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ABSTRACT

Risk Factorsfor the Acquisition of Pandrug-Resistant Glucose
Non-Fermenting Gram-Negative Bacilli and Their Resistance
M echanismsto Car bapenems

Yoon Soo Park

Department of Medicine

The Graduate School, Yonseal University

(Directed by Professor June Myung Kim)

Background: Infections with multidrug-resistant (MDR) glucose
non-fermenting Gram-negative bacilli (GNFB) are casasted with
severe outcomes, including increased mortalityrandbidity. Recently,
pandrug-resistant (PDR) GNFB, defined as beingstasi to all
available anti-pseudomonal antibiotics, were regbrtBecause of
limited therapeutic options and increased mortaltyd morbidity,
prevention for acquisition of PDR GNFB is essentlabwever, risk

factors for the acquisition of PDR GNFB are not weil documented.



Resistance mechanisms that are expressed freque@MFB include
B-lactamases, alterations in cell-wall channels, afifux pumps.
Clinically most troubling has been GNFB’s acquirpdactamases,
including serine and metallgdactamases (MBLs), which then confer a
resistance to carbapenems, potent agents forrngeiatiections caused
by Gram-negative bacteria. However, carbapenem stegsie
mechanisms of PDR GNFB are not described. In thiglystwe
investigated not only the risk factors for PDR GNERE8quisition but
also their resistance mechanisms to carbapenems.

Methods: From June to November, 2007, isolates of PDR
Pseudomonas aeruginosa and Acinetobacter baumannii (PDRPA and
PDRAB) were collected from patients in 8 tertiargre hospitals.
Modified Hodge test, EDTA-imipenem disk synergyttesnd PCR
amplification and sequencing were performed to cletiee presence
and typing of the MBL and OXA genes. A case-casarob study was
performed to determine factors associated with PbRRd PDRAB
acquisition. Data were collected retrospectivetyrfrmedical records.

Results: During the study period, 43 isolates of PDRPA &td
isolates of PDRAB were collected from 8 hospitaisl avere analyzed

for carbapenem resistance mechanism. Thirty thregengs with



PDRPA and 26 with PDRAB were studied for risk facoalysis. For
P. aeruginosa, mechanical ventilation (OR, 6.8; 95% CI, 1.1-42;
P=.039) and APACHE II score (OR, 1.13; 95% CI, 11023;P=.019)
were identified as independent risk factors for PBRacquisition.
Mechanical ventilation (OR, 18.8; 95% CI, 3.6-99P%.008) and
urinary catheter usage (OR, 3.8; 95% CI, 1.01-1#26,048) were
identified as risk factors for imipenem-resistaRt aeruginosa
acquisition, whereas mechanical ventilation (OR3; 5% CI, 1.1-
24.4;P=.034) and associated pulmonary disease (OR, 8%;QlI, 1.2-
17.4;P=.026) for imipenem-susceptibke aeruginosa acquisition. For
A. baumannii, mechanical ventilation (OR, 11.5; 95% CI, 1.7776.
P=.012) and time at risk (OR, 1.04; 95% CI, 1-1.0°Z.049) were
identified as independent risk factors for PDRABquasition.
Mechanical ventilation (OR, 22.8; 95% CI, 2.4-2185.007) and
defined daily dose of 3rd generation cephalosp@R, 1.2; 95% ClI,
1.02-1.4;P=.028) were identified as risk factors for imipenegsistant
A. baumannii acquisition, whereas APACHE Il score (OR, 1.2; 96%
1.03-1.4;P=.022) and associated pulmonary disease (OR, 6; ©§%
1.2-30.9;P=.031) for imipenem-susceptibke baumannii acquisition.

Pulsed-field gel electrophoresis (PFGE) of PDR GNdf®wed that



clonal epidemic GNFB isolates coexisted with sparatolates.
Among 43 isolates of PDRPA, 8 isolates (19%) wé@as to produce
MBL; 4 were VIM-2 producers and 4 were IMP-6 prodisc Of the 30
isolates of PDRAB, no MBL producer was detected.oAthe PDRAB
isolates contained the OXA-51 gene andld&l was detected upstream
of the OXA-51 gene in 7 (33%) isolates, among whmth OXA-23
gene was found. The ABal was detected upstream of the OXA-23
gene in 23 (77%) PDRAB isolates.

Conclusion: This study supports a major role for mechanical
ventilation on the acquisition of PDR GNFB. MoregeFGE showed
clonal epidemic within hospitals. Taken togethbese results suggest
that patient to patient transmission contributes ahquisition of PDR
GNFB in Korea. Carbapenem resistance of PDRPA islgndue to a
non-carbapenemase mechanism and 19% of PDRPA m@rodt .
Among PDRAB, 77% of isolates contain OXA-23 genesl 23%
contain IR\bal-activated OXA-51 genes. Coexistence of OXA-23 gene

and ISAbal-activated OXA-51 gene is not detected.

Key words: Pandrug resistance, glucose non-fermenting Gram-

negative bacilli, risk factor, carbapenem, resistamechanism
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[. INTRODUCTION

Pseudomonas spp. and Acinetobacter spp. belong to glucose non-
fermenting Gram-negative bacilli (GNFB) and are @mpnt nosocomial
pathogensPseudomonas aeruginosa is commonly found in soil, water and
plants, and can on occasion be associated witkedlomization of otherwise
healthy humans and animalBcinetobacter spp. is ubiquitous in natute
GNFB are not only intrinsically resistant to seVeaatimicrobial agents but
also often acquire mechanisms of resistance ta atftéiotics. Carbapenems
are potent agents for treating infections causedsbgm-negative bacteria,

because of their broad spectrum of activity antilyato hydrolysis by most



B-lactamases including the extended-spectrfislactamases National
Nosocomial Infections Surveillance System regardinggnsive care unit
(ICU) patients across the USA showed a signifigairicreasing trend of
resistance to imipenem f& aeruginosa and Acinetobacter baumannii over
the study period of 1987-2003In Korea, increasing trends for imipenem
resistance were also observedPiraeruginosa and Acinetobacter spp. over
the study period of 1997-2004

Since the multidrug-resistant (MDRJ. aeruginosa strains were first
reported in patients with cystiibrosis’, there have been numerous reports for
MDR GNFB. These MDR GNFB strains may be transmiftedh patient to
patient and sometimes lead to outbreaks amongnpat&tending the same
clinic® ”. Infections with MDR GNFB are associated with seveutcomes,
including increased mortality and morbidityRecently, pandrug-resistant
(PDR) GNFB, defined as being resistant to all améd anti-pseudomonal
antibiotics, were reported and the emergence aketloeganisms has severely
threatened therapeutic choité® Because of limited therapeutic options and
increased mortality, prevention for acquisition RDR GNFB is essential.
However, risk factors for the acquisition of PDR EB are not yet well
documented.

