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ABSTRACT

Molecular and Epidemiological I nvestigation of an Outbreak of
I mipenem Resistant Acinetobacter baumannii in a University
Hospital in Korea

Bidur Prasad Chaulagain

Supervisor: Sook-Jin Jang, M.D., Ph. D.
Department of Medicine

Graduate School of Chosun University

Acinetobacter baumannii is an aerobic, glucose non-fermentative, Gram-
negative coccobacillus which is widely distribuiadhe hospital environment. It
is an important opportunistic pathogen causingreetyaof nosocomial infections.
Several outbreaks oA. baumannii in intensive care units (ICUs) of hospitals
have been documented. During January 2004 to Dexmed@i94, the medical ICU
and surgical ICU of Chosun University Hospital (CHUGwangju, Korea
(Republic), a 650 bed tertiary care centre, haceegpced an apparent outbreak
due to the imipenem-resistaA baumannii. To determine the source of the
epidemic and the risk factors, and to know the @ibnand features of outbreak
strains, environmental sampling from the ICU, aeeesntrol study, genotyping
of A. baumannii by pulsed-field gel electrophoresis (PFGE) andtémnical test
and PCR assay for resistance determinants wererpw@. Thirty imipenem
resistant A. baumannii (IRAB) clinical isolates, 9 imipenem susceptibbe
baumannii (ISAB) clinical isolates and 8 IRAB isolated froemvironmental
culture (E-IRAB) collected during that outbreak ipdr were analyzed in this

study.

Environmental culture revealed widespread contatisinaof IRAB in the
ICU environment, especially, from suction- , trasstemy-, and patient’s
ventilator-associated surfaces. IRAB were isolafiesn health care worker’s
(HCW) hands also. This finding was matched wellhwttie finding of the risk

\%



factors which were identified by multiple logistiegression analysis were
mechanical ventilation practice and time at ris&.iSseemed like that multiple
objects in hospital environments, especially, Vatdr- and suction-related
systems were important reservoir of IRAB and theeaging of IRAB was

mediated by HCW’s contaminated hands. Because i8Aita@ment and HCW’s

hands were contaminated, prolonged stay in ICU heaye contributed for the
easy acquisition of IRAB, which is supported by thet that time at risk was the

important risk factor.

PFGE analysis result showed most IRAB and E-IRABentgpe A, a major
PFGE type in this study. Three other minor typesevedso observed but only in a
few sporadic cases. ISAB showed 8 types which wezk differentiated from
IRAB types.

To determine whether the outbreak strains had partEmase, modified
Hodge test (MHT) were carried out for the A7baumannii isolates. All of MHT
positive isolates were tested by imipenem-EDTA deubisk synergy test
(DDST) and several kinds of carbapenemase gene HGR.MHT showed
positive results for all of 30 IRAB and 8 E-IRAB W all of 9 ISAB were
negative for MHT. The DDST showed positive resutts5 of 30 (16.7 %) of
IRAB and one of eight (12.5%) of E-IRAB. Five of 806.7 %) of IRAB showed
blaIMP and 1 of 30 (3.33 %) of IRAB showed blaVINCR positive. PCR results
for other carbapenemase gene such as SPM-1, GE3M-1, blaOXA-23,
blaOXA-24, and blaOXA-58 were negative for all 00 3RAB. Dot blot
hybridization test by fluorescence labeled probeblaOXA-2 gene was carried
out and only 3 out of 47 isolates (6.38 %) wereitp@s It may be possible that
another antibiotic resistant determinant genegslwgraesistance mechanism have
contributed to the imipenem resistance of theséreak strains. To know the
prevalence of integrase genes in our samples,ragegene PCR was carried out.
Most of them were class 1 integrase gene positiviéevall of them were class 3

integrase gene negative. The positive rates of @agategrase gene were 36.7%,

vi



22.0%, and 37.5% of IRAB, ISAB, and E-IRAB respeely.

To control the outbreak, several infection constategy including cross-
transmission prevention protocols, and restricobhe use of carbapenem was
implemented. As cross-transmission prevention pa$sy continued ICU
personnel educational programs, thorough hand-wgsbrocedure, rigorous
open surveillance of adequate compliance with &arprecautions, proper
cleaning protocols, and housekeeping procedures uwsad. Subsequently, steady
reduction of attack rate of imipenem resistantbaumannii into the basal rate
was observed.

Keywords: Acinetobacter, epidemiology, imipenem resistance, molecularrtgpi
outbreak, PFGE
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. INTRODUCTION

Acinetobacter baumanniiis a non-fermentative, aerobic, Gram-negative
coccobacillus which is widely distributed in thespdal environment (Coelho et al
2006, Jubelle et al, 2008ygun et al, 2002, Nemec et al, 2000). It is impott
opportunistic pathogen causing a variety of noseabinfections (Gonzalez et al,
1996, Bergogne-Beéreézin et al 1998, and Gervicth £885). Several outbreaks of
Acinetobacter baumanniin intensive care units of hospitals (ICUs) haweetb
documented mostly occupying immunocompromised piti€Zarrilli et al, 2004,
Sherertz et al, 1985, Wang et al 2003, Pilay e1299). Various types of infections
are caused by this microorganism, including pneuasyrbacteremias, meningitis
and urinary tract infections (McDonald et al, 198&rgogne-Berezin and Towner,
1996, Melamed et al, 2003).

Emergence of carbapenem- and othpr lactams drug-resistance in
Acinetobacter baumannith increased rates of multi drug resistancebeome a
serious threat to the health sectovefmore, 2003, Zarrilli et al 2004, Aygun et al
2002). The metallo beta-lactamases (MBL) resistaates in Korean Nationwide
Surveillance of Antimicrobial Resistance group htzdp (KONSAR) is quite high
with the contribution of more than 6 percent by Afzénetobacter baumanngpecies
alone (Lee et al, 2004). The course of resist@megcapture and transfer in the
species has been suggested both vertical and htaizdStudies for antibiotic
resistance mechanismsAn baumannihave demonstrated the presence of antibiotic
resistance genes located either on chromosomesnotramsferable plasmids,
transposons and integrons (Vahaboglu et al, 199%&ldfhan et al, 2001). The
presence of integrons in this species has addedlithension for its epidemic

behavior and resistance to strong antimicrobiatse(&man et al 2001).

Production of R-lactamases and reduced express$ionter membrane protein
(OMP) and penicillin binding protein are other foeqtly observed mechanisms of
resistance to carbapenems (Fernandez-Cuenca €0@R). Resistance to both

imipenem and carbapenems in multidrug-resistariiaumanniihas also been found

1



associated with the loss of 29-kDa outer membraoteim (OMP) (Limansky et al
2002 and Walther-Rasmussen and Hgiby, 2006) ansrupdion of carbapenem
resistance associated OMP (Mussi et al, 2005) amdhiement of multi-drug
resistant efflux pumps (Heritier et al 2005).

A major contributing factor in the emergence ofisesice of this species is the
acquisition and transfer of antibiotic resistanemes on plasmids, transposons and
integrons (Gombac et al, 2002; Nemec et al 200dy Bt al, 2000; and Vila et al
1997).A. baumanniistrains notoriously cause hospital outbreaks,aafelv lineages
achieve epidemic status, reaching multiple hospitalcountries (Coelho et al, 2006).
By convention, these are termed clones rather strams when their relatedness is
inferred on the basis of DNA profiles, without pesv chains of site-to-site
transmission (Coelho et al, 2006)cinetobacter baumannihow emerged as a
primary nosocomial pathogen in hospital outbreaksd is ranked second after
Pseudomonas aeruginoaamong nosocomial aerobic nonfermentative graminega
bacillar pathogens (Jeong et al 2006; Schreckeabeagd Graevenitz, 1999 and
Simor et al., 2002).

The serine carbapenemases are invariably derigativeclass A or class D
enzymes and usually mediate carbapenem resistadggnetobacterspp. (Walsh et
al, 2005). The emergence of carbapenem resistanseinetobacter baumannhas
become a global concern since these beta-lactamsoféen the only effective
treatment left against many multi-resistant straWhether these carbapenemases
have been acquired or are part of the genetic mapkef this species has yet to be
determined. More importantly, however, they repnésen important stage in the
evolution of antibiotic resistance in acinetobagt@Lactamase production is the
most salient mechanism of acquirgdactam resistance in gram-negative pathogens
(Yong et al., 2006). Carbapenems (e.g., imipeneamg lbecome the drugs of choice
against Acinetobacterinfections in a host of medical centers, but arind
compromised by the emergence of carbapenem hydigly$-lactamase
(carbapenemase) of molecular classes B and D (hiwex, 2002 and Lee and Lee,
2006). Their epidemiology is also complex (Jubeiteal, 2006 and Nemec et al,



2000) and a robust and efficient molecular biolabtechnique is demanding for its

quick epidemiological study.

Acinetobacter baumannis a pathogen that has been associated with hbspit
outbreaks worldwide. Understanding the fundamentachanisms underlying
Acinetobacterinfections, including the original sources of ih&cting organisms,
their clonality, and geographical spread, are ingydr requirements for the
development of appropriate infection control measurEcker et al, 2006).
Genotyping allows investigation of clonal spreadl aan be used to identify the
source of the original infection (Ecker et al, 2DOAcinetobacterstrain typing
methods include serotyping (Traub,1989), multilocaezyme electrophoresis
(Seltmann et al , 1995), and DNA-based methodsuditg repetitive extragenic
palindromic sequence-based PCR (Buxton et al, 1&T@ Huys et al, 2005),
amplified ribosomal DNA restriction analysis (ARDRA pulsed-field gel
electrophoresis (PFGE), amplified fragment lengtlolymorphism (AFLP)
(Vaneechoutte et al, 1995), and ribotyping (lbratgmal, 1997, Koeleman et al,
1998 and Misbah et al, 2005) and MLST (Ecker 2@0@, Bartual 2005). As part of
the investigation to identify the possible sourkefsthis outbreak, to determine the
likely mode(s) of transmission, and to assist imegating and implementing
infection control countermeasures, PFGE based gypnethod and conventional
outbreak control measures were set out. For preseestigation PFGE was chosen
as the typing method for it is taken as gold steshda molecular epidemiological
technique (Seifert and Gerner —Smidt, 1995).

During January 2004 to December 2004, the ICU aidDh University Hospital
(CHU), Gwangju, Korea (Republic), a 650 bed teytieare centre, had experienced
an apparent outbreak due to the imipenem-resigtablaumannii The aim of this
study was to investigate the (i) imipenem resistarmetobacter baumanniutbreak
by genotypic method, (ii) carbapenem resistancerdebant for the outbreak, (iii)
role of integrase in theutbreak, (iv) risk factor analysis for the outliteand (v)

develop control measures for the outbreak.



1. MATERIALSAND METHODS

A. Bacteria and description of the outbreak

Chosun University Hospital (CHU) is a 650-bed testicare centre located at
Gwangju, South Korea. An apparent nosocomial oatbid imipenem resistams.
baumanniioccurred in the medical intensive care unit (MIGIOd surgical intensive
care unit (SICU) unit of this hospital from Janu2804 to December 20q&igure-
1). In order to determine whether the event was a dutbreak it was designed a
retrospective review of medical records of patier@@éinical and environmental
isolates ofA. baumanniicollected during the period of January 2004 to dbeloer
2004 from medical intensive care unit (MICU) andgstal intensive care unit
(SICU) of CHU were analysed for the present stusfyain identification and
antimicrobial susceptibility test was carried oyt\itek ID 32 GN system with Vitek
AST-NO17 kit (bioMerieux, Durham, NC, USA) according to the instruotiof
manufacturer. The minimum inhibitory concentratifMIC) levels for the tested
antibiotics were determined following the NCCLS dglines (NCCLS, 2001). The
bacteria isolation history and antibiogram testegresented ifiable-1.

