acquire
MDR-Kpn after a long-term use of various antibiotics. Therefore, using
antimicrobials prudently and reasonably would be the best way to reduce the chances
of acquiring MDR-Kpn.

Conclusions
Collectively, in the treatment of sensitive Kpn colonization or infection, physicians
should pay more attention to enhance the immunity of patient while treating their
primary disease. Various invasive treatments should be carefully and comprehensively
evaluated before the operation. It must be subject to the aseptic principles for invasive
procedure, and their regular maintenance and replacement. A comprehensive and
timely assessment is also required to help remove the drainage tube as soon as
possible. Active surveillance to identify MDR-Kpn is a recommended strategy for
early control and treatment of MDR-Kpn. When choosing combined antibiotics for
sensitive Kpn, physicians should pay more attention to the number of antimicrobial



categories.
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