Resistance mechanisms that are expressed frequer@NFB includep-



lactamases, alterations in cell-wall channels =i and efflux pumps.
Clinically most troubling thing has been GNFB’'s airgd p-lactamases,
including serine and metall@dactamases (MBLs), which then confer a
resistance to carbapenémdhe production of these MBLs 1B aeruginosa
can lead to a resistance to imipenem and meropemus the
antipseudomonal cephalosporins, including cefepiam antipseudomonal
penicillins”. IMP-1 was the first MBL identified ifP. aeruginosa and first
countrywide spread in Gram-negative bacilli wasoregd in Japai™. VIM-
1 and VIM-2 were identified in Europe'’ In Korea, 9% of imipenem-
resistantP. aeruginosa isolated between 1995 and 1999 in a tertiary care
hospital had VIM-2 MBL®. In PDR GNFB, however, carbapenem resistance
mechanisms are not described.

The objectives of this study were to clarify theskrifactors for the
acquisition of PDR GNFB by Korean hospitals anda@ocument the resistance

mechanisms to carbapenems.



[I.MATERIALSAND METHODS

1. Bacterial strainsand antimicrobial susceptibility testing

From June to November, 2007, isolates of PRRaeruginosa and A.
baumannii (PDRPA and PDRAB) were collected from clinical cipgens
from patients in 8 tertiary care hospitals in Se@yeonggi, Kangwon and
Busan (Severance Hospital of Yonsei University €g#l of Medicine, Seoul;
Kangnam Sacred Heart Hospital of Hallym Universitgdical Center, Seoul;
Korea University Anam Hospital, Seoul; Myongji Hasp of Kwandong
University College of Medicine, Koyang; Bundang GHaspital of Pochon
CHA University College of Medicine, Seongnam; Sdamthyang University
Hospital, Bucheon; Yonsei University Wonju Christiddospital, Wonju;
Kosin University Gospel Hospital, Busan). Amoig aeruginosa and A.
baumannii, the isolates which showed resistant or internmediansitivity to
all tested antimicrobials (Table 1) were considesesd PDR GNFB and
included for further study. The MICs of antimicrabagents were determined

by an agar dilution methdd



Table 1. Tested antimicrobials for the definition of pandmagistantP.
aeruginosa andA. baumannii

Class P. aeruginosa A. baumannii

Penicillin Piperacillin Piperacillin
Cephalosporin Ceftazidime, Cefepim€geftazidime, Cefotaxime, Cefepime
Monobactam Aztreonam Aztreonam
Carbapenem Imipenem, Meropenem  Imipenem, Meropenem

Piperacillin-tazobactam
B-Lactamf-lactamase inhibitor combinatic Piperacillin-tazobactam
Ampicillin-sulbactam

Aminoglycoside Amikacin, Gentamicin, Amikacin, Gentamicin,
Fluoroquinolone Ciprofloxacin Ciprofloxacin
Others NA Trimethoprim-sulfamethoxazole

NA, not applicable
2. Modified Hodge test for the screening of car bapenemases

The surface of a Mueller-Hinton agar plate was utated evenly using a
cotton swab with an overnight culture suspensioissherichia coli ATCC
25922, which was adjusted to one-tenth of the MaRdrno. 0.5. After brief
drying, an imipenem disk was placed at the centéhe® plate, and isolates
from the overnight culture plates were streakedvihearhe presence of a
distorted inhibition zone after overnight incubatiwas interpreted as Hodge

test positivé’.



3. EDTA-imipenem disk synergy test

An overnight culture of the test strain was suspénib the turbidity of a
McFarland no. 0.5 tube and used to swab inoculatéualler-Hinton agar
plate. After drying, a 1Qug imipenem disk (BBL, Cockeysville, MD, USA)
and a blank filter paper disk were placed 10 mnrtdpam edge to edge, and
10 ug of 0.5 M EDTA was applied to the blank disk. Aftevernight
incubation, the presence of an enlarged zone d@bitidn was interpreted as

EDTA-imipenem disk synergy test positfle

4. PCR amplification and sequencing

A. MBL gene detection and sequencing in P. aeruginosa

PCR detection of thblayp- andblayy-like alleles was carried out using
the IMP1 and VIM2 primef3 (Table 2). PCR was performed withyid of
heat-extracted DNA template, 20 pmol of each priraad PreMix (Bioneer,
Cheongwon, Korea) containing 1 U Tdg DNA polymerase in a total volume
of 20 ul. The amplification conditions were initial denedtion at 94°C for 5
min, 25 cycles of 94°C for 30 s, 56°C for 30 s, &2dC for 45 s, and finally,
72°C for 7 min.