B. Environmental sample culture of A. baumannii

The environment surveillance culture was perfornmethe MICU and SICU on
March 2004. An extensive environmental samplinghef ICUs were performed for
the presence @&&. baumanniand focused on various inanimate surfaces and it@ms
frequent use and contact with patients and healtd workers (HCW). A total of 88
samplings from inanimate surfaces were obtaineddHavabs and nares scrapings
were obtained from 36 samplings from the HCWs (ifathds of 18 HCWS)Table-

2). Swabs pre-moistened with sterile normal saline ewese to collect the

environmental samples. The survey included th@votig items: DP set containing

suction kit, tracheostomy site, O2 supplier, waglstands, waste water disposal sink

surface, station table, dressing car or assistalteys, keyboard and monitor of

computer, door handle, surface of suction, surfdcecording sheet of patient, water
4



in humidifier of patient, surface of chart of ati, bed rail and sheet of bed of
patient, surface of EKG monitor, water containimgvay, cannular, or suction tube
tip of patient, skin of patient near tracheostoritg, surface of sink, the water tap, a
washing stand, disinfectant solution, receiveretéghone of ICU station, drawers of
dresser, an electric wire running in the ICUs; #atcteic cord of EKG machine,

intravenous injection fluid line, a lid and handié canister, surface of ventilator,
monitor of ventilator, fluid in trap of ventilatocollected or trapped fluid in

ventilator), handle and monitor of ventilator, suwé of wooden dresser in station.

The same surveillance culture methods were repadtiexdthe outbreak control.

A pre-moistened cotton swab in normal saline wadus collect the sample.
The environmental isolates collected from differesites from the hospital
environment during the surveillance period of 203409 to 2004-12-10 were
cultured in MH broth medium and saved for furthexdy in 20 % LB glycerol
medium at -79 degree Celsius. They were testethfipenem resistance following
the NCCLS (2001) guidelines and designated as EBIfoA the resistant isolates for

present study purpose.

C. Antibiotic susceptibility testing for clinical and environmental

samples

For antibiotyping, disk-agar diffusion tests (BD BB Sensi-Dist"
Antimicrobial Susceptibility Test Discs (catalogme. 8840621) were used on
Muellr Hinton agar (bioMerieux) with an inoculum @f1¢ CFU/mI. Antibiotics
tested and disc potency were: amikacin (30ug)azefime (30ug), ciprofloxacin
(5ug), gentamicin  (10ug), imipenem (10pg) and matin  (30uQ),
aztreonam( 30ug), piperacillin (100ug), ticarcHtilmvulanic acid (75/10 pg) and
tobramicin (10pg). MICs of imipenem were determitgcthe agar dilution method
with Mueller-Hinton agar and an inoculum of*1@FU per spot. All cultures were
incubated aerobically at 37C for 24 hours.

The criteria for imipenem resistance (R) was seleas or equal to 13 mm for
growth inhibition zone, intermediate (1) for thensodiameter between 14mm and 15
5



mm and more than 16 mm inhibition zone was recomedusceptible (S) for the
imipenem. Like wise for amikacin inhibition zonetelenination the breakpoint of 14
mm was taken as resistant (R) while the inhibidone between 15mm to16mm was
taken as intermediate (I) and more than 17 mm zdiaeneter was taken as
susceptible (S) to the amikacin for the baumanniiorganism. The criteria for
antibiotics was set as follows: ciprofloxacin rémnee (R),<15mm, 16-20mm for
intermediate (1) angzone diameter for susceptible (S). Like wise fdremnam, R,
<15, I, 16-21 and $22; gentamicin R<12, |, 13-14 and $;15; for netilmicin, R,
<12, I, 13-14 and S>15; piperacillin, R,<17, I, 18-20 and S3>21; ticarcillin-
clavulanic acid, Rg14, 1, 15-19 and S;20; tobramicin, R<12, I, 13-14 and S,
>15mm. Thereakpoints used were those from published recordatems (NCCLS
2001).

D. Preparation of genomic DNA (gDNA) material

Template DNA for present work was isolated from gieNA of freshly cultured
bacteria either by enzymatic extraction methodromfthe bacterial lysates. For the
enzymatic extraction method proteinase-K extractiwethod was applied. Briefly,
the bacterial colonies from the overnight culturé_uria-Bertani (LB) agar plate was
collected with the help of a loop and suspende8Did microlitre Tris-EDTA sodium
chloride buffer containing 20 microlitre of 20 pent sodium deodocyl sulfate
solution with the enzymatic enrichment of 20ul 20mig proteinase-K and the
reaction mixture was incubated overnight at 54 eled@telsius. The reaction mixture
was then added with 100ul 5M NaCl and vortexed egrtrifuged for 13,000 rpm
for 10 minutes. The resulting supernatant was c@tkin a new tube and 1 ml of -
20 °C chilled ethyl alcohol was added and invefted4 to 5 time to mix it up well
and allowed for storage in -20 °C for an hour aedtifuged for 15 minute at 13000
rpm at 4 degree Celsius. The obtained supernatastdigcarded and the pellet was
washed with 70 percent ethyl alcohol at room temwdrtexing at 1000 rpm for 1
minute and centrifugation at 7000 rpm for 5 minate4 °C. Then the resulting

supernatant was clearly discarded and the pellstvaauum dried to totally wipe out



the ethyl alcohol. Then the dry pellet was suspendel00 ul double distilled and
autoclaved sterilized water and incubated at 37ot@vernight. The gDNA amount
was determined by spectrophotometer method andatligere stored at -20 °C for

further uses.

For cell-lysate template DNA extract the bacter@lonies were grown
overnight in LB agar. A loopful of bacteria weresthdirectly suspended in sterile
dH20 at a McFarland density of 2 (6 x 108 cfu/mdnd lysed by heating at 95 °C
for 20 min once and freezeed and thawed for thirees, centrifuged at 12, 000
revolution per minute (rpm) for 2 minutes and th&ored at — 20 °C as PCR
template material.

E. Pulsed field gel electrophoresis (PFGE)

1. Plug preparation

Test strains were inoculated onto LB agar and iatadovernight at 36 + 1°C in
ambient air. A loopful of bacteria was taken frohe tagar surface with a sterile
plastic 10pl loop and suspended in an Eppendorf tube con@iai® ml of cell
suspension buffer (100 mM Tris, 100 mM EDTA, pH)8Bach cell suspension was
adjusted to 2 O.D. and 100 pul of the suspensiontalen. This was performed by
using the UV spectrophotometer. For this purposeQ@yul aliquot of the adjusted
bacterial cell suspension was transferred to amil.3nicrocentrifuge tube and
centrifuged at 15,000 rpm for 10 min. The pelleswasuspended by pippeting and
the cell suspension was incubated at 37°C for IDimia water bath. An aliquot of
25 ul proteinase K (20-mg/ml stock solution in ultrapwater) was added, and the
suspension was mixed gently by inverting the tule to four times. An equal
volume of melted 1% SeaKem Gold agarose (Biozymgbuatics, Hessisch-
Oldendorf, Germany)-1% sodium dodecyl sulfate inGEer (10 mM Tris, 1 mM
EDTA, pH 8.0) was added to the cell suspension, thedsuspension was mixed
gently by inverting the tube 10 to 12 times. Tharage-cell suspension mixture was

immediately dispensed into the wells of reusabigypholds (catalog no. 170-3713;



Bio-Rad Laboratories, Munich, Germany). The agarpbeys were allowed to

solidify at room temperature for 5 min and at 48€dnother 20 min.
2. Lysisof cellsin the plugs and washing

The plugs were transferred to disposable screwi&aml polypropylene tubes
containing 5 ml of cell lysis buffer (50 mM TrisO5mM EDTA (pH 8.0), 10%
sarcosine) and 2@ of proteinase K (20 mg/ml stock solution). Lysias performed
at 55°C in a shaking water bath for 16 h with canstand vigorous agitation (150
rpm). After lysis, the buffer was carefully removadd the plugs were washed five
times (15 min/wash) at 55°C (two times with stetlga pure water and three times
with TE buffer; 50 ml for each washing step) inhaldng water bath. The water and
0.5X TE buffer were preheated at 50 to 55°C be&aeh washing step. If the plugs
were not used on the same day, they were keptigixiior direct use or were stored

up to several weeks at 4 to 8°C for later use.
3. Restriction digestion of gDNA and loading of the plug in the gel

A slice from each plug (4.0 by 5.5 mm) was cut vatisterile scalpel or razor
blade and transferred to a microcentrifuge tubedatoimg 200ul of the restriction
buffer provided with the enzyme (see below), wi@® ig/ml bovine serum albumin
included in the buffer. The plug slices were indedain this restriction buffer at
25°C for 15 min. Then, the restriction buffer wasnoved and replaced with 1Q0
of fresh restriction buffer containing 30 U of Ag&lew England Biolabs, Frankfurt,
Germany, or Promega, Madison, Wis.). The reactidres were shaken gently, and
the plug slices were incubated at 25°C for 16 horPwo casting of the gel, the
restriction mixture was removed from each tube seplaced with 20Qul of 0.5%
TBE (10x TBE is 0.89 M Tris, 0.89 M boric acid, abd mM EDTA, pH 8.3). If the
slices were not used on the same day, they wereduepnight or for up to several
days at 4 to 8°C in a refrigerator. The plug slivese allowed to stand at room
temperature for 5 min, after which they were load#d the appropriate wells of a

1% SeaKem Gold agarose gel. The wells were madesiog a 15-slot comb, with
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each slot being 1.5 mm thick (catalog no. 1704®82d:Rad Laboratories). A slice of

a bacteriophage lambda ladder PFGE marker (CHEF BikiAstandard; catalog no.
170-3035; Bio-Rad Laboratories) was loaded inteldn and an index strain was
loaded into any one lane to allow later normalmatof the electrophoresis patterns

across the gel.
4. Electrophoresis

Electrophoresis was performed in a contour-clantfpedogeneous electric field
(CHEF DR IlI, BIO-RAD, Hercules, CA, USA). The gelgere covered with 2,000
ml of 0.5x TBE. The running temperature was sd#4&C. The total run time was 20
h, with switch times ranging from 5.3 s to 49.9t42C angle. The voltage for the
run was 6 V/cm or 200 V. The gels were stained3fbmin with 300 ml of ethidium
bromide solution (1 mg/ml) and destained for 45 mirdistilled water with gentle
shaking. The gels were observed under UV illumoratind images were captured
and stored as TIFF files with the Gel Doc 2000 esystBio-Rad, Hercules, CA,
USA). Computer-assisted analysis of the fingerprinwas performed using
Bionumerics software (version 4.5; Applied Mathriijk, Belgium). The TIFF
files were converted with a resolution of 400pttmalized with resolution of 400pt,
smoothing of 3pt and background subtraction of pe similarities of PFGE were
calculated with the DICE coefficient correlationlu§ter analysis of similarity
matrices was performed using the UPGMA algorithmeg@h & Sokal, 1973) for

gross epidemiological study.
F. Casedefinition, control definition, and study design

The epidemiological study was designed based on VgdiQelines and other
published literatures (Beaglehole et al, 1993 aadt, L1988 and 1990).The design
applied was 1:1 case-control study. The microbipldgboratory database was
electronically searched to identify all the clidicaltures positive foA. baumannii
from patients who admitted the medical intensiveseClnit (MICU) and surgical

intensive care unit (SICU) between December 2008 dJanuary 2005 at Chosun
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University Hospital. Case group patients were 7idq@es who included were those
of patients from whom imipenem-resist@&ntbaumanni{IRAB) had been isolated in
clinical cultures. Seventy-seven control group a8 were selected from the
patients who had not been isolated IRAB and weraitéed during the same time
period as the case group. Case and control patkeres matched by gender and age

(x5 years).
G. Risk factorsanalyzed

The demographic, administrative, pharmaceutical kfwbratory information
was collected by examining medical charts. Varigbéxplored as possible risk
factors included the presence of underlying diseasecomorbid conditions, and
ICU stays prior to the outcome of interest whichragerred to as the time at risk
(length of stay prior to IRAB isolation for casexdahe complete length of ICU stay
for the controls), use of hospital equipments, neimdd admissions to the hospital in

the prior year, and prior exposures to antimicriothiags.
H. Statistical analysis

All statistical analyses were performed using SP&Sion 12.0 (SPSS, Chicago,
IL). Univariate analyses of qualitative variablesrev done by the chi-square test or
Fisher's exact test. Quantitative variables wempaoed by using Student's t test.
Variables with p-value < 0.1 in the bivariate asaly were included in a multiple
logistic regression analysis, and Odds ratios (Od&®g) 95% confidence intervals
(Cls) were also calculated. All tests were twoetdjland a p-value of < 0.05 was

considered statistically significant.
|. Infection control intervention program

Multicomponent intervention included the extensmecontamination, partial
structural redesign of the units with the placenwand washing facilities within
the rooms; continued ICU personnel educational namg; rigorous open

surveillance adequate compliance with barrier prégas, cleaning protocols, and
10



house-keeping procedures. Adequate compliance thigh control program was
supervised by a team comprised of a medical plasieind a staff nurse who

attended to the ICUs daily after the implementatibthe intervention program.
J. Biochemical tests

Experiment with Modified Hodge Test (MHT) and DD$lIee et al 2003) was
carried out to find out the carbapenemase actiuityimipenem resistantA.
baumannii. An isolate with VIM B-lactamase will show an arrowhead-shaped
synergistic zone, and an isolate with an IMP enzwileshow an oval synergistic
zone in DDST. The general scheme for Modified Ho@lgst and DDST is shown in
theFigure-2 as described by Lee et al (2003).

