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Introduction: Carbapenem-resistant Klebsiella pneumoniae (CRKP) infection has recently gained worldwide interest due to limited
treatment options and high morbidity and mortality rates. The aim of this study was to determine the risk factors of carbapenem-
resistant K. pneumoniae (CRKP) infection in older adult patients.

Material and Methods: This retrospective, single-center study included 132 patients with healthcare-associated CRKP infection (case
group) and 150 patients with healthcare-associated carbapenem-susceptible K. pneumoniae (CSKP) infection (control group), aged > 65 years.
Results: In the CRKP and CSKP groups, 79 (59.8%) and 80 (53.3%) patients were males, and the mean ages were 77.8 + 7.8 and 76.6
+ 7.7 years, respectively. Diabetes mellitus (DM), malignancy, cardiovascular diseases (CVDs), surgical intervention, invasive
mechanical ventilation, central venous catheter insertion, parenteral nutrition, hospitalization in the previous 6 months, antibiotic
use in the previous 3 months, and exposure to cephalosporins, fluoroquinolones, and carbapenems were significantly more common in
the CRKP than the CSKP group (all p < 0.05). The multivariate logistic regression analysis identified malignancy, CVDs, DM,
invasive mechanical ventilation, hospitalization in the previous 6 months, ICU admission, and exposure to cephalosporins, quinolones,
and carbapenems as independent risk factors for CRKP infection in older adult patients.

Conclusion: DM, malignancy, CVDs, ICU admission, invasive mechanical ventilation, and exposure to ceftriaxone, fluoroquino-
lones, and carbapenems were independent risk factors for CRKP infection in older adult patients. The identification of risk factors for
CRKP infection can help to prevent and treat CRKP infection.
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Introduction

Carbapenem-resistant Gram-negative bacteria, mainly Klebsiella pneumoniae, are an emerging cause of healthcare-associated
infections (HAI) that pose a important threat to public health."? The percentage of K. pneumoniae infections resistant to
carbapenems continues to rise, with proportions exceeding 50% in parts of the Europe and Eastern Mediterranean.>> CRKP
infection is difficult to treat, as carbapenems are generally considered antibiotics of last resort for serious K. pneumoniae
infections. Genes that cause carbapenem resistance are present in K. pneumoniae, rendering nearly all available treatment options
ineffective. Mortality rates reach 33—-50% in patients infected with CRKP in different parts of the world, which is significantly
higher than the death rate caused by CSKP infection.”* Therefore, prevention of CRKP infection is important not only to avoid

poor prognosis and even death, but also to prevent widespread transmission of carbapenem resistance via transferable genetic

6,7
factors.
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The most common risk factors for CRKP are hospitalization and broad-spectrum antibiotic use, especially carbape-
nem. Identification of the risk factors for CRKP and isolation of patients with these risk factors are essential for
preventing the spread of CRKP. Furthermore, the identification of CRKP carriers with active surveillance cultures can
be used to control CRKP spread.® The antimicrobial resistance patterns can guide empirical antibiotic treatment to
prevent inappropriate antibiotic use and decrease the development of resistance.

Advancements in the medical sciences (eg, organ transplant and cancer and stem cell treatments) have led to an increase in
life expectancy. Older patients are prone to infections due to the effects of environmental factors and chronic changes to the
genetic structure. The classical signs and symptoms of infection are absent or indistinct in older adults, which leads to delayed
diagnosis and frequent and inappropriate antibiotic use. Inappropriate antibiotic use leads to resistance of pathogens in older
patients, which causes prolonged hospitalization and increased mortality rates and treatment costs.”

There have been many studies investigating CRKP risk factors. Some of these have compared CRKP infections with
CSKP infections, while some studies have compared patients without CRKP infections. There are studies investigating the
risk factors for CRKP infection in special patient groups such as neonatal intensive care units, COVID-19 intensive care
units, hematological malignancies, transplant patients, and pediatric patients.'®”'> However, despite all these increasing
numbers of studies, no study is investigating the risk factors for CRKP infection in the elderly population. This article is the
first study to investigate risk factors for CRKP infection in the elderly population. The aim of this study was to examine
CRKP HAI rates and risk factors in older patients admitted to the Konya Training and Research Hospital, Turkey.

Materials and Methods

Study Design

This retrospective case-control study was conducted at Konya Training and Research Hospital, a large tertiary hospital.
The study was approved by the Local Ethics Committee of Konya Training and Research Hospital of University of
Health Sciences (no: 08/01/2019/28-20) and conducted in accordance with the Declaration of Helsinki (1964). A total of
462 patients were enrolled based on the inclusion criteria and 180 were excluded for reasons shown in Figure 1.
Consequently, 282 patients with confirmed K. pneumoniae infection were finally enrolled in the study.