To determine the type of MBL genes, isolates bithy-- andblayy-like

10



alleles were used for sequencing. The primers Gf1HN, INT2-R, IMP1-F,
IMP1-R, VIM2-F, and VIM2-R were used fdilayp- andblayy-like alleles
sequencing. The reactions were carried out ina Wmiume of 50ul, with 5
ul of heat-extracted template DNA, 20 pmol of eacimpr, and 3 U of LA
Taq (Takara, Shiga, Japan). The cycling conditions vesréollows: 94°C for
12 min and then 35 cycles of 94°C for 1 min, 556€ % min, and 72°C for 5
min. The extension time was increased by 5 s faheacle. The PCR
products were subjected to direct sequencing. Bathnds of the PCR
products were sequenced twice with an automatioesempr (model 3730
Applied Biosystems, Weiterstadt, Germany). Sequeraglysis and
comparisons were performed using programs availaddlethe NCBI

(http://www.ncbi.nlm.nih.goV!/

B. OXA gene and insertion sequence detection in A. baumannii

Detection of the four groups of OXA-carbapenemaseaeg blaoxaos,
blaoxa.24, blaoxas: and blaoxa.ss) was carried out using a multiplex as3ay
(Table 2). Templates for the PCR amplification live tclinical isolates were
made of a whole lysate. The amplification condiionvere, initial
denaturation at 94°C for 5 min and then 30 cycfe848C for 25 s, 52°C for

40 s and 72°C for 50 s, and finally, 72°C for 6 min

11



The insertion sequenceABal upstream of thélaoxa 2z and theblagyas:
genes were sought using combinations of thAbd#&F primer and the
OXA23-R/IOXA51-R primer. The amplification conditisn for the
ISAbalF/OXA23-R were, initial denaturation at 95°C fombn and then 35
cycles of 95°C for 45 s, 56°C for 45 s and 72°C3anin, and finally, 72°C
for 5 min. Same conditions were used for th&d&LF/OXA51-R, except that

an annealing temperature of 58°C.

Table 2. Primers used for detection of carbapenemases

Primer Sequence (5'to 3) Target
IMP1-F CAT GGTTTG GTG GTT CTT GT blap-1
IMP1-R ATAATT TGG CGG ACT TTG GC

VIM2-F ATG TTC AAACTT TTG AGT AAG blayiv-2
VIM2-R CTACTC AAC GAC TGAGCG

INT1-F GGC ATC CAAGCAGCAAG

INT2-R AAG CAG ACT TGA CCT GA

ISAbalF CAC GAATGC AGAAGT TG IRbal
ISAbalR CGACGAATACTATGACAC

OXA23-F GAT CGG ATT GGAGAACCAGA blaoxa-23
OXA23-R ATT TCT GAC CGC ATT TCC AT

OXA24-F GGTTAG TTG GCC CCC TTAAA blaoxa-24
OXA24-R AGT TGA GCG AAAAGG GGATT

OXA51-F TAATGC TTT GAT CGG CCT TG blaoxa-s1
OXA51-R TGG ATT GCACTT CAT CTT GG

OXA58-F AAG TAT TGG GGC TTG TGC TG blaoxa-ss
OXA58-R CCC CTC TGC GCT CTACAT AC

12



5. Pulsed-field gel electrophoresis

For pulsed-field gel electrophoresis (PFGE) analysba I-digested and
Sma I-digested genomic DNA of PDMP. aeruginosa and A. baumannii,
respectively, were prepared according to the matwfar’s instruction (Bio-
Rad, Hercules, CA, USA) and fragments were sep&fate20 h at 6 V/cm at
11°C using a CHEF-DR Il System (Bio-Rad, Hercu(@a, USA), with initial
and final pulse times of 0.5 and 30 s, respecti¥eRhe pattern was analyzed

visually and with Fingerprinting 1l software (Bioald, Hercules, CA, USA).

6. Case-case-control study

A case-case-control study design was used. Threecwssrol studies were
performed to determine factors associated withRB&RPA and the PDRAB
acquisition, respectively. The first group of cgsatients included adult
patients who had nosocomial isolation of PDR GNR&BIinical cultures. The
second and the third group included adult patiemt® had nosocomial
isolation of imipenem-resistant and imipenem-susbkp GNFB in clinical
cultures, respectively. The second and the thimhgrof case patients were
randomly selected in the same hospital as the sjporeling first case patient
during the study period.

The microbiology laboratory database was electailyicsearched to

13



identify all GNFB—positive clinical cultures of sahas obtained from patients
admitted to the hospital during the study periodtidhts who had GNFB
isolates and recovered within 48 h of admissiorevescluded from the study.
Patients in the control group were selected froraragrpatients receiving care
from the same hospital from which case patienteweceiving care during
the study period. Patients in the control group mtid have GNFB isolated
during their hospital stay. For each case patigtit RDR GNFB who was
selected, 2 control patients were randomly chodeatients who were
admitted for <48 h were excluded from the controlugp.

Data were collected retrospectively from medicatords. Variables
analyzed as possible risk factors included age, asgociated diseases or
comorbid conditions, Charlson scttelCU stay, surgery, length of hospital
stay before outcome of interest (time at risk;dase patients, from admission
to nosocomial isolation of GNEHor controls, complete length of hospital
stay), and severity of illness, as calculated by #ftcute Physiology and
Chronic Health Evaluation (APACHE) Il score. Theeggnce of a central
venous catheter/arterial catheter, urinary cathetechanical ventilation, and
naso-gastric tube was documented. Finally, all naintobial therapy
administered before outcome of interest was asoeda

For the measurement of antimicrobial use, the ddfidaily dose (DDD)

14



was used. Total DDD of the antimicrobial agent wakulated by dividing
the total grams of the antimicrobial agent usedaimospital area by the
number of grams in an average daily dose of thetagwen to an adult
patient (DDD). DDDs were adapted from: WHO Colladdorg Centre for
Drug Statistics Methodology. Anatomical Therapeuthemical (ATC)
classification index with defined daily doses (DDRPO07. Available from:

http://www.whocc.no/atcddd/.

7. Satistical analysis

All statistical analyses were performed using SR8Bware, version 15
(SPSS, Chicago, IL, USA). Bivariate analyses wendgomed separately for
each of the variables. ORs and 95% ClIs were caémldor binomial
variables. P values were calculated by use of Fshexact test, for
categorical variables; and by the Student's t thst,continuous variables.
Variables for which the P value was <.05 in bivi@ianalysis were included
in a logistic regression model for multivariableabysis. A forward selection
process was used. Risk factors were checked fdineatity by viewing
changes in standard errors of multivariate moddigests were 2-tailed, and

a P value of <.05 was considered significant inrtiudtivariable model.