K. Modified Hodgetest (MHT)

Acinetobacter baumannivere isolated from January 2004 to December 2004
from clinical and environmental samples and idéediby conventional methods and
by the ID 32 GN system (bioMerieux Vitek, Marcyitlle, France). Isolates
resistant to imipenem by the disk diffusion testevieept at —76 °C in 20% LB agar
glycerol until use. The Hodge test was modified SoypstitutingEscherichia coli
ATCC 25922 for penicillin-susceptibl&taphylococcus aureu&TCC 25923, and
10pg imipenem disk for a 10-U penicillin disk. Timepenem disk was added with
20 pl of 50mM ZnSO# solution. The surface of a Mueller—Hinton agartelaas
inoculated evenly using a cotton swab with an agitrculture suspension &. coli,
which was adjusted to one-tenth turbidity of theRddand no. 0.5 tube. After brief
drying, an imipenem disk was placed at the cenfethe plate, and imipenem-
resistant test strains from the overnight cultueegs were streaked heavily from the
edge of the disk to the periphery of the plate. presence of a distorted inhibition

zone after overnight incubation was interpretethadified Hodge test positive.
L. Doubledisk synergy test (DDST)

For the EDTA-disk synergy test, an overnight cdtwf the test strain was
11



suspended to the turbidity of a McFarland no. Qifetand used to swab inoculate a
Mueller—Hinton agar plate. After drying, a 10-ugpenem disk (BBL, Cockeysville,
MD) and a blank filter paper disk were placed 10 agpart from edge to edge, and
10 pL of 0.5 M EDTA solution was then applied te thlank disk, which resulted in
approximately 1.5 mg/disk. After overnight inculoati the presence of an enlarged

zone of inhibition was interpreted as EDTA-synet@st positive.
M. PCR and sequencing for molecular biological work

1. PCR primer

Primers used in present study were either takem tiee published journals or
designed at laboratory using either the DNA segesmbtained from present work
or NCBI data. Primer select program (Version 5.0.0, DNASTAR, inc., Madison,,WI

USA) was used to design the primers.

2. Integron and integrase PCR

a. Detection of class 1 integrons

The template DNA preparation for the integron PC&&\as mentioned above in
proteinase-K extraction method. Primers 5’-CS (8GATC CAA GCA GCA AG-
3’) and 3'-CS (5-AAG CAG ACT TGA CCT GA-3) weresed as described by
Lévesque et al (1995). PCRs were carried out inl3®lumes using Takara buffer—
| and Tag DNA polymerase with the procedure memiibin the manufacturer’s
instruction manual (Takara BIO INC, Japan). The DiNAhe thermal cycler, after
denaturation at 92C for 5 minutes three-step profile of 1 min of demation at 94
°C, 1 min of annealing at 5%, and 5 min of extension at 7€ for a total of 35
cycles was used. Twenty microlitre reaction mixtofeBioneer Accupower PCR
premix kit (Bioneer Corporation, Daejoan, S. Koretégo gave the same result by
using the above mentioned thermal condition, PC&ifip primers and template

DNA. Amplification products were separated on 0.88&rose gel prepared in 0.5X
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TBE buffer and visualized using ultraviolet lightea staining with Img/ml ethidium

bromide solution. The general scheme for integrGR s outlined irFigure-3.
b. Integrase PCR

For integrase class 1 and class 2 PCR primer patdsPCR methodology were
used as described by Koeleman et al (2001) whiteirftegrase class 3 primer
sequences and PCR methodology were used as mehtign&enda et al (1996)
(Table-3). Amplification products were separated on 2.0 §arase gel prepared in
0.5XTBE buffer and visualized using ultravioletHigafter staining with 1mg/ml

ethidium bromide solution.
c. Thermal asymmetricinterlaced PCR (Tail PCR)

Thermal asymmetric interlaced PCR (Tail PCR) (Yam@y Liu and Ning
Huang, 1995) was applied to extend the end seguefithe integron PCR sequence.
For this purpose DNA walking SpeedupTM  Premix (Seegene Corp., S. Korea)
was used as mentioned in the user’s manual. Vagousbinations of DW-ACP1,
DW-ACP2, DW-ACP3, DW-ACP4 primers and lab desigriategron sequence
based primers were used to run the Tail PCR. Thaired amplicon was purified
with QIAquick PCR purification kit (Qiagen Co. Valeia, CA, USA) and sequenced.

3. Beta-lactamase and carbapenemase PCR

Different primers sets were used to detect the-laetamase genes presence in
the isolates. The primers and specific target ganesnentioned in th€able-4 and
Table-5.

For bla- PCRs the amplification conditions werdjahdenaturation at 94 °C for
5 min 30 cycles of 94 °C for 25s, 52 °C for 40l &2 °C for 50 s, and a final
elongation at 72 °C for 6 min. After the PCR thepéfied products were gel
electrophoresed in 0.5X Tris-borate EDTA buffer atdined in 1mg/ml ethidium

bromide solution and visualized under UV light.
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For other carbapenemase PCR in the thermal cydter, denaturation at 9€

for 5 minutes three-step profile of 1 min of demation at 94°C, 1 min of annealing
at 55°C, and 5 min of extension at 7€ for a total of 35 cycles was used. Twenty
microlitre reaction mixture of Bioneer Accupower RCpremix kit (Bioneer
Corporation, Daejoan, S. Korea) gave the resultubyng the above mentioned
thermal condition, PCR specific primers and tengpl2NA. Amplification products
were separated on 1.5% agarose gels prepared inbliB& and visualized using
ultraviolet light after staining with ethidium brode.

4. Cloning and sequencing of the PCR amplicons

Amplified integron and beta-lactamse gene PCR fexgms were cloned into
pGEM-Teasy (Promega Corp., Madison Wi, USA) acitgydo the manufacturer’s
instructions. Recombinant plasmids were introduced Escherichia coliDH5a
competent cells and selected on Luria—Bertani (Dif@boratories) agar plates
containing ampicillin (50 mg/L). Individual whiteolonies were screened for inserts
by inoculating into 100 ul of water, boiling for Iin, clearing by centrifugation,
and by using 1 uil of supernatant in a PCR witlmris specific for that PCR. Sizes
of inserts were assessed by agarose gel electegisoand colonies representative
of each size class were used to prepare plasntitsr evith the QIAquick Qiagen
Plasmid extraction kit (Qiagen, Germany) or Sotdelasmid DNA purification kit
(Solgent, S. Korea). In some cases direct sequgners performed after purification
of the PCR product using the QIAquick PCR purificatkit (Qiagen Co. Valencia,
CA, USA). Sequencing of cloned plasmid was donéh viBI Prism 3730 DNA
analyzer capillary Big dye terminator cycle sequegaeady reaction kit (Perkin
Elmer, Applied Biosystems, Roissy, France. For ebDNA primer used were from
the pGEM-T easy vector (Promega Corp. , Madiso}) Widing the forward and
reverse site by ChDc-GEM —F and CHDC _GEM -R desigiby the Solgent Lab.,
Daejoan, S. Korea). The obtained sequences werlyzadausing the SegMan
(Version 5.0.0 DNASTAR, inc., Madison, WI, USA) gmam and NCBI BLAST
(http://www.ncbi.nih.gov/BLAS program.
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DNA sequences were edited and connected by usinr§TBR software (Version
5.0.0 DNASTAR, inc., Madison, WI, USA). Contigs wegpoined. To confirm that the
two independent PCR products connected duringpttiisess accurately represented
the genomic DNA, primers were designed to ampliky majority of the sequenced

region for each isolates. These regions were theglieed as described above.
N. DNA DI G-labeling, dot-blot hybridization and detection

To detect the specific genes in the genomic DNAlbbutbreak case, control
and environmental isolates DNA probe hybridizativas done. For this purpose
DIG- High prime DNA Labeling and detection Start¢it 1| (Roche Diagnostics
GmbH, Germany) was used and the method was folloagdnentioned in the
‘Instruction for Random primed labeling with DIGigenin-dUTP, alkali —labile and
chemiluminescence detection with CSPD, ready —&okis, (Cat no. 11 585 614
910) manual version October 2004. (Roche, Germdrhg.probe prepared was bla--
2.

1. DIG labeling of DNA for probe preparation

To make the probéntll and bla-OXA-2 PCR product was gel purified with
Solgent gel purification kit. The DNA quantificatiovas done comparing with the
intensity of DNA marker run in the same gel and #meount of probe DNA was
calculated. One microgram of gel purified PCR piddas template DNA for each
probe making template DNA were taken and suspeimd&@ ul DDAW in a 1.5 ml
Eppendorf tube. Then the template DNA was denatoyeaeating in a boiling water
bath for 10 min and then by quickly chilling in &® bath. Then 4 ul of DIG-High
Prime was added, mixed thoroughly and briefly ¢erged and incubated for 20h at
37°C. The reaction was terminated by adding 2 ul @Z4&and heating the reaction
tube to 65°C for 10 minutes.

2. Detection of labeling efficiency

Determination of yield of labeling efficiency is stoimportant for optimal and
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reproducible results. The direct detection methad applied for the determination
of labeling efficiency as recommended by the martufer. A serials of dilutions of
1ng/ul, 10pg/u, 3pg/ul, 1pg/ul, 0.3pg/ul, 0.1pg/0lP03 pg/ul, 0.01pg/ul and O
dilutions of DIG-labeled DNA probe was prepared duodl spot from each dilutions
were made and the same dilutions of control DNA/led by the manufacturer was
also loaded side by side on a strip of the Hybordrylon membrane. Then the
nucleic acid was fixed by cross linking with UV tig(500 mJ/cm2 energy) for 5 min
using UV cross-linker (UVP) for | minute. Then theembrane was transferred into a
plastic container with 20 ml Maleic acid bufferM Maleic acid, 0.15 M NacCl, pH
7.5 with NaOH at 20C) and incubated for 2 min at constant shakingga&d2 Then
the membrane was transferred and incubated for B@tes in 10 ml blocking
solution provided by the manufacturer at°@2 Then the membrane was transferred
into 10 ml antibody solution (anti-digoxigenin-Aptovided in the kit) and incubated
for 30 minutes at 420C. The unbound antibody was thashed with 10 ml washing
buffer (0.1M Maleic acid, 0.15 M NacCl, pH 7.5 wihaOH at 20 oC; 0.3% Tween
20 ) for 2 times for 15 minutes at 42 0C. Thenrtiembrane was equilibrated in 10
ml detection buffer (0.1M Tris-HCI, 0.1 M NaCl, gH5 at 20°C) for 5 minutes.

