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Risk factors for the colonization of carbapenem-resistant
Enterobacteriaceae in patients transferred to a small/medium-size

hospital in Korea: a retrospective study
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Purpose: This study aimed to identify the colonization rate of carbapenem-resistant Enterobacteriace-
ae (CRE), the characteristics of CRE isolates, and risk factors for CRE colonization in patients trans-
ferred to the general wards of a small/medium-sized hospital.

Methods: This retrospective study was conducted on patients who underwent CRE culture tests within
24 hours of admission among patients transferred to a small/medium-sized hospital. Forty-seven pa-
tients confirmed as positive for CRE were classified as belonging to the patient group. For the control
group, 235 patients (five times the number of the patient group) were matched by sex, age, and diag-
nosis, and then selected at random. Data were analyzed using descriptive analysis and multiple logistic
regression analysis.

Results: The CRE colonization rate was 5% (47 out of 933 patients), and Klebsiella pneumoniae
(68.0%) was the most common isolate of CRE. The positivity rate of carbapenemase-producing En-
terobacteriaceae was 61.7%. The risk factors for CRE colonization included renal disease (odds ratio
[OR]=4.93; 95% confidence interval [Cl], 1.49-16.31), heart disease (OR=3.86; 95% Cl, 1.35-11.01), in-
dwelling urinary catheters (OR=4.43; 95% Cl, 1.59-12.36), and cephalosporin antibiotic use (OR=8.57;
95% Cl, 1.23-59.60).

Conclusion: Having a comorbid renal or cardiac disease, an indwelling urinary catheter, or a history of
exposure to cephalosporin antibiotics could be classified as risk factors for CRE colonization in patients
transferred to small and medium-size hospitals. It is necessary to perform active infection control
through proactive CRE culture testing of patients with risk factors.
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3) CRE f-70f ¥ 1A= 8212 Multiple logistic regression
analysisE AAISIAT. dl/dAe] 544 W& CRE E-&9]
Rt Zolg Hl 147] M-S Y WA (Enter method)&
ARgsto] Fsto] 245 HAISHAT. 2] 29/ Hos-
mer-Lemeshow A 0.2, 2§2] AL Nagelkerke R*S
o]-g-3tf gelstArt.

6. 2215 13
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2] A= 2998(61.7%) 2% UEE O™ CPE SHEE F 7HA 9]
25 IR 25 Klebsiella pneumoniae carbapenemase
(KPC) 19'8(61.3%), New Delhi metallo-p-lactamase (NDM) 109
(32.3%), 71EF 278(6.5%) 2= L EFTHTable 1).

2. CHEXIe| £40) 2 CRE Hd-=2| X{0|

tdAte] dubd B4 sidste A, A, Ayl o
CRE Ha-&ol= 9% Aol 7} gioith. |54 E4 5 Y B=
(p = .002), 19 oW AL AFH (p = .002). UY Al £ B
=.019), 99 Al FEH 71T ER(p < .001), 370 W AU/
9 B = .001), 370E W vt 2] E(p < .001), 37H¥E
o[t A =Z(p < .001)°] w2t CRE Etoll 5-9J 3t 2ol 7} 3l
At FRHESE AFEATE A A7HESHp < .001), AR
o] = A Hp < .00 FY3t Aol & Bt A7t &
YA AG o] AFREAE A 7 RET FES ALt & £
A At SAEHIHp < .005), FA E(p < .001), 71H W F
H(p = .001), H9HHp < .00D)= 7HA L QU= S FYTt Zpo]
7} Qe Ao R Ueigth A Ald2E 7HdAAp < .001),
S IHERIEA(p = .002), NIZEAEAA(p = .002) Fo A
FoIgt Afo] 7} QI TH(Table 2).

288

JKBNS

3. CRE 2x0]| ges 0|xl= 22!

CRE Hytol| JFE vl 821 netsr] flote] dxftat
2t 7H] fost &jolg BHE 147]9] HEER 2AAY 3
AEALS AASHATE Hosmer & Lemeshow A7 A3} S|AEY
2 AR oH(x’ = 2.09,p > .05), I AR AP 32.3%
O]%E]'(Nagelkerke’s R’ = .32). 94 A] AAAESS Suksh 4$-
(OR 4.93, 95% CI 1.49~16.31), AZHTS 1S F-(OR
3.86, 95% CI 1.35~11.01), S Ekx3S H83H
95% CI 1.59~12.36)%}, 3704 o AZEAZA FEA A
2% 2(OR 8.57, 95% CI 1.23~59.60) CRE & go] =&
20 2 JEPGTtH(Table 3).