15



1. RESULTS

During the study period, 43 isolates of PDRPA a@dsd®lates of PDRAB
were collected from 8 hospitals and were analyzed the carbapenem
resistance mechanism. Of these collected PDR GNfelates, 37 ofP.
aeruginosa and 27 ofA. baumannii had the full medical record available for
review. Four patients with PDRPA and one patiethWDRABhad cultures
positive within the first 2 days after admissiordamere excluded from risk
factor analysis. Finally, 33 patients with PDRPAl &6 with PDRAB were

studied for risk factor analysis.

1. Risk factor analysisfor PDR P. aeruginosa acquisition

Of 33 patients with PDRPA acquisition, 26 were nagial 7 were women,
with an age of 65+ 17 years. The most common site from which PDRPA,
imipenem-resistant and imipenem-susceptiBle aeruginosa (IRPA and
ISPA) were recovered was the respiratory systempda%], 19 [58%] and 21
patients [64%], respectively). The second most comsite was the urinary
system (12 [36%)], 9 [24%] and 5 patients [15%]pexdively). The hospital
ward from which patients with PDRPA, IRPA and ISRAre receiving care

on the date that a positive culture result wasinbthincluded the general

16



ward (16 [49%], 17 [51%] and 23 [70%)], respectiyelgnd ICU (17 [51%],
16 [49%] and 10 [30%], respectively).

Results of bivariate analysis for baseline demdgapand clinical
characteristics, associated diseases or comorliditams, Charlson score,
ICU stay, surgery, time at risk, severity of illness calculated by the
APACHE Il score, and the receipt of specific artthlis are presented in table
3.

Results of the multivariate analysis are preseintethble 4. In the final
model, mechanical ventilation (OR, 6.8; 95% CI, -428 P=.039) and
APACHE Il score (OR, 1.13; 95% CI, 1.02-1.23:.019) were identified as
independent risk factors for PDRPA acquisitibfechanical ventilation (OR,
18.8; 95% ClI, 3.6-99.9?=.008) and urinary catheter usage (OR, 3.8; 95% ClI,
1.01-14.6; P=.048) were identified as risk factors for IRPA aisifion,
whereas mechanical ventilation (OR, 5.3; 95% CL1-24.4; P=.034) and
associated pulmonary disease (OR, 4.6; 95% CI11.2-P=.026) for ISPA

acquisition.

17



Table 3. Bivariate analysis of risk factors for the acquisitof Pseudomonas

aeruginosa
PDRPA IRPA ISPA Control patients
Risk factor
(n=33) (n=33) (n=33) (n =66)
Age, years 65+ 12 59 +17 62+13 56 + 19
Male sex 26 (79) 19 (58) 25 (76§ 30 (46)
Associated disease
Diabetes mellitus 11 (33) 9 (27) 5 (15) 15 (23)
Cardiac disease 7 (21) 4 (12) 13 (39) 17 (26)
Pulmonary disease 13 (39) 13 (39)° 14 (42)° 5 (8)
Renal disease 6 (18) 4 (12) 5 (15) 3(5)
Neurological disease 14 (42) 11 (33)* 6 (32) 7 (11)
Malignancy 11 (33) 8 (24) 7 (21) 22 (33)
Charlson comorbidity scale 34+%6 26+22 24+2 2+23
Related to hospitalization
Time at risk, days 51.7 +644 31.2+275* 195+241 17.2+20.1
Intensive care unit stay, days 20.2+30.1 157228 95+256 22+73
Surgery 14 (42) 8 (24) 9 (27) 20 (31)
Device
Central venous/arterial catheter 19 (58) 19 (58)° 11 (33) 12 (18)
Urinary catheter 24 (73) 25 (76)° 13 (39) 19 (29)
Mechanical ventilation 15 (46) 18 (55)° 11 (33 3(4.5)
Naso-gastric tube 16 (49) 17 (52 12 (36 7 (11)
Antimicrobial, DDD
Cephalosporin
First generation 0.6+2.7 06+21 0.1+0.7 948
Second generation 4.1+13.0 11+27 05+1.9 2+U.6
Third generation 12.6 £23.8 7.4+87 50+11.1 3464
Penicillin with f-lactamase inhibitor 7.6 + 18.3* 2.1+59 3.2+85 0.8+4.1

18



Quinolone 13.9 + 265 56+12.7 23%7.0 11+3.6

Aminoglycoside 45+9.2 23+59 28+10.1 3.3a5

Carbapenem 26+57 41+8.0 21+87 1.3+84

Glycopeptide 7.3+19.6 3.3+5.38 25+54 1134
Septic shock/severe sepsis 7 (21)* 6 (18) 5 (15) 5)3
APACHE Il score 145+72 12.3+78 11.2+8.4 6.8+t6

Data are no. (%) of patients or mean # standariatlen. * p<0.05 vs. control grouf;p<0.01
vs. control group? p<0.001 vs. control group. PDRPA, pandrug-restdfaneruginosa; IRPA,
imipenem-resistanP. aeruginosa; ISPA, imipenem-susceptib. aeruginosa; DDD, defined

daily dose; APACHE, acute physiology and chronialtieevaluation.

Table 4. Multivariate analysis of risk factors for the acquisitiof

Pseudomonas aeruginosa

Unadjusted OR Adjusted OR

Risk factor P value
(95% Cl) (95% Cl)
PDRPA
Mechanical ventilation 17.5 (4.6-67.2) 6.8 (1.16)2. .039
APACHE Il score 1.13(1.02-1.28) .019
IRPA
Mechanical ventilation 25.2 (6.6-96.8) 18.8 (3.65)9 .008
Urinary catheter 7.7 (3.0-20.1) 3.8 (1.01-14.6) 8.04
ISPA
Mechanical ventilation 10.5 (2.7-41.1) 5.3 (1.144. .034
Associated pulmonary disease 9.0 (2.9-28.2) 4B11.4) .026

OR, odds ratio; CI, confidence interval; PDRPA, ¢haig-resistantP. aeruginosa; IRPA,
imipenem-resistanP. aeruginosa; ISPA, imipenem-susceptibl®. aeruginosa; APACHE,

acute physiology and chronic health evaluation.
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2. Risk factor analysisfor PDR A. baumannii acquisition

Of these 26 patients with PDRAB acquisition, 20 everen and 6 were
women, with an age of 6% 14 years. PDRAB, imipenem-resistant and
imipenem-susceptiblé&. baumannii (IRAB and ISAB) were most frequently
recovered from the respiratory system (19 [73%][4®%] and 16 patients
[73%)], respectively).

