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CHAPTER 1

INTRODUCTION

Acinetobacter baumannii is an opportunistic pathogen that is frequently
involved in nosocomial infection. 4. bennannii is mostly a cause of infection in all
systems such as septicaemia, urinary tract infection, ventilator-associated pneumonia
and skin infection following hospitalization of patients with more severe illness or
immunocompromised patients. Carbapenems such as imipenem and meropenem are
drugs ol choice for treatment ol 4. hagimcnnii inlection. but carbapenem resistance in
this species is now observed ancreasingly worldwide and also to be multidrug-

resistance strains.

Carbapenems are’ member of '_,‘Balactam antibiotics. act cytostatically on
bacteria by inactivating peplldug,lycan transpeptidases known as penicillin-binding
proteins (PBPs) that catxha!.' the cross- lmng of the peptidoglycan polymers in the
bacterial cell wall. Primary canse of Carbapenem resistance in A, hawmeannii s
B-lactamase production such as carbapenemase enzymes lo destroy B-lactam ring
structure of drug, resulting in loss of efficiencing. Other resistance mechanisms are
attributed to reduced affinity of PBPs for carbapencms. increased efflux of the
B-lactam antibioti¢s, decreased permeability of the outer membrane or to a

combination of several mechanisms,

The B-lactamases can be classified into four different molecular groups. A. B.
C and D according to amino acid sequence identities. Class A, C and D B-lactamases
use’a catalvucally active serine residuc for inactivation of the B-lactam drug. while
molecular class B B-lactamases are metallo-enzymes requiring zinc tor their catalytic
activity. Carbapenemase production is the major mechanism ol carbapenem
resistance in A baumeannii. Most ol these enzymes are members of class D
B-lactamase  (oxacillinase). followed by class B metallo-B-lactamase such  as

IMP-1ype and VIM-type and rarely found in class A 3-lactamase (1),



Carbapenems such as imipenem and meropenem are drugs of choice for
treating  penicillin- and cephalosporin-resistant 4. baumannii.  Reports  of
carbapenem-resistance A. baumannii have been increasing over the last few years. In
Taiwan, the proportion of A. bawmannii resistant to carbapenems rose from 5.88% in
1993 1o 21.5% in 2000 (2). In 1999, carbapenem-resistance A. baumannii was 53% in
USA and 34% in Spain during 1997 to 1999 (3, 4). Furthermore, there were many
reports about carbapenem-resistance Acinefobacier spp. worldwide such as Greece
(3). Turkey (6. 7). Croatia (8). ltaly, England (9). Germany, Poland, China, Brazil,
France (10, 11). Argentina (12), Romania(13), etc.

Mosl of carbapenemase enzymes that found in 4. bawmannii are OXA-type
carbapenemase (oxacillinase). whereas metatio-f3-lactamases such as IMP-type and
VIM-type have been sarcly identified. First carbapenem-hydrolyzing oxacillinase
(CHDLs) encoding gene was reported in A baumannii in 1995. This enzyme.
originally named ARI-1, was identified in Scotland and it was renamed OXA-23
following its genetic and biochemical reaction (14). After that, there were many
reports about OXA-type carbapenemases produced by A. baumannii around the world.
OXA enzymes can be subclassified into eight subgroups by amino acid identities.
Four of the eight subgroups. OXA-23 like, OXA-24 like, OXA-51 like and OXA-58
like. have been identified in 4. baumannii. The first subgroup encompasses the
OXA-23, -27 and -49, which were reported in Brazil'(15), Korea (16), China (17),
Singapore (18), Scotland (14). South America (19). United Kingdom (20). Australia
(21) and Tahiti (11} . The second subgroup encompasses the OXA-24 10 -26, -33, -40
and -72, which were reparted in Spain (22), Belgium (23) and France (24). The Third
subgroup ¢onsists of the OXA-51 family. ineluding OXA-51, OXA-64 10 -71,
OXA-75 1o =80, OXA-82 to -84, OXA-86 to -95, OXA-99, OXA-100. OXA-104,
OXA-106 10 M 300XANIS 0 &l 17 OXA<128 /OXA130 10 2132. They were
repofted in Argentina (23-27). Spain (25). Hong Kong (23). Singapore (25). Sowuh
Africa (25), France (28), Poland (29), United Kingdom (30), Greece (31, 32) and
Turkey. The fourth subgroup encompasses the OXA-58. -96 and -97. which were
reported in South Europe (13). France (33). Singapore (18) and Tunisia (34). For
IMP-type, there were reported in Acinetobacter spp. IMP-1 were reported in Japan
(35). Korea (36. 37) and laly (38). IMP-2. IMP-4. IMP-5, IMP-6 and IMP-11 were



reported in ltaly (39), Hong Kong (40), Protugal (41), Brazil (42) and Japan (43).
respectively. For VIM-type, VIM-2 were reported in A. bawmannii in Korea (36, 44).
VIM-1 and VIM-2 were reported in Acinetobacter spp. in ltaly (41) and Korea (36,

45), respectively whereas SIM-1 was reported in South Korea (46).

In Thailand, there was no evidence of carbapenem resistance in Acineobacter
spp. at Siriraj Hospital in 1998 (47). In 1999, Acinetobacter spp. were 21% resistant
to imipenem at Vajira Hospital (48). In 2007, imipenem resistance rate of
A. baumannii collected from Chiang Mai University Hospital were 35.5% (49). Al
the same peroid, the imipenem resistance rate of 2,130 A, bawmannii isolated from
clinical specimens at Snngklanagarfﬁd Hospital was 34.7%. The 61.9% of these
imipenem-resistance A_baucnmii isolates were isolated from respiratory tract, and
frequently found in ICU. Moreover, 14.8% of all imipenem-resistance A. baumannii
isolates were resistant 10 all routine tested antibiotics (50). In 2003, the imipenem
resistance rate of Aobamannii was 61% al Police General Hospital (51). Sixty-eight
percent of A. bawmannii isolated from Siriraj Hospital in 2006 were resistant to
carbapenems and 57% were resistant to all antimicrobials currently available in
Thailand (52). The data from.the National Antimicrobial Resistance Surveillance
Center Thailand (NARST) showed 'Lhait_ imipenem resistance in Acinctobacter

caleoaceticus-bawmannii compléx increased from 2% in 1998 10 57% in 2006 (33).

The emergence of carbapenem resistance in A" haumannii has become a
global concern including Thailand. In Thailand there are few studies on mechanisms
of carbapenem resistance.in A. bawmannii, The purpose of this study is to determine
carbapenemase  genes including blaoxa e « Bldoxazine - blagxas e
Mleigyssgine © Plapnpane and blayaag. in carbapenem-resistant 4. hawomannii and
investigate the prevalence al carbapenem resistance in A “baruannii isolated from

Thai patients between January 2004 and August 2007,



CHAPTER 1T

OBJECTIVES

To examine carbapenemase genes (bluoxa . Plapgy . blaypy ) in carbapenem-
resistant A. baumannii.

To investigate the prevalence ¢

- pre arl "V nem resistance in A baumannii
isolated from Thai patients.

=

AUEINENINeINg

ARIANTAUNIINGIAE



CHAPTER 111

LITERATURE REVIEW

1. BACTERIOLOGY

Genus Acinetobacter is currently classified in the Phylum Proteobacteria,
Class Gammaproteobacteria, Order Pseudomonadales. Family Moraxellaceae. There
are three genera in this family including Meswecclia, Acinetobacter and Psvehrobacter.
Species in genus Acinetobacier are strictly aewobic non lactose fermentative gram
negative coccobacillus but pecasionary are difficult 1o destain. Individual cell is | to
1.5 um by 1.5 to 2.5 um_in size and frequently arrange in pairs. They are non motile,
oxidase-negative, catalase positive and do not reduce nitrate to nitrite. Colonies on
MacConkey agar are smooth, opaque, colorless or slightly pinkish colonies. All
strains grow between 20°C and 30°C. Most strains have cptimal temperature at
33-35°C and grow in defined media d::tmlaining a single carbon and energy source.
They use ammonium or nitrate salis as the source of nitrogen. D-Glucose is the only
hexose utilized by some sirains, wherzas the pentose D-ribose. D-aylose and

L -arabinose can also be utilized as carbon sources by some strains.

Studies based on DNA-DNA hybridization, showed that there were at least 32
genomic species and 17 ol them have been assigned species name as described in
Table 1. Genomospecies |, 2, 3 and 13 of Tjernberg and Ursing are closely related
and difficult.to separate in the clinical laboratory, refered toas the 4. calcoaceticus-
A. bawmannii complex (54). Strains beionging 1o genomic specics 2 (A. baumannii),
3. and 13 have been found inaest frequently.1o be associated with hospital infection

and epidemic outbreaks (535:57).

Acinctobacter spp. are generally consizered to be nonphathogenic to healthy
individuals. However, A4 baumannii persists in hospital environments and causes
severe. life-threatening infections in compromised patients. This oreanism is resistant

o muitiple antimicrobial agents and has high capacity for survival on most both



moist and dry environmental surfaces, including respiratory therapy equipment and
human skin. It can also be isolated readily from nonclinical sources such as soil,
water, sewage and a variety of different foodstuffs. In addition, this organism is also
part of the normal oropharyngeal flora of a small number of healthy people and can
proliferate to large numbers during hospitalization. These factors have led to an

increased concern regarding hospital-acquired infections due to A, bawmannii.

2. EPIDEMIOLOGY

2.1  Hospital-acquired A. baumannii infection

Hospital-acquired A bawmannii infection includes ventilator-associated
pneumonia, skin and seft-lissue infections, wound infections, urinary-tract infections,
secondary meningitis-and bloodstream infections. The most frequent clinical
manifestations of nosocomial A4 baumannii are ventilator-associated pneumonia and
bloodstream infections. A scheme that explains the dynamics of A, bawumannii
epidemiology in a hospital is shown by Figure [ (58). A. haumannii can spread from
the colonized patient to the environment and other susceptible patients via excreta,
acrosol droplets and scale of skin. The most common mode of transmission is from
the hands of medical staff. Organisms can survival in dry environment. During
outbreak, it has been recovered fioim various patient's environments including bed
curtains. furniturc—and medical equipment. The medical equipments such as
mechanical ventilation, indwelling devices (intravascular catheters, urinary catheters

and drainage tubes) are the most common contaminated by A. baumannii.

The potential risk Factors for the acquisition ol 4. bawmannii infection include
hosy, factors (sueh' as major surgery. major trawma especially in burn trauma,
prematurity in newborns. The exposure related factors are previous stay in an 1CU,
the length of stay in hospital or ICU, residence in a unit that A. bawmannii is endemic,
exposure to contaminated medical equipment, the number of invasive procedures,

previous antimicrobial therapy and deficiency in the implementation of infection



control guidelines. These factors explain the difficulty of controlling 4. baumannii
infection in hospitals.

The clinical impact of nosocomial A. baumannii infection has been debated.
Cisneros ef al. and Seifert er al. showed high mortality rates in patients who had
A. baumannii bacteraemia or pneumonia (59, 60). Falagas er a/. also concluded that
an increase in attributable mortality ranging from 7.8 to 23% was associated with
A. baumannii infection (61, 62). However, this organism mainly affects patients that
severe underlying disease and prognosis. It has been argued that the mortality in
patients with 4. baumannii infection caused by their underlying disease rather than
by A. baumannii infection. Study by Blot e al. showed no significant difference
between the mortality rate of A. baumannii bacteraemia in ICU patients and control
group that were 42.2% and 34.4%, respectively (P = 0.378) (63). Similar to the study
by Garnacho et al., there was no significant difference between the mortality rate of
ventilator-associated pneumonia caused by A. bawmannii and control group that
were 40% and 28.3%, respectively (P =0.17) (64).

Figure 1. Overview of the dynamics between patients, bacteria and the

hospital environment (58).




2.2 Community-acquired A. barwmannii infection

A. bawmannii is an important cause of community-acquired pneumonia. The
evidence of community-acquired 4. hawmanmii infection is increasing. High
incidence of bacteraemia and high mortality ranging from 40 to 64% (38). The
incidence of community-acquired A. bawnanmii infection has been reported almost
exclusively in tropical climates. especially in Southeast Asia and tropical Australia
(65. 66). In lsrael. A. baumarwui showed a 31-fold increase when it was hospital-
acquired bacteraemia and a [3-fold ingrease when it was community-acquired
bacteracmia by an infection control <ufveillance program at the Assal’ Harofeh
Medical Center (AHME pom 19972004 67 )dn northern Australia, 10% of all
community-acquired bacteseimue pneumonia were caused by A. hamannii and 21% by
gram-negative bacteria i 1992.(68). "'il'hr:rf: were case reports ol community-acquired
preumonia causedy d__,.-:‘ﬁ{.:ﬁlfnl'_iﬂm{;.ff I;ﬂl]} countries in tropical or subtropical regions
such as Australia (68). km\aﬂit iﬁgiu- Faiwan (70) and Thailand (71-73). The
prevalence of infection nu.ml.r_rtd"in,u—:frlh] and humid environment might be due to its
appropriated condition for growth. 'i'ht risk factors for community-acquired
Acietohacter rlr':fulndﬁiil have heen aﬁgﬂ;:_i:ltc{l with underlying conditions such as
alcoholism., smoking, chronig uhﬁlruutiV&fﬁﬂhtuﬁur} disease (COPD) and diabetes

mellitus. A

o el

3. PATHOGENESIS AND VIRULENCE FACTORS OF
ACINETOBACTER BAUMANNII

Acinetohierer balmanni-is "an opportumistic ' pathogen. Colonization with
A bawnannii is more common than infectionsMowever it can®bt severe when an
infeétion’ \is devgloped. The lactors.thal contribute 1o 4. Aabiaoin: environmert
persistence and host infection and colonization are summarized in Figure 2 (38).
Adherence to host cell such as bronchial epithelial cells and skin is the first step in
the colonization process. 4. hawmenmii can survive and grow on host skin and
mucosal surface because it can resist 10 inhibitors agents and conditions that are

exerted by these sorfaces, Inoaddition, 1t can resist o desiceation., disinfectants and
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antibiotics and can use various substrates for growth. resulting in survival in the
environment. Growth on mucosal surfaces and medical devices. such as intravascular
catheters and endotracheal tubes. can result in biofilm formation, which enhanced the
risk ol bloodsiream and airwav infections (74). Biofilm formation might have been
regulated by quorum sensing, the presence of which has been inferred from the
detection of a genes that is involved in autoinducer production (75). Virulence factors

that could have a role in 4. baumannii are described below.
1. Adherence of bacterial eell to epithelial cell
Adherence of baeteria to epithelial cells is.eonsidered to be an essential first

step in colonization a‘lrid ;u-h‘:r;qucﬂt lnif:Ll!(m t’?ﬁi This organism can survive and

agrow on host skin ht‘hl

urgmu_.um}tm resist 10 inhibitory agents and protective
conditions ol skin If.‘h o dt:-.ﬂ.ﬁuimn. gg:m pli. the resident normal fora and toxic
lipids). Organism al L:m ullrafl»;dlld.t--ru\v on mucus membrane because it can
resist Lo the presence nﬁ%u;éug. tauplcrén i.tctupernmd.w: and the sloughing of cells
(38). In addition. the pili and hxdmphobu.. sugars in the O-side-chain moiety of
lipopolysaccharide (1.PS) ;ﬁitghljp_qfcmmq,gf;]‘jwrrrmc 10 host cells (77-80). Studies by
electron microscopy dcrnfnmfﬁ!lid'thal pli'_rf_ﬁ_& the surface ol Acmwetobacter interact
with human epithelial ucil.,Mm&ﬂwr ,lx‘l'ﬁfe-ig;ru Hm:a-.i-l':ku: connections between

these bacteria in #:nﬂ\ phase ol biolilm formation (81).

¥ |
il
[
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2. Biofilm formation

Biofilim ﬁ}mml?un Is inportant pathogenic-feature. especially in intravascular
line infectiofls and ventilator-associated pneumonia. A bawmannit can grow on
mugesaly ssurtaces  and medieal | deviees suohy as intravasenlap catheters  and
endotmchenl thbes by Biohilm formavion. résuling in énhancing“the 'risk ol infection
in bloodstream and airwayvs. Study by Rodriguez-Bano demonstrated that all
catheters related urinary tract or bloodstream infections and shunt-related meningitis
were caused by biofilm forming  strains. Thes  also found  that  previous
aminoglyeosude use was associated with biofilm-forming isolates (821, 4 heomannn

solates carrying Mappg o showed a significantly higher ability for epithelial cell



adherence and biolilm lormation than isolates without dapee (83) Similar to the
study by Sechi ¢ al, PER-1 production in A bawmarnii was found to be related 10
cell adhesion (84). In the other hand. treatment with EDTA caused a 53%-65%
reduction in biofilm formation by detachment of biofilm cells and inhibit bacterial
growth (83). Organisms that caused many device-related and chronic infections and
lormed biolilm in or on these devices were difficult 1o eradicate because organisms
in biofilm were usually resistamt to numerous antimicrobial agents and products of
the immune system (85. 86). Similar 51: the study by Lee er al, multidrug-resistant
isolates of 4. baumannii were reported l{},fo large amounts of biofilm and showed

a significant correlation with epithelial caéﬂttm e (83). In addition, the ability of
bacterial cells to tl'mmﬁ':r"gtpg“hnrimﬁlulE_!; isinereasing within biolilim communities,

resulting in the spread | lhl:(ﬂll.‘ resistance (86. 87). So. the high ability 10

colonize ol 4. barianudl combined Eilh'ils- resistance to multidrugs will contribute

to the organism’s . ﬂlu:r i'.!i;smninatiml inthe hospital.
) - - W
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3. Potential hﬁi._ [
s dddd ;'J-* ¥
The lipopolys ride, {,l'!"*-} t{,’ﬁiunlved In resistance to complement in
human serum  and acis in','il?.ﬂcrg} ﬁi___ﬂ‘t._&hr: capsular exopolysaccharide. The
endotoxic potential of A, hmi;g;_g}_@m:' lPET‘E.ggﬂg to stimulate inllammatory signaling
via Toll-like receptor (TLRs). Whole UV-Killed welly of A. hawmannii could
stimulate both I-EEE- and 1'l.R4-dependent si‘g;mﬁéé.l whereas pure endotoxins

mduced signaling only TERA(88). In addition. capsifar polysaccharide blocks the

access o complemem Lo microbial cell avall and prevent the triggering ol the
alternative Upathway. of camplement activation. | Stimulating in innate  immune
response bafihe endotoxins and capsular polvsaccharide may contribute 1o the

pathelogyold baupamiianleetion;
4. The vuter membrane protein
The outer membrane protein A, AbOmpA. previously called Omp38. has

been associated with the extotoxicity induction. AbOmMpA is a 38 KDa porin. which is

a trimeric porin with a pore size of 1.3 nm and acts as a general diltusion pore. Choi



et al tound that this protein was a potent cvtotoxin that induced apoptosis ot human
larvngeal epithelial cell. Hep-2 (89, 90). AbOmpA entered to the Hep-2 cell and was
localized to the mitochondria. resulting in releasing of proapoptotic molecules such
as cytochrome ¢ and apoplosis-inducing factor (AIF) into the cytosol as a
consequence of mitochondrial disintegration. This event activated caspase-3 followed
by degradation of DNA approximately 180 bp in size. AlIF activated caspase-
independent apoptosis and degraded chromosomal DNA approximately 50 kb in siee.
which resulting in large-scale DNA lragmentation. Apoplosis ol epithelial cells may
disrupt the mucosal lining and resulting i tavading of bacteria or bacterial products

to deep tissues.