Patients

We included patients with HAI who were aged > 65 years and hospitalized in the ICU or medical or surgical clinics
between January 1, 2015, and September 30, 2019, and followed up for at least 48 h after CRKP culture growth. Patients
with multiple CRKP infections were only included once.

Control Group
The control group included patients with HAI who were aged > 65 years and hospitalized for at least 48 h after CSKP culture
growth.

Microbiological Examination

The isolated microorganisms were identified using conventional methods and the VITEK2 Compact® (bioMérieux,
Marcy I’Etoile, France) automated system. Antibiotic susceptibilities were tested using the disc diffusion method based
on the 2017 Clinical and Laboratory Standards Institute criteria.'® Strains with carbapenem (imipenem and meropenem)
resistance on the disc diffusion test and reduced sensitivity were included in the study.

Data Collection

The infection control committee carried out daily surveillance visits of the hospital. Data from the National Hospital Infections
Surveillance and Control Unit and microbiology laboratory were used to identify the cases. In accordance with the Centers for
Disease Control and Prevention guidelines,'” the National Healthcare Safety Network criteria were used to diagnose region-
specific infections in the case and control groups. Age, gender, clinical or ICU follow-up data, hospitalization and infection-related
diagnoses, causative agent and antibiotic susceptibility thereof, and risk factors for infection were recorded. The risk factors for
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462 patients with
klebsiella infections

180 patients were excluded
149 <65 years old
19 other klebsiella species
12 multiple episodes

282 patients were

included
132 carbapenem 150 carbapenem
resistant susceptible
K. pneumaniae K. pneumaniae

Figure | Flow chart of screening of patients. Inclusion and exclusion criteria were strictly applied during screening.

infection included DM, CVDs, chronic renal failure (CRF), chronic pulmonary disease, malignancy, neurological disease, history
of ICU admission or hospitalization in the previous 6 months, antibiotic use in the previous 3 months, antibiotics used before the
infection, presence of a central venous or urinary catheter, hemodialysis, parenteral nutrition, and surgical or invasive intervention.
Tracheostomy, percutaneous endoscopic gastrostomy, and invasive mechanical ventilation were considered invasive interven-
tions. Antibiotic use during the pre-infection period was defined as the use of antibiotics for at least 3 days during the current
hospitalization.

Statistical Analysis

Data were analyzed using SPSS software (version 22.0; IBM Corp., Armonk, NY, USA). Continuous and categorical variables are
presented as mean + standard deviation (SD) and number (n) with percentage (%), respectively. Independent Samples #-test and
chi-square test were used to evaluate continuous and categorical data, respectively. Univariate and multivariate logistic regression
analyses were used to identify risk factors for CRKP. Variables with p-value < 0.1 in the univariate analysis were included in the
forward, stepwise multivariate logistic regression analysis. p < 0.05 was considered statistically significant.
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Results

General Characteristics of Patients

The study included 132 and 150 patients with CRKP and CSKP, respectively. In total, 79 (59.8%) and 80 (53.3%) participants
were males, and the mean ages were 77.8 + 7.8 and 76.6 + 7.7 years, in the case and control groups, respectively. The durations
of hospital stay before infection were 43.2 and 39.2 days in the case and control groups, respectively. In the CRKP group,
75.7% (n=100), 16.7% (n = 22), and 7.6% (n = 10) patients were admitted to the ICU, medical clinics, and surgical clinics,
respectively. In the CSKP group, 80% (n=120), 10% (n = 15), and 10% (n = 15) of patients were admitted to the ICU, medical
clinics, and surgical clinics, respectively. The age, gender, and mean duration of hospital stay before infection were not
significantly different between the case and control groups (p = 0.288, p =0.362, and p = 0.412, respectively). No significant
difference was observed in the proportion of patients with CRF, chronic lung disease, or neurological disease between the
groups. DM (p = 0.019), malignancy (p < 0.001), CVD (p = 0.016), surgical intervention (p < 0.001), invasive mechanical
ventilation (p = 0.034), central venous catheter insertion (p = 0.036), parenteral nutrition (p = 0.024), history of hospitalization
in the previous 6 months (p = 0.021), ICU stay (p = 0.001), history of antibiotic use in the previous 3 months (p = 0.025), and
exposure to cephalosporins, fluoroquinolones, and carbapenems (p < 0.001 for each) were significantly more common in the
CRKP group than the CSKP group. The demographic and clinical characteristics of patients are summarized in Table 1.