The membrane was then placed with DNA side facipgon a development
folder (plastic folder) and 0.1 ml CSPD ready-t@-sslution was dispensed on the to
the membrane evenly and immediately covered thebream by the upper sheet of
the development folder and gently squeezed to gwdistribute the CSPD solution
as well as to wipe out the air bubbles from the tmeme and folder interface. Then
the CSPD treatment was incubated for 5 minutes28C2 The excess of CSPD
solution was then squeezed out and the folder e@ed to prevent from drying. The
CSPD damped membrane was incubated then for 10atm®Y °C to enhance the
luminescent reaction. Then the DIG labeled andbadif bounded DNA probe
loaded nylon membrane was exposed to X-ray fitoji (film, Japan) for 2 hrs, 12
hrs and 24 hrs at 2@ and the blot result was compared and appropaiateunt of
probe concentration was determined for dot blotiaymation
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3. Dot-blotting of genomic DNA

Dot-blotting of the genomic DNA of A. baumannii @12 cm X 8cm nylon
membrane (Hybond-N+, Amersham Pharmacia Biotech Etyland) was carried
out manually. The genomic DNA was prepared by iatug the DNA in 1.5 ml
Eppendhorf tube in boiling water bath for 10 mirsué@d immediately chilling on ice.
The membrane was marked with appropriate sizedecwdth pencil and one
microlitre of proteinase-K extracted or 2 ul of ematlysate or txte (Tris-EDTA-
Triton-X solution) genomic DNA was dispensed on ¢irele of membrane as a blot.
Then the DNA blotted membrane was first room terafpee air dried and make
wet with 10X SSC placed facing the DNA blottedface up on Whatman 3MM-
paper soaked with10X SSC (3M NacCl, 0.3 M sodiumatét, pH 7.0 at +26C) for
10 minutes. Then the blotted membrane was subjettedJV cross-linking
(500 mJ/cm2 energy) for 5 min using UV cross-linkgtVP). After the UV-
crosslinking, the membrane was rinsed briefly imlge distilled autoclaved water
(DDAW) and allowed to air dried at room temperaturee sample layout is outline

in Figure-4.
4. Immunological detection

The DNA blotted nylon membrane was prehybridized 1l ml of 42°C
preheated DIG-easy Hyb solution (DIG High Prime, lRbche) for 30 minute with
gentle agitation in freely moving condition in amppaopriate container in the
Amersham Pharmacia Hybridization Chamber. The [GBeled DNA probes
(25ng/ml DIG-easy Hyb solution) was prepared byadienng by heating in a boiling
water bath for 5 min and rapidly cooling in an lwath and added the denatured
DIG-labeled DNA probe to pre-heated DIG easy Hybi8/96 cm2 membrane and
well mixed without forming the foam). Then the pybhidization solution was
poured off and probe/hybridization mixture was atide the membrane and
incubated for overnight with gentle agitation at°@in the hybridization chamber.
After hybridization two stringency washes were igatrout. The first wash was done
2 times for 5 minutes each with 2X SSC, 0.1% SDZ6AC under constant agitation.
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The second washing was carried out also for 2 tifoesl5 minutes with 68C
prewarmed 0.5X SSC, 0.1% SDS in the hybridizatidrancber with constant
agitation.

After hybridization and stringency washes the membranes were rinsed briefly
with (5 min) in washing buffer Then the membrane was transferred and incubated for
30 minutes in 100 ml blocking solution (provided by the manufacturer, Roche, DIG
High Prime kit) at 42 °C. Then the membrane was transferred into 20 ml antibody
solution (anti—digoxigenin—-AP, provided in the kit) and incubated for 30 minutes at 42
9C. The unbound antibody was then washed with 100 ml washing buffer (0.1M Maleic
acid, 0.15 M NaCl, pH 7.5 with NaOH at 20 °C; 0.3% Tween 20 ) for 2 times for 15
minutes at 42 °C. Then the membrane was equilibrated in 20 ml detection buffer (0.1M
Tris-HCI, 0.1 M NaCl, pH 9.5 at 20 °C) for 5 minutes. The membrane was then placed
with DNA side facing up on a development folder (plastic folder) and 1 ml CSPD
ready—-to—use solution was dispensed on the to the membrane evenly and immediately
covered the membrane by the upper sheet of the development folder and gently
squeezed to evenly distribute the CSPD solution as well as to wipe out the air bubbles
from the membrane and folder interface. Then the CSPD treatment was incubated for
5 minutes at 22 °C. The excess of CSPD solution was then squeezed out and the
folder was sealed to prevent from drying. The CSPD damped membrane was
incubated then for 10 min at 37 °C to enhance the luminescent reaction. Then the DIG
labeled and antibody bounded DNA probe loaded nylon membrane was exposed to
X-ray film (Fuji film, Japan) for 2 hrs, 12 hrs and 24 hrs at 20 °C and the blot result

recorded.
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1. RESULTS

A. Description of the outbreak

The susceptibility of Gram-negative bacilli to iraieem and other antibiotics has
been routinely tested out at CHU. Before the epidethe microbiology laboratory
of CHU has detected. baumanniin its basal level with decreased susceptibility t
imipenem. From January 2004 to December 2004 tnebeu of patients increased
who were either infected or colonized with imipeneggsistantA. baumanni(Fig.1).
The source of first isolation was the sputum (lecas February) and other
subsequent sputum isolates were from the montAgl, May, August, September,
October and November of 2004. Other isolations vieme close pus, catheterized
urine and other sites which were not recorded énrttedical microbiology records
(Table-1).

B. Imipenem resistance in antibiogram of clinical isolates

All the 30 clinical isolates taken for present stud the epidemic period were
resistant for imipenem test (IRAB)Td4ble-1). Imipenem susceptible isolates

collected during the same time period were taketoasol bacteria (ISAB).
C. Result of susceptibility test of environmental A. baumannii

All the environmental samples tested were residtarimipenem (zone diameter
12 and 13 mm, MICs 32 to 64 pg /ml). No inhibitiaane was recorded fok.
baumannii against piperacillin, netilmicin, gentamicin, cifioxacin, aztreonam,
tobramycin and ticacillin-clabulanic acid antibastitested showing the resistance for
the tested antibiotics (Table-9).

D. IRAB in environmental samples

The environmental isolates were collected fromedéht sites from the hospital
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environment Table-6. A total of 124 A. baumanniiisolates including 88 from
inanimate surfaces of the ICUs and 36 from the Bawfd1l8 health care workers
isolates were recovered from the environmental $ampThey were tested for
imipenem resistance following the NCCLS guidelif®BsCCLS, 2001) guidelines
and designated as E-IRAB for the resistant isolepresent study purpogé&able-

9). When the health care workers hands (left and)rigere sampled 1 isolate of E-
IRAB was recovered from 18 left hand samplings dndrom 18 right hand
samplings. When 10 beds were surveyed 7 E-IRAB vimred. The hospital record
chart and recording sheet sampling gave no isglaleg when 6 EKG
(echocardiogram machine) sampled 1 of them gavweRAB isolate. When 6 DP set
containing suction kits were sampled 4 E-IRAB ise$awere recovered. Six
tracheostomy sites gave 3 E-IRAB isolates. OnéuM line gave 1 E-IRAB isolate
but two O2 supplier machine samplings gave no ieelaVhen, 13 ventilators were
screened they gave 7 E-IRAB isolates. Two wasktagds were negative for the
bacteria sampled. Four out of four waste waterasigpsink surface sampling gave 4
E-IRAB isolates positive for E-IRAB. When 11 statitables were surveyed they
gave 2 E-IRAB isolates and nine dressing car sugaie 2 E-IRAB isolates. When
6 DP sets containing suction kits were surveyeg tieve 4 E-IRAB isolates for E-
IRAB positive. Three computers were screened amy there negative for the
isolates. Two door handles, 2 canisters, 2 sugiiomp, and one humidifier so far

sampled all of them were negative for thebaumanniisolates.

When 36 samplings from 18 HCWs both right and lhefhds were sampled 1
isolate of E-IRAB was recovered from 18 left haramplings and 1 E-IRAB
recovered from 18 right hand sampling@alfle-6 and 9).

E. Risk factor analysis

Data were collected from the administrative and rabiology laboratory
computerized databases for the risk factor analyddiring the study period 77
patients with IRAB (case group 1) were identifieal&7 control group patients were

selected. IRAB was mostly isolated from sputum, atiters were from close and
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open pus, catheterized urine.

Results of the univariate analyses of risk factordRAB are shown inrable-7.
The associated factors with occurrence of IRAB imvariate analyses were
comorbidity such as having cardiac diseases orngayulmonary disease, the
presence of medical instrument such as bladdeetathmechanical ventilation or
intubation, prior exposure to antimicrobial drug clsu as first-generation
cephalosporins or third-generations cephalospa@musduration of drug use prior to

occurrence of IRAB.

The results of multivariate analysis of risk fastdor IRAB are outlined in
Table-8. The risk factors which were identified by muléplogistic regression
analysis were time at risk (OR, 1.29; 95% CI, 11146; p-value, 0.000), and patient
having mechanical ventilation (OR, 6.41; 95% CI71124.06; p-value, 0.006).
However, comorbidity, presence of bladder cath&téupation and prior exposure to
third-generation cephalosporin was not statistcalgnificant with occurrence of
IRAB in this study.

F. Responseto infection control intervention program

The incidence rate of new patients with clinicampées positive for IRAB
reached its peak in April 2004 with 12 IRAB-pos#ivnew patients. The
implementation of the multicomponent interventionlate July resulted in a sharp
reduction in the incidence rate of ned baumanniiinfection or colonization of
IRAB, E-IRAB or ISAB to the patients.

G. Pulsed field gel electrophoresis (PFGE)

Pulsed field gel electrophoresis (PFGE) analysis warried out as primary
typing tool for the epidemiological study. For pFasinvestigation Aparestriction
enzyme digested PFGE was carried @gure-5). A total of 47 isolates including
imipenem resistant (IRAB) and susceptible clinicsadlates (ISAB) and imipenem

resistant environmental isolates (E-IRAB) were ws&dl for PFGE. Then computer-
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assisted analysis of the fingerprints was performaeohg Bionumerics software
(Version 4.5; Applied Maths, Kortrijk, Belgium) aral dendrogram was obtained
(Figure-6).

Of the 47 isolates typed by PFGE 35 isolate8.dbaumanniwere grouped into
A type while remaining 12 isolates were distribubeather types showing sporadic
nature. Of the total 30 IRAB isolates type A wagresented by 27 isolates showing
90 percent. Other remaining isolates from IRAB weisributed 1 in type C, 1 in
type G and 1 in type J of the total types A to O {ilpes). Analyzing a total of 8
imipenem susceptibl&. baumannii(ISAB) non outbreak control isolates there was
found 1 ISAB isolate in the type A group and otheese type B, D, E, F, G and J
representing each isolate for each of the typestymel H was represented by two
isolates. For the total 8 E-IRAB isolates typedjority of them, 7 of 8 (87.5
percent) were present in type A and | isolate weesent in type J sharing the
similarity with an ISAB isolat€Table-9).

H. Modified Hodgetest (MHT) and DDST

A total of 47 isolates were taken for Modified Hedtest (MHT) and imipenem-
Zn EDTA double synergy test (DDST). Imipenem s&sit isolates were 100 % (30
of 30) positive for IMP- Zn MHT and 19.35 % (6)3positive EDTA-DDST. A
total of 9 ISAB were tested for MHT and all of thewmere negative for the test. Since
MHT negative have no meaning for further DDST ferttest was no done for DDST.
Eight E-IRAB isolates were tested for MHT and DD&d for MHT and all were
positive. Only 1 isolate was positive for DDST faight E-IRAB tested. The data is
presented ifable -10.

|. Integron study

1. Detection of class 1 integron

The template DNA preparation for the integron PC&&as mentioned above in

proteinase-K extraction method which is applieccapture the possible antibiotics
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resistance gene(s) inserted in the integron agsideddy Lévesque et al (1995). The
integron gene cassette PCR amplicons were subjéatesequencing and further
BLAST search. A gel electrophoresis and PCR proditained with ethidium
bromide is shown irigure-7.

2. Integrase gene PCR

Integrase genestll, intl2, intl3 were assayed for the detection of classes 1, 2
and 3 integrongFigure-8 and 9; Table-11 and 12). Present study showed integrase
class 1 ifitl1) gene in most of the imipenem resistant outbreakjronmental and
imipenem susceptible isolatebitegrase class 2 gene PCR showed 16 positive
(34.4%) in total 47 tested isolates of which IRA&sshown 11/30 (36.66%), ISAB
2/9 (22.00%), and 3/8 (37.5%) was shown by enwental isolates (E-IRAB).
Class 3 integrase PCR was negative for all thedestrains. The present integrase
PCR study revealed that integrase gene intil igsgbeat among thé\. baumannii

strains while class 2 integrase is sporadic
3. Thermal asymmetricinterlaced PCR (Tail PCR)

Tail PCR sequence analysis gave the bla-2 genavyeokir the sequenced DNA
obtained from genomic DNA.

J. Beta-lactamase and carbapenemase specific gene PCR

Although present imipenem resistant apparent oakbneas phentotypically
related with imipenem resistance as data obtaireed &ntibiogram and MHT and a
higher rates of negative result for DDST for théabactamases molecular study
based on beta-lactamase and carbapenemase sp&iiwere carried o(Table-13,
14 and 15).