5. Siderophores synthesis

|

A htmamum’??is_ﬁlg’t-.y’l[ﬂfl]xr |.1-m§l resources for s survival in human, lron s
an important rﬂhmll_'g_éf-til;’l is ot |ﬁ|d' ¥ available in human. rather it is found 1o be
complexed with imr};ﬁ:i'nijing l;i;n!cm.l_tbl‘_s:. ﬂirw|ud‘ing heme and lactoferrin (91, 92).
Siderophores are low-m@lecular-pass ferric binding compounds that can uptake iron

in iron-limiting conditionss The.bacteria can survive and multiply under iron-limiting

adin,

conditions by expressing thisGeitine a}_u!r:ﬁif?{li]ur'ni|1i1:ri'c- swnthesis, Siderophores are
classified into four categories by their chemicalstructures (91, 93). Yamamoto ef al.

demonstrited  the” structure  of  acinetobactin,  the' siderophore  secreted by

A bawmannii I"‘Jjﬁ"ﬂﬁ had a phenolate group as the iron-binding site (94).
Acinetobactin formed complex with ferric and this complex were transported into
bacterial cell across the-bacterial membeane via the FaitA-like protein (95). Other
bacteria that has' siderophares “synthesis 18 Vibrio anguillarum, which secreted

anguibactin for iron acquisition.

Ower allMtogether. the ability ol A hawmannii 1o ddapt in varfable conditions
together with antibiotic resistance and elfective stress-response mechanisms might

explain the success o' A bawmannii infection,
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Figure 2. The factors that contribute to A. baumannii environment

persistence and host infection and colonization (58).

4. DIAGNOSIS OF A. BAUMANNII INFECTION

Infection or colonization with 4. baumannii is usually diagnosed by culture of
blood, sputum, urine, wound, sterile body fluid, ect. on routine medium. There are
several methods for identifying A. baumannii, including phenotypic and genotypic

identification as described below.



Phenotypic ldentification

A, baumannii is gram negative coccobacilli usuvally diploid form. Colonies
srowing on MacConkey agar may have a slightly pinkish tint. This organism does
not produce cytochrome oxidases and oxidize glucose with production ol acid. It can
grow at 37", 42" and 44°C. 4. bawmannii can decarboxylate arginine and use
malonate as a carbon source. It does not produce urease enzyvme and cannot reduce
nitrate to nitrite and nitrogen gas. The hiochemical scheme of genus Acinetobacter is
shown in Table 3 (54). Phenotypic i‘-:‘lkm"i_ticu:tinn methods take a long time for
identilication and can nol discriminate somc genomospecies that are highly related
(57. 96). Genomospecies™ (4, E'mrr'.'lfﬁ{ﬂf'c'h'.s']i 204 banmamnii), 3 and Tjernberg and
Ursing 13 are ofien similarand belong to A caleoaceticus - A. baumannii complex
(ACB complex). 'I'h;':s.es:..ﬁi'gaﬁisms ::ﬁ!:nml be differentiate by phenotypic tests. So,
genotypic idumil'm‘ﬁt?ﬁ;;—: ilé_;lS‘.Bg‘.‘{:‘II- used for classifying the members of genus
Acinetobeter. —

"y

-
.l

Genotypic Identification 4
In 1986. Bouvet and Cmmnnl dasST‘tﬁéﬂ the genus Acinefobacier 10 12 DNA
Sroups Or genomospecies bn}—*_DNA-l)hﬁ.'f[f:‘fﬁiﬁimliun tests (97). Genomospecies |.

2.4, 5. 7 and 89 were designated A calcoacericns. A baumannii, A. haemolyviicus,

A junii, A jolnisevil and A lwoffii. respectively. The Others were designated by
group number. genomospecies 3. 6 10. |1 and 12. In the following vears.
4. radioresistens was described and demonstrated to correspond 1o Bouvet and
GCirimont’s  genamospecies 12 by Nishimura er ol :‘-'}3':]_ By using DNA-DNA
hybridization.” Tjernberg and Ugsing lound three additional genomic species,
senomaospedics UG TV and THIE G0 1989 (990 Al the satide time. Bouvet and
Jeanjean reported live genomospecics. BI13 1o BI17. w the scheme of Bouvet and
Grimont. DNA group 13 sensu Bouvet and Jeanjean (BJ13) corresponds to genomic
species 14 sensu Tjernberg and Ursing (TU14). In addition. “Close 10 TU13" and
“Between | and 37 were demonsatrated by Gerner-Smidt ef e in 1993 (96). To dale,
al least of 32 genomic species were identilied and 17 of them have been assigned

species name as deseribed in Table 1(58).
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DNA-DNA hybridization is the standard method for genotypic identification
but this technique is complex, time-consuming and cannot be performed in most
clinical laboratories. So, many techniques were developed, including amplified
ribosomal DNA restriction analysis (ARDRA) (100), the analysis of restriction
fragment length polymorphisms (RFLPs) (101), ribotyping and restriction analysis of
the 165-235S ribosomal RMA Intergenic Spacer Sequences (102).
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Table 1. Classification of the genus Acinetobacter (58)

Species Source

Species that have valid names |

A calcoaceticns (Genomuospecies |) I Suil und humans (including clinical specimens)

A Baumrannii (Genomospecies 2) | Humans tincluding clinical specimens). soil. meat and vegetables
A haemaolyvticns (Genomospecies 4) Humans {including clinical specimens)

A junii (Genomospecics 5) Humans {including clinical specimens)

A johnsenii (Genomospecies 7) Humans (including clinical specimens) and animals

A lwaffii (Genomospecies 8/9) Humans (including clinical specimens) and animals

A radioresistens {Genomospecies 12) (including clinical specimens), soil and cotion

A nrxingii
sefrimedlers

—_

A petrvies
haylyvi

hanvetii

—_

Y

fawneri

—_—

feneoii

A grimontii

hernbergiae

gerneri
Species  that  have
designations

A venetiannus

!‘Iéﬁ‘mﬂmg clinical specimens), soil and vegetables
Humans ﬁmhimﬁ al specimens)

al specimens). soil and v coctables

_ i g -.hgrsl specimens) and animals
Humans { including clinical specimens)

Humans{including clinical specimens)
%@ {M ﬂnﬂs@ imens)

Cienomospecies 3 L,
: R

Gienomuospecics b .1

Y
Cicnomospecies |"E‘¢Jl
Genomospecies |1
Genomospecies 138 ar 14TU
Genomospeci

o ﬁﬁiw

Genomospecies |16 I lumans {including clinical specimens) and vegetables
m s | chinwal s soil
AWM TSI Ty
U:m.amhpcuﬁ 157U Humans (including clinical specimens)
Genumospecies between 1 and 3 Humans (clinical specimens)
Gienomospecies close o 1311 . Humans [clinical specimens)

[ ——




5. TREATMENT OF A. BAUMANNIT INFECTION

Broad-spectrum cephalosporins, B-lactam-B-lactamase inhibitor combinations
such as ampicillin combined with sulbactam, carbapenems that used alone or
combination with an aminoglycoside and other combinations of a B-lactam with a
fluoroquinolone or rifampin have been used for treatment of 4. hawnmrannii infections
(103). Carbapenems are a class of fB-lactam antibiotics with a broad spectrum of
antibacterial activity, and have a stru€ture which renders them highly resistant to
B-lactamases. Carbapenems that usuvally use for treatment of 4. baumannii infection

are imipenem amd meropengin.

For infections eatised by multidrug-resistant isolates, the most active agents
are the polymyxins. pelymysin B and polymyxin E (colistin). These agents caused
disruption of the integrity ©f bacierial cell membrane, leading 1o leakage of
intracellular contents and cell death (104). I'hey were abandoned in 1960s and 1970s
but they have brought back into use a'gﬁi_n during the past few years for treatment of
multidrug-resistant gram negative bacilli including Acinetobacter
Bronchoconstriction is the main side effect of inhaled colistin when used for
treatment  of  ventilator-associated pneumonia (105). Garancho-Montero et «l.
suggested that intcavenous polymyxins could be used suecessfully for the treatment
of ventilator-assoviated A banmanni pneumonia, with-less nephrotoxicity (106). The
cure rates for colistin were 537-77% among severely ill patients with multidrug-
resistant  Acinetobacter infections.  including  pneumonia, bacteremia, sepsis,
intra-abdominal, infection ~and. ;central- nervous ~svstem- infection (107-110),
Motaouakkil ¢ '@l demonstrated-the suceessfully-treatment ‘of ventilator-associated
pneumonia and bloodstream inféctions by combination of colistin and rifampin
(119 Yioon er @l also demanstrated the synergy activities of polvimtxin B combined
with imipenem and rifampin against multidrug-resistant A4 hawmannii (112). 1t might
be because ol rapid permeable through the outer membrane of polymyxin B.
allowing enhanced penetration and activity ol both imipenem and rifampin.
However. Saballs er «f tound a high failure rate and emergence ol rifampin

resistance in 70% ol carbapenem-resistant Acinetobacter infected patients treated



with rifampin plus imipenem (113). Bernabeu-Witlel er @/ also demonstrated the
activities of imipenem combined amikacin were worse than imipenem alone for

treatment of impenem-resistant pneumonia in a guinea pig model (114).

New glyeyleyeline antibiotic. tigecycline, has been reported to be active
against some multidrug-resistant 4. bawmannii (115, 116). However, tigecycline-
resistant A, bawmannii isolated were reported recently (117-123). Peleg er al. and
Ruzin er al demonstrated that tigecycline resistance was associated with
upregulation of chromosomally mediated efflux pumps (124). Cefoperazone
combined with sulbactam. sulperazone. was-also used to treat multidrug-resistant
Acinetobacter spp. Lim er al. found 62% of cefoperazone-resistant Acinetobacter

spp. were susceptible to cefoperazone-sulbactam (125).
6. CARBAPENEMS

Carbapenems are [-lactam amibiotics that contain a B-lactam ring in their
structures. Theyv differ fmm other B-lactams by having a hydroxyethyl side chain in
trans-configuration at position 6 and a sulfiir.atom at position 1 of the structure has
been replaced with a carbon atom, and hence the name of the group. the carbapenems
(Figure 3.). The unique stereochemistry of the hydrexvethyl side chain confers

stability against B-lactamases (126, 127).

All B-lactam antibiotics are bactericidal, and act by inactivating cell wall
enzymes such ‘as transpeptidases which are members of ‘the family of penicillin
binding proteins (PBPs). These enzvmes catalvze the cross-linking of the
peptidoglycan pelymers, in.the bacterial cell wall (128). B-Lactam antibiotics are
similar “to  the " D=alanyl<D-alanine” ol" the Cpentapeptide “which attached to
N-acetylmuramic acid (NAM) unit in the nascent peptidoglycan laver. PBPs
mistakenly use penicillin as a substrate for cell wall synthesis and transpeptidase is
acylated. The acylated PBPs inhibit cell wall synthesis. while autolysis by cell wall
autolytic continues. These events lead 1o permeably of water. rapidly take up fluid

and eventually Ivse of bacterial cells (129).



Figure 3. Structure of carbapenem backbone
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Carbapenem agents- currently available are imipenem (N-formimidoyl
thienamycin), semisynthetic ‘derivative of thienamyein, meropenem, ertapenem,
doripenem, panipenem and biapenem. Imipenem and meropenem are the most clnical

use. Structures of these carbapenems are shown in Figure 4., which differed in side

chain at position 2.

Figure 4. Structures of carbapenems
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Imipenem is an intravenous B-lactam antibiotic developed in 1985 It is
derivatives of thienamycin, which is produced by the Sweptomyces catileya.
Nomenclature by International Union of Pure and Applied Chemistry (IUPAC) is
(5R.6S)-3-[2-(aminomethylideneamino)ethylsulfanyl]-6-( 1-hydroxyethyl)-7-oxo- 1 -
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid. Imipenem has a broad spectrum of
activity against aerobic and anaerobic gram positive as well as gram negative
bacteria. This agent remains very stable in the presence of B-lactamase (both
penicillinase and cephalosporinase) produced by some bacteria, and is a strong
inhibitor of B-lactamases from some gram negative bacteria that are resistant to most
B-lactam antibiotics. Imipenem can be hydrelysed in the mammalian kidney by a
dehydropeptidase enzyme. Cilastatin is a competitive, reversible and specific
inhibitor ol dehydropeptidase-l enzyme. So, imipenem is given with a
dehydropeptidase inhibitor, ¢ilastatin, to prevent the breakdown of antibiotic in the
kidney (126, 130).

Meropenem is an ultra-broad-spectrum injectable antibiotic used to treal a
wide variety of infection. This agent was developed by Sumitomo Pharmaceuticals,
Japan and was approved by FDA in July. 1996, Systematic (IUPAC) name is 3-[5-
(dimethylcarbamoyl) pyrrolidin-2-yl] sulfanyl-6- (1-hydroxyethyl)-4-methyl-7-oxo-
I-azabicyclo[3.2.0] hept-2-erie-2-carboxylic acid. It is bactericidal except against
Listeria monocyiagenes where il is bacteriostatic. This agent is also highly resistant
to degradation by [i-lactamases or cephalosporinases. The overall spectrum is similar
to imipenem although it is more active against Enterobacteriaceae and less active

against gram_positive bacteria. It is also ‘resistant to ESBL but more susceptible to

metallo-B-lactamases (126).

Oiher carbapenems include enapenem. doripenem. panipénem and biapenem.
All carbapenems except imipenem have |-B-methyl group in their structures, confer
B-lactamase stability and resistance to inactivation by renal dehydropeptidases (131).
Ertapenem is effective against gram negative bacteria and anaerobic bacteria, but not
active against MRSA. ampicillin-resistant  enterococci. Ps. aeruginisa  and

Acinetobacter spp (126, 132, 133). Doripenem was approved by the United States
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Food and Drug Administration on October 12, 2007, This agent has a spectrum and
potency against gram positive cocci similar 1o imipenem and ertapenem and gram
negative activity similar to meropenem (two or four folds superior to imipenem) (126,
134). Panipenem is a parenteral carbapenem antibacterial agent which was launched
in 1993. This agent has a broad spectrum of gram negative and gram positive aerobic
and anaerobic bacteria, including Streprococcus pneumoniae and B-lactamase
producing organisms. A panipenem is coadministered with betamipron to inhibit
panipenem uptake into the renal tubule and prevent nephrotoxicity (126, 135, 136).
Biapenem is a parenteral carbapenem that possessed antibacterial activities against a

wide range of gram positive, gram negative and anaerobic bacteria (126, 135).

7. MECHANISMS OF CARBAPENEM RESISTANCE IN
A. BAUMANNI

The emergences of multidrug = resistance including aminoglycosides.
quinclones and broad-spectrum beta-lactams in A. baumannii have been reported
(137-140). Carbapenems have become the preferred treatment for serious
Acinetobacter infections in -many countries because of their stability against
B-lactamases. However, resistance to carbapenems has been increasingly reported
worldwide (141-144). A major contributing _i‘ac'mr in the emergence of antibiotic-
resistant A. baumannii 15 the acquisition and transferability of antibiotic resistance
genes on plasmids, transposons and integrons. The presence of integrons related to
epidemic strains in Acinetobacter spp (39, 46, 145-147). Three main classes of
integrons have been described, ¢lass 1, ¢lass 1l and class 111 differed by amino acid
sequences of  gene encoding integrase enzvmes. Class | integrons have found
predominantly in 4. bawmanni (146, 148, 149). Class. ]l integrons hybrid with class |
integron was reported in one A baumannii isolate (150). The epidemic potential of
A. baumannii may be linked to the presence of class | integrons that contain

antibiotic resistance genes.

The most common mechanism lound in carbapenem-resistant 4. hawmiconii

is production of carbapenemases, cither chromosomally-encoded or plasmid



mediated. Other mechanisms include alteration of PBPs structure, decreased outer
membrane permeability for taking up antibiotics and active efflux pumps for
excreting antibiotics (151). Combination of these resistance mechanisms can occur.

Mechanisms of carbapenem resistance in A. baumannii are described below.
1. Production of carbapenemase enzymes

The B-lactamases can be classified into four different molecular groups, A, B,
C and D, according to amino acid sequence identities (152-154). B-Lactamase class
A, C (AmpC) and D use a catalytically detive serine residue for inactivation of the
B-lactam drug (155), while class B (3-lactamases are metallo-enzymes requiring zinc
for their catalytic activity (156, 157). Classification scheme for B-lactamases is
shown in Table 2. Carbapenemases belong to class A, B and D p-lactamases.
Carbapenemases mostly found in carbapenem-resistant 4. baumannii are OXA-type
carbapenemases which belong to class D B-lactamase. Some of metallo-B-lactamases

which belong to class B [3-lactamase and have carbapenemase activity were reported. .
1.1 OXA-type carbapenemase enzymes

OXA-type carbapenemase enzymes are major carbapenemases produced by A4.
baumannii. Walther-Rasmussen demonstrated that these enzymes were classified in
class D B-lactamase which was attributed to the presence of three highly conserved
active site elements (158, 159). The first element was the tetrad, Ser’” -X-X-Lys,
where X represents a variable residue. containing. the active site serine [Ser’"
according to the DBL (class D'B-lactamase) numbering]. The second element was
Ser''"™ —X-Val/lle. The third element was Lys™'® —Thr/Ser-Gly element. Other
conserved motifs in.¢lass D B-lactamases were the triad Tyr/Phe’*-Gly-Asn and the
Trp” -X-X-Glv. Mature OXA-type carbapenemases contain between 243 and 260
amino acid residues with molecular masses ranged from 23 to 35.5 kDa. The
isoelectric points (pls) of OXA-type carbapenemase enzymes that found in A.
baumannii varied between 6.3 and 9.0 (1. 12, 14, 16, 22-26. 33, 160). These

enzymes were referred to as oxacillinases because they hyvdrolyzed the isoxazolyl
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penicillin oxacillin more efficiently than benzylpenicillin and usually hydrolyzed
amoxicillin, methicillin, cephaloridine and some cephalothin. These enzymes
hvdrolvzed imipenem and meropenem weakly and did not hydrolyze extended
spectrum  cephalosporins and astreonam. Their activities were inhibited more
efticiently by clavulanic acid. In addition, most OXA-type carbapenemases were
inhibited by NaCl. This was attributed to the presence of a Tyr residue in the Tyr'*'-
Gly-Asn motif. OXA-type carbapenemases containing a Phe-Gly-Asn element
instead (OXA-23, -25, -26, -27, -40, -49, -72) were not or weakly inhibited by NaCl.
By their nucleotide sequences identities. these enzymes could be subclassified into
eight distinct  subgroups but only lour subgroups have been identified in
A baumannii (11, 120 44 16, 22-26, 350 160). These enzymes were grouped and
termed carbapenem-hydrolyzing oxacillinases (CHDLs). The identitites between
subgroups ranged from 40 to 70% whereas the amino acid sequences of the members
in the same group.were mose than 92.5% or diflered by 1-5 amino acids as shown in

Appendix G (159).

