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Higher Prevalence of Klebsiella pneumoniae Extended-Spectrum 
β-Lactamase in Patients on Renal Replacement Therapy

The prevalence of antibiotic resistance is higher in patients undergoing renal replacement 
therapy (RRT) than in patients who did not undergo RRT. We investigated the presence of 
KP (Klebsiella pneumoniae) in patients who underwent RRT. All data were collected 
retrospectively by accessing patient medical records from 2004 to 2011 for the culture 
results of all patients who were positive for KP. We grouped the patients by the presence of 
extended-spectrum β-lactamase (ESBL) into a KP ESBL(-) group (KP[-]) and a KP ESBL(+) 
group (KP[+]). In total, 292 patients (23.1%) were in the KP(+) group, and 974 patients 
(76.9%) were in the KP(-) group. A greater percentage of KP(+) was found in patients who 
underwent RRT (7.5%) than in patients who did not undergo RRT (3.2%) (OR, 2.479; 95% 
CI,1.412-4.352). A Cox’s hazard proportional model analysis was performed, and for 
patients with pneumonia, the risk of KP(+) was 0.663 times higher in patients who had 
lower albumin levels, 2.796 times higher in patients who had an inserted Levin tube, and 
4.551 times higher in patients who underwent RRT. In conclusion, RRT can be a risk factor 
for KP(+) in patients with pneumonia.
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INTRODUCTION

There is an increasing rate of antibiotic-resistant Klebsiella 
pneumoniae (KP) strains that produce extended-spectrum 
β-lactamase (ESBL). In an analysis of 4,668 cases of KP, ESBL 
was detected in 4.9%-45.4% of patients (1). In a prospective ob-
servational study, the rate of ESBL was 30.8%-43.5% (2). The 
rate of resistance to cefotaxime and ceftazidime, related to the 
production of ESBL, in Korea was approximately 30% in 2007 
and 40% in 2009. The number of antibiotic-resistant KP strains 
that produce ESBL has increased in recent years (3, 4). The 
known risk factors for KP infection are diabetes mellitus, alco-
holism, malignancy, hepatobiliary disease, chronic obstructive 
pulmonary disease and glucocorticoid therapy (5). The known 
risk factors for ESBL are the length of hospital stay, length of in-
tensive care unit (ICU) stay, use of central venous catheters, 
presence of gastrostomy, low birth weight, prior administration 
of antibiotics, prior stay in a long-term care facility, and use of 
urinary catheters (6-9). In patients with end-stage renal disease, 

uremia can result in immune dysfunction, which is associated 
with a higher rate of infection (10). The prevalence of antibiotic 
resistance was higher in patients who underwent renal replace-
ment therapy (RRT) than in patients who did not undergo RRT 
(11). 
 There have been few studies on the antibiotic resistance of 
KP in patients undergoing RRT. Those previous reports had a 
relatively small sample size, and observations were conducted 
for a short period of time (12). In this study, we investigated the 
incidence and mortality of KP ESBL in patients who underwent 
RRT.

MATERIALS AND METHODS

Populations
All data were collected retrospectively by accessing patient 
medical records from Seoul Paik Hospital from 2004 to 2011. 
We searched for patients who had tested positive for KP at any 
site. The medical records of 1,289 patients were reviewed. We 
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grouped those patients with KP by the presence of ESBL: an 
ESBL(-) KP group (KP[-]) and an ESBL(+) KP group (KP[+]). We 
collected data about patient demographics, clinical characteris-
tics, and laboratory results. We also searched for prescribed an-
tibiotics. We excluded patients who were KP(+) or KP(-) prior to 
RRT. To determine the outcome of KP, we examined the hospi-
talization period and mortality. We gathered the outcome re-
sults and all-cause mortality from the Statistics Korea. The relat-
ed factors that are associated with the Partial Acute Physiology 
Scores were reviewed. To determine the risk factors for ESBL, 
we collected data such as the use of corticosteroids, use of uri-
nary catheters, use of central venous catheters, prior use of anti-
biotics, RRT and intensive care. We checked for a history of dia-
betes mellitus, hypertension, chronic liver disease and mainte-
nance RRT. Subgroup analysis was done according to the pres-
ence of the code of ICD-10 (pneumonia, urinary tract infection, 
bloodstream infection ) or chest radiograph. We also checked 
for the prevalence of community-acquired pneumonia. 

