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ABSTRACT

Objective: The rising number of carbapenemase—resistant Enterobacteriaceae (CRE) cases has become a concern worldwidely.,
This study investigated patient characteristics with CRE and analyzed the risk factors associated with its acquisition, Methods: A
retrospective review of the electronic medical records of the Kangbuk Samsung Medical Center from May 2016 to April 2019 was
performed, The inclusion criterion was hospitalized patients aged >18 years with confirmed CRE acquisition, Patients were divided
by CRE acquired and non—-required patients, CRE acquired patients were those with CRE confirmed by their active surveillance
cultures, while non—acquired patients were those with carbapenemase—sensitive Enterobacteriaceae (CSE). If CRE was isolated
more than once during hospitalization, only the first isolation was used for data analysis. Patient characteristics, antibiotic used, and
the duration of use were compared between two groups using univariate analysis, and the risk factors associated with CRE were
analyzed using multiple logistic regression analysis, Results: Among the 73 CRE acquired patients, 44 (60.3%) were positive for
carbapenemase—producing Enterobacteriaceae (CPE), Infection from Klebsiella pneumonia (42 cases, 57.5%), Escherichia coli (17
cases, 23.3%), and Enterobacter cloacae (5 cases, 6.8%). The risk of CRE acquisition was significantly increased by 4,99 times
[confidence interval (Cl), 1.40—-17.78; p=0.013] with mechanical ventilation, 3.86 times (Cl, 1.59-9.36; p=0.003) with penicillin
administration, and 21,19 times (Cl, 6,53-68,70; p<0.001) with carbapenem administration, Conclusions: Proper antibiotic use
including the selection, frequency, and duration, and patients on mechanical ventilators need close monitoring,

KEYWORDS: Carbapenamase—resistant Enterobacteriaceae, carbapenamase—sensitive Enterobacteriaceae, active surveillance
cultures, antibiotic use
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Table 1. Patient demographic details

Variables CREn ((;: 773) s En ((;)):73) p-value
Age, mean = SD, years 71.7£12.6 73.3+10.3 0.752
>65 year old 54(74.0) 59(80.8) 0.322
Male 49(67.1) 40(54.8) 0.127
Length of stay, mean £ SD, days 56.6£106.2 26.9+49.0 <0.001
Number of death 9(12.3) 9(12.3)
Admission to skilled nursing facility 31(42.5) 23(31.5) 0.170
Admission to ICU 25(34.2) 10(13.7) 0.004
Comorbidity
Cardiovascular disease 54(74.0) 54(76.7) 0.701
Diabetes mellitus 25(34.2) 38(52.1) 0.030
Liver disease 8(11.0) 6(8.2) 0.574
Malignancy 18(24.7) 26(35.6) 0.149
Renal disease 17(23.3) 8(11.0) 0.048
Respiratory disease 4(5.5) 6(8.2) 0.512
Antibiotic exposure in preceding 90 days
Penicillins 52(71.2) 25(34.2) <0.001
Cephalosporins 41(56.2) 22(30.1) 0.001
Fluoroguinolones 20(27.4) 11(15.1) 0.069
Glycopeptides 25(34.2) 5(6.8) <0.001
Aminoglycosides 3(4.1) 1(1.4) 0.620
Carbapenems 42(57.5) 4(5.5) <0.001
Metronidazole 26(35.6) 9(12.3) 0.001
Macrolides 6(8.21) 2(2.7) 0.146
Therapeutic device or procedure
Bronchoscopy 92(12.3) 1(1.4) 0.009
Central line 51(61.9) 23(31.5) <0.001
CRRT 4(5.9) 0(0.0) 0.120
Drainage 29(39.7) 19(26.0) 0.078
Gastrointestinal endoscopy 11(15.1) 8(11.0) 0.461
Hemodialysis 11(15.1) 4(5.5) 0.056
M/V 29(39.7) 4(5.5) <0.001
Nasogastric tube feeding 42(57.5) 13(17.8) <0.001
Surgery 26(35.6) 12(16.4) 0.008
Tracheostomy 20(27.4) 3(4.1) <0.001
Urinary catheter 54(74.0) 27(37.0) <0.001
MDROs
VRE 17(23.3) 7(%.6) 0.026
MRSA 17(23.3) 4(5.5) 0.002
ESBL species 17(23.3) 26(35.6) 0.102
MDR species 18(24.7) 2(13.7) <0.001

ESBL species includes Klebsiella pneumoniae, Escherichia coli producing extended-spectrum beta-lactamases.