The first 5liEgrﬂllp of 0‘}_(.&-:}13: carbapenemases is formed by OXA-23,
together with OXA=27 and OXA-49. Donald ¢ al. and Afzal-Shah et al
demonstrated that these enzyimes contained an open reading frame of 822 bp which
translates into a protein of 273 amino acids and differed by 2-5 amino acids (14, 23).
OXA-23, also named ARI-1 (an acronym of Acmetabacier resistant to imipenem),
was the first ONA-type uafhapcncmasu enzvime that were found in imipenem-
resistant 4. bawmannii isolated from patient in Edinburgh, United Kingdom, in 1995,
OXA-27 and OXA-49 were isolated from patients in Singapore and China,
respectivelys These enzymes contained the S-1-F-K tetrad at amino acid position 81
to 84 and “S-X-V triplet at position 126-128. which was typical of class D
f-laciamases, Howeversthe-Y=G-Nmotilarposiion A 54-1 56 was replaced by F-G-N,
resulting in weak inhibition'by NaCl. OXA-23 was moreactive thairOXA-27 against
cephaloridine. whereas imipenem hydrolyzing activity was relatively weaker,
Moreover, OXA-23 hydrolyzed oxacillin and ampicillin rapidly whereas OXA-27
had weak activity against both these compounds. The amino acid alignment of this

sibgroup is shown in Appendis G.
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Table 2. Classification schemes for bacterial B-lactamases (161)

| Functional | Molecular | Produced enzymes Inhibited by Representative enzymes
group | class | CA™ | EDTA" |
1 (4 ' Cephalosporins - - AmpC enzymes from Gram

| negative bacteria ; MIR-1

2a A Penicillins + - Penicillinases from Gram
positive bacteria

2b A Penicillins, cephalosporins + - TEM-1. TEM-2. SHV-1
2be A Penicillins, narrow-spectrum * . TEM-3 10 26, SHV-2 10 6,
and extended-spectrum Klebsiella axproca K|
cephalosporing, monobaetam
2br A Penicillins ) 1: - I'EM-30 1o 36. TRC-1
2% A Penicilling, carbenicillin + - | PSE-1.-3. 4
2d D |7 Penicillins., cloxacillin + . OXA-11to-11,
- PSLE-2 (OXA-10)
Ze A Cephalosporins + - Inducible cephalosporinase
. from P vulgaris
o A Penigillins, cephalosporins. + - | NMC-A from £ cloacae,
carbapenems ik Sme-1 from 5 marcescens
Y N s A
3 B Most B-lactams. including, - + L1 from
carbapcnems Xanthomonas maltophilia,
L a2 A .-
= CerA from B fragilis
a ND “Penwillins, 0 S| - | ND | Penicillinases from

Prendomanas cepacia

I —

MCA = clavulanicacid, "EDTA = ethylenediaminetetraacetic acid,

"+ = low binding to CA; '"ND = nondetermined.

The second subgroup censists ol OXA-40/24, 25, 26. ,33 and OXA-7Z.
Walther-Rasmussen  demonstrated that these enzyvmes shared 60% amino acid
identity to OXA-23. The members of this cluster vary from |-3 amino acids (159).
The alignment of amino acid sequences of this subgroup are shown in Appendix G.
Bou ¢r al.. Heritier ¢t al. and Afzal-Shah er af. demonstrated that these enzymes
contained 825 bp open reading frame encoding a 274 amino acid protein (22-24).

Conserved motif. serine-threonine-phenylalanine-lvsine tetrad (S-T-F-K). indicated
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serine f-lactamases. The typical motifs of the OXA-24 enzyme, tyrosine-glycine-
asparagine (Y-G-N) and lysine-threonine-arginine (K-1-G) were replaced by F-G-N
and K-S-G. respectively. OXA-24 differed from other oxacillinase by lacking
hydrolytic activity against oxacillin, cloxacillin and methicillin but showed moderate
hydrolysis of imipenem and meropenem. Although OXA-24 had FGN motif but the
enzymalic activity was inhibited by chloride ions. In addition, it was also inhibited by
sulbactam, tazobactam and clavulanic acid. OXA-24, -25, -26 and -40 had pls
(isoelectric points) of 9.0, 7.9, 8.0 and 8.6, respectively. The pls of OXA-25 and
OXA-26 were low because of the presence of additional glutamate residues in their
structures. OXA-40 had a narrow-spectrum hydrolytic profile including most
penicillins. Hydrolysis of imipenem was low, whereas hydrolysis of meropenem was
not detected. Both OXA-24 and OXA-25 were identified in carbapenem-resistant
A. bawmannii isolated from Spain (22, 23). OXA-26 and OXA-40 were identified in
carbapenem-resistant A. baumannii isolated from Belgium and France, respectively
(22, 24). OXA-33 and OXA-72 were identified in carbapenem-resistant A. haumannii

isolated from Protugal and Thailand, which were unpublished.

The third subgroup is OXA-51 family enzymes including OXA-51. OXA-64
to -71. OXA-75 to -80, OXA-82 to -84, OXA-86 to -95, OXA-99. OXA-100, OXA-
104, OXA-106 to -113, OXA<115 to =117, OXA-128. OXA-130 to -132. The
members of this family diverged by 1-15 amino acids {159). OXA-51 shares 56%,
63% and 59% with OXA-23, OXA-24 and OXA-58. respectively. The alignment of
amino acid sequences of this subgroup is shown in Appendix G. Many studies
demonstrated that blaoxasi ke genes were naturally harboured by A. baumannii (27,
28. 30). Brown e¢r al. demonstrated that the amino acid sequences contained the
conserved serine active site motif S-T-F-K (DBL numbering 70-73) (26). These
enzymes had a Thr=» Ser-change ‘in the K-T<G metif (DBL hambering 216-218).
This &-S-G motif’ was found as in OXA-40/24, 25, 26. 33. 72. 58, 96 and 97.
A unique Val — lle change was in the S-X-V motif, which was not present in the
other class D carbapenemases. Moreover. these enzymes also retained the Y-G-N
motif’ (DBL. numbering 144-146). OXA-51 could hvdrolyze both oxacillin and
cloxacillin. and hydrolyzed ampicillin - effectively. It was not hydrolvzed

cephalosporins except cephaloridine. Slow hydrolysis of imipenem was detected.
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OXA-51 activity was inhibited by sulbactam and chloride ions and weakly inhibited
by clavulanate. The pl of this enzyme was 7.0 (26, 139).

The fourth subgroup consists of OXA-58, together with OXA-96 and OXA-
97. These enzymes shared 47% amino acid identities with OXA-23 and OXA-24 and
59% amino acid identities with OXA-51 group (159). The alignment of amino acid
sequences of this subgroup is shown in Appendix G. Poirel er a/. demonstrated that
these enzymes contained a 843-bp open reading frame which encoded a 280 amino-
acid protein (33). A serine-threonine-phenylalanine-lysine tetrad tetrad (5-T-F-K)
was at position 70, K-S-G e¢lememt is al position 216-218. The Y-G-N element at
position 144-146 was not replaced by F-G-N motif. OXA-58 had a narrow-spectrum
hydrolysis profile, including penicillins and oxaeillin. Hydrolysis of imipenem was
low, while hydrolyvsis of imeropenem was not detected but this enzyme hydrolyzed
imipenem twice as much as OXA-40. In addition. OXA-58 had some hydrolytic
activity against cefpirome. - whereas  hydrolytic activity against cefiazidime,
cefotaxime and cefgpime was not detected, Their activity was weakly inhibited by
clavulanic acid, tazobactam and sul'hagtalm and well inhibited by NaCl. OXA-58 was
identified in carbapenem-resistant A. baumannii isolated from France and Greece
(143, 144). OXA-96 and OXA-97 were identified in carbapenem-resistant
A bamwmeannii isolated from - Singapore and Tunisia, respectively (18, 34).
Alignments of nucleotide sequences and amino-acid sequences of the four main
groups of OXA-lype carbapenemase enzymes identified ..n 4. baumannii are shown

in Appendix F and G, respectively.

Turton e al. demonstrated that the activity of OXA-type carbapenemases also
depended on insertion sequence {15) element that found upstream of blagxa gene. It
might play a role in blagxa expression by providing promoter sequences (162). There
were, many reports indicated that [S4bal elementowas found wpstream of blapxas
and blaoxazs . showed high-level resistance to carbapenems (162, 163). In addition,
Poirel e¢r al. demonstrated that 1S4ba2, 1S4bad and 1S/8 were shown to provide

promoter sequences enhancing hlapyass expression (164),
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1.2 Metallo-B-lactamase enzymes

Metallo-f-lactamase enzymes (MBL, class B B-lactamase) such as IMP
(Imipenem-hydrolyzing  B-lactamase),  VIM  (Verona integron-encoded
metallo-B-lactamase) and SIM-1 enzymes (Seoul imipenemase) were identified rarely
in A, bawmannii (18, 35-42, 45, 46, 165-167). These MBL-encoding genes are
embedded in class-1 integron structures and form part of the gene cassettes together
with other antibiotic resistance genes especially aminoglycoside-modifying enzymes.
IMP-1 enzyme was first isolated from nosocomial isolates of Serratia marcescens,
Klebsiella pneumoniae and Pseudomonas aeruginosa from Japan (168). The amino
acid sequences of IMP-2 enzyme was 85% identity to IMP-1 (39). Both, blayp and
blayim genes were also found on conjugative plasmids (32, 168-170). VIM-1 enzyme
was first isolated in a earbapenem-resistant Psendomonas aeruginosa clinical isolate
(VR-143/97) from an Italian patient at the Verona University Hospital (Northern
ltaly) (171). Lauretti er al demonstrated that hlayp encoded a 266-amino acid
protein. The G+C content of' the hlay was 56%, being higher than that of the blayp
cassette (40%) (171). The IMP-like and VIM-like confered a high level of
carbapenemase resistance in A4 bawmnannii isolates (18, 39, 172). The hydrolytic
efficiency of these MBL against carbapenems was much higher (100 to 1,000-fold)
than that of the OXA-type carbapenemases {151). These enzymes hydrolyzed many
B-lactam  substrates _including _ penicillins, _narrow- to expanded-spectrum
cephalosporins including cephamycins and carbapenems. Hydrolysis of aztreonam
was not detected. “The activities of these enzymes were not inhibited by B-lactam
inhibitor such as clavulanate and tazobactam were inhibited by EDTA. It is helpful
for identification of MBL production such as using Etest strips containing imipenem
with or without EDTA and EDTA-disk synergy test (173). l.ee er a/ demonstrated
that SIM-1 enzvine was also encoded by a class | integron-barne gene cassette and
was more closely related to IMP-type enzymes than other MBLs by exhibiting 64 10
69% amino acid identities to IMP-type MBLs. The theoretical molecular weight and
pl of the mature SIM-1 protein were 25,439 kDa and 7.28, respectively. Both IMP-|
and SIM-1 also hydrolyzed broad array of B-lactams. including penicillins, narrow-

to expanded-spectrum cephalosporins and carbapenems (46).
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2. Alteration of the target site

Target sites of B-lactam antibiotics are PBPs. Changing in structure of PBP
structure confers reduced affinity for binding between bacteria and these antibiotics
(174). Fernandez-Cuenca et al. found that production of oxacillinase and the absence
of PBP2 were associated with carbapenem resistance (175). Similarly, Gehrlein er al.
reported that PBP allerations were responsible for imipenem resistance in

A. baumannii isolates (176).
3. Reduction in permeability of outer membrane proteins.

Resistance to carbapenems may also be explained by other mechanisms such
as porin loss. Porins are proteins able to fonm channels allowing the transport of
molecules across lipid bilayer membranes. Variation intheir structures and regulation
of porin expression in the presence of antibiotics are survival strategies that have
been developed by many bacteria including A. baumannii. The small number and size
of porins or outer mémbrane proteins (OMP) could explain the decrease in

permeability to antimicrobial agents (177).

Gribun er al. demonstrated the major OMP of 4. baumannii was the heat-
modifiable protein, HMP-AB (178). This protein consisted of 346 amino acids with a
molecular mass of 35,636 Da and belongs to the OmpA family. Mussi er al and
Sirov et al. demonstrated that a heat-modifiable 29 kDa outer-membrane protein,
Car0O, was involved in taking up carbapenem antibiotics in A. baumannii (179, 180).
The CarO gene enceded a 247-amino acids protein which had a typical N-terminal
signal sequence and a predicted trans-membrane [-barrel topology. Resistance to
carbapenem in Wultidrug-resistant 4 beaunannii isolales was associated with loss of
this euter-membrane protein. Fernandez-Guenca er af. also found that resistance to
carbapenems was related to the absence of an OMP of 22.5 kDa (175). Tomas el al.
demonstrated that losing of a 33- to 36- kDa outer membrane protein was associated
with carbapenem resistance in 4. hawmannii 1solated from Spain (181). This protein
had amino acid secquence similar to typical of gram-negative bacterial porins. Dupont

ef al. also demonstrated that a 43 kDa protein was associated with imipenem
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resistance in A bawmannii (182). Mechanism of carbapenem resistance in
A bawmannii may cause by combine mechanisms such as carbapenemase production

and decreased permeability of drugs.

4. Efflux system

EfMux pump activity is to export multiple structurally-distinct classes of
antimicrobial agents out of bacteria. Efflux transporters are expressed in all living
cells, protecting them from toxic effects of organic chemicals. Multidrug resistance
in bacteria has often been associated with owverexpression of these transporters.
Magnet et al. demonsirated Ade ABC efflux system in A. baumannii. 1t belongs to the
resistance-nodulation-divisien (RND) family (183). This efflux system played a role
in aminoglycoside resistance and was also responsible for decreased susceptibility to
chloramphenical. fluoroguinolones, cefotaxime and trimethiprim. Heritier er al.
demonstrated a synergic effect when AdeABC system was combined with production
of carbapenem-hydrolyzing oxacillinase enzymes. This resulted in increasing of

resistance level of carbapenems in A. hawmanni (10).

8. EPIDEMIOLOGY OF CARBAPENEM RESISTANCE IN
A. BAUMANNIT

Carbapenems have been used for treatment of scrious nosocomial infection
caused by Acinetobacter spp. in many countries, resulting in better activity than other
antimicrobial  agents. However, many .reports on carbapenem resistance are
increasing around the world. ‘including Europe, America and Asia (141-144).
In Spain. there were many studies to investigate the prevalence of imipenem
resistance 4. batmprannii.” Martin-loozano ‘ef ‘ol 'showed imipenem resistance in
A baumannii was 34% in 2002 (4). Al the same time. Betriu ¢ af. demonstrated the
28.1% of A. baumannii isolated from 12 Spanish medical centers were resistant to
imipenem (184). Between 1991 and 2001, Cisneros er al. demonstrated carbapenem-
resistant 4. baumannii isolates was increasing from 0% to 50% in Seville (183). In

Greece.  imipenem resistance in A, bawmenmii isolated from 1CUs, medical wards
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and surgical wards rose from 0% to 91%, 8% to 71% and 5% to 71%. respectively,
between 1996 and 2006 (139). At the same country, Souli ¢f al. also demonstrated
the 84% of bacteraemic A. baumannii isolated from ICUs were resistant to imipenem
in 2005 (186). Data from Meropenem Yearly Susceptibility Test Information
Collections program (MYSTIC) in 1997-2000. showed that 490 A. baumannii
isolates were resistant to meropenem 30%, 34% and 23% in ltaly, Turkey and UK,
respectively, whereas isolates were resistant to imipenem 22%, 38% and 22%
respectively (9). By the Ministry of Health National Antimicrobial Resistance
Surveillance MNet (Mohnarin) in 2008, imipenem and panipenem resistance in
A. baumannii were 10.4% and 14.5%. respeetively in China (187). In 2008, Nemec et
al. found carbapenem resistance in 23 out of 108 isolates of 4. baumannii in Czech

Republic (188).

In USA. carbapenem resistance in A bawmannii isolates were 53% in 1999
(3). Qi et al. found imipenem-resistant A. bawmannii isolates increased from 52% to
96% in 2005 to 2007 in Chicago (189). In Shanghai and Hong Kong, both imipenem
and meropenem-resistant rates of A, f:mmmrmﬁ collected from Shanghai were 6.3%
while those from Hong Kong were 2.7% and 10.8%. respectively (138). In China.
national resistance surveillance data in 1996-2002 from intensive care units (ICUs)
of 19 hospitals showed that imipenem resistance rate in Acinetobacter spp. was 5% in
1996 to 2002 (190). At the same country. another surveillance program showed

carbapenem resistance rate increased from 4.5% in 2003 1o 18.2% in 2004 (191).

Most of carbapenemase enzymes found in A. baumannii were OXA-type
carbapenemases (oxacillinases). IMP-type and VIM-type were rarely reported (35-
46). ARI-1 was the first enzyme that reported in A. bawmannii in 1995 (14). This
enzyme, ~was renamed ~OXA23  following . its, genetics- and biochemical
characterization. " Afier 'that, “there “have been many-reporls about OXA-type
carbapenemases in Acinetobacter spp. worldwide. OXA-type carbapenemases found
in A baumannii were classified into 4 subgroups depending on their amino acid
sequences (159). The first subgroup. OXA23 group enzymes were identified in
A bawmeannii isolated from Brazil. Spain. Korea, China. Singapore. Scotland and

Tahiti (15-17. 23). Second subgroup, OXA24 group enzymes, were identitied in
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Spain (22, 23). Belgium (23) and France (24). The third subgroup, OXA-51 family
enzymes, were lound in Argentina (25-27), Spain. Hong Kong, Singapore, South
Africa (25). France (28). Poland (29), United Kingdom (30), Greece (31, 32) and
Turkey . The fourth subgroup. OXA-58, were reported in A. bawmannii isolated from

South Europe (13), France (33), Singapore (18) and Tunisia (34).

Besides OXA-type carbapenemases, metallo-pB-lactamases, IMP-type and
VIM-type, were identified in 4. baumannii isolates. IMP-1 was reported in Japan
(35), Korea (36, 37) and ltaly (38). IMP-2, IMP-4, IMP-5, IMP-6 and IMP-11 were
reported in ltaly (39), Hong Kong (40), Protugal (41), Brazil (42) and Japan (43),
respectively. VIM-type, VIM-2 were found in 4. baumannii in Korea (36, 44). VIM-
I and VIM-2 were reported in Adcinciobacter spp. in ltaly (41) and Korca (36. 45).

respectively whereas SIM- | was reparted in South Korea (46).