When PCR screening was done for beta lactamased ]NN#P-3, IMP-6, IMP-
10 only one isolate was positive for the test singwthe presence of bla-IMP-1. For
the test of beta lactamase IMP-2, IMP-8, IMP-10PH®, IMP-13 five out of 30
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samples were positive (16.66 %). For the betataase test of IMP-4, IMP-5, IMP-
7, and IMP-9 tested for thirty samples two gaveitp@s result (6.66 %). Beta-
lactamase test of IMP-11, IMP-12, IMP-18, IMP-18/R-20 and IMP-21 gave
negative results for all the 30 tested isolatesa Bectamase tested for 30 isolates for
the genes VIM-1, VIM-4, VIM-5, VIM-7, VIM-11 gave positive result (3.33 %).
Likewise for other betalactamase genes VIM-2, VIMMAM-6, VIM-8, VIM-9,
VIM-10 tested by PCR only 1 isolate gave positiesult. Other betalactamases
tested were SPM-1, GES-1, GES-2, GES-3, GES-4,1BBC-2 and GIM and all of
them were negative for the present studied isalates

K. Probehybridization and dot blot

Only 2 out of 30 IRAB and 1 out of 9 ISAB were pos and remaining IRAB
and ISAB and E-IRAB were negative for bla--2 gendhe blotting resul{Figure-
10).

L. DNA sequence analysisof PCR products

For the detection of possible gene involved inghesentA. baumanniisolates
beta-lactamase gene specific PCR were done andralgenent were sent for
sequencing and data were BLAST (http://www.ncbhi.nih.gov/) searched. The
obtained gene from betalactam specific PCR weneeddonE. colio using pGEM-T
easy vector and the plasmids obtained were seqdielbe obtained sequence from
the PCR products &&. baumanniisolate 114 showed the presence of bla-vim-2 and

-2 in theA. baumanniisolate 115.

The beta-lactamase gene blaVIM-2 was found in amlg isolate (Acib 114) from
the sequenced and blaVIM-2 specific PCR result.tAeiorecorded gene cassettes
from sequencing was$la--2 in the Acib 115 when the integron sequence was
extended by Tail PCR (Yao-Guang Liu and Ning Huat@Q5) but could not be
detected in more than four isolates of the deteB@ebolates when probe hybridized
with the -2 primer applying DIG High prime Kkit.
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V. DISCUSSION

From January 2004 to December 2004 there had hagmenimipenem resistant
A. baumanniiapparent outbreak in the MICU and SICU of Chosumvelsity
Hospital. A. baumanniistrains notoriously cause hospital outbreaks, anfkbw
lineages achieve epidemic status, reaching multipkpitals or countries (Coelho
2006). By convention, these are termed clones rathan strains when their
relatedness is inferred on the basis of DNA prsfilgithout proven chains of site-to-
site transmission (Coelho 2008&cinetobacter baumanniiow emerged as a primary
nosocomial pathogen in hospital outbreaks, andnked second aftétseudomonas
aeruginosa among nosocomial aerobic nonfermentative graminegaacillar
pathogens (Jeong et al 2006, Schreckenberger amev&ritz, 1999; Simor et al.,
2002. An outbreak is defined as an increase imtlmber of infections caused by a
particular pathogen above baseline levels (ZazaJandos, 1996)Acinetobacter
baumanniistrains may vary in their epidemiologic potentiahd those known to
spread widely and rapidly among hospitalized p#tiehave been designated
epidemic A. baumanniistrains (Koeleman et al., 2001). Although a numbgr
bacterial factors may contribute to epidemic betiayJawad et al 1996 and
Koeleman et al 2001a), antimicrobial resistanceliees identified as the major risk
factor (Koeleman et al., 2001a). The initial comcabout carbapenem-resistait
baumanniiinfections arose when the first hospital-wide oe#lix occurred in New
York City in 1991 (Go et al.,, 1994), and currenthey are reported worldwide
(Corbella et al 2000 and Takahashi et al 2000).

Carbapenems are often used as antibiotics of ésstrtr for treating infections
due to multidrug-resistant gram-negative bacilecéuse they are stable even in
response to extended-spectrum and Anfjpi@ctamases. However, gram-negative
bacilli producing the acquired metalslactamases (MBLs) IMP and VIM have
been increasingly reported in Asia and Europe (€hal 1998, lyobe et al 2000, Lee
et al 2002), and they have also been detected madza(Livermore 2000) and the
United States (Tolman et al 2002). The MBLs effithg hydrolyze allp-lactams,
except for aztreonam, in vitro. Therefore, detecti@f MBL-producing gram-
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negative bacilli is crucial for the optimal treatmeof patients and to control the
spread of resistance (Richet, 2001). However, NC@a&iments (NCCLS 2001) do
not yet contain a method for detection of MBL-proithg isolates. Lee et al. (2002)
have reported that the Hodge test can be usedréerscarbapenemase-producing
gram-negative bacilli and that the imipenem (IPMNDJR double-disk synergy test
(DDST) can distinguish MBL-producing from MBL-nomguucing gram-negative
bacilli. Thus an endeavor had been made to apjpdyntiethod to study the present

imipenem resistant epidemic.

The aim of Modified Hodge Test (MHT) and IMP EDDDST study was thus
centered for the screening of metglidactamase-producing strains from a large
number of imipenem-resistant clinical isolateAcfnetobactebaumannii(Lee et al
2003). Hodge etal (1978) developed a test to depamicillinase-producing
Neisseria gonorrhoeaand other species of bacteria. A double disk ggneast using
B-lactam andp-lactamase-inhibitor disks is a convenient methdddetecting
extended-spectrufitlactamase-producing Gram-negative bacilli. EDTAilmtion of
B-lactamase activity is used to differentiate a mheflactamase from othef-
lactamases. A total of 47 isolates were takerModified Hodge Test (MHT) and
imipenem  EDTA double synergy test (DDST). Imip@neesistant isolates were
100 % (30 of 30) positive for MHT and 19.35 % (31g6sitive for DDST. A total of
9 ISAB were tested for MHT and all of them were aige for the test. Since MHT
negative have no meaning for further DDST furthest twas no done for DDST.
Eight E-IRAB were tested for MHT and DDST and foHW and all were positive.
Only 1 isolate was positive for DDST eight E-IRABresent result shows the
presence of metallp-lactamase but negative for DDST test implying ttiegre is
possibility of other unknown betalactamases inclgdicarbapenemase genes

responsible for this phenotypic imipenem resistance

Since the DDST did not gave high positive resuittie metallo-betalactamases
or carbapenemase for the outbreak isolates othésreadit betalactamase gene
specific PCRs were carried out. Of the PCR screeagldapenemase bla-IMP gene
was found in 5 out of 47 isolates while bla-VIM wadetected in only one isolate out
of 47 isolates. Bla-51 was present in all of thiates but bla--2 was detected in 3
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isolates, 2 from IRAB and 1 from ISAB. Other carbapmase PCR SPM, GES,
GIM, bla-23, bla--24 and bla--58 were negative tb the screened isolates.

Carbapenemase bla--2 was revealed from the Tail &@Rsequencing analysis in
the Acib114 isolate and later when it is dot bldtegainst the genomic DNA the
gene was found in two IRAB isolates Acib 113 andbAtl4 and two ISAB isolates

Acib 214 out of 47 present sample and a total sB&iples including the 47 present
samples so far DIG-labeled probe hybridization telbt There may be other novel
carbapenemase genes or playing the role by agamssi¢h imipenem resistance for
which isoelectric focusing based research is ne@dddrther to go ahead foe the

detection of likely genes.

There are several reports for carbapenemase basedrch in these days for
Gram-negative bacteria and particularly for baumannii Despite the stability of
carbapenems to common class D enzymes, carbape&sistance irAcinetobacter
isolates has repeatedly been associated with erszymi strong oxacillinase
activity (Livermore and Woodfortd, 2000). Severdl these oxacillinases from
carbapenem-resistant acinetobacters have now lesprersced and confirmed as
class D enzymes. These include bla-OXA-23 (Don&d00), from an isolate
collected in Scotland in 1985, bla-OXA -24 (Bouakt 2000) and bla-OXA 25 from
Spain, bla-OXA -26 from Belgium, and bla-OXA -2rn Singapore (Livermore
and Woodfortd, Afzal-Shah 1999). Further, unseqadn©XA enzymes with
carbapenemase activity are known from acinetobmctalected in Argentina (Afzal-
Shah 1999and Brown, 1998), Brazil, France (Hornst97) and Kuwait (Bou,
2000).

Bla-OXA -51 and -OXA-58 are the most recent dise@ee (Coelho 2006). bla-
OXA -51-like enzymes have carbapenemase activityiiro (Brown 2005a and
2005b) but are very widespreadAn baumanniiincluding carbapenem-susceptible
strains (Heritier et al, 2005, Woodford, in pre§8)ey may confer resistance only in
particular circumstances, which have yet to benaefifully. Present IRAB and ISAB
isolates all are positive for Oxa-51 like enzymiesveing their intrinsic behavior iA.
baumannii OXA-58 is much less common and, like OXA-23 andA=r4, is more
consistently associated with non-susceptibility,adso confirmed by transfer and
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inactivation studies (Heiter et al 2005a, and Hesteal 2005b). Present strains when
tested for Oxa-58 were negative and the positiodaiss when checked for its
conformity with the PCR product cloning i coli using pGEM T-easy vector and
sequence analysed by BLAST seartip(//www.ncbi.nlm.nih.gov/BLAST/Blast.kgi
it gave the sequence similarity with Oxa-51. Thuespnt outbreak is devoid of
OXA-58 carbapenemase. The OXA-2 is the commongsesentative of molecular
class D beta-lactamase accounting for its oxaaskn activity but lacks
carbapenemase activity (Livermore and Woodford,02Q@vermore, 1995). Present
2 IRAB isolates and 1 ISAB isolate gave positivierfar -2 and sequence result with
BLAST search confirmed it.

All the IMP enzymes have broad activity agaip$actams except monobactams.
Apparent kinetic differences may partly reflect aasglifferences (Watanabe et al
1991 and Osano et al 1994, Laraki et al 1999).dTation between carriage blayyp
alleles and of carbapenem resistance is imperéedd, someblaye hosts appear
susceptible (Senda et al 1996]. Two explanatioaspassible for this reason: either
blayp is not always expressed, or substantive resistaragedemand reduced uptake
of the carbapenem as well as the presendglattamase enzyme (Livermore and
Woodford, 2000). This latter model certainly applfer some isolates (Minami et al
1996) and it is notable that cloned IMP-1 enzymegjionly low-level resistance to
carbapenems ikscherichia coli The low level of present outbreak strains fairth
expression of carbapenemase gene in polymerasen afeaiction should be
understand in the above mentioned facts (Livername Woodfortd, 2000, Minami
et al, 1996, Minami et al 1996).