Definitions
The culture site was defined as the result of the first ordered 
culture at any site. RRT was defined as when the patient had 
continuous RRT and/or hemodialysis during a hospitalization 
stay. Maintenance RRT was defined as when a patient was on 
hemodialysis for over three months. We searched for patients 
with pneumonia with a diagnosis code of ICD-10 (J18.9) and 
found the KP results in sputum cultures. Community-acquired 
pneumonia (CAP) was defined as when a patient had a diag-
nosed code of ICD-10 (J18.9), and the symptoms began before 
visiting the hospital, according to the patient’s medical records. 
Chronic liver disease was defined as when a patient had viral 
hepatitis, toxic hepatitis, malignancy and/or cirrhosis. Shock 
was defined as when the patient’s systolic blood pressure was 
below 90 mmHg or the diastolic blood pressure was below 60 
mmHg. Systemic inflammatory response syndrome was de-
fined as follows. This syndrome is identified when two or more 
of the following abnormalities are present (13): temperature 
> 38.5°C or < 35°C, heart rate > 90 beats/min, respiratory rate 
> 20 breaths/min or PaCO2 < 32 mmHg, WBC > 12,000 cells/
μL, < 4,000 cells/μL or > 10% immature (band) forms. The 
Partial Acute Physiology Score was defined as the Acute Physi-
ology Score in the APACHE II score with the use of the Glasgow 
Coma Scale. Corticosteroid use was indicated if corticosteroids 
were taken prior to hospital admission.

Statistical analysis
We used a Student’s t-test to compare continuous data and 
Fischer’s exact chi-square test for categorical data. The continu-
ous data were summarized as mean ± standard deviation val-
ues. We performed a univariate analysis on all data. A multiple 
logistic regression analysis was conducted to determine the in-

dependent nature of the risk factors after adjusting for other 
characteristics. Variables that were identified by the univariate 
analyses as potential risk factors were considered for inclusion 
in a multivariate logistic regression analysis. In the model of risk 
factors for KP(+), the association of variables with KP(+) was as-
sessed by the chi-square test for categorical data and a Stu-
dent’s t-test for continuous data. For outcome data, we used a 
Kaplan-Meier survival analysis. Cox proportional hazards re-
gression was used to identify important predictors of mortality 
during the follow-up period. Statistical analyses were per-
formed with SPSS 17.0 for Windows (SPSS Inc., Chicago, IL, 
USA). Two-sided P values were used in all statistical analyses, 
and the level of statistical significance was set at P < 0.001.

Ethics statement
This study was approved by the institutional review board of the 
Seoul Paik Hospital (IRB No. IIT-2012-349) and registered in 
ClinicalTrial.gov (NCT01612182). Informed consent was ex-
empted by the board.