In Thailand, there was no evidence of carbapenem resistance Acineobacter
spp. from the study at Siriraj Hﬂspitil in 1998 (47). In 1999, 21% of Acinetobacter
spp. isolates were resistant to imipenem at Vajira Hospital (48). In 2003, the
imipenem resistance rate of A, bauwmannii was 61% at Police General Hospital (51).
Sixty-eight percents of A. bawmannii isolated from Siriraj Hospital in 2006 were
resistant to carbapenems and 57% were resistant to all antimicrobials currently
available in Thailand (52). In 2007, imipenem resistance rate of A. baumannii
collected from Chiang Mai University Hospital were 35.5% (49). At the same peroid.
the imipenem resistance rate of 2,130 4 baumannii isolated from clinical specimens
at Songklanagarind Hospital was 34.7%, The 61.9% of these imipenem-resistant A.
haumannii isolates were from respiratory tract, and 49.9% from ICU. Moreover,
14.8% of all imipenem-resistant 4. bawmannii isolates were resistant to all routine
tested antibioties. including gentamicin, amikacingampicillin, cephalothin, cefoxitin,
ceftazidime, ceftriaxone, meropenent, sulperazone, ciprofloxacin and cotrimoxazole
(50). Moreover, the data from the National Antimicrobial Resistance Surveillance
Center Thailand (NARST) showed that imipenem resistance in Acinetobacter
calcoaceticus-hawmannii complex increased from 2% in 1998 to 57% in 2006 as

shown in Figure 5 (33).



Figure 5. lmipenem resistance rates of Acinetobacter calceaceticus-baumannii

complex during 1998-2006 (NARST) (53)
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CHAPTER IV

MATERIALS AND METHODS

The chemical agents used in this study were molecular biology grade. Name

list of all media, chemical reagents materials, instruments and reagents are shown in

Appendix |
PART I : BACTERIAL STRAINS

Acinetobacter bawmannii isolates

Five hundred and one isolates of A bawmannii were collected from
Department of Microbiclogy, King Chulalongkorn Memorial Hospital, Bangkok
during January 2004 10 August Eﬁﬂ?_, Each was from a different patient. They were
identified as A. baumannii according to the Manual of Clinical Microbiology and
Koneman’s Color Atlas and Texthook of Diagnostic Microbiology (54, 131).

2. Quality control strain for bacterial identification

A. baumannii ATCC 19606
3. Quality control strains for MIC determination

Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853,
Staphylococens emrens ATCC 2921 3 and Enverococeus faecalis A TCC 29212

CULTURE PRESERVATION

All culture isolates were grown entirely on tryptic soy agar (BBL. Becton

Dickinson and Company, Cockeysville, MD) at 37°C. The overnight cultures were
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transferred to microcentrifuge tubes of 1 ml trypticase soy broth containing 10%

glycerol and mix-well suspensions were kept at -70°C until required.

PART II BACTERIAL IDENTIFICATION

A. baumannii isolates were identified by conventional method including

colonial morphology, gram stain and biochemical tests.

1. Colonial Morphology

A. bawmannii- is a lactose non-fermenter. Colonies are between 0.5-2 mm in

diameter , smooth. opaques colorless or slightly pink on MacConkey agar.

2. Gram stain

A. bawmanniiis a gram-negatiye coccobacillus. Individual cell is | to 1.5 um

by 1.5 t0 2.5 pm in size and frequently arranged in pairs.

3. Biochemical test

A single colony was picked and inoculated to testing media. The biochemical
test lists and interpretation criteria for 4. hawmannii are described below and
summarized in Table 3 (54). A. baumannii ATCC 19606 was used as a reference

control for bacterial identification.

3.1 Triple Sugar Iron medium test (TSI)

Tryple sugar iron medium is the nutrient agar containing glucose, lactose and
sucrose (1:10:10). There are thiosulfate and iron salt for the detection of hydrogen
sulfide production. Phenol red is the indicator used to determine acidity or alkalinity
in the medium. lFor TSI testing, tested strains were stabbed by needle into butt and

streaked on the surface of slant. and then incubated at 37°C for 24 h.
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Interpretation
- The organisms that can ferment only glucose but not lactose and sucrose. are

recorded as K/A (alkaline (purple) slant / acid (yellow) butt). This may be
with gas production.

- The organisms that can ferment glucose, lactose and/or sucrose, are recorded
as A/A (acid (vellow) butt / acid (yellow) slant). This may be with gas
production.

- The organisms thal cannot ferment any sugars, are recorded as K/N (alkaline
(purple) slant / neutral (no change ) butt).

- A black precipitation in the butt indicates the production of H,S.

A. baumannii shows K/N (alkaline slant./ neutral butt) on TSI medium.

3.2 Oxidase test

The oxidasetest detects the presence of cytachrome oxidase. This enzyme
can oxidize the substrate N.N;N,ﬂ—tejrafnethyl-p—phenylcncdiaminf: dihydrochloride
(Sigma, U.S.A) to indophencl and produce a purple color. To test for oxidase, tested
strains were transferred with a lobp anto filter paper soaked with oxidase reagent. A
dark purple color will appear within 5-10 seconds if the microorganism has
cytochrome oxidase. 4. baumuannii does not produce cytochrome oxidase, and shows

a negative result for oxidase test.
33 Urease test

The purpose of the urease test is to detect whether @ microorganism possesses
the enzymé wurease which hydrolyzes urea. The urea agar contains phenol reld
indicatory which, turns-pink-at-an alkaline pH. When urea-is hydrelyzed, it releases
ammonia, which causes an-alkaline reaction and a vivid-pink celoraevelops. Urease
activity was detected by inoculating a loopfull of the organism onto slope of the urea
agar slant, and then incubated at 37°C for 24 h. 4. baumannii cannot produce urease

enzyme, and shows a negative result for urease test.



35

3.4  Growth at 37°C, 42"C and 44°C

To determine the ability to grow at 37°C. 42°C and 44°C. the organism was
inoculated on 2 plates of tryptic soy agar and in a tube of tryptic soy broth. The plates
were incubated at 37°C and 42°C in the incubators. A tube of tryptic soy broth was
incubated at 44°C in the waterbath. Growth was observed after 24 h of incubation.

A. baumannii can grow at 37°C, 42°C and 44°C.

3.5 Hemolysis on sheep blood agar

The organism was inoculated on sheep blood agar plate. The plate was
incubated at 37°C for 24-h, Hydrolysis of red blood on sheep blood agar was
interpreted as positive resulle A. baumannii shows no hemolysis on sheep blood agar

and gives a negative result.
3.6  Oxidation / Fermentation of dextrose

Fermentaion is an anaerobic process, while oxidation is aerobic process. The
main difference between fermentative and oxidative metabolism of carbohydrate is
the requirement for atmospheric oxvgen and initial phosphorylation. Fermentation
requires initial phosphorylation of glucose prior to degradation to relatively strong
mixed acids, whes¢ as oxidation is a strict aerobic process involving direct oxidation
of a nonphosphorylated glucose molecule. Fermentation produces higher acidity than
oxidation. Medium used-to determine the oxidative or fermentative metabolism was
OF basal medium (BBL). The lested organism was inoculated in a pair of OF tubes
by stabbing into the medium to approximately % inch from bottom, One tube was
overlaid with approgimately 1.0-2.00mlo af sterile melted petrolatum. [The tubes were
incubated at 35°C for 48'h. The medium contains bromthymol blue which will rn to
yellow because of acid production from metabolic pathway of the organism while
blue or green means that carbohydrate cannot be used. Oxidation will occur in an
opened tube. while fermentation will occur in tube covered with sterile melted
petrolatum. 4. harmannii can use dextrose by oxidation. Acid production changes the

color of the medium Irom green 1o yellow in the opened tube.
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3.7  Arginine decarboxylase

To measure the enzymatic ability of an organism to decarboxylate arginine to
form an amine. Tested strains were inoculated into arginine decarboxylase medium
and were covered with sterile melted petrolatum. The tubes were incubated at 37°C
for 24 h. If the organism can use arginine for their metabolism, colour of the medium
will turn to violet by alkalinity while the organism that cannot use arginine, the
medium will change to yellow by acidity. A. baumannii can decarboxylate arginine

and shows a positive result in arginine decarboxylase medium.

3.8 Malonate utilization

Malonate broth was used to determine an organism'’s ability to use sodium
malonate as the sole source of carbon. Bromthymol blue is an indicator. The color of
the medium changes from light blue to deep Prussian blue color by alkalinity when
the organism uses malenate as a carbon Source, interpreted as positive result. No
color change or yellow is interpreted as negative result. Tested strains were
inoculated into the medium by a loop, and then incubated at 37°C for 24 h. A.
baumannii can use malonate as a carbon source and gives a positive result for

malonate utilization.

3.9 Nitrate reducion

To determine the ability of an organism to reduce nitrate to nitrite or nitrogen
gas, tested organism was heavily inoculated into nitrate broth and incubated at 35°C
for 24 h. Nitrate reagents, reagent A (a-Naphthylamine) and reagent B (sulfanilic
acid).. were added before attempting an interpretation., If the tested medium turns to
pink to a deep red color within T-2:min. it means that nitrate was redueed to nitrite by
the organism. No color development means that nitrite is not present and zinc dust
will be added. Pink to deep red occurred within 5-10 min confirms negative result.
This means that nitrate is not reduced by the organism. No color development means
that the organism can reduce nitrate to nitrite and then further reduce nitrite to

nitrogen gas (N>). Ammonia is tested by adding a few drops of Nessler's reagent.
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Positive result shows a deep orange color. A. baumannii cannot reduce nitrate to
nitrite or nitrogen gas and shows a negative result for nitrate reduction test.

&
|
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Table 3. Biochemical schemes of genus Acinerobacier (54)

e DT | el LA, o | e | R T e |

I':i;fne.mhcmer Jjohnsonii 7 o __; 77 - - = ] - -~ "JEES} V(13

L Acinetohacter baumannii 1 2 1 F 3 A % 40 - 2 < + -
Acinetobacter haemolyticus 4 ’ RET AN ~ - ¥o V(52) =Y 2
Acinetobacter spp. 6 - = T+ | - = 0 V (66) + -
Acinetobacter spp. 10 F L0 A L - I + = ~
Acinetobacter calcoaceticus 1 = /oG % = - + P =
Acinetobacter spp. 3 = U Ao N I-_h_ + = = 3 ¥ v {8?}_ ,
Acinetohacter spp. 12 - = 1 _J.:J - - - V (33) 4 +
Acinetobacter junii 5 = 2 :1_ - = = ‘ = + ' il
Acinetobacter hvoffii 8/9 — i i j = i = =
Acinetobacter spp. 11 ~ = + - _ _ It _ = =

Compiled from

* Must also be OF dextrose positive

. 90% or more strains positive: —, 90% or more strains negative
strains giving positive reactions.

2V, 11-89% of strains positive; Numbers in parentheses are percentages of

8t
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PART III : ANTIMICROBIAL SUSCEPTIBILITY TEST

All 501 4. bawmannii isolates were tested for antimicrobial susceptibility
against imipenem and meropenem. The minimal inhibitory concentrations (MICs)
of carbapenems were examined by agar dilution technique on Muller-Hinton agar
as recommended by CLSI (192). The MIC is the lowest concentration of

antimicrobial agents required to inhibit the growth of a microorganism in vitro.
MIC determination by agar dilution

Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853,
Staphylococcus aurens ATCC 29213 and Enterococeus faecalis ATCC 29212 were
used as reference controls for MIC determination. Standardization of inoculum was
prepared from a pure ovemight culture in tryptic sov broth. The turbidity of cell
suspension was adjusied 0 0.5 McFarland (approximately 1.5x10* CFU/mL) in
0.85% NaCl. After adjusting the mrbiflit}' of inoculum, the suspension was diluted
10-fold to yield the final inoculum suspension. The inoculum suspension was used
for inoculation within 15 minutes. Afler that, the 500 ul. of inoculum suspension
was transferred to the multi-peint inoculator wells. The inoculum suspension was
inoculated on plate with two-fold serial dilution of each imipenem (Merck & Co.,
LLS.A.) and meropenem (AstraZeneca LUK lLimited. United Kingdom) slarting at
0.015->256 mg/L. (The concentration of antimicrobial for use in agar dilution are
shown in Table 4). Before inoculation on the plate containing the lowest
concentration of antibiotic, the growth control was inoculated on the plate without
antibiotic. The inoculum-spots were allowed to dry and inverted the plates before
incubated at 37°C for 18-24 h. The final inoculum on the agar was approximately
10* CFU/spot. Afier. 24 hours ol incubation, the MIC, was read as the lowest
concentration of antimicrobial agent without visible growth as shown in Figure 6. A
faint haze, pinpoint colonies or growth of a single colony were ignored. The MIC
breakpoint criteria recommended by CLSI are shown in the Table 5. Acceptable

MIC limits for quality control strains are listed in Table 6.
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Table 4. Scheme for preparing dilutions of antimicrobial agents to be
used in agar dilution susceptibility tests (192).
Step | Concentration | Source | Volume | Diluent Intermediate Final Log,
(mg/L}) (ml.) (mL) concentration concentration at
(mg/L) 1:10 dilution in
agar (mg/L)
5,120 Stock = - 5,120 512 9
I 5,120 Stock | 2 2 2,560 256 8
2 5,120 Stock 1 3 1,280 128 7
3 5,120 Stock ! 7 640 64 6
4 640 Step 3 2 | 2 320 32 5
5 640 Step 3 | 3 160 16 4
6 640 Step 3 | 7 80 8 3
7 80 Step6 | 2 2 40 4 2
8 80 Step 6 I 3 20 2 I
9 80 Step 6 o5 7 10 I 0
10 10 Prego 53R 5 0.5 E N
I 10 Step 9 i = 25 0.25 -2
12 10 Step 9 | 7 1.25 0.125 -3
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Figure 6. Inoculum plate of agar dilution method

S. aureus E. faecalis

P. aeruginosa E. coli

Table 5.

MIC Interpretive Standards for Acinetobacter spp. (192)

Antimicrobial agents MIC (mg/L)
Interpretive Standard
Susceptible | Intermediate | Resistant
Imipenem <4 8 > 16
Meropenem <4 8 > 16
Table 6. Acceptable limits of MIC (mg/L) for quality control strains
(192).
Antimicrobial | Escherichia | Pseudomonas | Staphylococcus | Enterococcus
agents coli aeruginosa aureus Saecalis
ATCC 25922 | ATCC 27853 | ATCC 29213 | ATCC 29212
Imipenem 0.06-0.25 1-4 0.015-0.06 0.5-2
Meropenem 0.008-0.06 0.25-1 0.03-0.12 2-8
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PART IV : DETERMINATION OF CARBAPENEMASE

Modified Hodge test is the method for screening carbapenemase-producing
strains (173). The surface of a Mueller-Hinton agar plate was inoculated evenly by
using a cotton swab with an overnight culture suspension of Escherichia coli ATCC
25922, which was adjusted to one-tenth turbidity of 0.5 McFarland. After brief
drying, a 10-ug imipenem disk was placed at the center of the plate, and imipenem-
resisia!-'n isolates from the overnight culture plates were streaked heavily from the
edge of the disk to the periphery of the plate. The Mueller-Hinton agar plate was
incubated at 35°C for 24 h. The presence of a distorted inhibition zone after

overnight incubation was interpreted as modified Hodge test positive (Figure 7.).
PART V : DETERMINATION OF METALLO-B-LACTAMASE

EDTA-disk synergy test was used to screen metallo-B-lactamase-producing
isolates (173). An overnight culture af the tested strain was suspended to the
turbidity of 0.5 McFarland and inoculated onto a Mueller-Hinton agar plate by
using a cotton swab. After drying, a 10-pg imipenem disk and a blank filter paper
disk were placed 10 mm apart from edge to edge. Ten microlitres of 0.5 M EDTA
solution was then applied to the blank disk, which resulted in approximately 1.5
mg/disk. After overnight incubation at 35°C, the presence of an enlarged zone of

inhibition was interpreted as EDTA-synergy test positive (Figure 8.).



Figure 7.

Figure 8.
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Distorted inhibition zone of E. coli by Modified Hodge test

Enlarged inhibition zone of tested isolate by EDTA-disk synergy

test

|0-pg imipenem disk Filter paper with EDTA
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PART VI : SCREENING OF GENES ENCODING OXA- , IMP-
AND VIM-TYPE CARBAPENEMASES BY PCR AND DNA
SEQUENCING OF ENTIRE BLA-OXA GENE

1. Preparation of genomic DNA
1.1 Boiling method

Bacterial DNA was prepared by suspending 4-5 colonies of pure culture in
100 pL of sterile deionized distilled water and boiled at 100°C for 15 min. The
suspension was centrifuged at 13,000 rpm at room temperature for 5 min.

Supernatant was stored at-20°C.
1.2 QIAamp DNA Mini kit

The extraction and purification of A baumarnnii DNA for amplifying
entire blaoxasi-uke genes was - performed by O[Aampm DNA Mini kit (QIAGEN,
Germany), according to the manufacturer s directions. 4. baumannii colonies were
scraped from the culture plate with inoculation loop and suspended with 180 pl. of
ALT. Twenty microliters of proteinase K were added, mixed by vortexing, and
incubated at 56°C until bacterial cells were completely lysed. The samples were
then added by 200 ul. of buffer AL. After well mixing, the suspensions were heated
at 70°C for 10 min, and briefly centrifuged to remove drops from inside the lid. The
samples were added by 200 uL of ethanol and mixed by pulse-vortexing for 15 sec.
The supernatants were then transferred into spin.columns and centrifuged at 8.000
rpm for | min. The QlAamp spin columns were placed in clean 2 mL collection
tubes and the tubes containing the filtrate were discarded. QlAamp spin columns
were carefully opened and 500 pl of buffer AW were added and centrifuged at
8.000 rpm for | min. The filtrates were then discarded. QlAamp spin columns were
washed with 500 pL of AW2 and centrifuged at 14,000 rpm for 3 minutes. QlAamp
spin columns were placed in clean 1.5 mL microcentrifuge tube and added with 200

ul of buffer AE. The samples were incubated at room temperature for | minute and
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centrifuged at 8,000 rpm for | minute. Extracted DNA samples were stored at

-20 °C.
2. Preparation of plasmid DNA

The extraction of A. baumannii plasmid DNA for amplifying entire
blapxaiiikes Dlaoxazsaikes blaoxassiixe genes was performed by Aurum™ Plasmid
Mini Kit (BIO-RAD, USA). The DNA was purified according to the manufacturer s
directions. A. baumannii were cultured in Luria-Bertani broth (Pronadisa, Spain)
and measure the density of bacterial cells up to 12 OD.mL (OD600). Bacterial cells
were transferred to a 1.5 mL capped microcentrifuge tube and centrifuged at
12,000 g for | min. The supernatant was removed. The 250 pL of resuspension
solution were added and mixed by vortexing. The 250 uL of lysis solution were
added to the sample and mixed by inverting the capped tube briskly 6-8 times.
After that, the 350 uL of neutralizing solution were added to the sample and mixed
by inverting the capped tube briskly 6-8 times, Then the sample was centrifuged for
5 min. A compact white debris pellet was formed at the bottom of the tube, while
supernatant or cleared lysate contained the plasmid DNA. The cleared lysate was
transferred into a plasmid mini column which was inserted in a 2 mL capless wash
tube and the column was centrifuged for | min. The filtrate was removed from the
tube. The column was replaced into the same wash tube, Then, 750 pL of wash
solution were added to the column and centrifuged for | min. The wash solution
was discarded from the tube and the column was replaced into the same wash tube
and centrifuged for | additional minute to remove residual wash solution. Finally,
the plasmid mini column was transferred to a 1.5 mL capped microcentrifuge tube
and 50 uL of elution solution was added onto the membrane stack at the base of the
column.and-allowed. for. | min.. for saturating of selution, to.the-membrane. Then,
the column was centrifuged for 1 min. 10 eluté the plasmid. The eluted plasmid

DNA samples were stored a1 4°C.
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3. Screening for the presence of blaoxaike 5 Blaypie and blav iy e
The presence of carbapenemase genes including blaoxa.ike » Dlamp.ive and
blaypane was screened by PCR. The PCR primers of blagxaike » blamp.ine and

blayi.iike genes are demonstrated in Table 7.

