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Background: Acinetobacter baumannii is a well-known etiologic agent of a variety of noso-
comial infections; the resistance rate to imipenem is surprisingly high in Korea. The coloniza-
tion of carbapenem-resistant 4. baumannii (CRAB) is known to be associated with increased
mortality, hospital stay, and cost in intensive care unit (ICU)-admitted patients. In this study,
the prevalence, molecular epidemiology, and risk factors of CRAB colonization were evalu-
ated in ICU settings that did not have a current outbreak.

Methods: Consecutive screening for the colonization of CRAB was performed with 291 pa-
tients admitted to the surgical or medical ICU within 48 hours for six months (from April to
September 2017) in one general hospital (817 beds, Goyang-si, Gyeonggi-do province, Korea).
An active surveillance culture (ASC) for CRAB was performed according to the Centers for
Disease Control and Prevention protocols with a perirectal swab sample. After DNA extraction,
multiplex PCR was performed to detect carbapenemase genes (blaoxs-sikes Plaoxaatikes DIoxa.
stikes D1aAoxA s 1ikes ISADAT-blAyp 55 1ke» a0 ISAbal-blagy . 5, e gene). A case-control study was
performed to evaluate the risk factors.

Rec_eived May 17, 2019 Results: Among the 291 patients, the colonization rate of CRAB at ICU admission was 5.2%.
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The carbapenem resistance mechanism of CRAB colonizers is mostly due to OXA-23-like en-
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zyme production. A risk factor was found to be previous admission to long-term care facilities.
Conclusion: To perform ASC for detecting CRAB in ICU-admitted patients, the colonization
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care-acquired infection)& ¥27|= #5202 FTA
AojlA &3] E"}2]. Carbapenem-resistant Aci-
netobacter baumannii (CRAB) ZF9-L X2 FA|7} colis-
tin¥} tigecycline 522 A3tE o] 9loH[3], o=
CRAB ZEolA colistin AHo] Foldo] wa}, nE <F
Ao WAE Rol= pandrug-resistant A. baumannii®®
S7bstal 9lo] 2w ekA| Q] Aol ¥ of 2 Y|l JITH4].
AW AAEEE oA A4 FAA £
H M-S 53 ZE8 AN (passive surveillance)E A9
ot= AR ofyz}t, AFA wFHAl(active surveillance
culture)g 39 3549 HAAE HEot= Ax W$
FastH5]. =9 A AlForAoA HAYRE 4. bau-
mannii FAALNA BIA 0T A viFHAIE F&
Stk Ba7h o6l = BaloA A=57 vigaA
o} F&59]9] 432 CRABY 53} o] 4o
FEAA colistin AHEO] EUTHT7]. o2 Hio A=
CRABY| A3tz F3AA A9 APEE, A 77 2
9|5 H|-go] F7}51H8]. HEF9+= CRAB HA9] 2
A, T AFel gl Autsl= 98 727171 98 1

=2 =
< zgst=d|, 204 CRABS Aee A&s] 93t
AIA vFGAE AlgotH, o] Ao met AEFolE
AASHL Qe Q77| Fe @A) g2 Aot B 9
E2LS CRAB I E#Q SAA YAIAE iAoz
CRABY] g |33} YHJAAE ntotsh= Zloltt. o]y
3 Az 4 WjFEA] 52 ZE3 o 71X CRAB
ZaHE S aAFoE st ¥ E3o] HZt
RZvsi},
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Materials and Methods
1. A7 CHA

20179 4¥55 997HA] U3 52 QA F3A A
AL F 29199 SAE o R JA 484171 oY
222 W FTA S Al3Bsto] CRAB K o552 2915t
t}. 352 1ot7] A5t A+ 717 Woll &AL A
AT A= At A=7 wjggA] 717 B¢t Q=
A& AR o5 g, 47 S5, ST €
39 59 AATY ML Fstg oy, du AdH
g 2|3 of wig} CRAB ®to] &ERld H Lok ISE &5
9] 3kAA Bl = A85HA] okt
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A4 wFAAIE A AEeg AAR= Centers for
Disease Control and Prevention (CDC) T2 EZoj o}
g A= HAE 10 pug ertapenem -2 merope-
nem HYA3IE 9L 5 ml tryptic soy brotho] % ¢
T 37CoA sh=HF wi g8, Acinetobacter spp.
7t QAlEE AEE Adshy| ol & £33 vig 100
uLE MacConkey B2} EHHH Hj x| A i ulj 5}
A e Hg-E MALDI Biotyper MALDI-TOF (Bruker
Daltonik, Bremen, Germany) ZHEA7|2 SA43}%
ot B ALo|AE HESE 4. baumannii® AES 95
o, Acinetobacter spp. &3-822 /|AH Ho|gHo]A
£ A& AL[10], Al 4. baumanniiol AT £k
£ blagyys= PCRE EQISIITH11]. <A ZeA2
imipenem, doripenem, ertapenem ¥ meropenem
o 98] Microscan Walk-away plus system (Beck-
manCoulter, West Sacramento, CA, USA)CZ A|Y
51911, 1 AIE Clinical and Laboratory Standards
Institute Ao @} sjA45tTH12]. Colistin T4l
A2 TREK Sensititre (Trek Diagnostic Systems,
Cleveland, OH, USA)E ©]-&3}9 broth microdilution
HOoE HAAFSIIH