RESULTS

Participants’ characteristics
A total of 1,266 patients were included in the study. There were 
292 patients (23.1%) in the KP(+) group and 974 patients (76.9%) 
in the KP(-) group. The gender proportion (female:male) was 
104:188 in the KP(+) group and 354:620 in the KP(-) group 
(P = 0.820). There was no difference in the mean age between 
the two groups (P = 0.194). Body mass index, heart rate, inten-
sive care, albumin, C-reactive protein, potassium level, RRT, 
maintenance RRT, white blood cell (WBC) count, total choles-
terol and Partial Acute Physiology Score were different between 
the two groups.
 The total number of patients who underwent RRT was 22 
(7.5%) in the KP(+) group and 31 (3.2%) in the KP(-) group (OR, 
2.479; 95% CI, 1.412-4.352). Among those patients, 21 under-
went maintenance RRT. A total of 32 patients underwent RRT 
because of acute kidney injury. The total number of patients 
who were diagnosed with pneumonia was 339 (26.8%). For the 
two groups, 102 patients (34.9%) in the KP(+) group and 237 
patients (24.3%) in the KP(-) group had pneumonia (OR, 1.669; 
95% CI, 1.260-2.212). The number of patients who were diag-
nosed with urinary tract infection was 33 (2.6%) (P = 0.871). 
The number of patients who were diagnosed with bloodstream 
infection was 15 (1.2%) (P = 0.129). In patients with pneumo-
nia, there was a difference in albumin levels between the two 
groups (P = 0.002); among these patients, 4 had undergone 
RRT (1.7%) in the KP(-) group and 13 had undergone RRT 
(11.6%) in the KP(+) group (OR, 1.935; 95% CI, 1.466-2.554). The 
clinical and demographic characteristics are shown in Table 1.
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Prevalence of KP at culture sites and percentage of 
antibiotics used initially
In blood cultures, KP(-) was present in 3.5% of patients, and 
KP(+) was present in 1.0% of patients. In respiratory cultures 
(sputum, bronchial aspiration, tracheal aspiration), KP(-) was 
present in 59.8% of patients, and KP(+) was present in 47.2% of 
patients. In urine cultures, KP(-) was present in 19.6% of pa-
tients, and KP(+) was present in 24.0% of patients. For all pa-
tients, the percentage using the 3rd generation cephalosporin 
as the first antibiotic was 43.4% in KP(-) patients and 45.3% in 
KP(+) patients. The proportion of all patients using carbapen-
em as the first antibiotic was 0.9% in KP(-) patients and 3.9% in 

KP(+) patients. In patients with pneumonia, the percentage us-
ing the 3rd generation cephalosporin as the first antibiotic was 
37.4% in KP(-) patients and 42.3% in KP(+) patients. The pro-
portion of all patients using carbapenem as the first antibiotic 
was 1.0% in KP(-) patients and 6.7% in KP(+) patients.

Risk factor of KP(+) in all patients and in patients with 
pneumonia
For all patients, the percentages of ICU stay, prior antibiotic use, 
corticosteroid use, use of a Levin tube, use of urinary and cen-
tral venous catheters, and referrals from other hospitals were 
higher in the KP(+) group than in the KP(-) group. For patients 
with pneumonia, the percentages of ICU stay, prior antibiotic 
use, corticosteroid use, use of a Levin tube, use of central cathe-
ters, and referrals from other hospitals were higher in the KP(+) 
group than in the KP(-) group (Table 2).

Multivariate risk factors for KP(+) in all patients and in 
patients with pneumonia
In all patients, the risk of KP(+) was 0.499 times higher in pa-
tients who had lower albumin levels, 2.493 times higher in pa-
tients who had an inserted Levin tube, 3.368 times higher in pa-
tients who had prior use of antibiotics, and 2.106 times higher 
in patients who had inserted central catheters. In patients with 
pneumonia, the risk of KP(+) was 4.551 times higher in patients 
who had RRT, 0.663 times higher in patients who had lower al-
bumin levels, and 2.796 times higher in patients who had an in-
serted Levin tube (Table 3).

KP and Outcomes 
In all patients, the KP(+) group had longer hospitalization peri-
ods (64.82 ± 75.01 days) than the KP(-) group (38.38 ± 54.76 