Table 7. Primers used for amplification of blaoxaiwe, blaypane and

blaym.ine and size of expected PCR products.

Specific Primer Primer sequence Location | Product | Reference
for size (bp)
blapxazrane | OXA23-F | 5-GATCGGATTGGAGAACCAGA-3" 261-761 501 |

OXA23-R | 5'-AFTTCTGACCGCATTTCCAT-3'
blaoxrnise | OXA24-F | 9-GETTAGTTGGCCCECTTAAA-3" | 500-748 249
OXA24-R | 5'-AGTIGAGCGAAAAGGGOATT-3!

blagyasisee | OXASI-F | S=TAATGCTTTGATCGGCCTTG-3' 255-607 353 (193)

OXA51-R | 5-TGGATTGCACTTCATCTTGG-3'
blagxassiae | OXA38-F | 8-AAGTATTGGGGCTTGTGCTG-3" 39-637 599
OXAS8-R | 5-CCOCTCTGCGCTCTACATACS

blawp.tie IMP-F S-CTACCGCAGCAGAGTCTTTG-3 47-633 587 [ 194)

IMP-R 5-AACCAGITITGCCTTACCAT-3

Blayiaie VIM-F 5=-TTT GGTCGCATAT{EC&ACG—T 158-657 500 {195)

VIM-R 5'-CCATTCAGCCAGATCGGCAT-3"

N | Amplification of the blagxa e by multiplex PCR

The presence of blagxazidiike » Blaoxazsaie Mlaoxasiikeand blaoxassiine Wwas
screened using OXA23-F, OXA23-R, OXA24-F, OXA24-R, OXA51-F, OXASI-R,
OXA58-F and OXAS8-R primers. In a 25 uL PCR reaction mixture, the
amplification reaction was as follows : 1X PCR buffer . 1.5 mM MgCl;, 200 uM
dNTP (Fermentas, USA), 1.25 pmol of each primer except 0.625 pmol of OXAS58-F
and OXA58-R, and 0.625 U Taqg polymerase (Fermentas, USA) and | pl of DNA
template from boiling method. The amplification conditions were, initial
denaturation at 94°C for 5 minutes. 30 cycles of 94°C for 25 seconds, 52°C for 40

seconds and 72°C for 50 seconds. and a final elongation at 72°C for 6 minutes
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(193). The PCR Pl'ﬂﬂllClS of blagxa-211ikes Plaoxa.241kes blaoxa.sisike and blapxa.ss.

ike. Were 501 bp, 249 bp, 353 bp and 599 bp, respectively.

3.2 Amplification of the blajp ke

The presence of blapp.ix. was screened using IMP-F and IMP-R primers. In
a 25 pL PCR reaction mixture, the amplification reaction was as follows : 1X PCR
buffer , 1.5 mM MgCls, 200 uM dNTP (Fermentas, USA), 1.25 pmol of each
primer, and 0.625 U Taq polymerase (Fermentas, USA) and | puL. of DNA template
from boiling method. The amplification conditions were, initial denaturation at
94°C for 2 minutes, 30 cycles of 94°C for | minute, 55°C for | minute and 72°C for
1.5 minutes, and a final elongation at 72°C for 10 minutes (194). The PCR product
of blayp.ine was 587 bp.

3.3 Amplification of the blayiyv.iixe

The presence of Blayi.ixe was screened using VIM-F and VIM-R primers.
In a 25 pl. PCR reaction mixture, the amplification reaction was as follows : 1X
PCR buffer, 1.5 mM MgCls, 200 uM dNTP (Fermentas, USA), 1.25 pmol of each
primer, and 0.625 U Tag polymerase (Fermentas, USA) and | pl. of DNA template
from boiling method. The amplification conditions were, initial denaturation at
95°C for 5 minutes, 30 cycles of 95°C for 30 seconds, 66°C for 1 minute and 72°C
for | minute, and a final elongation at 72°C for 10 minutes (195). The PCR product

of blayim.iike was 502 bp.
4. Amplification and DNA sequencing of entire blapx .k genes
4.1 = Amplification of entire blagy .. genes
Primers for amplification of entire blaoxazsiike » Plaoxazaice » Plaoxasiie .
blaoyassnke are demonstrated in Table 8. Ten 4. bawmannii isolates which carried

either of these genes and had different levels of MIC to imipenem were selected for

amplification of Mlaoxaziine « Plaoxazaice . Plaoxasitine and blaoxass.iike-
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4.1.1 Amplification of entire Blaoxa.2s.iike and blagxa.ss.iike genes

OXA23-F and OXA23-R primers were used for amplification of the entire
blagxaziike gene whereas OXAS8-F and OXAS5S8-R primers were for entire
blagxass.ie gene amplification. Amplification of entired blaoxa.23.1ke and blagxa.ss.
iike Used the same conditions, The 50 uL PCR mixture contained ; 1X Pfu buffer ,
2.0 mM MgS0;, 200 uM dNTP (Fermentas, USA), 5 pmol of each primer, 4 U Pfu
DNA polymerase (Fermentas, USA), and 3 pL of plasmid DNA template. The
amplification conditions were, initial denaturation at 94°C for 5 minutes and 30
cycles of 94°C for 25 seconds. 52°C for 40 seconds, 72°C for 50 seconds and final
elongation at 72 °C for 6 minutes. The PCR products of entire blagxa.21.uke and
blagx.ss.ive were 1,062 bp and 933 bp, respectively.

4.1.2 Amplification of entire blagxa-si1ixe g€nes

OXAS51-F and OXAS1-R primers were used for amplification of entire
blagxasi.ike gene. The 50 pl. PCR mixture contained ; 1X Pfu buffer , 2.0 mM
Mg50y, 200 uM dNTP (Fermentas, USA) . 5 pmol of each primer, 4 U Pfu DNA
polymerase (Fermentas, WSA), and 3 pb of extracted DNA template. The
amplification conditions were, initial denaturation at 95°C for 5 minutes and 35
cycles of 95°C for 30 seconds, 52°C for | minute, 72°C for 90 seconds and final

elongation at 72.°C for 10 minutes. The PCR product of entire blagxa.si.iike was 825

bp.
4.1.3 Ampliﬁcttinn of entire bfﬂﬂx,\-}_ﬁllh genes

OXA24=F and OXA24<R| primers were used for amplification of the entire
blagxasaiue gene. The 50 pull PCR mixture contained 71X PCR buffer , 1.5 mM
MgCly, 200 pM dNTP (Fermentas, USA) , 2.5 pmol of each primer, 1.25 U Taq
polymerase (Fermentas, USA), and | pL of plasmid DNA template. The
amplification conditions were, initial denaturation at 94°C for 4 minutes and 30

cycles of 94°C for | minute, 52°C for | minute, 72°C for 2 minutes and final
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elongation at 72 °C for 10 minutes. The PCR product of entire blagxa.244ie Was
1,021 bp.

AULINENTNEINS
PRI TUUMINYAE
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Table 8. Sequences of the oligonucleotides used as primers for amplifications

of entire blagxa.iixe gene and DNA sequencing.

Primer Primer sequence Product Reference
size (bp)
PC imers
entire blagxaspike |
OXA23-likeF 5-GATGTGTCATAGTATTCGTCG-3" | 1,065
OXA23-likeR 5 -TCACAACAACTAAAAGCACTG-3'
entire blaoxazs.sike e (23
OXA24-likeF 5 -GTACTAATCAAAGTTGTGAA-3' 1,021
OXA24-likeR 5 TTCCCCTAACATGAATTTGT-3' )
entire Blaosasiie
OXAS51-likeF 5" TACGCCAATCCATACAGCAA-3 1,416 | (GenBank accession
OXAS51-likeR 5. GCTTGACGCTGCTTTTTACC-3' o
entire blagyass e
OXA58-likeF 5-TTATCAAAATCCAATCGGC-3' 933 )
OXAS58-likeR 5“TAACCTCAAACTTCTAATTC-3'
Sequencing primers
For entire Blagxazi ke -
OXA23-likeF 5"-GATGTGTCATAGTATTCGTCG-3
OXA23-likeR 5'-TCACAACAACTAAAAGCACTG-3"
For entire blanyaza ke L
OXA24-likeF 5. GTACTAATCAAAGTTGTGAA '
OXA24-likeR 5-TTCCCCTAACATGAATTTGT-3' )
OXA21-likeR 1 5'-AGTTGAGCGAAAAGGGGATT-3'
For entire blagxas: aie
OXAS|1-likeF 5-TACGCCAATCCATACAGCAA-3’ (GenBank accession
OXAS51-likeFM 5'-TAATGCTTTGATCGGCCTTG-3’ RO CLIGR)
OXAS1-likeFM1. "~ |5 “ATGAACATTAAAGCACTC-3 (2
OXASI-likeR1 | $"-CTATAAAATACCTAATTGTTC-3’ s g
For entire blagxass e
OXAS58-likeF 5-TTATCAAAATCCAATCGGC-3’ (143)
OXAS58-likeR 5"-TAACCTCAAACTTCTAATTC-3'
OXAS58-likeFM 5-AAGTATTGGGGCTTGTGCTG-3’ (193)
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5. Analysis of PCR Product

The PCR products were analyzed on 1.2 % agarose gels (Pronadisa, Spain)
containing 0.5 pg/mL ethidium bromide (Sigma, USA) in TBE buffer. PCR
products were mixed with 6X of gel loading buffer (20% ficoll, 0.05%
bromophenol blue). The electrophoresis was carried out at 100 volts for 60 minutes.
The amplified products were visualized on a UV light transilluminator. A 100 base
pair DNA ladder (Fermentas, USA) and a 100 base pair plus DNA ladder

(Fermentas, USA) were used as DNA size markers.

6. Purification of PCR product

The PCR preducts were purified by QIAquick PCR purification kit as
described by the manufacturer (QIAGEN, GmbH, Germany). The QIAquick system
is combination of spin-column technology with the selective binding properties of a
uniquely- designed silica-gel membrane. DNA is absorbed to the silica- membrane
in the presence of high salt while contaminants pass through the column. Five
volumes of buffer PB (Contains quanidine hydrochloride and isopropanol) were
added to | volume of PCR product sample. Afier well mixing, the suspension was
transferred into QlAquick spin column in a provided 2 mL collection tube and
centrifuged at 13.000 rpm for 60 sec. The flow-through was discarded and 750 pL
of buffer PE (washing buffer) were added to the column. The column was
centrifuged at 13,000 rpm for 60 sec. The flow-through was discarded from the
tube and column was replaced into the same tube and centrifuged for 1 additional
minute to remove residual wash solution. QI Aquick spin celumns were placed in a
clean 1.5 ml micracentrifuge tube and added with 50 pLoof buffer EB (elution
buffer). The samples were incubated at room temperature for | minute and
centrifuged at 13.000 rpm tor 60:sec. The purified PCR product was stored at
-20 "C. The concentration of DNA was determined by spectrophotometer (BIO
RAD, U.S.A).
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7. Preparation of sequencing reactions
Purified PCR products were sequenced under BigDye terminator cycling
conditions using 3730xl DNA analyzer (Applied Biosystems, USA) by Macrogen
Inc., Korea. Sequencing oligonucleotide primers are shown in Table 4.

3. Sequencing analysis

The nucleotide sequences and the deduced protein sequences were analyzed

with the software available over the  Internet at the National Center for

Biotechnology Information (http: ¢/ wwwnchinlm.nih.gov/BLAST). Multalin

(www.toulouse. inrafifmultalin.tml) and EXPASy (www.expasy.org).



CHAPTER YV

RESULTS

PART I : BACTERIAL STRAINS

A total of 501 isolates of A. baumannii were used in the present study. The
clinical isolates collected in 2004, 2005, 2006 and 2007 were 194, 177, |16 and 114
isolates, respectively, Two hundred and eighty-four (56.7%) isolates and 217
(43.3%) isolates were isolated from male and female, respectively. Two hundred
and fifty-nine (51.7%) specimens and 242 (48.3%) specimens were collected from
patients in ICUs and ether hospital wards (non-1CUs), respectively. The clinical
isolates were recovered from blood 69 (13.8%) isolates, body fluid 20 (4%)
isolates, cerebrospinal fluid 1 (0.2%) isolate, sputum 238 (47.5%) isolates,
respiratory aspirate 73 (14.6%) isolates, pus 17 (3.4%) isolates, tissue 14 (2.8%)
isolates, urine 52 (10.4%) isolates and other specimen 17 (3.4%) isolates.

PART II : BACTERIAL IDENTIFICATION

Biochemical patterns of 501 4. baumanmi isolates are shown in Table 9.
A total of 501 isolates were identified as A bawmannii based on colonial
morphology, cell morphology and biochemical characteristics. A. baumannii
isolates were . gram-negative coccobacilli. -usually- diploid form. Colonies on
MacConkey agar were lactose non-fermenting, 0.5-2 mm in diameter, smooth,
opaque, colorless or slightly pink. Biochemical characteristicsiincluded alkaline
slant / neutral butt on triple sugar iron agar. no hemolysis on sheep blood agar,
oxidase negative, urease negative, non motile and negative for nitrate reduction. It
grew at 37°, 42° and 44°C and oxidized dextrose. There were six biochemical
patterns in 501 isolates differed by citrate, malonate and arginine utilization as
shown in Table 9. Of the 501 isolates, 287 (57.3%) were belonged to biochemical

pattern B and 178 (35.5%) were belonged to biochemical pattern D. Twenty-two
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(4.4%) . 11 (2.2%) .2 (0.4%) and | (0.2%) were belonged to biochemical pattern C,
A. E and F, respectively. The results suggested that most of A. bawmannii isolates
were belonged to biochemical pattern B and D.

AULINENTNEINS
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Table 9, Biochemical patterns of 501 4. bauman, i ,ﬂ
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PART I : ANTIMICROBIAL SUSCEPTIBILITY TEST

The minimal inhibitors concentrations (MICs) of carbapenems in the 501
A baumannii isolates were examined by agar-dilution technique on Muller-Hinton
agar. The MIC results of these 4. baumannii isolates are shown in Appendix D.
MIC breakpoints of imipenem and meropenem were = |6 mg/L.. Susceptibility and
resistance rates of the 501 4. bawmannii isolates to carbapenems are shown in Table
10. Prevalence of imipenem and meropenem resistance was 82.4% (413 isolates)
and 81.8% (410 isolates), respectively. MICs required 1o inhibit 30% (MICsy) of
isolates for imipenem and meropenem Aweie 64and 32 mg/l., respectively. MICs
required to inhibit 90%(MICen) of iselates forimipenem and meropenem were 256
and 64 mg/l.. rf::-spccth?ﬂ}j,,Dij-;lri'bm..idna of the MICs Tor imipenem and meropenem
are shown in Figufé 9_dnd 10. It 'Euas demonstrated that MICs of imipenem-
susceptible in A bawmannii ';rsqlults_ ranged from .12 1o 4 mg/l. Most of
imi.pcr'u:rn-s;uwcplih@*’iégl‘élng& j"?ﬁ,_ﬁ'!'n}];ud imipenem MICs ol = 0.5 mg/l.. The
majority of imipenem-resistant iénl;le&lﬁﬂﬂ%} had imipenem MICs of > 64 mg/L.
.‘u{crnpenen1~susccpiﬁ;[uljgsullgu;;s had mci’_&pegcm MIC range of 0.12 to 4 mg/l.. The
majority ol meropenem-susceptible iwulﬁlﬁa had meropenem MIC of = 0.25 mg | .
Ihree isolates were intermediately rcnisﬁh’ia:‘_'_#luql of meropenem-resistant isolates
(77.4%) had meropenem MI( range ol’?ﬁﬁtg 64 mg/L. Peaks of imipenem and

meropenem MIC were at 64 mg/l and 32 mg/L. respectively.

{'urhupcnmujeﬁinluncc rates of 4 hetinicnii irggimud from patients in [ClIs
and non-1CUs are shawn in Figure 11, Imipenem resistance ot ICL and non-1CL
isolates waseQ0.3% (234/259 isdlates) and 74.0%. (179242 150lates). respectively.
whereas mer@penem resistance was 89.6% (232239 jsolates) and 73.3% (178/242
isolates), respectively, MICspand MICgvalues of imipenem-or both, 1CL and non-
ICT isolates weve 64 and 256 Wigdl Urespeetivelys MIC values ol meropenem for
ICU and non-1CT isolates were 32 and 16 mg/l. respectively. MIC,, values of
meropenem lor both ICU and non-1CU isolates were 64 mg/L. Distributions of the
MICs for imipenem and meropenem ol 1CU and non-1CU isolates are shown in
Figure 12, and 13, It was demonstrated that peaks of imipenem MIC of 1CUs and

non-1CUs isolates were at 64 mg/l. and 128 mg/l. respectively. Peaks of



meropenem MIC of ICUs and non-1CUs isolates were at 16 mg/L and 32 mg/l..
respectively. The MICs of imipenem-susceptible in ICL! isolates ranged from 0.12
to 4 mg/L.. Most of imipenem-susceptible in 1CU isolates (88%) had imipenem
MICs of 0.5-2 mg/L.. The majority of imipenem-resistant in ICU isolates (89.2%)
had imipenem MICs of = 32 mg/lL. Meropenem-susceptible isolates had
meropenem MIC range of 0.12 to 4 mg/L. The majority of meropenem-susceptible
isolates (96%) had meropenem MIC of 0.25 to 2 mg/l.. The majority of

meropenem-resistant isolates (83.8%) had imipenem MICs of 16 to 64 mg/L.

The MICs u!'imipr:nem-:-:u.srccptibiﬁfﬁinﬁyg-l(‘lI isolates ranged from 0.12 1o

4 mg/L. Most of imipenem-susceptible in non=1C1! jsolates (93.6%) had imipenem
MICs of 0.5 to 2 mgde The inajority ol imipenem-resistant non-ICU isolates
(95.5%) had imipmmﬂ*l_]&fﬁ of 32 o 256 mg/l.. Meropenem-susceptible in non-
ICU isolates had n;ﬁf;jr;rif:m MIC li‘mg{- of 0.12 to 4 mg/l.. The majority of
meropenem-susceplih |n hﬂﬂ-f(ﬂ' ﬁuiatea' (90.5%) had meropenem MIC ol 0.25
to 2 mg/L. The 111:1]11:/@/ uir nmrop{:nelfl, resistant in non-1CU isolates (96,1%) had
w 64 mL,‘I B}“Mdtisuml analvsis using Chi-square test,

AR

s
imipenem and meropen€ém I'L\IHL!IILI.. mt&s ul 1. bawmannii isolated from patients in

imipenem MICs of

ICUs were significantly hfght:rfhan Ihme ﬁ!ﬂl}l nem-lICUs (P < 0.01).