3. Carbapenemase ALY ZA 2 KM CHd

B2 A baumannii7t A8 carbapenemo] sit
e H|ZA90 49 PCR G7IAE EAHOR blagy,.
Btikes Dlaoxazinties Dldoxasiikes R Dlaoxa szl car-
bapenemase FAAE S &RASFATH13]. EZF [S4bal-
blagy szt 1SAbal-blagyys, e A7 8l 1S4bal
A9} OXA-23-like®t OXA-51-like G A|LA S
Z3sto] PCRE Alg5t9itH14]. CRABY #43 /g
S CHEF-DRII device (Bio-Rad, Hercules, CA, USA)
o} AltashE Xbal& AHESH pulsed-field gel elec-
trophoresis (PFGE)Z &I} tH15]. Tiff format 2
oju] X529 BA4-& Molecular Analyst Fingerprinting
Software Ver. 3.2 (Bio-Rad)2.& 35}, band-based
dice coefficientE ©]-85to] B|ZstF Tt Dendrogram
< unweighted pair group¥} arithmetic averages %
S AHES1 AL 1.0% position toleranceS 283ttt
A 717 W AN B H 4. baumannii 65(CRAB 3
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SERHA BHXL9| A, baumannii T3} 1%

F 23hH9] 9 BFE PFGEsH] 253 v GzAI oA
£2% H5HE CRAB #5454 wlastgrh.

M
&

4. ¢
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IR}

HI

AFJAE EAsH7] Al 1:3 v&Y SA-tj = AAE
(case-control study)E A5ttt AL CRAB B
TFAN=15)Z stF, HRHE(N=45)2 237 sFTA|
o)A Acinetobacter spp.7F Bl FEA] -2 viF 24 S+
£ FARE &9 HEFEq= A, 99, 39
B G 49y, A4, ST, A € 7|4 A
g5 Zgolol) o)A Al AL o] B =] 90
A Aol IF 5470l 4% FHAE 2¥ ol AW
3 AO R A o5ttt

270 A& APt WFE W(categorical vari-
able)E H|@ A5t 1, o]gd¥H4(binomial variable)
o= odds ratio (OR)}F 95% confidence interval (CI)
e Fotgch dHFE A (univariate analysis)ol|A] P
#ol 0.1 "gkel A& o= 39 X (multivariate
logistic regression analysis)?l| Z3FAH T A
92 P<0.052 TAeFA T, BAZZTH-L SPSS 23.0
software (SPSS, Chicago, IL, USA)S AHEsItH 2 4
= YA Y A9 1S WOTHNHIMC
2018-05-013).

Results

L

1. Carbapenem WA A. baumannii T2t YHE 2
carbapenemase S8

FEA 48A17F oW 9] F 2917 A4 CRAB 3
2A vjFAA A 16HOA A. baumanniis BE+Y

10

,[4

AB0008 Blood

AB001 CRAB  ASC

AB039 CRAB  ASC

AB036 CRAB  ASC

AB037 CRAB ASC

ABO0010 Blood

AB0012 Blood

AB003 CRAB  ASC

ABO13 CRAB  ASC

ABO18 CRAB  ASC

ABO19 CRAB  ASC

AB004 CRAB ASC

ABO025 CRAB  ASC

AB002 CRAB  ASC

AB022 CRAB  ASC

AB024 CRAB  ASC

AB028 CRAB  ASC

AB0007 CRAB  Blood

AB0009 CRAB  Blood

ABO0011 CRAB  Blood

Fig. 1. PFGE patterns of carbapenem-resistant 4. baumannii (CRAB) colonizers (N=14*) isolated from intensive care unit-admitted
patients and A. baumannii (N=6) isolated from patients with bloodstream infections. The dendrogram was generated by InfoQuest FP
software (Bio-Rad) using UPGMA from the Dice coefficient with 1% band position tolerance and 0.5% optimization settings. *One

isolate (AB038) was excluded due to repeated failure of re-culture.