Table 1. Baseline characteristics between the KP(-) and KP(+) groups

Variables KP(-) (n = 974) KP(+) (n = 292) *P value

Age (yr) 64.02 ± 16.01 65.40 ± 15.69 0.194
F:M ratio (No.(%)) 354:620 (36.3, 63.7) 104:188 (35.6, 64.4) 0.820
Height (cm) 162.95 ± 8.79 163.15 ± 8.74 0.744
Weight (kg) 60.51 ± 18.18 58.37 ± 11.85 0.066
Body mass index (kg/m2) 22.74 ± 6.70 21.90 ± 3.45 0.047
Diabetes mellitus (No. [%]) 256 (26.3) 87 (29.8) 0.236
Diabetes mellitus duration (yr) 3.26 ± 7.29 3.58 ± 7.14 0.514
Hypertension (No. [%]) 408 (41.9) 131 (44.9) 0.367
Chronic liver disease (No. [%]) 57 (5.9) 13 (4.5) 0.359
Acute renal failure (No. [%]) 213 (21.9) 76 (26.0) 0.138
Maintenance RRT (No. [%]) 13 (1.3) 8 (2.7) < 0.001
RRT (No. [%]) 31 (3.2) 22 (7.5) 0.001
Heart rate 79.81 ± 13.23 83.82 ± 16.33 0.004
Respiration rate 22.42 ± 21.77 21.12 ± 8.5 0.493
Body temperature 36.80 ± 2.57 36.80 ± 0.47 0.392
Systolic blood pressure 122.11 ± 15.41 125.03 ± 21.89 0.081
Diastolic blood pressure 79.77 ± 49.54 75.83 ± 12.03 0.355
Shock (No. [%]) 6 (0.6) 5 (1.7) 0.077
SIRS (No. [%]) 119 (27.3) 53 (39.6) 0.007
Hemoglobin (g/dL) 12.23 ± 2.38 12.00 ± 2.35 0.147
Albumin (g/dL) 3.37 ± 0.72 3.10 ± 0.68 < 0.001
White blood cell count 10,117.2 ± 7,094.7 11,043.5 ± 6,173.7 0.046
Total cholesterol (mg/dL) 151.84 ± 52.73 141.63 ± 50.29 0.009
pH 7.41 ± 0.08 7.41 ± 0.06 0.810
PaO2 103.93 ± 44.32 106.89 ± 48.45 0.485
PaCO2 36.62 ± 7.88 36.39 ± 7.19 0.747
HbA1c 7.39 ± 1.93 7.09 ± 1.65 0.262
Serum creatinine (mg/dL) 1.29 ± 1.17 1.41 ± 1.38 0.171
Estimated GFR  
  (mL/min/1.73 m2)

62.15 ± 31.92 63.61 ± 44.57 0.606

C-reactive protein 6.42 ± 9.22 8.54 ± 9.89 0.002
Sodium (mEq/L) 136.57 ± 5.42 136.76 ± 5.72 0.603
Potassium (mEq/L) 4.09 ± 0.61 3.98 ± 0.62 0.004
Partial acute physiology score 8.19 ± 3.11 8.77 ± 3.03 0.005
Diagnosed with pneumonia
  (No. [%])

237 (24.3) 102 (34.9) < 0.001

Diagnosed with urinary tract
  infection (No. [%])

25 (2.6) 8 (2.7) 0.871

Diagnosed with bloodstream
  infection (No. [%])

14 (1.4) 1 (0.3) 0.129

*P value for comparisons between KP(-) and KP(+). SIRS, systemic inflammatory re-
sponse syndrome; estimated GFR, estimated glomerular filtration rate; RRT, renal re-
placement therapy, PaO2, O2 concentration in the peripheral artery; PaCO2, CO2 con-
centration in the peripheral artery.

Table 2. Prevalence of known risk factors for KP(+) in all patients

Variables KP(-) KP(+) P value

All Patients (No) 974 292 
Intensive Care Unit stay (No. [%]) 168 (17.3) 86 (29.5) < 0.001
Post-surgical state (No. [%]) 408 (41.9) 140 (47.9) 0.067
Prior receipt of antibiotics (No. [%]) 78 (8.0) 55 (18.8) < 0.001
Corticosteroid use (No. [%]) 240 (24.6) 113 (37.7) < 0.001
Use of Levin tube (No. [%]) 353 (36.2) 188 (64.4) < 0.001
Use of urinary catheter (No. [%]) 165 (16.8) 66 (22.8) 0.028
Use of central catheter (No. [%]) 130 (13.3) 93 (31.8) < 0.001
Referral from another hospital (No. [%]) 52 (5.3) 48 (16.4) < 0.001