By mmparlmn beiwccn |mlal+:a tmm stcrlh. w,m'.-s. and non sterile sites.

prevalence of um ¢ 5 . 3.5% .' ; :r"alim} and 82.2% (332/404

isolates). rupu.miTy whereas prevalence ol meropEnem resistance was 82.5%

(80/97 isolates) and 81.7% (330/404 isolates), l':::ipm:tiw:i}-', MICs; and MICq,
values of invipenem dor isolates frony botlr-sterile sites-and-nom sterile sites were 64
and 256 mg/l.. respectively.” MI€<, and MICs, values of 'meropenem for isolates
from both sterile sites and non sterile sites were 32 and 64 nig/l. respectively.
Distributions ofthes MICs ot imipenem’ and, meropenem of! isolates from sterile
sites and non sterile sites are shown in Figure 14, and 13, Peaks of imipenem MIC
ol isolates from both sterile sites and non sterile sites were at 64 mg/L. Peaks of
meropenem MIC of isolates from sterile sites and non sterile sites were at 16 mg/L
and 32 mg/L. respectively. Most ol imipenem-resistant in isolates from sterile site

(82.2%) had imipenem MICs of =32 mg/l. The majority of meropenem-resistant in
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isolates from sterile site (74.4%) had meropenem MICs of 16 to 64 mg/L. Most of
imipenem-resistant in isolates from non-sterile site (67.7%) had imipenem MICs of
=64 mg/l.. The majority of meropenem-resistant in isolates from non-sterile site
(78.1%) had meropenem MICs of 16 to 64 mg/L. By statistical analysis using Chi-
square test, there was no significant difference in imipenem and meropenem
resistance rates in A, baumannii isolated from sterile and non sterile clinical

specimens (P = 0.758).

Table 10. Carbapenem MICs and prevalence of carbapenem resistance in 501

A. baumannii isolates.

Antimicrobial MICs {mg}‘L} Resistance
agents ()
Range | MICs MICoq
Imipenem [ 0.12->256 64 256 413 (82.4)
Meropenem 0.12->256 =0 64 410 (81.8)

Figure 9.  Distribution of imipenem MICs
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Figure 10. Distribution of meropenem MICs.
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Figure 11. Prevalence of carbapenem resistance in ICU and non-ICU A.

baumannii isolates
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Figure 12. Distributions of imipenem MICs of ICU and non-ICU isolates
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Figure 13. Distributions of the meropenem MICs of ICU and non-I1CU

isolates
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Figure 14. Distributions of imipenem MICs of isolates from sterile sites and

non sterile sites
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Figure 15. Distributions of meropenem MICs of isolates from sterile sites

and non sterile sites
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PART 1V : DETERMINATION OF CARBAPENEMASE
ACTIVITY

Detection of carbapenemase activity was determined by modified Hodge
test. The carbapenemase activities of the 501 A. baumannii isolates are shown in
Appendix D. Four hundred and thirteen (82.4 %) isolates had carbapenemase
activity. Comparisons between MICs of carbapenems in A. baumannii isolates and
the presence of carbapenemase activity are shown in Figures 16 and 17. The MIC
ranges of imipenem and meropenem of isolates with carbapenemase activity were
16->256 mg/L. and 8-2256 mg/L, respeclively, whereas the MIC ranges of
imipenem and meropenem of isolates with no carbapenemase activity were 0.12-4
mg/L. All 413 isolates showing carbapenemase activity, were resistant to imipenem
(MIC = 16 mg/L) but 410(99.3%) isolates were resistant to meropenem (MIC > 16
mg/L) and 3 (0.7%) isolates were intermediately resistant to meropenem (MIC = 8
mg/L).

Figure 16. Comparison between the presence of carbapenemase activity and

imipenem MIC.
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Figure 17. Comparison between the presence of carbapenemase activity and

meropenem MIC.
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PART V : DETERMINATION OF METALLO-B-LACTAMASES

Determination of metallo-B-lactamase was performed by EDTA-disk
synergy test by using imipenem and EDTA disks. Metallo-pB-lactamase activity of
the 501 A bauntannii isolates are shown in Appendix D. No metallo-B-lactamase

was detected in any isolates.
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PART VI : SCREENING OF GENES ENCODING OXA- , IMP-
AND VIM-TYPE CARBAPENEMASES BY PCR AND DNA
SEQUENCING OF ENTIRE BLA-OXA GENE

Screening for the presence of blagy e « Blapp.ine and blay v.ine

All 4. baumannii isolates were screened for the presence of carbapenemase
genes, blaoxane - Mlapap. e and blaypgase . with primers specific for each type by
multiplex PCR. The expected PCR products of blagxa.2sie » Dlaoxa-241ie. blaoxa.
stdikes Plagxa sg e Blapapige and blaypg i vere 501 bp, 249 bp. 353 bp. 599 bp.
587 bp and 500 bp. respectively (Figure 8.1 The presence of blaoxake. blamriic
and blavimase in the 50} buanm;;rm'r' isolates are shown in Appendix D. The
blagyasine was detegted '__in' all isolates. Eighty-eight (17.6%) isolates had only
blagxa.siike. Three hundred and fifty-six (71.1%) iselates had both blagxa.21.14e and
blagxasiine Four (0.4%) dsolates carried both blagsa 2a.1he and blaoxa.sipwe. Six
(1.2%) isolates had bldosa e - b!&;.u.n..““ and Maoxaaike. Seven (1.4%)
isolates harbored blapxas) 14 - he’anm.;;_l.;r and Mlaoya.seane. Twenty-four (4.8%)
isolates carried hlaoxadh-ing- m\f-‘j{;g&._ 31 ;.L,anﬂ Bhlaosa ssane. Sivteen (3.2%) isolates
had all blagxa e types. Blagsaisiiie hﬁﬁ)&ﬁ,;i.hm. blaoyaraine and blagxa.ss.iie.
I'he results are summarized in Table 14, —

Of the 413 imipenem-resistant-4- bawmannii-isclates, 385 (93.2%) isolates

had Mlagsazsee Frity (12.1%) isolates carried bl . Forty-seven (11.4%)

isolates had blaosa sine. The results are summarized in Table |3,

The "distribution &I' carbapenemase genes.and imipeliem and meropencm
MICs in 501 A. bawmannii isolates are shown imFigures 19 and:20 and Table 14.
Thetisolates carrying only Blapiasi e showed low=level MICS to mipenem and
meropenem (MIC range of 0.12 1o 4 mg/L.). MICs; of these isolates for imipenem
and meropenem were | and (0.5 mg/l. respectively, whereas MICy for both
imipenem and meropenem were 2 mg/l.  lsolates harboring blagxasiiue and
blagxasiye had imipenem and meropenem MIC range of 16 to =256 mg/L. and 8 to

256 mg/L, respectively. MICs; of these isolates for imipenem and meropenem were



64 and 32 mg/L, respectively, whereas MICq were 256 and 64 mg/L.. respectively.
Isolates carrving blaoxasi-iwe and blagxazs.ike had imipenem and meropenem MIC
of > 256 mg/L. and 64 to 256 mg/l. respectively. MICs, of these isolates for
imipenem and meropenem were 256 and 128 mg/L. respectively. whereas MICy

were =256 and 256 mg/L, respectively.

Isolates carrving blagxasise . Mlaoxazsine and blagyaze e had imipenem
MIC range of 128 to > 256 mg/l.. and meropenem MIC range of 64 1o 128 mg/L..
Isolates carrving blaoxasiine ...!flfﬂﬂx,g:j ke and blagxassiee had imipenem MIC
range of 32 to 128 mg/l. and meropenes Aﬁxé' range of 16 1o 32 mg/l.. lsolates
harboring blaoyas) e ._Hmﬁmu ajfd hfamqg;ms had imipenem MIC range of
128 to 256 mg/L. and meropencin Mlq: range of 3210 =256 mg/L.. Isolates carrying
blaoxasi-tikes -‘!fun,\'_ﬂ;bﬂﬁ:-/ AZd ke gnﬂ blagxass-iwe had imipenem MIC range of
128 10 =256 mg/L e;np{;hem MTC range of 32 to 128 mg/l.. It was

' ‘;arrytﬂg 5."::,;_.1,\ 241k had high level of carbapenem
5256 m& Ly

Carbapenemase @cti u~. Wi a,a Imm]l m hﬂfhlcsurrx ing hlaosa.s e together
Illdﬂdlﬂg ﬁfi@mﬁ. Il hirﬁn\.\ ke and h.lfﬁ'n\,\ 8- ike

whereas no -.arhdpr:'nundw T'EEWII}' ﬂi@fﬁ' detected in those carrying only

with other blagya.ue ge

P 259 iy '--—
blaoxa-s-1me- - '
XA W f
"s— - j : .l"
v_,,.-'" -9

anpdrswn‘hdween type of clinical specimen, carbapenem MIC and
carbapenemase gcncs are shown in Table |1, lsolates from sterile site, including
body 1Tuid. [&I andhiu;ad Imi: imipgp;m_ aqgl_; meropencin, MHC range of 0.5->256
me/l and 0.25-256 mg/l. respeetively. Tolates=trom non-Sterile site, including
sputum, ur'm-:. r::spir;uiun aspiratel pus, t_i:._al!u hggi.. both il_n_ip_n_r;_nm_ﬁ. ar}d_ meropenem
MIChrange of 01243256 nigfl . Maosl iselates Jrom | sterile ahd won-sterile site
carried blagxa <14 together with blagya.-vise The results suggested that blapya.o

e disseminated in both invasive and non-invasive clinical isolates,

Comparison between ICLD isolates. non-1CL! isolates and carbapenemase

genes are shown in Table 12, Of the 239 isolates Trom 1CU, 203 (78.4%) carried
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blaoxa.s).1ine together with blagxa.asike One (0.4%) carried blagya-sie together
with blaoxaaiie. Six (2.3%) had blagxa.siane together with blagxa.asiwe and
Magyazsme Six (2.3%) carried Mlagyasiawe together with blaoxasiaa. and
blaoxasee Eight (3.1%) had blaoxasiee together with blagxa.zaue and
blagxa.ssaike- Ten (3.7%) carried blagxasiwe together with  blagxa.a3ime.
blaoxa24.1ke and blagxa ssie- Twenty-five (9.7%) had only blagxa.s)me Of the 242
isolates from non-ICU, 153 (63.2%) carried Mlagxa.siine together with Maoya. ke
Three (1.2%) carried blaoya.sie together with blagxaqqge. One (0.4%) had
nd Alaoya.ss e Sixteen (6.6%) carried

blaoxa.siake together with Maq blacxasgike. Six (2.5%) had

blapxasi.ike together “"% I#: 55&& and blagya.sgine.  Sixty-three
(26%) carried only M e 1he rtﬁ_whlcd that blaoxa.siiee and

blagxa.asse was th e eqxas:: m;:nd in 1ICL and non-1CU

bl’nmm &1-ike mgcthcr with Mﬂux ‘ ' -

A bavmarnni 1solare:
.

t%&-ﬂf"gl herimannii isolates and

carried dlaosasiine [ug ' vith b, _fm,h' whereas one (12.3%) carried

éql-rﬁistanl A hanmannii isolates
h%hmniuul pattern A, 6 (73%)

with Of1h Em;mlh biochemical pattern
B. 199 (82. "’%H had- Blagya e together wi Aiike. Whereas 3 (1.2%)

isolates had h.’u-;:-m, LIk tﬁ-g#lﬁﬂl' with. h bl e dﬂa’ 3 (1.2%) had blaoxasiue

together with blagxa.xs.ne and blagxa.ra e Seven (2.

with Muu ﬁ 3 ﬂqﬁwaaﬂlﬁ ke together with
bl a.oa. du .mvEJO ) ha Ty ibuller with blaoya.
23.ke AN f?fﬂu\.,;,, ke and blaoxa &ane. All isolates with biochemical pattern C (13

o VORRD) OUB 9991 0 B . B i

a‘lhmﬂ_:g_l.ku. Of the 146 isolates with biochemical pattern D. 134 (91.8%) had

%) had blagya.s).e together

h.lrﬁ‘l_l‘\' A<S1-like mgelhcr with h.l'lﬂ{}x.\.:_l.i.h-. whereas 2 {1.4%) had .’?fﬂ“xh.ﬂ.mf [Dgflht!r'
with Blagyasviee and blagyasiime. Four (2.7%) had blagya.si. e together with
blacya s and  Blagyasse and 6 (4.1%) had lﬁfl‘fl}.‘i.-*.-‘-l-l-l.c [ﬂgﬂlhﬂr with

Maoxn 25me and blagxa e and blagxa ssane The results suggested blagxa.s) e
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together with blagya 2300 was the most prevalent carbapenemase genes found in all
biochemical patterns.

AULINENINYINg
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Table 11, Carbapenem MICs and OXA-type carl
Type of No. of MICs {
specimen isolates Imipenem
Range MIC.. | MIC e

Blood 6 | 055256 | 128 | 2 ,@zl
Body fluid 20 0.5->256 64 12% 0 =
CSF | 64 3 f; |
Sputum 238 | 0.12>256 | 64 | 25671 0. 6] 32
respiratory 73 0.25->256 | 64 | 256 28 *3? :
Pus 17 | 05256 | 64 | 256 | 0.25-138-+ 32 |
Urine 52 0.5-256 64 | 236 7
Tissue 14 | 025-128 | 32 | 12
Other 17 0.5-256 | 64 AN

Bronchial larvage. endotrachial secretion lncludﬁ

68

#ﬂ S01 A. baumannii isolates by type of clinical specimens

Presence of blagxa.ja.
XA e | ONAZIGhe | OXASIEke | ONASIAhe | OXASIBEe | ONASIBie
OxA-Mdde | OXAMALe | OxAvuke | oxaziike | ONA-2sste | OXA-MLe
DA hike DAL ke ONA-55-be OXA-2-liLke
OXA-S4-liLe
47 1 & 2
17
|
169 2 4 7 10 10
55 1 ] 2
11 1
3 1 7 2
11
14

ﬂummmwmni
’Q“maﬁﬂ‘im UAIINYA Y

89
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Table 12. Carbapenem MICs and OXA-type carbape; :“ se genes of 501 A. baumannii isolates by wards
—

Type of ward | No.of MICs ( i%

No. of isolates carried blaoy aue (%0)

OXA-SLdike. | ONA-SIGe | DNA-3IMbe | ONA-SIHe | OXA-H-ke
OXA-24-like OXA-23 e | OXA-2%4ke | ONA-Z4-ILe | ONA-Z3dke
OXA-24hle O ASHAiLe A A-like OXA-24-be

P AT -‘ OXA-51-hke

s N I jzmi[\}\ \ ks
nge e
IcU 259 [ 0.25->256 | 64 | 256 ';?/?:?E iﬁk‘\:\\‘ T 2 ; m:}**
> = 3 I 3
j// g ’\\ hosa | 049 | en | @3y | 6hH | 6D
Non-ICU 242 | 012256 | o4 AT AT \‘ 75 3 1 - .
ﬂ 7re 'f ‘\\§ (63.2) (1.2) (0.4) 66 | (25

jﬂ

r"'

ﬂ'lJEJ’J‘VIEWl‘iWEJ’lﬂi
ammmmumwmaﬂ

69
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Table 13. Correlation  of  biochemical  patterns  and  OXA-type

carbapenemase genes in 413 carbapenem-resistant A. baumannii

isolates

OXA-type % of isolates in biochemical patterns (n)

carbapenemase A B C D E F

gene (8) (242) (15) (146) (1) (1)
OXA-51-like, 75 82.2 100 91.8 100 100
OXA-23-like (134) (N (M

OXA-51-like,
OXA-24-like

"OXA-31-like,
OXA-23-like,
OXA-24-like

OXA-51-like,
OXA-23-like,
OXA-58-like

OXA-51-like,
OXA-24-like,
OXA-58-like

OXA-51-like,
OXA-23-like,

g UB INBYINYINT

OXA-58-1ik

AMIANINUNIINYIAY



Figure 18. PCR products of OXA-type carbapenemase genes by multiplex

PCR.
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Table 14. OXA-type carbapenemase genes in the 501 A. baumannii isolates.
Carbapenemase blaoxa.ike Nao. of Imipenem Meropenem MIC
activiey isolates MIC (mg/L) (mg/L)
(%) Range | MICs | MICy | Range | MICsy, | MICy,
88
Megative bia . 0.12-4 | 2 0.12-4 0.5 2
gal ONASdike (17.6)
bla 2 335¢
Positive i ' 60 | 256 | 8256 | 32 | o4
blagxaaike i
bl ™
Positive Aoxast iy >256 | 64256 | 128 | 256
- bfanx 'u s)J
Positive r. EAZI-l / >256 | 64->256 64 =256
hfﬂﬂ ke
bfa %
Hﬂmﬁj
Positive blagxazain 256 32-256 64 128 |
|
—1
|
Positive r 256 32-128 64 128
blag, |

Table 15, ﬂty EJ nﬁpjc:na?e Qﬂngj "J f

AR I Y

Blagx e No. of isolates (%)
blagyarsike 385(93.2)
bl"ﬂgxumm Sﬂ “2 i}
blaoxassane 47(11.4)

? with carbapenem



Figure 19.
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Figure 20.  Distribution of genes encoding OXA-type carbapenemases and

meropenem MICs.
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DNA sequencing of entire blagy, genes

Entire blaoxazsiive - Plaoxazaike » Plaoxasiane and blaoxassane genes were
amplified by PCR and sequenced in ten 4. hawmnannii isolates carrying different
blagxa-ike genes. Each blapxa.ie gene was amplified by PCR and then sequenced.
DNA sequences were analysed by, the software available over the Internet at the
National Center for Biotechnology Information (http: i

www.ncbi.nlm.nih.gov/BLAST), Multalin  (www.toulouse.inra.fr/multalin.html).

and ExPASy (www.expasy.org). The results are summarized in Table 16. Similar to
studies by Walther er al.. Donald er al., Afzal et al., Bou et al., Heritier et al..
Brown e/ al. and Poirel e al.. the nucleotide sequences of all blagxa.ike genes were
belonged to class D B-lactamases which were attributed to the presence of three
highly conserved active site elements (14, 22-24, 26, 33, 159). The first element

contained the conserved serine active site motif S-T-F-K (DBL numbering 70-73).