Bacterial growth was mainly observed in the respiratory tract samples of both the CRKP and CSKP groups (Table 2).

Table | Demographics and Clinical Characteristics of Patients in the CRKP and CSKP Groups

Characteristics (n, %/Mean £ SD) CRKP CSKP P value
n=132 n =150
Demographic
Age (y) 77878 766 £7.7 0.288*
Sex (male) 79 (59.8) 80 (53.3) 0.362
Mean length of stay before infection (days) 432 39.2 0412
Comorbidity
Diabetes mellitus 27 (20.5) 18 (12.0) 0.019"
Chronic renal failure 19 (14.4) 14 (9.3) 0.291
Chronic pulmonary disease 40 (30.3) 36 (24.0) 0.332
Malignancy 40 (30.3) 7 (4.7) < 0.001
Nervous system diseases 49 (37.1) 53 (35.3) 0.820
Cardiovascular diseases 30 (22.7) 14 (9.3) 0.016
Procedures performed
Surgery 42 (31.8) 19 (12.7) < 0.001
Invasive mechanical ventilation 90 (68.2) 80 (53.3) 0.025
Central venous catheter insertion 110 (83.3) 103 (68.7) 0.036
Urethral catheter insertion 129 (97.7) 144 (96.0) 0.476
Parenteral nutrition 88 (66.7) 72 (48.0) 0.024
Hemodialysis 15 (11.4) 12 (8.0) 0.441
Tracheostomy 31 (23.5) 36 (24.0) 0.933
Percutaneous endoscopic gastrostomy 15 (11.4) 20 (13.3) 0.676
Prior hospitalization (previous 6 months) 39 (29.5) 24 (16.0) 0.021
ICU admission 46 (34.8) 28 (18.7) 0.001
Prior antibiotic use (previous 3 months) 77 (58.3) 62 (41.3) 0.025
Antibiotic treatment before Klebsiella infection
B-lactam and P-lactamase inhibitér combination 40 (30.3) 36 (24.0) 0.332
Cephalosporins 114 (86.4) 42 (28.0) < 0.001
Fluoroquinolones 113 (85.6) 10 (6.7) <0.001
Carbapenems 95 (72.0) 20 (13.3) <0.001
Glycopeptides 59 (44.7) 50 (33.3) 0.110
Linezolid 41 (31.0) 41 (27.3) 0.357

Notes: Bold indicates p values <0.05 are statistically significant. *Independent Samples t-test (data were shown as mean * standard
deviation). T? test (data were shown as number and percentage).
Abbreviations: CRKP, Carbapenem-resistant K. pneumoniae; CSKP, Carbapenem-susceptible K. pneumoniae; ICU, Intensive care unit.
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Table 2 Sources of Culture Samples

Source (n)

CSKP** (n = 150)

Urine

Blood/intravenous line

Respiratory system

Wound/skin/soft tissue

Surgical site

CRKP* (n = 132)

18 3
72 48
24 35
I 12
7 24

Notes: *Carbapenem-resistant K. pneumoniae. **Carbapenem-susceptible K. pneumoniae.

Risk Factors for CRKP Infection

The results of the univariate and multivariate logistic regression analyses are shown in Table 3. In univariate regression

analysis, malignancy, CVDs, DM, central venous catheter insertion, invasive mechanical ventilation, parenteral nutrition,

surgical intervention, history of hospitalization in the previous 6 months, ICU admission, history of antibiotic use in the

previous 3 months, and exposure to cephalosporins, quinolones, and carbapenems were risk factors for CRKP infection.

Variables with p-value < 0.1 in the univariate analysis were included in the forward, stepwise multivariate logistic

Table 3 Logistic Regression Analysis of Risk Factors for Carbapenem-Resistant K. pneumoniae Infection (n = 282)

Univariate Analysis Multivariate Analysis

Variables OR 95% CI p OR 95% CI p
Gender (male vs female) 1.101 0.695—-1.746 0.681

Hypertension (yes vs no) 1.264 0.659-2.424 0.482

Chronic kidney disease (yes vs no) 1131 0.549-2.327 0.739

Malignancy (yes vs no) 7.708 3.654-16.260 <0.001 2.547 1.345-7.620 0.019
Chronic pulmonary disease (yes vs no) 1.184 0.642—1.855 0.168

Neurological disorder (yes vs no) 1.352 0.797-3.058 0.760

Cardiovascular disease (yes vs no) 2.562 1.220-5.378 0.013 1.977 1.126-3.795 0.032
Diabetes mellitus (yes vs no) 3.184 1.422-8.249 0.008 2311 1.279-5.088 0.021
Urinary catheter (yes vs no) 1.728 0.810—4.455 0.137