MDR species includes carbapenem-resistant Acinetobacter baumanii, multidrug-resistant Acinetobacter baumanii, multidrug-resistant Pseudo-
monas aeruginosa

CRRT, continuous renal replacement therapy; M/V, mechanical ventilation; MDROs, multidrug-resistant organisms; VRE, vancomycin-resistant
Entferococcus; MRSA, methicillin-resistant Staphylococcus aureus, ESBL, Extended-spectrum beta-lactamases. MDR, multidrug resistant, SD, stan-
dard deviation



Table 2. Carbapenemase-producing Enterobacteriaceae and
carbapenemase gene

CRE (n=73) CSE (n=73)

Variables n %) n %)
Bacterial species
Klebsiella pneumoniae 42(57.5) 27(37.0)
Escherichia coli 17(23.3)  34(46.6)
Enterobacter cloacae 5(6.8) 5(6.8)
Enterobacter aerogenes 4(5.5) 2(2.7)
Klebsiella oxytoca 2(2.7) 3(4.1)
Semratia marcescens 2(2.7) 0(0.0)
Citrobacter koseri 0(0.0) 2(2.7)
Not available 1 0
CPE (by modified Hodge Test)
Yes 44(60.3) -
No 28(38.3) -
Not available 1(1.4) -
Carbapenemase gene
KPC 33(75) -
NDM 9(20.5) -
OXA-48 2(4.5) -
Not available 29 -

KPC, Klebsiella pneumoniae carbapenamase; NDM, New Dehli
Metallo-beta-lactamase-1; OXA-48, oxacilinase-48
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o5k ol BT (p<0.001). T S84 J(p=0.004)
A AFE-E (fluoroquinoloneZ], aminoglycosideZ],
macrolideZ]]l #€], p<0.001) SolA FF21 x}o]= BT
APE CRET©] 971(12.3%), CSE-0] 971(12.3%)2.2 2]
3HA] SFTH Table 1).

e

CRE 24 20175

CRE A 52 Klebsiella pneumoniae?} 4271(57.5%),
Escherichia coli7} 1774(23.3%), Enterobacter cloacae7} 573
(6.8%) 522 Klebsiella pneumoniae?} 7V &t} whd
CSE ¥ %L Klebsiella pneumoniaeZ} 2771(37.0%),
Escherichia coli 7} 3473(46.6%), Enterobacter cloacae?} 573
(6.8%) S22 Escherichia coli 7} 7V& & 71 0 2 YERL
CRE 85+ 739 = 72949 i8] Modified Hodge Test7} A]
P om, o] F CPERE AHH A= 447(60.3%)°I ATt
Carbapenemase gene®| FFT Klebsiella pneumonia
carbapenamase (KPC)7} 3371(75%), New Dehli Metallo-
beta-lactamase-1 (NDM) 97(20.5%), oxacillinase-48 (OXA)
o] 2A4(4.5%)2. 2 KPC7} 714 B4 THTable 2).

Table 3. Risk factors of CRE based on the duration of antibiotic administration

Variables CR(i ,(;,:)73) CS(EHI“;ZH) OR 95% ClI

Penicillins (days)

0 (reference) 22(30.1) 48(68.5)

1-7 24(32.9) 5 (6.8) 10.47** 3.53-31.08

>8 20(27.4) 20(27.4) 2.18 0.98-4.85
Cephalosporins (days)

0 (reference) 32(43.8) 49(67.1)

1-7 25(34.2) 9(12.3) 4.43* 1.84-10.68

>8 12(16.4) 11(15.1) 1.74 0.69-4.41
Carbapenems (days)

0 (reference) 32(43.8) 69(94.5)

1-7 8(11.0) 2(2.7) 8.63** 1.73-42.94

>8 26(35.6) 1(1.4) 56.06™* 7.28-431.51
Glycopeptides (days)

0 reference) 48(65.8) 68(93.2)

1-7 13(17.8) 3(4.1) 6.14** 1.66-22.72

>8 10(13.7) 2(2.7) 7.08* 1.49-33.79
Metronidazole (days)

0 (reference) 47(64.4) 65(89.0)