The second family of acquired classpBactamases the VIM types was first
reported in 1999, with the description of VIM-1 iinoa P. aeruginosaisolate
collected in 1997 in Verona (ltaly) (Lauretti, 1998 subsequently became apparent
that an outbreak of a serotype CR2aeruginosastrain with an unsequencéthyy
variant had been ongoing in Thessaloniki (Greeoees1996. Over 200 producer
isolates were obtained, with their prevalence dedi after a reduction in imipenem
usage in 1998 (Tsakris 2000). A second VIM variafikl-2, was described frorP.
aeruginosaisolate collected in France in 1996 (Poirel, 2080M-2 has 90% amino
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acid homology with VIM-1 (Livermore and Woodford)@0). In addition, it is awful
for P. aeruginosastrains with unsequenced VIM-related enzymes fBouth Korea
and Oman (Livermore and Woodford, 2000, Livermoféle recognition, within four
years, of VIM-producingP. aeruginosastrains from three extremities of Eurasia
(France, Korea and Oman) poses fascinating evaolyoquestions (Livermore and
Woodford, 2000). Present outbreak which did notresged VIM-related enzymes or
other carbapenemases except having positive riesuttnly one IRAB isolate 114

have posed a question to address the present akitbre

A major contributing factor in the emergence ofisesce of this species is the
acquisition and transfer of antibiotic resistanemes on plasmids, transposons and
integrons (Gombac et al 2002, Nemec et al 2004y Ptoal 2000 and Vila et al,
1997). Integron are genetic makeup consisting @ene encoding an integrase
flanked by arattl recombination site, where mobile gene cassetfts) oomprising
antibiotic resistance genes reside. Such gene ttassmn be inserted or excised
through a site-specific recombination system cai@dase element (59-be) (Recchia
et al 1995 and Recchia et al 1994). To developltenmative but efficient screening
method for the outbreak study in conjunction withilaiotics resistance mechanism
integron study had been chosen due to its saleatufe of encompassing diverse
gene cassettes and efficient gene diffusion meshards mentioned by various
authors (Recchia et al 1995 and Recchia et al 19&4esque et al 1995, Stokes,
2001, Gillings et al 2005, Torton et al 2005 an6&0 Thus integrase PCR was taken
as a signature gene PCR for screening differessetaof integrons as suggested by
various authors (Koeleman et al, 2001, J Clin Migwb 1996; 34: 2909-2913).
Epidemic strains oAA. baumanniiare containing significantly more integrons than
non-epidemic strains (Koelman 2001 and Turton 2008us present outbreak and
non-outbreak isolates were tested for integrase &R for the epidemic behavior
of the isolates and integron PCR to detect thebimtii resistant gene cassettes
resided in the integron. No such carbapenemasstassigene cassettes in the
integron except blaVIM-2 in one isolate and d blax2hree isolates were revealed
from the sequenced data and PCR assays. The isgegemantl1 for the integron

class 1 was present in all of the tested isolatés b2 gene, an indicator for class 2
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integron was found sporadically in the IRAB, E-IRARd ISAB isolates. Presefit
baumanniihas shown epidemic behavior due to the presenaas$ 1 integrase
geneintll (Koelman et al, 2001 and Turton et al, 2005).

Acinetobacter baumannis a pathogen that has been associated with hbspit
outbreaks worldwide. Understanding the fundamenmtachanisms underlying
Acinetobacterinfections, including the original sources of ih&cting organisms,
their clonality, and geographical spread is an irgd requirement for the
development of appropriate infection control meeasurEcker et al, 2006).
Genotyping allows investigation of clonal spread aan be used to identify the
source of the original infection (Ecker et al, 2POAcinetobacterstrain typing
methods include serotyping (Traub 1989), multiloceiszyme electrophoresis
(Seltmann et al , 1995), and DNA-based methodsuditg repetitive extragenic
palindromic sequence-based PCR (Buxton et al, 1878 Huys et al, 2005),
amplified ribosomal DNA restriction analysis (ARDRA pulsed-field gel
electrophoresis (PFGE), amplified fragment lengtlolymorphism (AFLP)
(Vaneechoutte et al, 1995), and ribotyping (lbratemal, 1997, Koeleman et al,
1998 and Misbah et al, 2005) and MLST (Ecker 2@0®, Bartual 2005). As part of
the investigation to identify the possible sourkefsthis outbreak, to determine the
likely mode(s) of transmission, and to assist imegating and implementing
infection control countermeasures, PFGE based dgypnethod and conventional
outbreak control measures were set out. For préseestigation PFGE was chosen
as the typing method for it is taken as gold steshda molecular epidemiological
technique (Seifert and Gerner —Smidt, 1995).

One of the major concerns of present work is tereine the course or cause of
the outbreak and formulate the control strategyusThresent investigation was
carried out using established molecular techniguneé epidemiology based case
control study. Various genotypic methods have béeweloped for the typing of
Acinetobacter species, including serotyping (Traub 1989), muitils enzyme
electrophoresis (Seltmann et al, 1995), ribotydibgahim et al, 1997, Koeleman et
al, 1998 and Misbah et al, 2005), repetitive agenic palindromic sequence-based
PCR (Buxton et al, 1978 and Huys et al, 2005), |dieqh ribosomal DNA restriction
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analysis (ARDRA), macro-restriction analysis by BF®aneechoutte et al, 1995),
randomly amplified polymorphic DNA (RAPD) analysignd total genomic
fingerprinting by AFLP (amplified fragment lengtholgmorphism analysis)
(Vaneechoutte et al, 1995) and MLST (Ecker 2006, Bartual 2005). Among these,
PFGE is regarded as the “gold standard” for epid&ygical typing (Seifert and
Gerner —Smidt, 1995) and useful for molecular tgpahA. baumanniiAyan 2003).
For present epidemiological study PFGE typing leenltaken as the primary typing
method.

Computer-assisted analysis of the PFGE fingerprimés performed and a
dendrogram was obtained (Fig. 5). It grouped thé&reak into major type A
covering 35 isolates out of 47 isolates and otperalic types were B, C, D, E, F, G
and H. When the PFGE data was checked with the afasolation majority of the
type A was found from those strains isolated frbm major apparent outbreak peak
period. The type A strains were mostly occurrednfithe sputum samples and from
the same or similar isolation dates from differeminths of the year 2004. Thus it
can be speculate from the hospital record datsP&G@E that the IRAB epidemic had
happened from the clonal strains of early daysaafidry 2004.

The Acinetobacter baumanniinfection that was observed at the university
hospital was occurred in patients with a long treatt and stay in hospital
environment. Patients tended to have risk factbysr@sence of medical instrument
such as mechanical ventilation (p-value, 0.006) aim@ at risk (p-value, 0.000).
Epidemiological investigations often focus on idigimg a possible common
environmental source. In many cases, the risetasraf a particular pathogen are
due to lapses in infection control measures, regulin an increase in cross-
transmission between patients and HCW’s hands gtéamtet al 1988, Buisson et al,
1990, Getchell-White et al 1989, D’Agata et al 19B%Agata et al 1999a). These
lapses may be particularly remain relevant Aobaumanniibecause dissemination
of this pathogen is facilitated by its prolongedvstal on inanimate surfaces, high
colonization rates among hospitalized patients, &eduent contamination of
healthcare workers’ hands (Hartstein et al 1988sd#um, 1990, Getchell-White et al
1989, D’'Agata et al 1999, D’Agata et al 1999a)eTresults of case-control study
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underscore the opportunistic nature of this organiShe patients who acquire
baumanniiwere more likely to have received third generatiephalosporins, a class
of broad spectrum antibiotics that could have g$etkdor this organism, which is
intrinsically resistant to a large number of ardilms (Scerpella 1995). They also
were to have longer ICU stays and to have undergoresive procedures such as
intubations and catheter use. The most signifiact related with thecase-control
study is the ventilator used by the patients aedotturrence of IRAB PFGE type A
clone in the ventilators during the surveillancéuwe study and same PFGE type A
clone-strain was isolated from the patients indhtbreak period.

Numerous outbreaks of nosocomial infections duddmetobacter baumannii
have been described in previous reports (Erikd 20@0, Kaul et al 1996, Patterson
et al, 1991, Hartstein et al, 1988; Buisson et1890; Castle et al, 1978; and
Mortensen et al, 1987). When these outbreaks aeag/sed risk factors associated
with those infections included were antibiotic espie, length of stay in intensive
care units (ICUs), mechanical ventilation, and s&yef underlying illness (Erika et
al 2000; Kaul et al, 1996; Patterson et al, 19%rtédein et al, 1988; Buisson et al,
1990; Castle et al, 1978; Mortensen 1987, Scerg&@b). Such outbreaks had been
found associated with contaminated respiratory mygent, air humidifiers,
mattresses, and pillows (Hartstein et al 1988, iCetfaal 1990, Smith et al 1977,
Sherertz et al, 1985 and Weernink et al 1995).

Acinetobacter baumannis known for its ability to survive for long peds in
dry surfaces (Wendt et al, 1997), and outbreakslGlJs mediated through
environmental contaminations by this organism héeen reported by several
authors (Jawad et al 1996, Melamed et al 20@3paumanniis capable of rapidly
adapting to the hospital environmeand outbreaks may result from intrinsic
contamination of thenedical equipment or devices used with patientsrfonitoring
or therapy and/or from contamination of the envinent (Lee et al 2004 and Brooks
et al, 1996)Contamination may also result via the airborne ecag wellas from
contact with patients (Brooks et al, 1996 and, Bgrng-Bérézin and Towner, 2000).
The environmental sampling fét. baumanniiand the imipenem resistant nature of
the environmental isolates with PFGE type A outknmeay have crucial contribution
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for the present outbreak supported by the E-IRABistpositive hands of HCWs and
the type A PFGE pattern obtained from thebaumanniiisolated from them. Thus

cross contamination among the inanimate surfakespltients’ hospital equipments
like ventilators and other associated environmeoitgécts like bed sheets, hospital
record sheets and waste water disposal sink sudadecontaminated hands of
HCWs handling these objects and patients shouldsgexulated as significant

contributing factors for the present outbreak.

Epidemic strain spread may be explained by theiityalo survive within the
nosocomial environment, and to colonize patientstaspital personnel, in addition
to selective antibiotic pressure (Jawad et al 1896 Koeleman et al 2001a). Many
investigators have isolatecinetobacter baumannfrom the hospital environment
and from the hands of health care workers (Ayan3200t is assumed that the
pathogen initially introduces via these routes #meh spreads through the ICUs
(Villers, 1998). Transmission ofA. baumanniby contaminated hands and gloves has
been suggested in previous reports (Scerpella 199%) present environment
surveillance culture E-IRAB were recorded from eliféint hospital equipments and
the hands of health care workers. All isolates WeF&SE type A clone except one
isolate and the outbreak clone is leaded by typdoAe supported by the previous

statement.

Acinetobacterepidemics tend to rise worldwide in the late summmonths
(Corbella et al 2000) but it is a surprising epiderbehavior of the imipenem
resistantA. baumanniiin CHU ICUs that the trend of increase Af baumannii
epidemic was in its brisk rise during the winternties of January-February and in its
peak in the late winter (March) to mid-spring oD20After applying the intervention
measures including strict hand washing, health dngyi decontamination of floors
and associated objects followed by surveillancéucellin the July 2004 it reduces
the IRAB and ISAB occurrence in new patients inghenmer months where there is
global rise inAcinetobacterepidemics in the summer. It is thus believed that
proportions ofA. baumannii isolates were reduced similarly among the IRAB an
ISAB groups (both clinical and environmental) ahdtrongly reinforces the roles of
adequate compliance of outbreak intervention gjyatend surveillance including
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hand-washing procedures, the use of barrier preceuaind cleaning procedures to
control the presenf. baumanniioutbreak. This case should be interpreted as a
successful intervention method with the cause métstontrol measures applied in
the ICUs and which worked against the environméntalorable season for th&.
baumannii epidemic (Corbella et al, 2000). Relating thesprg genotyping,
surveillance culture report and interventions measuwwith the univariate and
multivariate result of case control study it candibgwn a conclusion that time at risk
(p-value,0.000), and the duration of hospital staypled with use of mechanical
ventilator by the patients (p-value,0.006) contaated by PFGE type A clone of

IRAB isolates were the underplaying causes fomptiesent outbreak.

The precise identification of individual isolatefsaogiven microorganism beyond
the species level provides valuable informationutbreak situations (Scerpella et al,
1995). Such analysis of chromosome restrictionnfraxgt patterns by PFGE has been
applied previously to the epidemiological study Af baumanniiand PFGE is
increasingly being viewed as a very promising arsgful technique for the
epidemiological analysis of nosocomial infectiorcéfella et al 1995). Present
study using PFGE enabled us to define and iderttify outbreak strain and
demonstrated that contamination and transmissi@nsaigle clone (PFGE type A) of
imipenem-resistantA. baumannii was the main cause of present outbreak.
Comparison between the outbreak strain and norreakbcontrol isolates from the
same ICU and other parts of hospital revealed ndask&in differences. This clearly
show that with an entirely new and unique cloné s introduced to the ICU and

spread among the patients.
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V. CONCLUSION

Present investigation is primarily based on theemalar and epidemiological
study. For the mechanism of carbapenem resistahmy deta-lactamase gene
specific PCR like IMP, VIM, OXA, SPM, GES, OXA weapplied of which IMP-1,
VIM-2, have been found sporadically in very fewl&es and like wise the case for
the bla-OXA-2. Although the present carbapenenstasce outbreak has not been
found related with particular beta-lactamase orbapenemase genes molecular
epidemiological based research was carried ouintb the cause of outbreak and

develop control measures.