Abbreviation: ASC, active surveillance culture.
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t}. o] F 8 #5= YAl carbapenem A A4
3 A @oIA WS HolA] fof A|9]5to], CRAB A= &
FEZ 5.2% (15/291)°]%t}. CRAB 155 imipenem,
doripenem, ertapenem % meropenem®] 25 WA
S BT, 15% = blaggss, e PCR BT} 1S4bal-
blaoyssi-e PCR S7J01UTH B #3014 blaoyars e
SR} [S4bal-blaoysys 1y PCR BE FAOZ S4bal
£ blaoyarneSt AFE 0] 93, carbapenemol tigt
/g2 OXA-23 84 A9 A A9= & & Aok
CRAB®| PFGE # &2 thFstA 2, 80% 3582 71&
o2 FEHS Hol= AFES TF T & AUUHFig. D).
22 712 Woll A3 AANA £ 4. baumannii 659
PFGE 3j€l2 A=tslE CRABS 4570l ¢l J=st
H CRABE= AQY FHACE WS EHARHEFig. 2),
colistin®] FAJA|5E(minimal inhibitory concen-
tration)= 0.5-1 mg/L& 25 7540t

G BEAA F8AA A9 CRAB HE3H9
SHAQ AHAAE . ¢EEQdY) d9go|3n
(P=0.024), 9%, 44, A343%, Charlson comorbid-
ity index, o1 &+A| AHE D 7|+ AMEY 52 BAA
o olu]7} 949 tHTable 1).

Discussion
A. baumannii= 371/ &8 1324
B ofyzt AN E &3] LA, AT cal
#(ventilator-associated pneumonia), 7}& &2
FZ449(line-associated bloodstream infection),
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Fig. 2. Resistant rates (%) of carbapenem-resistant 4. baumannii,
colonizers, isolated from intensive care unit-admitted patients
(N=15).

84

T 9 27 (catheter-associated urinary tract
infection), @ T& dxZ] 7 59 JLHE 9 ¢
Qo g A ATH16]. 4. baumannii= FZ Ambler’s
class D OXA® p-lactamaseE A4d5to] carbapenem
o WAE ®olH, armd L aminoglycosides 484
5= A5t colisting ZR o2 ALG F=AO] A
U< Hol= 497t Eol A 5o of#Fo] ArH4l.

HA o] x|stE|AL; JH 7t F7F A4 CRAB| &
@o] &5, o] F§ AFTEO] Ul¥ &1, o|E s A
717to] Eojut B9 g0l w2 Fgo| Ei QItH17]. =
Y 3RS $4 02 CRABY Rl vj$ Ealnz
[2], &34 <1 CRABY| Zrd#e] AXE 4T 87t 9l

Table 1. Risk factors of OXA-23-producing Acinetobacter bau-
mannii colonization at ICU admission: univariate analysis

Control Case P
(N=45) (N=15)  value

Age (years, median [IQR]) 77 [62-81] 75.0 [67-84] 0.516
Male 22 (49) 10 (67) 0.371

Clinical features

Previous admission to 11 (24) 9 (60) 0.024
long-term care facility

Underlying disease
End-stage renal disease 1(2) 3 (20) 0.045
Gastrointestinal disease 11 (24) 3 (20) 1
Cerebrovascular disease 6(13) 5(33) 0.122
Localized infection 18 (40) 7 (47) 0.655
Chronic pulmonary disease 12 (27) 3(20) 0.740
Diabetes mellitus 8 (18) 4(27) 0.472
Cardiovascular disease 14 (31) 5(33) 1
Malignancy 6 (13) 1(7) 0.668
Sepsis 6 (13) 2 (13) 1

Charlson comorbidity index 1.0 [0-2] 1.0 [0-3]  0.839

Previous usage of antibiotics
Penicillin 28 (62) 8 (53) 0.559
Fluoroquinolone 20 (44) 7 (47) 1
Carbapenem 8 (18) 4(27) 0.472
1* generation cephalosporin 1(2) 1(7) 0.441
2" generation cephalosporin 1 (2) 0(0) 1
Expanded-spectrum 18 (40) 7 (47) 0.765

cephalosporin

Glycopeptide 13 (29) 7 (47) 0.223

Previous history of intervention
Foley catheter 42 (93) 14 (93) 1
Central line 34 (76) 14 (93) 0.262
Intubation 13 (36) 7 (47) 0.544
Nasogastric tube 31 (69) 13 (87) 0.312
Major surgery 5(11) 0 0.318