Results of bivariate analysis for baseline demdgapand clinical
characteristics, associated diseases or comorlditamns, Charlson score,
ICU stay, surgery, time at risk, severity of illsesas calculated by the
APACHE Il score, and the receipt of specific arttlis are presented in table
5.

Results of the multivariate analysis are preseittethble 6. In the final
model, mechanical ventilation (OR, 11.5; 95% CT-16.7;P=.012) and time
at risk (OR, 1.04; 95% CI, 1-1.0=.049) were identified as independent risk
factors for PDRAB acquisitioivlechanical ventilation (OR, 22.8; 95% ClI,
2.4-218;P=.007) and DDD of 3rd generation cephalosporin (DR; 95% CI,
1.02-1.4; P=.028) were identified as risk factors for IRAB agsijtion,
whereas APACHE Il score (OR, 1.2; 95% CI, 1.03-1%.022) and
associated pulmonary disease (OR, 6; 95% CI, 1.2-83.031) for ISPA

acquisition.
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Table 5. Bivariate analysis of risk factors for the acquisitof Acinetobacter

baumannii
PDRAB IRAB ISAB Control patients
Risk factor (n=26) (n=23) (n=22) (n=52)
Age, years 6314 67 +13 6315 51+18
Male sex 20 (77 14 (61) 19 (86) 23 (44)
Associated disease
Diabetes mellitus 5(19) 6 (26) 3.(17) 11 (21)
Cardiac disease 12 (46) 11 (48) 9 (41) 12 (23)
Pulmonary disease 9 (35)* 17 (23) 9 (41¥ 5 (10)
Renal disease 3(12) 209 1(6) 4 (8)
Neurological disease 9 (35) 6 (26) 8 (36) 4 (8)
Malignancy 4 (15) 7 (30) 3(14) 11 (21)
Charlson comorbidity scale 23+21 33426 21+1.38 16+19
Related to hospitalization
Time at risk, days 32.4+332 21.7+21.9* 21+26.1 11.3+145
Intensive care unit stay, days 28£29 17.8+25.8 14.4 + 8.1* 0.13+0.6
Surgery 10 (39)* 3 (13)* 6 (27) 21 (40)
Device
Central venous/arterial catheter 8 (31)* 7 (30)* (28) 4 (8)
Urinary catheter 15 (58) 10 (44§ 9 (41¥ 5 (10)
Mechanical ventilation 12 (48) 14 (61§ 5 (23)* 2(3.8)
Naso-gastric tube 15 (58) 10 (445 8 (6 3(6)
Antimicrobial, DDD
Cephalosporin
First generation 0.1+0.3 0 09+33 03+1.1
Second generation 0.3+1.2 05+1.4 0.7+24 +R1
Third generation 9.3+13.1* 76+86 51+8.0 2.3+3.7
Penicillin with f-lactamase inhibitor 4.3 +16.8 4.4 +13.9 0.2+0.5 0
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Quinolone 3.0+£58 34+6.4 1.7+43 09+22

Aminoglycoside 5874 3.9+6.2 51+15.2 3.31+1

Carbapenem 4.0 +9.4* 21+55 1.7+54 0

Glycopeptide 59+134 3.5+5.8*% 34+12 06+3
Septic shock/severe sepsis 7 827) 6 (26f 2(9) 0
APACHE Il score 142+8%7  158+83 10.1+5.4 44+4

Data are no. (%) of patients or mean # standariatlen. * p<0.05 vs. control grouf;p<0.01
vs. control group? p<0.001 vs. control group. PDRAB, pandrug-resisfataumannii; IRAB,
imipenem-resistanf. baumannii; ISAB, imipenem-susceptibld. baumannii; DDD, defined

daily dose; APACHE, acute physiology and chronialtieevaluation.

Table 6. Multivariate analysis of risk factors for the acgjtion of

Acinetobacter baumannii

Unadjusted OR  Adjusted OR

Risk factor P value
(95% Cl) (95% Cl)
PDRAB
Mechanical ventilation 21.4 (4.3-107) 115 (1.7796. .012
Time at risk (days) 1.04 (1-1.07)  .049
IRAB
Mechanical ventilation 38.9 (7.5-201) 22.8 (2.4-218 .007
Third generation cephalosporin (DDD) 1.2 (1.02-1.4) .028
ISAB
APACHE Il score 1.2 (1.03-1.3) .022
Associated pulmonary disease 6.5 (1.9-22.8) 6230.9) .031

OR, odds ratio; Cl, confidence interval; PDRAB, g@arg-resistantA. baumannii; IRAB,
imipenem-resistanf. baumannii; ISAB, imipenem-susceptibld. baumannii; DDD, defined

daily dose; APACHE, acute physiology and chronialtieevaluation.
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3. PFGE profile of PDR P. aeruginosa and A. baumannii