M
u)

: =k

3] QS & o] HuE WAL = Q= A
AAE] Al 712 gt ZAA RS vhsk AL =

B 39| CRE A¥HAA CRE Ed&2 %= LERT)
20169 =W 558 AA H52 CRE EE°] 1.6%%U 2
H[19], LubgEREe iAoz st 20209 =W AFo4E= CRE
Ha-go] 2.1%°1AtH14]. =Q]ollA= 20139 FFEEH LY
CRE Ha-80°] 8.8%%5.01[20], 2014¥ #712.%7]34+9] CRE K
T&0] 7.1%°]JeH21]. & 7= FAE IS o= g Aol
02 ol APAF=T HlwsH = o =] AtHT= W
I A AFEoE oA w2 Ajo|t}, o= TR 5
P ARt Ao R E 4 9lom, I B AtET Hagol =

rH

Table 1. CRE Colonization Rate and Characteristics

Variable Category n %

CRE colonization rate (N = 933)
CRE Negative 886 95.0
Positive 47 50

Characteristics of CRE (N = 47)

Bacteria species’ Klebsiella pneumoniae 34 68.0
Escherichia coli 12 240
Others 4 8.0
CPE Yes 29 61.7
No 18 383
Carbapenemase gene' KPC 19 61.3
NDM 10 322
Others 2 6.5

CRE = carbapenem-resistant Enterobacteriaceae; CPE = carbapenemase-
producing Enterobacteriaceae; KPC = Klebsiella pneumoniae carbapenemase;
NDM = New Delhi metallo-beta-lactamase.

‘multiple response.
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Table 2. Differences in CRE Colonization Rates According to Sample Characteristics (N = 282)

CRE
Variable Category Positive (n = 47) Negative (n = 235) XZ ort(p)
n (%)

Sex Male 26 (55.3) 133 (56.6) 0.02 (.872)
Female 21 (44.7) 102 (43.4)

Age (yr) 74.66 + 16.86 76.96 = 15.26 0.92 (.354)

Diagnosis Respiratory disease 14 (29.8) 97 (41.3) (om)®
Digestive disease 8(17.0) 32(13.6)
Renal disease 7 (14.9) 29 (12.3)
Neurological disease 7 (14.9) 32(13.6)
Musculoskeletal disease 3(6.4) 2(5.1)
Heart disease’ 1(2.1) 7 (3.0)
Cancer 2(4.3) 9 (3.8)
Others 5(10.6) 7(7.2)

Mental state Alert 15(31.9) 102 (43.4) 2.13 (.144)
Non-alert 32 (68.1) 133 (56.6)

Admission route General hospital 22 (46.8) 57 (24.3) 12.79 (.002)
Long-term care hospital 9(19.1) 34 (14.5)
Nursing home 16 (34.0) 144 (61.3)

Hospitalization within 1 year Yes 34 (72.3) 113 (48.1) 9.23 (.002)
No 13 (27.7) 122 (51.9)

Hospitalization in ICU within 3 months  Yes 4 (8.5) 3(5.5) (433
No 43 (91.5) 222 (94.5)

Surgery within 3 months Yes 5(10.6) 2 (5.1) 2.11 (.146)
No 42 (89.4) 223 (94.9)

Bedsores Yes 9 (40.4) 56 (23.8) 5.52 (.019)
No 28 (59.6) 179 (76.2)

Comorbidity” No 2(43) 5 (6.4) (747)°
Yes 45 (95.7) 220 (93.6)
Respiratory disease 2(1.9 17 (3.6) (457)°
Digestive disease 4(3.7) 10 (2.1) (220)°
Renal disease 9 (8.3) 10 (2.1) 13.82 (<.001)
Neurological disease 5(13.9) 69 (14.6) 0.12 (.727)
Diabetes 13 (12.0) 74 (15.7) 0.26 (.604)
Hypertension 23(21.3) 138 (29.2) 1.53 (.216)
Heart disease 13 (12.0) 16 (3.4) 18.45 (<.001)
Cancer 7 (6.5) 22 (4.7) 1.29 (.254)
Others 22 (20.4) 116 (24.6) 0.10 (.749)