Patients with pneumonia (No) 237 112 
Intensive Care Unit stay (No. [%]) 63 (26.6) 51 (45.5) < 0.001
Post-surgical state (No. [%]) 107 (45.1) 63 (56.2) 0.053
Prior receipt of antibiotics (No. [%]) 23 (9.7) 27 (24.1) < 0.001
Corticosteroid use (No. [%]) 80 (33.8) 55 (49.1) 0.006
Use of Levin tube (No. [%]) 105 (44.3) 79 (70.5) < 0.001
Use of urinary catheter (No. [%]) 31 (13.1) 21 (18.8) 0.165
Use of central catheter (No. [%]) 45 (13.8) 34 (30.4) 0.018
Referral from another hospital (No. [%]) 16 (6.8) 25 (22.3) < 0.001

KP(+), extended-spectrum beta-lactamase positive Klebsiella pneumoinae.
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days) (P < 0.001). In patients using carbapenem as the first anti-
biotic, the hospitalization periods were not different between 
groups. In patients who did not use carbapenem as the first an-
tibiotic, the hospitalization period was longer in the KP(+) group 
(66.50 ± 78.23 days) than in the KP(-) group (44.20 ± 58.67 days) 
(P < 0.001). In patients with pneumonia who used carbapenem 
as the first antibiotic, the hospitalization periods were not differ-
ent between groups. In patients with pneumonia who did not 
use carbapenem as the first antibiotic, the hospitalization period 
was longer in the KP(+) group (64.67 ± 77.75 days) than in the 
KP(-) group (41.83 ± 64.22 days) (P = 0.008). The rate of mortali-
ty for all patients was 49.5% in the KP(+) group and 36.6% in the 

KP(-) group (OR, 1.694; 95% CI, 1.301-2.207). The rate of mortal-
ity in patients with pneumonia was 58.9% in the KP(+) group 
and 44.7% in the KP(-) group (OR, 1.776; 95% CI, 1.126-2.802). 
 In Cox’s hazard proportional analysis for death, for all pa-
tients, the risk factors of death were a lower albumin level, low-
er CRP level, high systemic inflammatory response syndrome 
level and old age. For all patients with pneumonia, the risk fac-
tors of death were a lower albumin level, ICU stay, corticoste-
roid use and old age. For all patients with pneumonia who lived 
longer than three years, the risk factor of death was only main-

Table 3. Variables in the model of risk factors for KP(+)

Variables ß Wald P Value Exp(B)
95% CI for 

Exp(B)

All patients
Prior receipt of antibiotics 1.214 11.145 0.001 3.368 1.651-6.879
Albumin -0.694 10.734 0.001 0.499 0.330-0.757
Use of Levin tube 0.914 10.323 0.001 2.493 1.428-4.353
Use of central catheter 0.745 4.432 0.035 2.106 1.053-4.213

Patients with pneumonia
Renal Replacement Therapy 1.515 6.094 0.014 4.551 1.366-15.159
Albumin -0.411 4.871 0.027 0.663 0.460-0.955
Use of Levin tube 1.028 14.063 < 0.001 2.796 1.634-4.786

In all patients: adjusted variables included body mass index, heart rate, Intensive Care 
Unit stay, albumin, C-reactive protein, total cholesterol, K, Acute Physiology Score, 
SIRS, hospitalization period, corticosteroid use, use of Levin tube, use of urinary cath-
eter, prior receipt of antibiotics, referral from another hospital, use of central catheter, 
renal replacement therapy. In patients with pneumonia: adjusted variables included 
use of Levin tube, use of central catheter, prior receipt of antibiotics, corticosteroid 
use, albumin, referral from another hospital, hospitalization period, renal replacement 
therapy. CI: confidence interval.

Table 4. Independence risk factors for death as analyzed by Cox’s hazard proportion-
al model

Variables ß Wald RR 95% CI for Exp(B) P value

All patients
Albumin -0.695 16.158 0.499 0.356-0.700 < 0.001
CRP -0.032 5.857 0.969 0.944-0.994 0.016
SIRS 0.404 3.804 1.499 0.998-2.250 0.051
Age 0.041 26.111 1.042 1.026-1.058 < 0.001

Patients with pneumonia
Albumin -0.594 22.047 0.552 0.431-0.707 < 0.001
ICU care 1.279 57.809 3.593 2.584-4.997 < 0.001
Corticosteroid use 0.428 6.763 1.534 1.111-2.117 0.009
Age 0.017 6.955 1.017 1.004-1.030 0.008