Comparing the association of risk factors for theguasition of imipenem
resistantA. baumannithe nosocomial occurrence of IRAB is found strongllated
to the ICU stay and the use of mechanical ventgatosed by the patients
contaminated with the IRAB. Surveillance cultureliding the hospital equipments
and related objects along with health care workbeaads were found positive for
IRAB and PFGE based genotyping supported the tressgon of PFGE type A clone
of IRAB among the ICU patients. The study thus pmesd that the outbreak was
spread from a single clone Af baumannidue to the transmission through the IRAB
contaminated hospital equipments and environmeattlve health care worker’s
hands. Although the present outbreak is phenotipicalated with carbapenem
resistance they did not produced carbapenemasvealed from the PCR methods,
the mechanism of imipenem resistance should bébgeduof further investigation
and such type of cases were also experienced by wibrkers in the past (Turton et
al, 2004).

Many studies had provided the evidence that thefufatrend to-ward antibiotic
resistancen A. baumanniimay finally include carbapenems; the last recagphiz
antibiotic alternative for most strains isolatedrladwide, during large and sustained
hospital outbreaks (Corbella et al, 2000). Manag#mé this emerging organism is
complex and requires a combination of molecularlogical techniques and

epidemiological studies. High-level and extendedirenmental contamination,
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close contact between colonized patients and health workers, and wide spread
imipenem use were the main determinant factors firatmoted rapid clonal
dissemination of IRAB strains throughout the hadgdiCUs.

Strict compliance with basic infection control me@smay have a strong impact
on controlling suclA. baumanniioutbreaks. By comparing thfe baumanniistrains
typed and the case control study it can be condltlolat the outbreak was due to the
transmission of IRAB clone A through the medicalipgents and hands of health
care workers with patients having time at risk. iatervention program applying
molecular technique and strict infection controlasires enabled to bring the ill-
fated imipenem resista. baumanniioutbreak into control. Thus, in further, a
detailed molecular biological approach with the elepment of efficient molecular
typing technique along with identification of resggible carbapenemase determinant
and follow-up of strict hospital health hygiene m@@s are required to address the

problem.
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Table 1. Site and date of isolation, antibiotic tested BFGE
types of imipenem-resistaAt baumanni(IRAB)

Isolate PFGE dateof  specimen

no. Type isolation name AN CAz CIP GM [PM
133 A 2004-02-21 Sputum I R R R R
121 A 2004-03-10 Sputum R R R R R
130 A 2004-03-10 Sputum [ R R R R
141 A 2004-03-25 Sputum R R R R R
119 A 2004-04-01 Sputum R R R R R
135 A 2004-04-01 Sputum [ R R R R
134 A 2004-04-13 Sputum S R R R R
140 A 2004-05-20 Sputum R R R R R
144 A 2004-05-20 Closed pus R R R R R
145 A 2004-05-20 Open pus | R R R R
137 A 2004-05-21  Sputum R R R R R
139 A 2004-05-21  Sputum R R R R R
124 A 2004-07-05 Sputum R R R R R
129 A 2004-07-08 Sputum R R R R R
143 A 2004-08-20 Open pus R R R R R
125 A 2004-08-21 Open pus R R R R R
118 A 2004-08-24 Closed pus S R R R R
131 A 2004-08-26 Sputum R R R R R
112 A 2004-08-30 Sputum R R R R R
128 A 2004-09-15 Sputum R [ S R R

Catheterized

115 A 2004-10-02 urine S R S S R
106 A 2004-10-04 Sputum R R R R R
114 A 2004-10-18 Sputum [ R R R R
113 A 2004-10-19 Notknown S R s s R
108 A 2004-11-02 Notknown R R R [ R
110 A 2004-11-02 Notknown R R R [ R
117 A 2004-11-10 Notknown s R s s R
111 c 2004-11-04 'NOtknown s R R R R
101 G 2004-07-30 Sputum R R R R R
136 J 2004-04-09 Closed pus R R R R R

Abbreviations, AN,amikacin; CAZ, ceftazidime; Ci€iprofloxacine; GM, Gentamicin; IPM,
imipenem.Antibiogram result of the antibiotics tested #r baumanniioutbreak isolates.
MIC level is based on the NCCLS guidelines (NCC23)1), (see materials and methods).
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Table 2. Important environmental sampling sites #r baumannii

isolates
Site of the sampling Number
Left hand 18
Health care worker Right
18
hand
Bed 10
Chart 3
Recording sheet 4
EKG 6
DP set containing suction kit 6
Tracheostomy site 6
IV fluid line 1
02 supplier 2
Ventilator 13
Washing stands 2
waste water disposal sink surface 4
Station table 11
dressing car or assisted trolleys 9
Computer 3
Door handle 2
Canister 2
Suction 2
Humidifier 2
Total 124




Table 3. List of primers for integron, integrase and RIR

Geneor target site PCR name Primer sequence

5'-CS
Integron class 1 PCR-CS

Integrase class INtLF
PCR Int1R

Integrase  class N2F
PCR Int2R

Integrase  class NUSF
PCR IntI3R

5-GGC ATC CAAGCA GCAAG-3
5’-AAG CAG ACT TGA CCT GA-3

5-CAG TGG ACATAAGCC TGTTC -3’
5'-CCC GAG GCATAG ACT GTA-3’
5-TTG CGAGTATCC ATAACC TG -3’
5-TTACCT GCACTG GAT TAAGC-3

5-GCA GGG TGT GGA CGAATACG-3
5-ACA GAC CGAGAAGGCTTATG-3

115 T1-F1 5-TGTACGTCCCGTCTGCGAGTGT-3'
Integron Tail PCRIL5 T1-F2 5-ACAGCGTGGGGTGCGAAAAACA-3
Forward 115-TIF3  5-AACGATGTTACGCAGCAGGGCAG-3'

115-T1-R1 5-TGACCGTAAGGCTTGATGAAACA-3’

Integron Tail PCR- 115-T1-R2 5-TGGAGAATGGCAGCGCAATGACA-3’
Backward 115-T1-R3 5-CCCGCGCAGATCAGTTGGAAGA-3’

Reference

Lévesque et
1995

Koeleman et q
200

Koeleman et a
2001

Senda et al 199

This work

This work

39
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Table 4. Primers for carbapenemase and other betalactargase PCR

gene

IMP-1F (F)
IMP-1R (R)

IMP-2F (F)
IMP-2R (R)

IMP-4F (F)

IMP-4R (R)
IMP-11F (F)
IMP-11R (R)

IMP-18F (F)
IMP-18R (R
IMP-19F (F)
IMP-19R (R)
VIM-1F (F)
VIM-1R (R)
VIM-2F (F)
VIM-2R (R)

GIM-1F (F)
GIM-1R (R)

SPM-1F (F)
SPM-1R (R)
GESF (F)
GESR (R)

Sequence

GCTACCGCAGCAGAGTCTTTG
CCTTTAACCGCCTGCTCTAATG

ATGTTACGCAGCAGGGCAG
ATGCTCAGTCATGAGGCGC

GAAGGCGTTTATGTTCATACTTCG

GCGTCACCCAAATTACCTAGACC
GAGAAGCTTGAAGAGGGTGTTTAT
AGGTAGCCAAACCACTACGTTATC

CATTGCTGCTGCAGATGATTC
CTGCAAGAGTGATGCGTTTC
GTTTTATGTGTATGCTTCCTTTGTAGC
CAGCCTGTTCCCATGTACG

GTTTGGTCGCATATCGCAAC
AGACCGCCCGGTAGACC

GTTTGGTCGCATATCGCAAC
CTACTCAACGACTGAGCGATTTGT

CAGGGTCATAAACCGCTAGAAG
AACTTCCAACTTTGCCATGC

GAGAGCCCTGCTTGGATTC
GCGACCTTGATCGTCTTGTT
GTTAGACGGGCGTACAAAGATAAT

TGTCCGTGCTCAGGATGAGT

Target B-
lactamase

IMP-1, IMP-3, IMP-6, IMP-
10

IMP-2,  IMP-8,
IMP-12, IMP-13

IMP-10,

IMP-4, IMP-5, IMP-7, IMP-

IMP-11, IMP-12, IMP-21

IMP-18

IMP-19, IMP-20

VIM-1, VIM-4, VIM-5,
VIM-7, VIM-11

VIM-2, VIM-3, VIM-6,

VIM-8, VIM-9,VIM-10

GIM-1

SPM-1

GES-1, GES-2,
GES-4, IBC-1,IBC-2

GES-3

Accession no. of bla-

genes

S71932, AB010417,
AB040994,AY074433

AJ243491, , AY074433,A1420864,
AJ550807, AF322577,

AF244145, AF290912,
AF318077,AY033653

ABO074436, AJ420864, AB204557

AY780674

AB2085, AB196988
Y18050, AY135661, AY144612,

AF191564, AF300454, AY165025,
AY524987, AY524988, AY524989

AJ620678

AY341249

AF156486, AF326355,
'’ AB113580,AB116260, AF208529,
AF329699
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Table5. Primers for carbapenemase gene and other beiaiases

(oxacillinase) PCR

gene

bla-
oxa-2
like

OXA-
23-like

OXA-
24-like

OXA-
51-like

OXA-
58-like

Primers
bla-oxa-2

(F)

bla-oxa-2 (R)

bla-oxa-23 F

bla-oxa-23 R

bla-oxa-24 F

bla-oxa-24 R

bla-oxa-51 R

bla-oxa- 58 F

bla-oxa-58 R

primer sequence
5-TTC AAG CCA AAG
GCA CGA TAG-3

5-TCC GAG TTG ACT GCC

GGG TTG-3’

5-GAT CGG ATT GGA
GAACCAGA-3
S-ATT TCT GAC CGC
ATT TCC AT

5-GGT TAG TTG GCC
CCCTTA AA
S-AGT TGA GCG AAA
AGG GGATT-3

5-TGG ATT GCACTT
CAT CTT GG-3’

5-AAG TAT TGG GGC
TTGTGC TG
5-CCC CTC TGC GCT
CTA CAT AC-3’

size

650

501 bp

246 bp

353 bp

599 bp

Reference

Steward et
al, 2001

Woodford
et al, 2006

Woodford
et al, 2006

Woodford
et al, 2006

Woodford
et al, 2006
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Table 6. Environmental sampling result for imipenem-rzsisA.

baumanniiisolates.

Site of the sampling Number A. baumannii
Left hand 18 1
Health care worker Right
hand 18 1
Bed 10 7
Chart 3 0
Recording sheet 4 0
EKG 6 1
DP set containing suction kit 6 4
Tracheostomy site 6 3
IV fluid line 1 1
02 supplier 2 0
Ventilator 13 7
Washing stands 2 0
waste water disposal sink 4 4
surface
Station table 11 2
dressing car or assisted trolleys 9 2
Computer 3 0
Door handle 2 0
Canister 2 0
Suction 2 0
Humidifier 2 0
Total 124 33
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Table 7. Results of univariate analysis for the occurreoicenipenem
resistantA. baumanni{case vs. no growth)

: case control
Variable (n=77) (n=77) p-value

Demographics

male gender 58(75.3) 57(74.0) 1.000
age(years)* 56.0(15.8) 55.6(16.7) 0.866
Comorbidity

cardiac disease 4(5.2) 20(26.0) 0.001
diabetes 13(16.9) 9(11.7) 0.490
malignancy 5(6.5) 2(2.6) 0.442
CVA 17(22.1) 0(0.0) 0.000
pulmonary disease 17(22.1) 5(6.5) 0.01¢
hepatic disease 5(6.5) 7(9.1) 0.765
renal disease 2(2.6) 0(0.0) 0.497
Related to hospitalization

time at risk(days) 24.2(32.4) 6.2(4.5) 0.000
surgery 48(62.3) 35(45.5) 0.052
bladder catheter 77(100.0) 58(75.3) 0.000
IV catheter 46(60.5) 34(44.2) 0.052
mechanical ventilation 52(67.5) 8(10.4) 0.00a¢
intubation 67(87.0) 32(41.6) 0.000
Antibiotics

imipenem 10(13.0) 5(6.5) 0.277
piperacillin 0(0.0) 3(3.9) 0.245
ampicillin-sulbactam 1(1.3) 0(0.0) 1.000
vancomycin 8(10.4) 13(10.4) 0.348
cephalosporins