'he second element was the S-X-V triad (DBL numbering 118-120). which valine
(V) was replaced by an isoleucine (1) in OXA-51-like enzymes. The third element
was the K-T-G triad (DBL numbering 216-218) in OXA-23-like enzymes whereas
it was replaced by K-5-G triad in OXA-24-like, OXA-51-like and OXA-58-like
enzymes. The other conserved motif, Y-G-N motif (DBL numbering 144-146) was

retained in OXA-51-like and OXA-58-like whereas it was replaced by F-G-N in

OXA-23-like and OXA-24-like enzymes. (Figure 21.) conserved serine
active site

i E
t W e ]
-t —e= 5 IR AT & - TR T : ksmrik
= F N L ST | ! JRSTFEY !
- S - v = i il 4 TRSTFEL =l
B e oy y | n ] FRETFE] !

| L | |
s £ fla o (REERN (i I 0o
= ¥ 5 o L (i F, il I
- i Yo s ' l i .
- ¥ A T T I I
L] o ‘
i i i o T
Figure 21. Alignment of amino acid sequences of four main groups of

carbapenem-hydrolyvzing class D [-lactamases (CHDLs) identified in A
baumannii, including OXA-23, OXA-24 and OXA-58 as representatives of the
three groups of acquired CHDLs, and OXA-51 as a representative of the
naturally occurring CHIDM s The conserved residues for oxacillinases are
shaded and conserved residues for class D P-lactamases are  blocked.
Numbering of f-lactamases is according to Ambler class D B-lactamase

numbering DBL (151).

Al 10 representative A bavmannid 1solates that were selected Tor Meagya.
snpke S€quencing, A66, AGT. 72 A2606, AT, AL50, A472, Addb, A433 and AS19,

had imipenem MIC range of 16-=256 mg/l.. These isolates carried various



combinations of blagxa.me genes (Table 16.1). DNA sequence analysis of the
1.065-bp fragments revealed an open reading frame of 822 bp. encoding a 271-
amino-acid protein, which showed 100% nucleotide and amino acid sequences
identity to blagxao; and OXA-23 enzyme. respectively (GenBank accession no.
AJ132105 and CAB69042, respectively). OXA-23 enzyme shared 99% amino acid
sequence identity to OXA-27 and OXA-49. Alignments of nucleotide sequences of

OXA-23 and those from ten representative A. baumannii isolates are shown in

Appendix E.

All 10 representative A hagménnii isolates that were selected for
blagxa.za.1ne sequencings ALSO, Alﬂﬁ. A4TLA472, A242, Al46, AS19, AIT77.
A288 and A446, had imipenem MIC range of 128->256 mg/l.. These isolates
carried various cunghinaﬁén; of -ba’q._;m.qm genes (lTable 16.2.). DNA sequence
analysis of the 1.02i=bp fragments l'cvcaled an open reading frame of 825 bp.
encoding a 274 dmlnwud pmlﬂﬂ which shewed 100% nucleotide and amino acid
sequence identity”™ ln éfﬂﬂ\g 42 and -!‘DKA =72 enzyme, respectively (GenBank
accession no.AY 739646 and AMJEE‘;DD respectively). OXA-72 enzyme shared
99% amino acid sequence |dcnm} o G'}{ﬁ. 26, OXA-33 and OXA-40 (OXA24)
whereas shared 98% EIIHIIH} ax;;d wquen;g |dem|n to OXA-25. Alignments ol

nucleotide sequences of O}iﬁ Eand FIBF.‘ ll‘ﬂm ten representative 4. baumannii

.,‘4 _'h___‘A-

isolates are uh-.mu in Appﬁndi\ l

All Iﬂ_-;.rcprcﬁfnlalive A, baumannii Wolates that were selected for
blaoxass.uke Sequenicing, A266. AI188. A262, A292,7A180, A150, A471. A4T72,
A242 and A446. had imipenem MIC range of 32-236, mg/l~These isolates carried
various comhbinations of Whlag s . genes{ Tablel6.4). DNA sequence analysis of
the 933-bp Iragments revealed @n open reading frame of 84l bp. encoding a
Egﬂﬂmiﬁﬂ-uﬁidr‘]&rﬁ[tin, which showed 100% nucléotide and ﬂ'mli ng acid sequence
identity 10 blagya.ss and OXA-38, respectively (GenBank accession no. AYS70763
and AAT95987. respectively). This enzyme shared 99% amino acid sequence
identity to OXA-96 and OXA-97. Alignments of nucleotide sequences of OXA-58

and those from ten representative 4. bawmannii isolates are shown in Appendix I,



All 10 representative A, baumannii isolates that were selected for
blaoxasiike sequencing, AB0, A405, A433, A74, Ab6. A266, A150, A471, A472
and A242, had imipenem MIC range of 0.5->256 mg/l.. These isolates carried
various combinations of blagya.ue genes (Table 16.3.). DNA sequence analysis of
the 1.416-bp amplicons revealed an open reading frame of 825 bp. encoding a
274-amino-acid protein, which showed 100% nucleotide and amino acid sequence
identity 1o blagyaes and OXA-68 (5 isolates), blagxaee and OXA-66 (2 isolates).
hlagsaes and OXA-64 (1 isolate), blagyaer and OXA-67 (1 isolate) and showed
99% nucleotide sequence identity to 'bd‘.tt'mg';a.?; and OXA-51 (1 isolate),

The blaoxa.cs Was found in 3 A. bawmannii isolates, A266. A150, A471,
A472 and A242. A266.eartying blagy, « i together with blagys - . and blagy, e
had imipenem MIC of32 gl A150. A471, A472 and A242 carrying bldoxas .
together with .‘;e’:;:}\_;\,g{{.___ If}*;.-{,'v.;. ...,311;.1 bl .. had imipenem MIC of 256
mg/l.. OXA-68 :-:hur?"ﬁ‘}% :énjiri!{i-au:ifl:':sequence identity to OXA-77, OXA-91.
OXA-117 and Dfﬁ:)-fﬂf.- Mignrpent_i of nucleotide sequences of blaoya.es
(GenBank accession no. AY 750910) ‘.md those  from five representative

& | 7 |
4. hatmennid isolates are shown I_ll"‘ﬂ'nppﬂ'ﬁ;d'l\ I-
Y Farekly

The Maoxa.ee Was prémtcd in "gg_f:’__?lmuwmm'r isolates, A405 and A433.
A405 carrying only I:faux,{._}.'il|',i_;i had inﬁﬁ%ﬁﬁ MIC of 4 mg/l. whereas A433
carrving hlaoya “‘,"é? opether with ey 25 had im *‘ i’ii:m MIC of =256 mg/l..
OXA-66 shared 99% amino acid sequence identity 10 OXA-65, OXA-76, OXA-T79,
OXA-80, OXA-82. OXA-83, OXA-84. OXA-88. OXA-90, OXA-109 and
OXA-115. Alignments OF nucleotide sequences af aogs.e-tGenBank accession
1oAY 750909) and these Trom twe representative . bamnaniii isolales are shown

in Appendix L.

I'he blegy aeg was identified in one A bawmannii isolate. A74. This isolate
carried blagya <1 together with blagya.svise and had imipenem MIC of 64 mg/l.
OXA-64 shared 99% amino acid sequence identity 1o OXA-71 and 98% amino acid
sequence identity o OXA-51. OXA-65, OXA-66. OXA-67. OXA-88. OXA-90.
OXA-91, OXA-95, OXA-99. OXA-100. OXA-104, OXA-106. OXA-111 and



OXA-113. Alignments of nucleotide sequences of blaoxase (GenBank accession

no.AY750907) and those from A74 are shown in Appendix E.

The blagxasr was found in one 4. banmannii isolate, Abb. This isolate
carried blagya si.e together with blagpxa 330 and had imipenem MIC of 16 mg/l..
OXA-67 shared 99% amino acid sequence identity to OXA-51, OXA-64, OXA-86.
OXA-87, OXA-89 and OXA-100. Alignments ol nucleotide sequences ol blapxa.sr
{GenBank accession no.DQ491200) and those from A66 are shown in Appendix E.

Novel blapxa.siwe was found in iSolate A80 with imipenem MIC of 0.5
mg/L. Mucleotide and aming acid sequences showed 99% identity to blagy ., and
OXA-51 enzyme. The nueleoide sequences dillered from blagya.s) (GenBank
accession no.AJ309734) by two nucleotides. Cytosine (C) was replaced by
adenosine (A) at pg&iﬁal}. l’jﬂ' and »u.—:—}mﬁine (C) was replaced by guanine (G) at
position 388, This ‘enzyme differed from OXA-51 (GenBank accession
no.ABD47672) by ﬁ:.-::i‘mn i!""m..;a_c ids. ﬁ?e threonine (T) was replaced by lysine (K)
at position 51 and the .pr,_ﬁ?iuLE {Pléﬁfﬂs»;ﬂp]uued by alanine (A) at position 130. All
amino-acid changes were "DLalEd uul.ﬁ;i:;f{: =l;ht? class D carbapenemase motils. It
shared 99% amino acid m.queﬁcc idé:ﬁ?gﬂm OXA-132, OXA-99, OXA-111.
OXA-64 and OXA-95, Ih:.&hgnmentmf‘ _;tmim:- acid sequences of the novel
OXA-51-like and-ahese EHZ;\:Iﬁé'ST:HI‘E shuii;;{::?# Figure 22 1 his novel enzyme shared
98% amino acid “sequencei OXAI70. OXA-71. OXA-86,
OXA-87. OXA-88-OXA-89, OXA-90, OXA-91. OXA-93. OXA-100. OXA-106,
OXA-113, OXA-1T7 and OXA-130. Alignments of amino acid and nucleotide

sequences oF OXA-51, subgronp and-those fram AB0 isolate are shown in Figure 23

and Appendix Erespectively.



Figure 22.
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Alignments of amino acid sequences of a novédl OXA-51-like

enzyme from AB0 and OXA-51-like enzymes (OXA-51, OXA-64, OXA-95,
0XA-99, OXA-111 and OXA-132) that shared 99% similarlity.
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Table 16. Sequencing analysis of entire Alaoy v ke Zenes.
Table 16.1. Sequencing analysis  of bla gxaasiike genes from 10
representative isolates.

Imipenem Presence of ba gy 0. by multiplex PCR Bokh i
frolates {:L Blooxnsrmne | Blaoxnisme | Maoxsame | Maoxesme | EeNE
Ab6 16 + ket - blagxa.23
A67 32 \ \Jd’ //' 4 blagx a2
AT2 32 | % : blaoxan
A266 32 + blaoxa.s
A74 64 / /// ‘\\ blaoxa
il ,.ﬂ'/ll_-; 'lv&\ | g
A ;Illﬂ- A\\\ blocraas
Ad4d6 256 I l blagxaz:
A433 >256 ’l blagxa2s
AS19 | =236 | | r blaoxa.s
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# R
P ikt d | - A

L)\ “/ 7
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Table 16.2. Sequencing analysis of bla oxaoeie genes from 10
representative isolates,
Imipenem Presence of ba gy . by multiplex PCR Mo ziame
Isolates MIC
bla gxasike | B oxazeime | M0oxazinne | Moy gene
(mg/L)
Al180 128 + + - blagya.1
A288 128 + + - blacga 12
Al77 256 + - - blagxa.n2
Aldb 256 N 'y, = - blagxa1:
AlS50 256 - ; + + bfﬂox,a,,.u
AdTI 256 — + + blagxa.12
A4T2 N — + blaoxa.2
A242 N \ + blaoxam
Addb “d; + Magxa.n2
A519 \ - blagxa
Table 16.3. enes from 10 representative
isolates. -
Imipenem e by multiplex PCR -
e Blitox y.siape
Isolates MIC e 2% |
™ Bl oxasi e o Bl gxassine gene
(i) J
e A1 : : novel
A80 0.5 — —= &
I ! blaoxasi.tike
4 1 blapxass
blaoxa.er
- blaoxa.ss
L,
+ blaoxa.es
+ + + blaoxa.es
+ + + blagxa.es
+ + + Hﬂuxn-w
A433 >256 + +: - - blaoxa.oo
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Table 16.4.  Sequencing analysis of bla oy ssiine genes from 10 representative
isolates.
Imipenem Presence of 5 gxa.ue by multiplex PCR T—
Isolates MIC
mm."m “ﬂ'm Hﬂ'm Hﬂﬂ““ 'Elne
(mg/L)
A;zﬁ'ﬁ 32 + + + bf%_ss
Al88 64 + + + - blapxa-ss
A262 + + blagxa.ss
A292 + blagya.ss
Al80 Blaoxa.ss
A150 blaoxa.ss
Ad7I] blacxa-ss
A4T2 > laoya.-
o /] l\\\\i\ blaoxas
i 751 2ET NN blaox.ss
Ad46 blaoxa.ss

Vlﬁﬁ PN

ﬂ‘lJEJ’J“fIEJ‘V]‘ﬁWEJ’]ﬂ‘i
QW’]ENT]‘EEU UA1AINYAY




Figure 23.
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Alignments of amino acid sequences of OXA-51 subgroup

and that from A80 isolate.
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O¥A=51
OxA-132
OXA=-95
O¥A-111
OXA=-64
OHA-T1
OXA=-113
ABO
OXA=-67
OXA-100
OXh-86
OXA-87
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OXA-T6
O¥A=131
OXA-80
OXA-115
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OXA-95
OXA-108
OXA-130
OXA=94
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OXA-110
OXA=107
O¥A-112
OXA-92
OXA-68
OXA-TT
OX¥A-91
OXA-104
oXa-128
OXA=-T8
OXh-89
OXA-593
OXA=T0
OXA-106
OXA-T5
OXA-116
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CHAPTER VI

DISCUSSION

Antibiotic-resistant A. baumannii is a major problem worldwide because it
has become resistant to almost all currently available antimicrobial agents.
Carbapenems are a class of B-lactam antibiotics with a broad spectrum of
antibacterial activity, and have a structure which renders them highly resistant to B-
lactamase. In 2007, imipenem resistantce rate of A. baumannii collected from
Chiang Mai University Hospital and Songklanagarind Hospital were 35.5% and
34.7%, respectively (49, 50). Among imipenem-resistant 4. baumannii isolated
from Songklanagarind Hespital, 61.9% were from respiratory tract, 49.9% from
ICU and 14.8% were resistant to all routine tested antibiotics. In 2003, the
imipenem resistance rate of 4. baumannii was 61% at Police General Hospital,
whereas those was 68% at Siriraj Hospital in 2006 (51, 52). Among carbapenem-
resistant isolates, 57% were resistant to all antimicrobials currently available in
Thailand. The data from the National Antimicrobial Resistance Surveillance Center
Thailand (NARST) shewed- that imipenem resistance in Acinetobacter
calcoaceticus-baumannii complex increased from 2% in 1998 to 57% in 2006 (53).
In this study, prevalence of carbapenem resistance in A. baumannii isolated from
patients at King Chulalongkorn Memorial Hospital, Bangkok during January 2004
to August 2007 was 82.4% for imipenem and 81.8% for meropenem, which were
higher than those reported by other studies in Thailand. This may be because King
Chulalongkorn Memorial Hospital is_a referral hospital. Transferring of severe
patients from other hospitals may be resulting in increasing in the prevalence of

carbapenem resistance in A. baumannii.

The carbapenem resistance rates from this study were also higher than other
countries. In 2005, both imipenem and meropenem resistance rates of A. baumannii
collected from Shanghai were 6.3% while those from Hong Kong were 2.7% and
10.8%, respectively (138). Another surveillance program showed carbapenem-
resistant rate increased from 4.5% in 2003 to 18.2% in 2004 (191). The

carbapenem-resistant rates in 3,601 isolates of A. baumannii from more than 311
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U.S. hospitals surveyed by the NCCLS, increased from 9% in 1995 to 40% in 2004
(196). In 2008, carbapenem-resistant rate in 4. baumanii isolated from Greece was
70.1% (197). High prevalence of carbapenem resistance on this study may be

because of high consumption of carbapenem for treatment of A. baumannii and

other bacteria.

For infections caused by carbapenem-resistant 4. baumannii isolates,
antibiotic choices may be quite limited because this organism always resist to
multiple antibiotics. Antimicrobial combination therapy appears to be a reasonable
alternative for treatment of carbapenem-resistant A. baumannii isolates.
Combination of imipenem and amikacin, colistin and rifampin, imipenem
combined with rifampin-and colistin are suggested (111, 112). Tigecycline was
used for treatment of this organism, but high level of tigecycline resistance were
recently reported (117, 119, 123). In addition, sulperazone may be used to treat

carbapenem-resistant 4. baumannii isolates (125).

The imipenem resisiance rates of A. baumarnii isolates in ICUs and non
ICUs were 90.3% and 74.1%, whereas meropenem resistance rates of those were
89.5% and 73.7%, respectively. The carbapenem resistance rate in A. baumannii
isolates from ICUs was significantly higher than that in non ICUs (P<0.01). High
carbapenem resistance rate in ICUs is similar to study by Bogaerts er al. and
Souli et al. that found the carbapenem resistance rate of 4. baumannii in ICUs were
70.6% and 84%, respectively (186, 198). In contrast to this study, Sinha et al. found
that meropenem resistance rate of Acinetobacter spp. in ICUs and other wards were
42.8% and 57.2%; respectively (199). In this study, the carbapenem resistance in
ICUs was higher than non-1CUs, which similar to study by Falagas er al. that found
imipenem resistance rate of A. baumannii in ICUs medical wards was 91% whereas
those in medical wards and surgical wards were 71% (139). Higher carbapenem
resistance rate of A. baumannii isolates from |CUs may be because carbapenem-
resistant isolates are selected by increased use of carbapenems in severe patients.
A. baumannii can colonize in the environment in ICU such as contaminated
equipment including ventilator, bed rail. pillow and bed. Transmission of

microorganism also occurred via hand of staff. In addition, transferring of severed
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and trauma patients from other hospitals also associaled to the high prevalence of

carbapenem resistance in ICUs,

Identification and elimination of common source of A. baumannii reservoir
are most important for infection control of A. baumannii in the hospital. Outbreak
managements required an active infection-control programme for patients and
medical personel, including contact isolation to prevent transmission as well as
active surveillance cultures to identify A. bawmannii-colonized patients. Improved
hand hygiene, cleaning and disinfection of the environment, including equipment
decontamination, cohort nursing, the isolation of patients in single room, the
restriction of access to the ICU, control of antibietic usage, improving staffing ratio
and closing a ward for cleaning and disinfection, can be used to control the spread

of A. baumannii in hospital.

In our study, blaoxa.sike was detected in all carbapenem-susceptible and
-resistant A. baumannii isolates. This is similar to the studies of Turton ef al.
Merkier et al., Heritier ecal and Wang er al. which reported that blagxa.si.i. were
found in all carbapenem-susceptible and resistant A. baumannii isolates (27, 28, 30.
200). The results suggested that OXA-51-like enzymes were very poor
carbapenemases and may be natural and chromosomally encoded in all A
baumannii isolates, However, Tsakris ef al. and Koh et al. found blaoxa.siqike in

90.9% and 77.3% of 4. baumannir 1solates, respectively (18, 31).