Patients with pneumonia  
  who live longer than three years
Maintenance RRT 2.355 41.346 10.542 1.151-96.519 0.037

In all patients: adjusted variables included age, BMI, RRT, HR, SIRS, albumin, WBC, 
CRP, K, Acute Physiology Score, ICU, prior receipt of antibiotics, corticosteroid use, 
use of Levin tube, use of urinary catheter, use of central catheter, referral from anoth-
er hospital, admission duration, KP(+). In patients with pneumonia: adjusted variables 
included age, albumin, RRT, ICU, prior receipt of antibiotics, use of Levin tube, use of 
central catheter, albumin, referral from another hospital, admission duration, KP(+).
RR, relative risk.

Fig. 1. Kaplan-Meier analysis for the probability of being free of death. The probability of non-mortality in the KP(+) group was higher than that in the KP(-) group. The number 
below the figure is the number of patients at each time period. (A) In all patients, (B) in patients with pneumonia.
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tenance RRT (Table 4).
 In a Kaplan Meier survival analysis, the KP(+) group showed 
higher mortality in all patients (P = 0.001) and in patients with 
pneumonia (P = 0.001) (Fig. 1).

DISCUSSION

Body mass index (BMI) and albumin level are associated with a 
patient’s nutritional status (14, 15). Low BMI is also associated 
with the outcome of infection (14). When a patient has a mal-
nutrition status, immune cells show limited proliferation and 
reduced protein synthesis (16). Abnormal levels of serum albu-
min more often reflect an acute metabolic response to infection 
than a depletion of body mass (17). Increased catabolism of 
plasma proteins has also been suggested to explain hypopro-
teinemia following burns and infections (18). Hypoalbumin-
emia occurs due to the function of albumin because albumin is 
a major component of sulfhydryl groups, which remove free 
oxygen and nitrogen radicals (19). This may be an important 
function in the settings of sepsis and shock (14). In our study, 
patients in both groups had hypoalbuminemia, and the KP(+) 
group had lower serum albumin levels (P < 0.001). BMI was 
also lower in the KP(+) group than in the KP(-) group (P =  
0.047). The Acute Physiology Score without a Glasgow Coma 
Scale was higher in the KP(+) group than in the KP(-) group. Fi-
nally, the mortality rate was higher and the hospitalization pe-
riod was longer in the KP(+) group than in the KP(-) group. 
Overall, KP(+) induced severe infections, so the level of serum 
albumin in KP(+) group was lower than that of the KP(-) group.
 The recommended empirical antibiotics for community-ac-
quired pneumonia (CAP) are respiratory fluoroquinolone, 
β-lactam plus a macrolide for outpatients and inpatients, non-
ICU and ICU treatments. If Pseudomonas is a consideration, 
then piperacillin-tazobactam, cefepime, imipenem or merope-
nem plus ciprofloxacin or levofloxacin are recommended (20). 
However, the antibiotics that are recommended in the guide-
lines do not have an effect on KP(+) pneumonia, with the ex-
ception of carbapenem. The occurrence of methicillin-resistant 
Staphylococcus aureus and Pseudomonas aeruginosa is signifi-
cantly greater in Health Care-Associated Pneumonia (21). In 
long-term care facilities (LTCF) such as dialysis centers, there 
has been an increasing rate of multidrug-resistant Gram-nega-
tive infections (22). In our study, for patients with pneumonia, 
the prevalence in the KP(+) group was higher for RRT(+) than 
for RRT(-) (P < 0.001). Patients with maintenance RRT show a 
higher prevalence of KP(+). Thus, a question arises: when pa-
tients with RRT come to the hospital for pneumonia, despite 
the high prevalence of KP(+) pneumonia in RRT, should we still 
follow the treatment guidelines for pneumonia?
 Residence in an LTCF may be an important factor in the 
spread of antibiotic-resistant gram-negative bacteria among 