Central venous catheter (yes vs no) 2.934 1.170-5.890 0.011 1.286 0.852-2.767 0.086
Invasive mechanical ventilation (yes vs no) 3.014 1.472-7.974 0.003 2.492 1.114-4.768 0.038
Hemodialysis (yes vs no) 1.351 0.641-3.915 0.096 1.084 0.473-2.034 0.271
Total parenteral nutrition (yes vs no) 1.841 1.137-2.769 0.034 1.177 0.809-1.921 0.122
Tracheostomy (yes vs no) 1.237 0.717-2.134 0.446

Percutaneous endoscopic gastrostomy (yes vs no) 1.122 0.503-1.674 0.589

Surgical intervention (yes vs no) 2.114 1.191-4.338 0.029 1.312 0.887-2.965 0.102
History of hospitalization in the previous 6 months 4.943 1.827-12.417 0.010 2.322 1.365-5.686 0.026
Intensive care unit admission 4.596 1.728-10.646 0.012 2.168 1.213-3.977 0.033
Antibiotic use in previous 3 months 3.488 1.562-9.650 0.024 1.362 0.586—4.028 0.092
Cephalosporin use (yes vs no) 5.114 1.601-17.872 < 0.001 3.048 1.412-9.126 0.008

(Continued)
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Table 3 (Continued).

Univariate Analysis Multivariate Analysis

Variables OR 95% ClI ) OR 95% ClI P
Carbapenem use (yes vs no) 4.450 1.309-12.313 0.002 2.646 1.204-8.312 0.014
Glycopeptide use (yes vs no) 2.102 0.791-9.566 0.128

Quinolone use (yes vs no) 6.531 1.818-19.036 < 0.001 4.112 1.588-14.746 0.005
Piperacillin-Tazobactam use (yes vs no) 2.661 0.615-13.001 0.116

Colistin use (yes vs no) 1.960 0.405-8.238 0.131

Linezolid use (yes vs no) 1.579 0.381-7.205 0.282

Note: Bold indicates p values <0.05 are statistically significant.

regression analysis. Multivariate logistic regression analysis identified malignancy (odds ratio [OR] = 2.547, 95%
confidence interval [CI] = 1.345-7.620, p = 0.019), CVDs (OR = 1.977, 95% CI = 1.126-3.795, p = 0.032), DM (OR =
2.311,95% CI=1.279-5.088, p = 0.021), invasive mechanical ventilation (OR =2.492, 95% CI =1.114-4.768, p =0.038),
history of hospitalization in the previous 6 months (OR =2.168, 95% CI = 1.213-3.977, p = 0.033), ICU admission (OR =
2.168, 95% CI = 1.213-3.977, p = 0.033), cephalosporin exposure (OR = 3.048, 95% CI = 1.412-9.126, p = 0.008),
quinolone exposure (OR =4.112, 95% CI = 1.588-14.746, p = 0.005), and carbapenem exposure (OR = 2.646, 95% CI =
1.204-8.312, p = 0.014) as risk factors for CRKP infection (Table 3).

Discussion

In the CRKP group, DM, malignancy, CVDs, surgical intervention, invasive mechanical ventilation, central venous
catheter insertion, parenteral nutrition, history of hospitalization in the previous 6 months, antibiotic use in the previous 3
months, and exposure to cephalosporins, fluoroquinolones, and carbapenems were significantly more common than in the
CSKP group. In multivariate logistic regression analysis, malignancy, CVDs, DM, invasive mechanical ventilation,
history of hospitalization in the previous 6 months, ICU admission, and exposure to cephalosporins, quinolones, and
carbapenems were independent risk factors for CRKP infection in older patients.

Older adult patients are susceptible to infections due to age-related decline in immune function, age-related structural
and functional changes in the organs, malnutrition, and comorbidities.'® Infection is the primary cause of death in one-
third of individuals aged 65 years or older and contributes to the death of many others. Infection has a significant impact
on morbidity in older adults, causing functional decline and exacerbating underlying diseases.'” A high degree of clinical
suspicion is required to identify infections in older patients because they may not have fever and may present with
atypical symptoms (eg, delirium).