Invasive devices' No 19 (40.4) 178 (75.7) 23.20 (<.001)
Yes 8 (59.6) 57 (24.3)
Central line 7(11.3) 10 (9.1) 7.82 (.005)
Foley catheter 28 (45.2) 48 (43.6) 30.49 (<.001)
Arterial line 0 5(4.5)
Endotracheal tube 9(14.5) 12 (10.9) 11.20 (.001)
Levin tube 16 (25.8) 31(28.2) 12.26 (<.001)
Wound drain tube 1(1.6) 3(2.7) -
Chest tube 1(1.6) 0 -
Others 0 1(0.9) -

https://doi.org/10.7586/jkbns.23.0021
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Table 2. Continued
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CRE
Variable Category Positive (n = 47) Negative (n = 235) y ort(p)
n (%)
Multidrug-resistant organisms within 3~ No 37(78.7) 220 (93.6) 10.75 (.001)
months’ Yes 10 (21.3) 15 (6.4)
ESBL 1(6.7) 5(23.8)
MRAB 3(20.0) 7(33.3)
MRSA 4(26.7) 1(4.8)
MRPA 4(26.7) 5(23.8)
VRE 3(20.0) 3(14.3)
Common bacteria within 3 months’ No 38 (80.9) 225(95.7) 13.82 (<.001)
Yes 9(19.1) 10 (4.3)
Pseudomonas aeruginosa 3(27.3) 4(33.3)
Enterococcus faecium 1(9.1) 0
Escherichia coli 1(9.1) 2(16.7)
Klebsiella pneumoniae 1(9.1) 1(8.3)
Acinetobacter baumannii 0 2(16.7)
Others 5 (45.5) 3(25.0)
Antibiotic treatments within 3 months"  No 33(70.2) 216(91.9) 17.85 (<.001)
Yes 4(29.8) 19 (8.1)
Carbapenems 0 (40.0) 13 (50.0) 12.96 (<.001)
Quinolones 3(12.0) 6(23.1) (173)°
Aminoglycosides 0 0 -
Glycopeptides 6 (24.0) 4(15.4) (002)°
Cephalosporins 5 (20.0) 3(11.5) (002)°
Others 1 (4.0) 0 -

Values are presented as the mean + standard deviation or n (%).

CRE = carbapenem-resistant Enterobacteriaceae; ESBL = extended-spectrum beta-lactamase; ICU = intensive care unit; MRAB = multidrug-resistant Acinetobacter
baumannii; MRSA = methicillin-resistant Staphylococcus aureus; MRPA = multidrug-resistant Pseudomonas aeruginosa; VRE = vancomycin-resistant Enterococcus.
fincluding myocardial infarction, angina pectoris, heart failure; *multiple response; *Fisher exact test.
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Table 3. Risk Factors for Carbapenem-resistant Enterobacteriaceae in Patients Transferred to a Small/Medium-size Hospital (N = 282)

Variable Category Odds ratio 95% Cl p
Admission route (Ref. general hospital) Long-term care hospital 0.49 0.14~1.70 .266
Nursing home 0.41 0.11~1.45 .167
Hospitalization within 1 year (Ref. no) 0.68 0.20~2.28 540
Bedsores (Ref. no) 0.95 0.37~2.48 930
Comorbidity (Ref. no) Renal disease 493 1.49~16.31 009
Heart disease 3.86 1.35~11.01 on
Use of invasive devices when hospitalized (Ref. no) Central line 1.09 0.27~4.39 .899
Foley catheter 4.43 1.59~12.36 004
Endotracheal tube 0.81 0.23~2.89 .755
Levin tube 1.13 0.39~3.27 .810
Positive for multidrug-resistant organisms within 3 months (Ref. negative) 0.97 0.17~5.56 978
Positive for common bacteria within 3 months (Ref. negative) 1.98 0.41~9.61 392
Antibiotic treatments within 3 months (Ref. no) Carbapenems 2.21 0.53~9.15 273
Glycopeptides 1.47 0.15~14.23 740
Cephalosporins 8.57 1.23~59.60 030

Nagelkerke's R* =.32, Hosmer-Lemeshow p >.05

Cl = confidence interval; Ref = reference.
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