patient populations (23, 24). Resistance in those areas can oc-
cur through one of two situations. Exogenous acquisition oc-
curs through contaminated health care workers or environ-
mental surfaces, and the emergence of resistance in a previous-
ly susceptible gram-negative bacterium occurs through the use 
of antibiotics (23). In endogenous acquisition, long-term hospi-
talized patients and those arriving from nursing homes have 
been exposed to more extensive prior antibiotics coverage (1). 
In particular, dialysis centers can be LTCFs, so exogenous ac-
quisition might explain the higher prevalence in those environ-
ments. In the present study, in patients with pneumonia, we 
could not detect a difference in KP(+) prevalence between 
those with maintenance RRT and those without maintenance 
RRT. However, the patients with RRT including maintenance 
RRT showed a higher prevalence of KP(+).
 The known risk factors for KP infection are diabetes mellitus, 
alcoholism, malignancy, hepatobiliary disease, chronic ob-
structive pulmonary disease and glucocorticoid therapy (5). 
The known risk factors for KP ESBL are corticosteroid use, per-
cutaneous tube and prior receipt of antibiotics (7, 8). In patients 
with renal insufficiency, uremia can be detrimental to the im-
mune system and is associated with a higher prevalence of in-
fection. The prevalence of antibiotic resistance in patients who 
underwent RRT was higher than in other patients who did not 
undergo this treatment (25). Therefore, the risk factors for KP in 
patients with end-stage renal disease can be modified. In a pre-
vious study of ESBL organisms, renal insufficiency (serum cre-
atinine > 3.0 mg/dL) was a risk factor for ESBL (26). In a study 
of patients with end-stage renal disease, the researchers found 
no evidence that RRT was a risk factor for ESBL (25). We suggest 
that the cause of that finding was the relative small study sam-
ple size (27). In our results for all patients, the risk of KP(+) was 
higher in patients who had prior receipt of antibiotics, lower al-
bumin levels, use of Levin tubes, and use of central lines not in-
cluding RRT. In patients with pneumonia, RRT, lower albumin 
level and use of Levin tubes were risk factors for KP(+). In more 
limited criteria of infection, such as that of pneumonia, RRT 
can be a risk factor for KP(+). In addition, in cases of implanted 
Levin tubes, exogenous transmission can be a cause. After en-
teral nutrition bags are used, nurses wash the bags in one bottle 
and dry them in one place. This practice can be one cause of KP 
transmission.
 For the consideration of ESBL risk on death, the precautions 
should be done especially in end stage renal disease (ESRD) 
patient on hemodialysis. The infection risk for ESBL was higher 
in ESRD patient on hemodialysis. The reasons are as follows. 
There is the increased susceptibility on the infection with de-
creased immunity in those patients. They can have more 
chance to have central venous catheter for dialysis and more 
chance to take antibiotics. In addition, the dialysis center is just 
like LTCF, so bacterial transmission can be occurred easily. So 
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for the prevention of ESBL infection, the patient who has ESBL 
infection should have dialysis in isolated room. The patients 
and health care professionals should wash the hands before 
and after hemodialysis. Especially, the health care professionals 
should wear gown, glove and face mask before procedures. The 
companion of the patient should be kept out of the dialysis cen-
ter to prevent transmission (28). If possible, the distance of bed 
should be over 3.6 m to prevent transmission according to rec-
ommendation (29).
 The present study was limited by its retrospective design, 
which may produce a selection bias. And the irrespective of sta-
tistical significance, the number of the patients who have dialy-
sis is small. Our hospital is a third referral facility, so the infor-
mation about pre-receipt antibiotics was not fully surveyed. In 
addition, the Acute Physiology Score not including the Glasgow 
Coma Scale did not fully explain the severity of various medical 
conditions.
 In all patients, the risk factors for KP ESBL(+) are prior receipt 
of antibiotics, hypoalbuminemia, use of a Levin tube and use of 
central catheters. In patients with pneumonia, the risk factors 
for KP ESBL(+) are RRT, corticosteroid use and use of Levin 
tubes. Therefore, RRT can be a risk factor for KP ESBL(+) in pa-
tient with pneumoina.
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