1st generation 0(0.0) 15(19.5) 0.000

2nd generation 35(45.5) 35(45.5) 1.00d

3rd generation 18(23.4) 36(46.8) 0.004
aminoglycosides 46(59.7) 50(65.8) 0.505
guinolone 4(5.2) 5(6.5) 1.000
carbapenem 6(7.8) 1(1.3) 0.116
duration of antibiotics use(days) 10.8(10.0) 15239) 0.008
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Table 8. Results of multivariate analysis for the occuceenf imipene
m resistantA. baumannii

Variable Crude OR(95% Cl) Adjusted OR* (95% CI) p-Value
Comorbidity

Cardiac disease(yes/no) 0.16(0.05-0.48) 0.32(0.68}) 0.163
Pulmonary disease(yes/no) 4.08(1.42-11.71) 6.88(01.08) 0.067

Related to hospitalization

Time at risk(days) 1.31(1.19-1.45) 1.29(1.14-1.46) 0.000
Surgery(yes/no) 1.99(1.04-3.78) 2.13(0.65-6.93) 210.
IV catheter(yes/no) 1.94(1.02-3.69) 0.42(0.12-}.45 0.170

Mechanical ventilation(yes/no) 17.94(7.49-42.98)

6.41(1.71-24.06) 0.006
Intubation(yes/no) 9.42(4.21-21.06) 2.55(0.69-9.44 0.161
Antibiotics
3rd generation(yes/no) 0.35(0.17-0.69) 0.34(0.1017) 0.065

Note, asterisk*, Adjusted ORs were adjusted for @doia condition such as cardiac disease

and pulmonary disease, time at risk, surgery, MMet@r, intubation, and used antibiotics in a
logistic regression model
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Table 9. Susceptibility test of environmental isolates Af

baumanniiand PFGE types

PFGE
Isolates AN ATM CIP GM IPM NET PIP TIM NN Type
302 R R R R R R R R R A
303 R R R R R R R R R A
304 R R R R R R R R R A
305 R R R R R R R R R K
306 R R R R R R R R R A
307 R R R R R R R R R A
308 R R R R R R R R R A
309 R R R R R R R R R A
310 R R R R R R R R R A
311 R R R R R R R R R A
312 R R R R R R R R R A
313 R R R R R R R R R A
314 R R R R R R R R R A
315 R R R R R R R R R A
316 R R R R R R R R R J
318 R R R R R R R R R A
319 R R R R R R R R R A
320 R R R R R R R R R A
321 R R R R R R R R R A
322 R R R R R R R R R A
324 R R R R R R R R R A
325 R R R R R R R R R A
326 R R R R R R R R R A
Note:

1. Abbreviations, AN, amikacin; ATM, aztreonam; CIHpffloxacine; GM, Ge
ntamicin; IPM, imipenem. NET, netilmicin; PIP, piaeillin; TIM, ticarcilli

n-clavulanic acid; NN, tobramicin.

N

. Antibiogram result of the antibiotics tested Ao baumannioutbreak
isolates. MIC level is based on the NCCLS guidaliid¢CCLS,

2001), (see materials and methods).

w

Criteria for inhibition zone are based on NCC(Z®01) guidelines (see
materials and methods)
. R, resistant

SN

PFGE type, see materials and methods and result
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Table-10. Modified Hodge test and IMP-EDTA DDST

T
)

| solate DDST | solate MHT DDST | solate HT | DDST

nt

101 203 n 302

106

213 nt 304
nt 306

S5 |5
S5 |5

108

214
110 nt

nt

1 224 n 312

> [ © [ |5 [O

112 225 n nt 314

nt

113 226 316

M
p
p
p
220 n 309 p n
p
p
p
p

n
114 n nt

227 319

> O >

115 230 n nt

117

>

118

119

S5 |5 |5

121

124

125

>

128

129

=] > O

130

131

>

133

>

134

S5 |5

135

136

137

139

140

S5 |5

141

o © o o U T o v T T o o T T O T T O O [ [© > [ © [ [ [ [O <
=)

143

Note, nt, not tested for MHT negative result
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Table 11. Integrase class 2 genat{2) PCR result for IRAB, ISAB E-
IRAB isolates. Integrase class 3 gand3 PCR was negative

for all the tested isolates.

| solates Gene isolates gene isolates gene

IRAB intil | inti2 ISAB intil | inti2 E-IRAB intil | inti2
101 p 203 302
106 213 304
108 214 306
110 220 309
111 224 312
112 225 314
113 226 316
114 227 319
115 230
117
118
119
121
124
125
128
129
130
131
133
134
135
136
137
139
140
141
143
144
145

Solclo o |||

coococoo|Clo

cotctottt @ lo
Siolcfloco|o|s|2 |

Solclococ|lco|cjco|loc|c|locfco|o|o|loc|lc|lccois|slo|s|o|c(C

oottt ototototootototoBobotBoboooB|C o

Note, Integrase class 3 gend3 PCR was negative for all the tested isolates
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Table 12. Different class integrase gene PCR

| solates Intil positive/total Intl2 Intl3
(percent) positive/total positive/total
(percent) (percent)
IRAB 30/30 (100) 11/30 (36.66 %) O
ISAB 9/9 (100) 2/9 (22.00) 0
Environmental 8/8 (100) 3/8 (37.5) 0
total 47/47 (100) 16/47 (34.04 %)0
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Table 13. PCR result of IRAB for carbapenemase and otheldetamase genes

Oxa- Oxa- Oxa- Oxa-
23 24 51 58

Oxa-
GIM1 SPM1 GES 2

Vim-
2

VIM1

Imp-
19

Imp-
18

IMP-  IMP-  IMP-  Imp-
1 2 4 11

isolates
101
106
108
110
111
112
113
114
115
117
118
119
121
124
125
128
129

130
131
133
134
135
136
137
139
140
141
143
144

145
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Table-14. PCR result of ISAB for carbapenemase and othtalditamase genes PCR

isolates
203
213
214
220
224
225
226
227
230

IMP- iIMP- IMP- Imp- Imp- Imp- Vim- Oxa- Oxa- Oxa- Oxa-
1 2 4 11 18 19 VIM1 2 GIM1 SPM1 GES 2 23 24 51

n n n n n n n n n n n n n n p
n n n n n n n n n n n n n n p
n n n n n n n n n n n P n n p
n n n n n n n n n n n n n n p
n n n n n n n n n n n n n n p
n n n n n n n n n n n n n n p
n n n n n n n n n n n n n n p
n n n n n n n n n n n n n n p
n n n n n n n n n n n n n n p

Oxa-
58

5 3 3 33 3 353 35 5
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Table 15. PCR result of E-IRAB for carbapenemase and otheldetamase genes

isolates
302
304
306
309
312
314
316

IMP-

1
n
n
n
n
n
n
n

iMP-

2

5 53 3 3 3 35 5

IMP-

4

5 53 53 3 3 53 5

Imp-

11
n

5 53 53 3 3 5

Imp-
18

5 53 53 3 3 53 5

VIM1

5 53 53 3 3 3 5

Vim-

5 53 53 3 3 53 5

GIM1

5 53 53 3 3 3 5

SPM1 GES

5 53 3 3 3 35 5

5 53 53 3 3 5 O

Oxa-

2

5 D5 3 3 3 5 5

Oxa-

23

5 3 3 3 3 35 5

Oxa-

24

5D 53 53 3 3 35

Oxa-
51

© T T T T T T

Oxa-
58

e
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14

12 @ SicU
" EMICU
10 m O MICU+SICU

Figure 1. Epidemic curve showing the number of SICU plusCMI
patients colonizing or infecting with imipenem tant A.
baumannii at 1-month intervals from January 2004 to
December 2004
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I Imipenem non-susceptible Isolates I

| Hodge Test Using a Zn++-=added IPM Disc |

Negative

(No carbapenemase)

| DDST Using an IPM Disk

and an EDTA SMA Disk

Positive
(MBL produced) Negative
(Other carbapenemase or Rare isolates
with MBL

PCR for bla IMP and
blaviM

Figure 2. Schematic diagram for modified Hodge test and IBFPFA
DDST (Ref. Lee et al 2003)
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Insertion or
Excision of gene
cassette

Inti1

§' Conserved Inserted gene cassette array ¥ Conserved
segment segment

Figure 3. General structure and scheme for an integronirsiedrase
PCR (Ref. Levesquet al 1995)
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Probe hybridization lay out for DNA

1 101 106 107 108 109 110 111 112 113 114 115 116

2 117 118 119 121 122 125 128 129 130 131 132 133

3 134 135 136 137 133 139 140 141 142 143 144 145

4 146 147 202 203 204 205 206 207 210 211 212 213

3 214 215 216 217 218 219 220 221 222 224 225 226

6 227 228 229 230 232 30 302 303 304 306 307 308

7 309 310 311 312 313 314 315 316 317 318 319 320

B 321 322 323 324 325 326 327

Figure 4. A DIG-labeled probe hybridization dot-blot DNAmsple
layout for the gene intil and oxa-2
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119 134 141 302 306 314 213 224 226 227 M

»

2
4

had

'y
' e
# S

Figure 5. Representative PFGE patterns of Apkgested genomic
DNA from the imipenem resistance outbreak (IRAB),
environmental (E-IRAB) and imipenem susceptible -non
outbreak (ISAB) strains of. baumannii Lanes: 1 and 15
molecular size marker; lanes 2 to 7, clinical oedbrisolates
from the MICU/SICU; lanes 8 to 10, environmentativaak
isolates; lanes 11 to 14, clinical non-outbreakai®s from
the ICU/NICU. Isolates identification, lane 2-10dne 3-111,
lane 4-136, lane 5-119, lane 6-134, lane 7-141e B4302,
lane 9-306, lane 10-314, lane 11-213, lane 12-Bie 13-
226 and lane 14-227.
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134 303 305 306 308 313 319 320 321 322 323 324 325 326 134

2006 092}

Figure 5 (a). Representative PFGE patterns of Agayested genomic
DNA from the environmental (E-IRAB) strains .
baumannii Lanes: 1 and 15 index strain (IRAB isolate
134);, 134, 2 to 14, environmental isolates frone th
MICU/SICU; Isolates identification, lane 1 134, éa@-
303, lane 3-305, lane 4-306, lane 5-308, lane §-B&i&
7-319, lane 8-320, lane 9-321, lane 10-322, lan821]
lane 12-324, lane 13-325, lane 14-326 and lane3#5-1
Lane 3, imipenem susceptible strainfofbaumanniihas
band difference in comparison to other imipenenstast

strain ofA. baumannii
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Figure6. A dendrogram showing relationships between strbased
on pulse field gel electrophoresis (PFGE). Sintyavalues
were derived by using the Dice coefficient andiWRGMA
algorithm. The cut-off point for the recognitionatisters

was set at the 55% similarity value.
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1.0 kbp

Lo
: 3.0 kbp
'lll' 2.0 kbp
e

s 500 bp

200 bp

Figure 7. Class 1 integron PCR. The template DNA prepandto the
integron PCR was from proteinase-K extraction metho
Primers 5’-CS (5-GGC ATC CAA GCA GCA AG-3’) and
3’-CS (5'-AAG CAG ACT TGA CCT GA-3’) were used as
described by Lévesque et al (1995). Lane M, moécul
marker: lanes 1 to 8, imipenem-resistAanbaumanniijane
9, imipenem susceptibld. baumanniilane 10, negative.
Lane identification for isolates, lane 1-101, 1&206, lane
3-108-, 4- 112, 5-114, 6-115, 7-125, 8-128, lari39-
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M 101 106 108 111 128 302 306 224 226 n 227

: Wy e

1000 bp
500 bp

200 bp

Figure 8. Integrase class 1 gene (intl1) PCR. Lane 1, médeenarker,
lanes 2 to 6, imipenem resistatbaumannii; ;lane7 and
8, imipenem resistant environmental isolédee 9, 10 and
12 imipenem susceptibla. baumannii lane 11, negative.
Description of isolates: lane 2-101, lane 3-106¢l4-108,
lane 5-111, lane 6-128, lane 7-302, lane 8-30& 224,
lane 10-226 and lane 12-227.
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Figure 9. Probe hybridization dot-blot for class 1 integrastl.

Sample layout is mentioned in Figure- 4.
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Figure 10. Probe hybridization dot-blot for bla-oxa-2. Saefayout is

mentioned in Figure 4.
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