PFGE ofXba I-digested andma I-digested genomic DNA of PDRPA and
PDRAB revealed that clonal epidemic PDR GNFB iszdatoexisted with
sporadic isolates (Figure 1, 2). Among PDRPA issddtom the same hospital,
PFGE patterns were genetically related (Dice cciefit > 80%); 3 of 4
isolates from hospital HA, 3 of 6 isolates from pitel HE, 5 of 6 isolates
from hospital HH. For the PDRAB isolates, all 9té isolates from hospital
HH were genetically related, whereas 5 of 9 fromsgdial HD were

genetically related.
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g 8 8 8 8 3 § Isolate No. MBL gene PFGE type
_HE6 - A
_HF8 VIM-2 B
HD1 - c1
E HG5 - c2
HE1, HE3, HE4 - c3
_HG1 - D1
[ HG3 - D2
HG6, HG11 - El
{ HG12 - E2
_HG2 VIM-2 F
HG9 .
HG10 - H
_HE5 - 1
_HG4 - a1
_HGT7 - 32
HAL - K1
_HA3, HA4 - K2
_HA2, HB1 VIM-2 (HA2) K3
HE2 IMP-6 L
HG8 - 2
_HH1, HH2 - M1
_HH3 - M2
‘ .HH4, HH5 - M3
LHF1 - N
HH6 - :
_HF5 VIM-2 Pl
HF7 IMP-6 P2
HF4 - P3
_HF10 - P4
_HF3 - Q
LHC1 - R
HF9 IMP-6 S
_HF2 - T1
I: _HF6 IMP-6 T2

Figure 1. Pulsed-field gel electrophoresis dendrogram ofdpagrresistant
Pseudomonas aeruginosa. Ten of 12 isolates from hospital HF were available
for analysis.
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El
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A
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K3
K4
K5
Ké
K7
L1
L2
M1
M2

Figure 2. Pulsed-field gel electrophoresis dendrogram ofdpagrresistant

Acinetobacter baumannii.

4. Antimicrobial susceptibility of PDR P. aeruginosa and A. baumannii

All PDRPA and PDRAB showed intermediate or resistanall tested
antimicrobials according to the definition of PDRNEB. MIC ranges of
imipenem for PDRPA and PDRABvere 8 to 128 and 8 to 3gg/ml,
respectively (Table 7). MICs of all of the oth8rlactams for the isolates

were =16 ug/ml. MIC ranges of colistin for PDRPA and PDRAB ree).5
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to 2 and 0.5 to lug/ml, respectively, and all isolates were suscépttb
colistin. For tigecycline, PDRAB MIC range, Mdgand MIG, were 1 to 8, 2
and 4 ug/ml, respectively.

Table 7. Antimicrobial susceptibility of pandrug-resistafseudomonas

aeruginosa andAcinetobacter baumannii

P. aeruginosa (n = 43) A. baumannii (n = 30)

Antimicrobial agent MIC range* MICs* MICo*  MIC range* MICsg* MIC o
Piperacillin 128->256 256 >256 >256 >256 >256
Piperacillin/tazobactam 128->256 256 >256 >128 >128 >128
Ampicillin/sulbactam NT NT NT 32->128 64 64
Cefotaxime NT NT NT >128 >128 >128
Ceftazidime 16->128 64 >128 128->128 >128 >128
Cefepime 32->128 >128 >128 32->128 >128 >128
Aztreonam 16->128 128 >128 NT NT NT
Imipenem 8->128 16 64 8-32 32 32
Meropenem 8->128 32 >128 16-64 32 32
Amikacin 64->128 >128 >128 >128 >128 >128
Gentamicin 32->128 >128 >128 >128 >128 >128
Ciprofloxacin 8->128 32 64 32-128 64 128
Cotrimoxazole NT NT NT 16->128 >128 >128
Colistin 0.5-2 1 2 0.5-1 0.5 1
Tigecycline NT NT NT 1-8 2 4

* Values are inpg/ml; MICso and MIG, MICs for 50% and 90% of strains, respectively Oy

minimum inhibitory concentration; NT, not tested.
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5. Carbapenem resistance mechanism of PDR P. aeruginosa and A.
baumannii

Of the 43 isolates of PDRPA, 11 were positive far inodified Hodge test.
Among them, the 8 isolates (19%) were shown to ymwedMBL by the
EDTA-imipenem disk synergy test and PCR; 4 were \MMroducers and 4
were IMP-6 producers by PCR and sequencing analMé& producers were
detected from 4 hospitals (Table 8).
Table 8. Carbapenem resistance mechanism of pandrug-rdsistan

Pseudomonas aer uginosa

No. of Hodge test EDTA-imipenem disk MBL production (%)
Hospital

isolates  positive (%)  synergy test positive (%) VIM-2 IMP-6
HA 4 1 1 1 0
HB 1 1 0 0 0
HC 1 0 0 0 0
HD 1 0 0 0 0
HE 6 1 1 0 1
HF 12 7 5 2 3
HG 12 1 1 1 0
HH 6 0 0 0 0
Total 43 11 (26) 8 (19) 4(9) 4(9)

MBL; Metallo--lactamase
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Of the 30 isolates of PDRAB, 15 were positive fog tnodified Hodge test.
However, no MBL producer was detected by the EDmpenem disk
synergy test and no further PCR assay for MBL wexéopmed. All of the 30
PDRAB isolates contained the OXA-51 gene andbkl was detected
upstream of the OXA-51 gene in 7 (33%) isolatespragnwhich no OXA-23
gene was found. The OXA-23 gene was detected in7Z%) PDRAB
isolates, and 1&bal was detected upstream of the OXA-23 gene in ahef
PDRAB isolates (Table 9). Coexistence of OXA-23 geand |R\bal-
activated OXA-51 gene was not detect€&nes encoding the OXA-24 and

OXA-58 carbapenemases were not detected.
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Table 9. Carbapenem resistance mechanism of pandrug-rdsistan

Acinetobacter baumannii

EDTA-imipenem

No.of Hodge test OXA-23 positive ISF/OXA23R  ISF/OXA51R
Hospital disk synergy test
isolates positive (%) 3 (%) (%) (%)
positive
HA 2 2 0 2 2 0
HB 0 0 0 0 0 0
HC 3 0 0 0 0 3
HD 9 9 0 9 9 0
HE 2 2 0 2 2 0
HF 2 0 0 0 0 2
HG 3 2 0 1 1 2
HH 9 0 0 9 9 0
Total 30 15 (50) 0 23 (77) 23 (77) 7 (33)

* Results of PCRs carried out usingAl$&1 forward primer (I®balF) and OXA-23 gene

(OXA23-R) or OXA-51 gene (OXA51-R) reverse primers
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V. DISCUSSION

There is an association between the developmentargfmicrobial
resistance irtaphylococcus aureus, enterococci, and Gram-negative bacilli
and increases in mortality, morbidity, length ofspitalization, and cost of
health car® and infections caused by MDR Gram-negative batitlive
become a growing problém P. aeruginosa and Acinetobacter spp. are
important nosocomial pathogens and specificallyregsikd as categories as
MDR Gram-negative bacilli by a recergport of the Infectious Diseases
Society of Americ&. Unfortunately, and contrary to what happened with
Gram-positive bacteria, no antibiotic, with the epiion of tigecycline, from
a new class has been developed specifically for M@ &m-negative bacilli.
Moreover, there are now a growing number of repoftsases of infections
caused by Gram-negative organisms for which no wateqtherapeutic
options exist Thus, strategies to prevent the nosocomial emeegemd
spread of MDR Gram-negative bacilli are essential.