The relationship between antibiotic exposure and resistance is well documented. In the present study, exposure to
cephalosporins, fluoroquinolones, and carbapenems was a risk factor for CRKP infection. In previous studies, the use of
cephalosporins, fluoroquinolones, antipseudomonal penicillin, and carbapenems was a risk factor for CRKP infection.?’ 2
The development and spread of antibiotic resistance are related to the antibiotic pressure applied to the microbial
environment and exposure to different antibiotic concentrations. Antibiotic pressure leads to the selection of resistant
strains, spontaneous genetic variation, and bacterial survival. The presence of more than one antibiotic in the bacterial
domain creates pressure, which results in the selection of bacteria with multiple resistance mechanisms. Therefore, bacteria
regulate the resistance mechanisms to survive in varying environmental conditions and increase the mutation rate during
stressful situations.** Fluoroquinolone exposure leads to selective pressure that causes excessive proliferation of insensitive
strains or facilitates the activation of internal mechanisms that confer resistance to more than one antibiotic class.”' Long-
term use of carbapenems disrupts the micro-ecological balance of human body, which inhibits or kills a large number of
CSKP, thereby increasing CRKP growth. In addition, K. pneumoniae carbapenemase production leads to carbapenem
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resistance. Long-term use of carbapenems triggers the production of acquired K. prneumoniae carbapenemase, which
hydrolyzes penicillin, cephalosporins, and carbapenems, thereby reducing their antimicrobial effects.”> Unnecessary
antibiotics in the older population are most commonly advised for urinary tract infections (asymptomatic bacteriuria),
acute gastroenteritis, and upper respiratory tract infections.”® Antimicrobial exposure in older patients can be reduced by
avoiding antibiotics for asymptomatic bacteriuria and during end-of-life treatment, as well as prescribing antibiotics for the
shortest effective duration.?’®

In the present study, DM, CVDs, and malignancy were independent risk factors for CRKP infection in the older
patients. The incidence of these diseases increases with age. Previous studies have shown that DM, immunosuppression,
solid tumors, and hematological malignancy increase the risk of CRKP infection.?**>**3* Patients with malignancy are
at a significantly increased risk of CRKP infection due to immunosuppression and a high incidence of antibiotic use. In
contrast to the current study, a previous study reported that malignancy was protective against CRKP infection, especially
in patients hospitalized under isolation conditions.”’

Diabetic patients are more prone to developing infections due to abnormal vascularity, autonomic function, cell-mediated
immunity, and phagocytic function.>* Patients with CVDs may be at an increased risk of CRKP infection due to frequent
hospitalizations and invasive interventions. Older patients with chronic diseases (eg, chronic obstructive pulmonary disease,
DM, and heart failure) have immune dysfunction, which results in susceptibility to common infections.*

The average age and life expectancy of the population are increasing in many countries. Therefore, an increasing
number of older patients are being admitted to the ICU. Previous studies suggest that age is a restrictive factor for ICU
admission and determines treatment intensity.** In the present study, a history of ICU admission and hospitalization in the
previous 6 months were independent risk factors for CRKP infection. Many previous studies have also reported ICU
admission to be a risk factor for CRKP infection.’’**>> In patients admitted to the ICU, the risk of infection with
resistant microorganisms increases because of comorbidities, critical condition, frequent use of antimicrobials, and
invasive procedures. In addition, the empirical use of carbapenem in ICU patients increases the risk of CRKP.*¢

The current and previous studies have reported a relationship between invasive mechanical ventilation and CRKP.*?
Disrupted mucosal barrier due to invasive procedures causes colonization and allows entry of microorganisms into the
body, thereby increasing the risk of CRKP infection.®’

The present study had several limitations. Molecular analysis for resistance was not performed; therefore, information
regarding carbapenemase type was not available. In addition, CRKP colonization was not investigated. Because the study
was conducted at a single hospital, the results have limited generalizability. Finally, the study was conducted retro-
spectively; therefore, disease severity indexes and mortality could not be assessed.

Conclusion

Due to the increasing life expectancy, advanced life support, and widespread use of invasive interventions, older patients
are more frequently admitted to the hospital. This study investigated the risk factors for CRKP infection in older patients,
and found that DM, malignancy, CVDs, ICU admission, invasive mechanical ventilation, and exposure to ceftriaxone,
fluoroquinolones, and carbapenems were independent risk factors for CRKP infection. The identification of risk factors
for CRKP infection can help to prevent and treat CRKP infection.
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The data that support the findings are available from the corresponding author (Fatma Cdlkesen) upon reasonable request.

Ethics Approval

The study was approved by the Local Ethics Committee of Konya Training and Research Hospital of University of
Health Sciences (no: 08/01/2019/28-20) and conducted in accordance with the Declaration of Helsinki (2013). Patients’
demographic characteristics, medical history, and laboratory values were retrospectively collected from electronic
medical records. The ethics committee does not require patient consent for data from the electronic registry system
retrospectively. Data, photographs, etc. that may reveal the identity of the patients were not included in the article.
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