1-7 23(31.5) 5(6.8) 6.26** 2.22-17.68

>8 2(2.7) 2(2.7) 0.91 0.15-5.65

*5<0.05, *p<0.01
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Z A1 Agke- CRETO] 17%(23.3%), CSE-o] 89(11.0%)°-
% CRE g5¢] fj9aglog 288 & sS Yehidioh
(p=0.048, OR: 2.47, 95%CI: 0.99-6.15) (Table 4) &L}, &
W71 AL AF= o3 G o] AT

A A7 (|2

AN 7% A 37097 CREZT CSET| Fokg 314
AE vk A3}, penicillins (OR: 4.75, 95%Cl: 2.36-9.58),
cephalosporins (OR: 3.17, 95%CI: 1.60-6.30), glycopeptides
(OR: 7.08, 95%CI: 2.53-19.82), carbapenems (OR: 23.37,
95%ClI: 7.70-70.89), metronidazole (OR: 3.93, 95%CI: 1.69-
9.17)%] A2 CREZSY fgalle] & + e Aoz Uy
EFtTH Table 4).

371 5744 FAAIE CREOIA CSEwHTE frofah 7Y
oSl AHgo] BE-2 Stk e, 82 o) o] P4
AHE-S 7o 2 H718lS wolli= carbapenems (OR: 56.06,
95%CI: 7.28-431.51)1} glycopeptides (OR: 7.08, 95%CI:
1.49-33.79)0 A5k SA1Z Q1 }o]E H Y THTable 4).

Al 2 XX

Z1BAWA)IZA (OR: 10.13, 95%CI: 1.25-82.13), A= 7
AFQ1(OR: 5.04, 95%CI: 2.50-10.18), 21F5E7] AHE-(OR:
8.98, 95%CI: 2.94-27.48), HIYFLTA(OR: 6.25, 95%CI:
2.93-13.35), 74(OR: 2.81, 95%ClI: 129615) 71BANE
(OR: 821, 95%CI: 2.31-29.19), &= AMJ(OR: 4.84,
95%CI: 2.39-9.81¥& CREZS 23+ &A= 285
S THTable 4).

CtAl L2 75

FHT 370L7E FAA E2lE AT F vancomycin-
resistant Enterobacteriaceae (VRE) (OR: 2.86, 95%CI: 1.11-
7.40), methicillin-resistant Staphylococcus aureus (MRSA)

Table 4. Univariate and multivariate analysis of risk factors associated with CRE colonization

Univariate analysis

Multivariate analysis

OR 95% Cl Adjusted OR 95% Cl
Age, >65yrs 0.67 0.31-1.48
Gender, male
Admission to ICU 3.28 1.44-7.48
Diabetes mellitus 0.48 0.25-0.98
Renal disease 2.47 0.25-0.98
Penicillins** 475 2.36-9.58 3.86 1.59-9.36
Cephalosporins 3.17 1.60-6.30
Glycopeptides 7.08 2.53-19.82
Carbapenems** 23.37 7.70-70.89 21.19 6.534-68.70
Metronidazole 3.93 1.69-9.17
Bronchoscopy 10.13 1.25-82.13
Central line 5.04 2.50-10.18
M/V* 8.98 2.94-27 .48 4.99 1.40-17.78
NG tube feeding 6.25 2.93-13.35
Surgery 2.81 1.29-6.15
Tracheostomy 8.21 2.31-29.19
Urinary catheter 4,84 2.39-9.81
VRE 2.86 1.11-7.40
MRSA 5.24 1.67-16.45
MDR 11.62 2.59-52.21

MDR species includes carbapenem-resistant Acinefobacter baumanii, multidrug-resistant Acinetobacter baumanii, multidrug-resistant Pseudo-

monas oeruginosa.

M/V, mechanical ventilation; VRE, vancomycin-resistant Enterococcus; MRSA, methicillin-resistant Staphylococcus aureus, ESBL, Extended-

spectrum beta-lactamases. MDR, multidrug resistant
*p<0.05 was considered statistically significant.
**p<0.01 was considered statistically significant.
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penicillinsA]-8-8, cephalosporins*}-8-8, metronidazoleA-8-2,
carbapenems?] FH7|A1-8-2, glycopeptides®] FT7 A8
2 CRE 9] 9 aglo =z IRIFIC) o5 CRE A
TP SEEA e AR IEe R A8 E dert ok

AL 2

o] A= 20179% BRSH)Y] AR ShagdTAch
9] 2|YE- wro} =35 A7Lo]m (No. 2017R1D1A1B03033389),
20209 HT P HSAT APoFE mATAEY A LS
Ho} 4238 ¥]91-5(2020R 1A2C1009224).
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