Elucidation of the risk factors associated with tlaequisition of
antimicrobial resistanP. aeruginosa and A. baumannii has been an area of
active research and there have been numerous sepbd length of hospital

stay’, prior admission histof§, hemodialysi€, prior antimicrobial usag&*’,
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invasive therapeutic interventidn® were all known as risk factors for the
acquisition of IRPA and the length of hospital $tayCU admissioff, prior
antimicrobial usagé®, and invasive therapeutic interventiori* were for
IRAB.

The analysis of 17 studies on MDR aeruginosa using multivariate
analysis revealed that prior use of antibiotics wary important risk factor
in almost all of them (15/17 studies); carbapenef@s studies) and
fluoroquinolones (6 studies) were most commonly licaped, followed by
3rd generation cephalosporins (3 studies) and bspadtrum beta-lactam
antimicrobials (3 studies). Other independent fistors were mechanical
ventilation (5 studies), length of ICU and hospitsiay (6 studies),
comorbidities (diabetes mellitus, chronic obstreeulmonary disease), &c
Analysis of 20 studies on MDR A. baumannii usingltmariate analysis
revealed that prior antibiotic use was the most rnom risk factor for the
acquisition of MDRA. baumannii, described in more than half of these
studies (11/20 studies). Carbapenems and 3rd demecaphalosporins were
the most commonly implicated antibiotics (4/11 sésdor both), followed by
fluoroquinolones, aminoglycosides and metronidagedeh implicated in one
study). The second most commonly arising risk factaase-control studies

was mechanical ventilation, described in 25% of shedies (5/20 studies).
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Other risk factors were: stay in an ICU and thegtbnof ICU and hospital
stay (3/20 studies), the severity of illness (espeel by the APACHE score)
(2/20 studies), gender, certain therapeutic intgigas such as tracheostomy
(2 studies), hydrotherapy (2 studies), transfusi@me study), placement of
arterial and central venous catheters, Foley catheeté®. These analyses for
risk factors of MDR GNFB have some limitations dieeheterogeneity of
MDR definition and control group selection amongdsés. For PDR GNFB,
a few descriptive studies were repoftéd However, the risk factors for
isolates to become resistant to all beta-lactaimésrbbials, aminoglycosides,
and fluoroquinolones are not yet well described.atidition to these risk
factors, there are many reports of MDR GNFB outkseB. aeruginosa and
A. baumannii are not only ubiquitous in nature but widespreathe hospital
environment and the extensive environmental contaminationakededuring
outbreak investigations implies that cross transiois may be a very
important mechanism for acquisiton of a MDR straim fact,
epidemiological studies using sophisticated methafd®DNA fingerprinting
have shown that the development of multi-drug tasise may occur by both
acquisition of drug resistance by existing strangl by cross-infection with
resistant straif§*. The relative contributions of antimicrobial seleet

pressure and transmission between patients omieegence of MDR GNFB
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are unknown at this time. In this study, independesk factors were
mechanical ventilation and APACHE Il score for @eguisition of PDRPA
and mechanical ventilation and time at risk for PABR Surprisingly,
antimicrobial was not documented as a risk factor dither PDRPA or
PDRAB. Although epidemiological study and outbréakestigation were not
performed, there might be cross transmission anibagpatients receiving
care in the same hospital because mechanical atorilwas documented as
risk factor and clonality was observed on PFGEsThiding suggests that,
during the study period, patient to patient trarssioin contributed more for
the acquisition of PDR GNFB than antimicrobial séle pressure did.

The rationale for using a case-case-control stedygth was the advantage
offered by the comparison of 2 multivariable modelisk factors for
acquisition of antimicrobial resistant organism ais#t factors for acquisition
of antimicrobial susceptible organism. The firstdabidentifies risk factors
for antimicrobial resistant organism among nosoedigniacquired patients,
compared with those receiving care from the sanspitals, and the second
model identifies risk factors for antimicrobial saptible organism. When
patients infected with the antimicrobial suscepgtildrganism are used as
control patients, these “susceptible” control paBeare not representative of

the “source” population for antimicrobial resistaptganism. In a given
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patient with a vancomycin resistant enterococci EYfnfection, the VRE
does not exclusively arise from an endogenous vagcim susceptible
enterococci (VSE) strain. Typically, VRE is acquirBdm an exogenous
source. Moreover, the control group as the patibatboring antimicrobial
susceptible organism may lead to an overestimatibrthe association
between antimicrobial exposure and cases: as acibre antibiotic exposure
would eradicate susceptible organisms, the remgirpotential control
patients would be those patients who have notvedeaiertain antimicrobials
of interest®*? In this study, | performed 3 case-control studigéth same
control group for the meaningful comparison of &rimodels. Mechanical
ventilation was documented as common risk for PDRP®A, and ISPA
and considered as risk factor fBr aeruginosa acquisition in general. The
unique risk factor for PDRPA acquisition was APACHIEscore. ForA.
baumannii acquisition, mechanical ventilation was a commaik factor for
PDRAB and IRAB, and considered as risk factor RAB in general. The
unique risk factor for PDRAB acquisition was timeriak.