Data summarized as N (%) of patients unless otherwise indicated.
Abbreviations: ICU, intensive care unit; IQR, interquartile range.
Bold formatting indicates statistical significance.
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o},

NARAZ| oA 2T FHI o7 7|H o] CRAB &
& Q9 F9 8-S Table 201 A sHF &0 o
£ carbapenem®] WA& Xol& Enterobacteriaceaet
Pseudomonas aeruginosa®|= A§ T 4 AH18]. th
HO| AAAXS CRABY A E= A3 Aol 2
23 AL FYsHA A5 o, o7l £94, &
Al(surveillance), H&59], &4, 4 SFHHIE £
ettt o] X304 CRABY A=A A= SES
SA7E YolA st A FARE, QA A, A
Z(outbreak)o] QA== F¢ 2 £4 AA oAM=
8T 5 Aok AFskodrt. SHATE Fdg vigEol of
S| E F7F A7F Dastoha sFEIcH18].

A=A wFdAlE @A A Widdtol EE 7] A
o 54 EAAE HEY ¢ Mo AEES 27 wet
st Ade AAHy A3 JE8S 4 A= ZHol A

t}. Society for Healthcare Epidemiology of America
(SHEA)= methicillin-resistant Staphylococcus aureus
9 vancomycin-resistant enterococci 52 WAl
tisiA B2 Adstal HJE5F9E FE5h= Aol 44
Fejo] aF ol dFstarl YA|TH19], CRABOY sk
A Bt 22 WEa glA gt

Yo A= CRAB B A A 9] |8/ tigt A &
271 A9 gl Aot A EEAE AT HA
NN AW 4. baumannii7t B2 == % w7
39 AR 45, I FS AT & 2 2F 99
7t A= A, AT 7Res 28 Akl QAR o
A o= CRABY A&Z A& A% J=54 s daA
= Zesta QIR ATH201.

CRABE A¥ste #2318 W2 obd g5 o] A
gro}, B Lol A= CDCY carbapenem WA WA+
= Adst= P oot ol ZU CRAB He

Table 2. Summary of recommendations for the prevention and control of CRAB*

Formal recommendation to prevent and control CRAB infection or colonization

Strength of recommendation/
Quality of evidence**

Recommendation 1: Implementation of multimodal IPC strategies

Strong/Very low to low

Multimodal IPC strategies (hand hygiene, surveillance, contact precautions, patient isolation, and

environmental cleaning)
Recommendation 2: Importance of hand hygiene compliance

Strong/Very low

Hand hygiene best practices according to the WHO guidelines (http://www.who.int/infection-

prevention/tools/handhygiene/)
Recommendation 3: Surveillance of CRAB infection

Strong/Very low

The evidence on the surveillance culture for CRAB colonization was not sufficiently relevant.

Recommendation 4: Contact precautions
(1) Appropriate patient placement

Strong/Very low to low

(2) Use of personal protective equipment, including gloves and gowns

(3) Limiting transport and movement of patients

(4) Use of disposable or dedicated patient-care equipment

(5) Prioritizing cleaning and disinfection of patient rooms
Recommendation 5: Patient isolation

Strong/Very low to low

Patients colonized or infected with CRAB should be physically separated

(a) single room isolation or (b) cohorting patients
Recommendation 6: Environmental cleaning

Strong/Very low

Cleaning protocols of the immediate surrounding area (patient zone)
Optimal cleaning agent for environmental cleaning has not yet been defined.

Recommendation 7: Surveillance cultures of the environment for CRAB colonization/contamination

(CRAB outbreaks)
Recommendation 8: Monitoring, auditing and feedback
Monitoring of implementation of multimodal strategies
Feedback of results to health care workers and decision-makers

Conditional/Very low quality

Strong/Very low to low

Abbreviations: CRAB, carbapenem-resistant Acinetobacter baumannii; IPC, infection prevention and control; WHO, World Health

Organization.

*This table was modified from WHO guidelines for the prevention and control of carbapenem-resistant organisms [17].
**Quality of evidence was classified as high, moderate, low, or very low according to factors that include the study methodology,
consistency and precision of the results, and directness of the evidence.
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