The limitation of this study is that the controbgp does not represent the
exact source population for the PDR GNFB case gtmgause the control
group did not include imipenem-susceptible andstasi GNFB. In addition,

because the control patients were not screenednbgctive surveillance
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culture for the presence of GNFB, it is possiblat tbtome of these patients
actually might have been case patients. Howevelis ttype of
misclassification would make the groups of caséeptt and contrgbatients
more similar by including case patients in the mungroups, and it would
only serve to underestimate the associations notéds study.

Resistance mechanisms that are expressed frequemtgsocomial strains
of GNFB include B-lactamases, alterations in cell-wall channelsi(®)r and
efflux pumps. GNFB can become resistant to quinegaihrough mutations in
the genegyrA and parC and can become resistant to aminoglycosides by
expressing aminoglycoside-modifying enzymes. Howeue this study, |
focused on the carbapenem resistance mechanidAiBROIGNFB because the
clinically most troubling thing has been GNFB’s argd p-lactamases,
which confer a resistance to carbaperféni®or P. aeruginosa, carbapenem
resistance attributed t@-lactamases is due to metall®lactamases in
general. The major types that have been identdredMP, VIM, SPM, GIM
and SIM. Since IMP-1 was first reported 8erratia marcescens and P.
aeruginosa isolate$®*® the IMP-type B-lactamases have a global distribution.
Numerous outbreaks of infection with VIM-2 haveaalseen described. In
Korea, VIM-2-like enzymes were the majority of MBh P. aeruginosa and

9% of IRPA isolated between 1995 and 1999 in aamgricare hospital had
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VIM-2 MBL *2. In this study, | found that 9% of PDRPA had VIMg&ne and
another 9% of PDRPA carried IMP-6 genes. In Korie IMP-type [3-
lactamases have rarely been reporteR. igeruginosa except a recent report
of IMP-1 carryingP. aeruginosa outbreak’®.

For A. baumannii, the most problematic recent occurrence is theganee
of numerous OXA enzymes that confBrlactam resistance and the first
description of a serine carbapenemasesA.irbaumannii was OXA-23*
Although OXA carbapenemases may not robustly hydeimipenem, their
presence in an organism that may have an inseséiquence (IS) element that
acts as a promoter can result in imipenem resistarfwo major MBLs have
been reported iAcinetobacter spp.:IMP and VIM type. VIM-2 B-lactamases
detected inA. baumannii isolates from Korea confer significant levei$
resistance to carbapenéfs’ and the distribution of MBLs if\. baumannii
vary in different countri¢ In this study, no MBL was detected in PDRAB
because all isolates showed negative for the EDmipgnem disk synergy
test and this result is compatible with the reaemort that the majority of
MBL-producingAcinetobacter are nonbaumannii Acinetobacter strainé®. All
of the 30 PDRAcinetobacter spp. contained the OXA-51 gene, identifieddas
baumannii and Ibal was detected upstream of the OXA-51 gene in 7

(33%) isolates. The OXA-23 gene was detected i{¥Z%) PDRAB isolates,
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and ISAbal was detected upstream of the OXA-23 gene in a@hefPDRAB
isolates. Although all of these isolates were &§&R positive for OXA-51
gene, none gave a band in the PCR using tAeaB-/OXA51-R primers.
These findings suggest thatdl$l was only associated with OXA-23 gene in
the isolates, which were PCR positive for both @€A-51 gene and the

OXA-23 gene.
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V. CONCLUSION

The risk factors for acquisition of PDR GNFB in kan hospitals were
investigated in this study. In addition, to docutiés@ resistance mechanisms
to carbapenems, the presence of MBL and OXA cariepase genes was
examined.

1. Mechanical ventilation (OR, 6.8; 95% CI, 1.1-4P;7.039) and
APACHE Il score (OR, 1.13; 95% CI, 1.02-1.2B=.019) were
identified as independent risk factors for PDRP4uasition.

2. Mechanical ventilation (OR, 18.8; 95% CI, 3.6-99P5;.008) and
urinary catheter usage (OR, 3.8; 95% CI, 1.01-1#6048) were
identified as risk factors for IRPA acquisition, @rkas mechanical
ventilation (OR, 5.3; 95% CI, 1.1-24.4?=.034) and associated
pulmonary disease (OR, 4.6; 95% CI, 1.2-1%4,026) for ISPA
acquisition.

3. Mechanical ventilation (OR, 11.5; 95% CI, 1.77/6°=.012) and time
at risk (OR, 1.04; 95% CI, 1-1.07°=.049) were identified as
independent risk factors for PDRAB acquisition.

4. Mechanical ventilation (OR, 22.8; 95% CI, 2.4-218;007) and DDD

of 3rd generation cephalosporin (OR, 1.2; 95% 241.4;P=.028)
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were identified as risk factors for IRAB acquisitiovhereas APACHE
Il score (OR, 1.2; 95% ClI, 1.03-1.B=.022) and associated pulmonary
disease (OR, 6; 95% ClI, 1.2-3085.031) for ISPA acquisition.

5. PFGE of PDRPA and PDRAB showed that clonal epidePDRAB
isolates coexisted with sporadic isolates.

6. Of the 43 isolates of PDRPA, the 8 isolates (L9%re shown to
produce MBL; 4 were VIM-2 producers and 4 were IBlproducers.
Of the 30 isolates of PDRAB, no MBL producer wased&d.
Twenty-three (77%) isolates contained OXA-23 geaed 7 (23%)
contained I8bal-activated OXA-51 genes. Coexistence of OXA-23

gene and I8bal-activated OXA-51 gene was not detected

In summary, this study supports a major role fochamical ventilation on
the acquisition of PDR GNFB. Moreover, PFGE revéatonal epidemics
within hospitals. Taken together, these resultgssgthat patient to patient
transmission contributes the acquisition of PDR BN#Korea.

Carbapenem resistance of PDRPA is mainly due toracarbapenemase
mechanism and 19% of PDRPA produce MBL. Among PDRAB% of
isolates contains OXA-23 gene andA\lfal is only associated with OXA-23

gene in theA. baumannii, which contain both OXA-51 and OXA-23 gene.
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