The OXA-51 was first described in imipenem-resistant A. baumannii clones
from Argentina and was the largest and.most diverse collection of class D
carbapenemases in W bawmanmii (26). To date, forty-six enzymes of this group
have been reported. In the present study, the variations were found in blagxa.si-ike
group with 50% of" blaoya-es . 20% of blagxase. 10% each for blaoxaes. dlagxa.er
and a novel blagxasiine. OXA-64, OXA-67 and OXA-68 were reported in
A. baumannii isolated from South Africa, Argentina and Spain, respectively (23),
whereas OXA-66 was reported in Spain, Greece and China (25, 197, 200). The
sequences of entire blagxa.si.ie in the isolate A80 was 99% similar to blagxa.s) and

differed by two nucleotides, resulting in two amino acid changes at positions 51 and
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130. This novel enzyme has conserved sequences of class D [-lactamases.
However, biochemical properties and susceptibility patterns of this enzyme have to

be further investigated.

The presence of blapxa.2:ine were detected in the majority of our
carbapenem-resistant 4. baumannii isolates (93.2%). The results suggested that
blagxa.23.1ke plays an important role in carbapenem resistance in this study. Similar
to many studies, blagxa.z3ixe was predominant in carbapenem-resistant
A. baumannii isolates (11, 18, 37, 193, 201). Wang er al. found blagxa.23.ike in
97.7% of imipenem-resistant 4. baumannii isolates, and both Zong et al. and
Stoeva ef al. found in 100% of imipenem-resistant 4. baumannii isolates (200-202).
Imipenem MICs of these isolates varied from 16 to =256 mg/L. This may be due to
the involvement of other resistance mechanisms such as impermeability of outer
membrane proteins or loss of porin and efflux system. Heritier er al. found that
overexpression of AdeABC efflux pump associated with expression of these

oxacillinases induced a higher level of carbapenem resistance (10).

In this study, bl@oxa.2s in carbapenem-resistant A. baumannii was amplified
and sequenced from plasmid DNA. There were many reports demonstrated that
blagxa.zs is plasmid-encoded (14, 163). Villegas reported that blagxa:: was
chromosomal enceded in three of four clones of carbapenem-resistant A. baumannii
isolates and plasmid encoded inone clone (19). In addition, Wang er al., Meric et al
and Stoeva et al, also found that blagya.2; was chromosomally encoded (200, 201,

203). Therefore, the gene location of this gene has to be further investigated.

OXA-23"group consists o OXA-23, OXA-27 and OXA-49. In the present
study, blagxa.a; was detected in all ten representative A. baumannii isolates by
sequencing of entired blagxaasike. OXA-23 enzyme was first described in an
imipenem-resistant A. baumannii isolated from Scotland in 1985 (14). From late
2003 to the end of 2005, the dissemination of two carbapenem-resistant clones with
OXA-23 carbapenemase at multiple hospitals in London and Southeast England
were reported (20). OXA-23-producing in carbapenem-resistant 4. baumannii
isolates have also been reported in Brazil (100%) and French Polynesia (100%).
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China (100%) and Korea (69%) (11, 15, 16, 202). Wang ef al. also found OXA-23-
producing in 97.7% of imipenem-resistant A. baumannii (200). In addition, this
enzyme was also reported in Singapore (18), South America (19) and Australia (21).

OXA-27 was reported in one isolate of carbapenem-resistant 4. baumannii isolated

from Singapore (23).

The MIC level to imipenem in strains carrying blagxa.si.ike together with
blagya.24.1ke Were to =256 mg/L. The MIC range for isolates carrying blaoxa.24.1ike
together other blagys, were 128-=256 mg/L for imipenem, 32->256 mg/L for
meropenem. These suggested that blagxssiike confered a high level of MICs to
carbapenems and played an importance role in carbapenem resistance in these
isolates. Afzal-Shah et al. demonstrated that the hydrolytic activity to imipenem of
OXA-25 and OXA-26 were higher than those of OXA-27, so leading to higher
imipenem MIC than others (23).

The OXA-24 cluster consists of OXA-24, OXA-25, OXA-26, OXA-33,
OXA-40 and OXA-72. The OXA-24 enzyme was first described in carbapenem-
resistant A. baumannii isolated from Spain (22). The nucleotide sequences of this
enzyme were corrected in 2006 by the same researchers, resulting in amino acid
sequences identical to OXA-40 described in 2003 (204). In the present study,
OXA-72 was detected in all ten representative A. baumannii isolates. OXA-72 was
also detected in one isolate of imipenem-resistant Aeirietobacter genomospecies 3

and Acinetobacter spp. isolated from China (200).

There: were. many . reparts. previously . demonstrated that blagya.ae is
chromosomally encoded (22, 24). However, Lolans er al. investigated the blagxa.ao
gene location and found that it was on both chromosome and plasmid in imipenem-
resistant 4. baumannii isolates (117). In this_study, blagyaq in carbapenem-
resistant A. baumannii was amplified and sequenced from plasmid DNA. It could
not be amplified from chromosomal DNA. So, the gene location of this gene has to

confirm by other techniques such as Southern blot analysis.
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In this study, there were isolate carrying blapxa.ss1ine together with
blagya.si-ike and other blapxa. So, the activity of OXA-58 could not be discussed.
Tsakris et al. found that A. baumannii isolates carrying blagxa.ss showed low level
of imipenem MIC (31). This is similar to the study by Poirel er al. that OXA-58
showed low hydrolysis to imipenem (33). In addition, Heritier er al. demonstrated
that OXA-58 exhibited weak carbapenemase activity and played a role in
carbapenem resistance in A. baumannii when blapxa.ss was highly expressed (10).
Bertini er al. also found that the increase in carbapenem resistance level was

associated with an increased proeduction of OXA-58 by multiple copies of the

blapya.ss gene (205).

The OXA-58 group consists of OXA-58, OXA-96 and OXA-97. In the
present study, OXA-58 was detected in all ten representative 4. baumannii isolates.
This enzyme was first described in carbapenem-resistant A. baumannii isolated
from France in 2005 (33). At the same time, it was detected in seven out of eight
carbapenem-resistant 4. baumannii by Heritier et al. (143). Marque er al. found
A, baumannii carrying blapxa.sz gene in 22 oput of 42 carbapenem-resistant
A. baumannii isolated fram France, Spain, Turkey and Romania (13). Both
blagyass and blagxa.s) were detected in many A. baumannii isolated from ICU in
Greece (31, 144). Coelho et al. also found Acinetobacter spp. carrying blagxa.ss and
blagxa.s) isolated from Argentina, Kuwait and United Kingdom over a 10 year
period in 2006 (206). The blagxa.ss also was deiecied in 7 imipenem-resistant
A. baumannii isolated from China (200). Between October 2003 and June 2004,
blapxa.ss was detected in 44 of 45 A baumannii isolated from ltaly (140). In
addition, between April 2005 and March 2007, this gene also was detected in 26 of
31 A. baumannii isolated from ICU patients in Greece (207). The blagxa.se was
detected in one imipenem-resistant A. baumannii isolated from Singapore (18).
Poirel et @l found blagya.e7 in 19 of 39 carbapenem-resistant 4. baumannii isolated

from Tunisia (34).

Among carbapenem-resistant A. baumannii isolates, 4 isolates carried
blapxa23.ike together with blaoxa.ss.iike. 4 isolates carried blagxa.24.1ke together with

blapxassiike and 4 isolates carried blagxa.23ake together with blaoxa.z4.mc and
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blagxa.ss.iike Were isolated from patients at the same period of time and the same
ward. The results suggested that clonal spread of carbapenem-resistant
A. baumannii may involve and should be further investigated by genotyping such as
pulse field gel electrophoresis (PFGE), amplified fragment length polymorphism
(AFLP) and random amplified polymorphic DNA (RAPD).

Unlike OXA-type carbapenemase, metallo [(-lactamases-producing
A. baumannii is less than OXA-type-producing isolates. In this study, the metallo-
B-lactamase was not detected in all 501 4. baumannii isolates by EDTA-disk
synergy test and by PCR amplification of blapsp.iie and blayin.pe. This was in
contrast to the study by Sung er al that found high prevalence of
metallo-B-lactamase-producing 4. baumannmi  isolates  (208). Among
carbapenemase-producing A batwmannii, 69.6% was metallo-p-lactamase whereas
30.4% was OXA-type carbapenemase. IMP-1 and VIM-2 were found in 93.7% and
6.3% of metallo B-lactamase-producing isolates whereas OXA-23 was detected in
all carbapenemase-producing isolates. In contrast, Koh ef al. reported that
OXA-type carbapenemase-producing 4. baumannii was found higher than
metallo-B-lactamase-producing isolates. OXA-5]-like was found in 77.3% of
A. baumanni isolates and OXA-23 was found in 91.1% of carbapenemase-
producing 4. baumannii isolates whereas IMP-4 was found in 9.1% of those
isolates (18). This study suggests none or rare incidence of metallo-B-lactamase

dissemination in carbapenem-hydrolyzing A. baumannii isolates in this study.
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CONCLUSION

Carbapenems are among the drugs of choice for treatment of multidrug-
resistant Acinetobacter baumannii infections. However, emergence of carbapenem
resistance in A, baumannii has been reported worldwide. In the present study, the
imipenem and meropenem-resistant rates in 501 4. baumannii were 82.4% and
81.8%, respectively. MICsq for imipenem and meropenem were 64 and 32 mg/L,
respectively. MICq; for imipenem and meropenem were 256 and 64 mg/L,
respectively. Imipenem-resistant rates of ICUs and non-1CUs isolates were 90.3%
and 74.1%, respectively. whereas meropenem-resistant rates were 89.5% and
73.7%, respectively. Imipenem-resistant rates of iselates from sterile and non-
sterile specimens were 83.5% and 82.2%, respectively, while meropenem-resistant
rates of those were 82.5% and 81.7%, respectively. Carbapenem-resistant rates of A.
baumannii isolated from patients in ICUs were significantly higher than those in
non-ICUs (P < 0.01) whereas there was no significant difference in carbapenem-
resistant rates in A. bawmannii 1solated from sterile and non sterile clinical

specimens (P = 0,758).

All carbapenem-resistant A, bawmannii had carbapenemase activity.
Metallo-B-lactamases were not detected in any isolate. The strains with
carbapenemase activity were 100% resistant to imipenem whereas 99.3% were
resistant and: 0,7%- were intermedialely- resistant, to. meropenem. Screening for
carbapenemase genes by multiplex PCR revealed the preseiice of  blagxa.ziiie -
blapxa24ike + Blagxasiiike and blapxa.ssae and the absencecof blawp.ie and
blavipe. All 501 4. bhaumannii isolates carried the blagyasiyike gene. The isolates
carrying only blagxas) e were susceptible to carbapenems whereas the isolates
carrying blaoxa.siuke together with other blagxa.ne including blaoxaziike .
blapxaaa.ixe and blapxa.ss.e Were resistant to carbapenems. Imipenem MIC of
isolates carrying blagxa 4. together with other blagxa.iye showed a high level of

carbapenem MIC(128->256 mg/l.). The presence of blapxa.a3.i. were detected in
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the majority of carbapenem-resistant A. bawmannii isolates (93.2%), suggesting

that blagxa 231 plays a major role in carbapenem resistance.

Sequences of ten entire  blagxaziike . Plaoxazaiike, blaoxa-siixe and
blagxa.sgine were analyzed. The results revealed that blagxa.z, blagxa.s: and
blagxasz were identified in 100% of blagxa23ake « Mlacxa24ke and blaoxa.ssike
groups, respectively. The variations were found in blagya.si.ike group with 50% of
blagxasz . 20% of blagxa.es. 10% each for blagxaes, blagxasr and a novel
blagxa.si.ike - This novel enzyme was found in the isolate A0, which has not yet
been reported. Nucleotide and amino acid sequences of this novel enzyme showed
99% identity to blagxa.s; and OXA-51. This-study demonstrated high prevalence of
carbapenem resistance in 4. baumannii isolates and showed that blapxa.z3.1ke Was
the major carbapenemase gene associated with carbapenem resistance in our

A. baumannii-resistant isolates.
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REAGENTS AND INSTRUMENTS

A. REAGENTS

Absolute ethanol
Agarose

Bacto agar

Boric acid
Bromthymol blue
dNTPs

EDTA

Ethidium bromide
Glacial acetie acid

Miniral oil

(Merck, Germany)
(Biorad, USA)
(Difco, USA)
(Sigma, USA)
(Fluka, Germany)
(Promega, USA)
(Amresco, USA)
(Amresco, USA)
(Merck, Germany)
(Sigma, USA)

N,N,N,N-tetramethyl-p-phenylenediamine dihydrochloride (Sigma, U.S.A)

NaCl

NaHCO;
Na;HPO4*2H;0

Pfu DNA Polymerase
Taq DNA Polymerase
Tris

100 bp DNA ladder

100 bp plus DNA ladder

(Merck, Germany)
(Merck, Germany)
(Sigma, USA)
(Fermentas, USA)
(Fermentas, USA)
(Amresco, USA)
(Fermentas, USA)
(Fermentas, USA)
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B. INSTRUMENTS

ABI prism 310 automated sequencer (Perkin Elmer, USA)
Automatic pipette (Gilson, Lyon, France)
Camera Gel Doc™ MZL (BIO-RAD, USA)
Incubator (Forma Scientific, USA)

Perkin Elmer GeneAmp PCR symcm 9600 (Perkin Elmer. USA)

Mmmmtnﬁlge (Eppendorf, USA)
Spectrophotom (BIO-RAD, USA)
Water bath (Memmert, USA)
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APPENDIX B

MEDIA AND ANTIBIOTIC SOLUTION
PREPARATION

1. Sheep blood agar (Oxoid, England)

Suspend Tryptone Soya agar 40 grams in | litre of distilled water. Bring to
the boil to dissolve completely. Sterilize by autoclaving at 121°C for 15 minutes.
Hold the medium until ~50 °C , then add 5% sheep blood into the medium before

pour plate. Once the medium is prepared, store at 4°C.

2. MacConkey agar

Suspend 51.5 grams in -} litre of distilled water. Bring to the boil to
dissolve completely, Sterilize by autoclaving at 121°C for 15 minutes. Once the

medium is prepared, store at 4°C.
3. Muller-Hinton II agar (Difco, France)

Suspend 38 grams of the dehvdrated medium in 1,000 ml of distilled
water. Dissolve by heating with frequent agitation until complete dissolution.
Adjust final volume to 1,000 ml. Sterilize at 121°C (15 Ibs. sp) for 15 minutes.

Once the medium is‘prepared, store at 4°C.
4. Tryptic Soy Broth (Oxoid, England)
Suspend 30 grams in 1 litre of distilled water. Bring 1o the boil to dissolve

completely. Sterilize by autoclaving at 121°C for 15 minutes. Once the medium is

prepared, store at 4°C.
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5. LB broth (Pronadisa, Spain)

Suspend 20 grams of the dehydrated medium in 900 ml of distilled water.
Dissolve by heating with frequent agitation until complete dissolution. Adjust
final volume to 1,000 ml. Sterilize at 121°C (15 Ibs. sp) for 15 minutes. Once the

medium is prepared, store at 4°C.
6. Tryptone Soya agar (Oxoid, England)

Suspend 40 grams in | litre of distilled water. Bring to the boil to dissolve
completely. Sterilize by autoclaving at 121°C for 15 minutes. Once the medium is

prepared, store at 4°C.
7. Triple Sugar Iron agar (Oxoid, England)

Suspend 65 grams in | litre of distilled water. Bring to the boil to dissolve
completely. Mix well and distribute into containers. Sterilize by autoclaving at
121°C for 15 minutes. Allow to set as slopes with 2.5 cm butts. Once the medium

is prepared, store at 4°C.
8.  OF Basal Medium (Difco, France)

Suspend 9.4 grams ol the dehydrated medium in 900 ml of distilled water.
Dissolve by heating with frequent agitation until complete dissolution. Adjust
final volume to 1,000'ml. Add 1% carbehvdrate (Glucose), Sterilize at 121°C (15

Ibs. sp) for 15 minutes. Once the medium is prepared, storeat 4°C.
9, Decarboxylase Base Moeller (Difco, France)

Suspend 10.5 grams of the dehydrated medium in 1,000 ml of distilled
water. Dissolve by heating with frequent agitation until complete dissolution. Add
10 grams L-amino acid (Arginine) and dissolve. Sterilize at 121°C (15 Ibs. sp) for

15 minutes. Once the medium is prepared, store at 4°C.
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10.  Nitrate Broth (Difco, France)

Suspend 9 grams in | litre of distilled water. Bring to the boil to dissolve

completely. Sterilize by autoclaving at 121°C for 15 minutes. Once the medium is

prepared, store at 4°C.
1. Malonate broth (BBL, USA)

Suspend 9.8 grams in | litre of distilled water. Bring to the boil to dissolve
completely. Sterilize by autoclaving at 121°C for 15 minutes. Once the medium is

prepared, store at 4°C.

12. Urea Medium (BBL, USA)

Solution A: for 20 ml
Urea agar base (BBL) 29¢
Urea 4
Distilled water 20 ml

Dissolve in 20 m| of distilled water. Adjust to pH 6.2 Sterilize by filtration

(use a 0.22 pm filter).

Solution B: for 80 ml
Bacto agar (Difco) D.5g
Distilled water 80.ml

Add the ingredient to 80 ml of distilled water; heat with stirring until the
agar is dissolved. Sterilize by autoclaving at 121°C, 15 ':u(:-nr:ls‘..lfim‘:h2 pressure, for
I5 minutes. Mix solution A, 20 ml with solution B, 80 ml. Aliguot into sterile 1.5
microtube (1 mi/tube). Test the sterility of Urease medium by incubate tubes at

37°C for 24 hours. Store tubes in refrigerator at 4°C until used.

13." Sterile saline solution
Sodium Chloride 8.5¢/L
Distilled water 1L
Sterilze by autoclaving at 121°C, 15 pounds/inch® pressure, for minutes.

Store at room temperature.



122

14.  Antibiotic solution preparation

Imipenem, stock concentration 512 mg/L
- Prepare a stock solution; dissolve 0.1024 g in 10 ml distilled water

Meropenem, stock concentration 512 mg/L
- Prepare a stock solution, dissolve 0.0512 g in 10 ml distilled water.
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APPENDIX C

REAGENTS PREPARATION

1. 10x Tris-borate buffer (TBE)

Tris base 108 g/L.
Boric acid 55 g/L
0.5 M EDTA (pH 8.0) 40 ml

Adjust volume to | liter with distilled water. The solution was mixed and

sterilized by autoclaving at 121°C for 15 min.

2. 0.5 M EDTA (pH 8.0)
Disodium ethylene diamine tetra-acelate 2H-0 186.1 g/l
Distilled water 1L
Adjust pH to 8.0 and volume to | liter. Store at room temperature for no

longer than | year.

3. 10x TE buffer
Tris 12.11 g/
0.5 M EDTA 20 ml
Adjust to pH 8.0 by adding conc. HCl. Adjust volume to 1,000 ml and

sterilized by autoclaving at 121°C for 15 min.

4. 1 % Agarose gel
Agarose 04 g
Ix TBE 40 ml
Dissolve by heating in microwave oven and occasional mix unit no

granules of agarose are visible.

5. 5x Loading buffer 100 ml
Tris HCI 06g
EDTA 1.68 g
SDS 0.5¢
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Bromphenol Blue 0.1g
Sucrose 40 g
Adjust volume to 100 ml with distilled water. Mix the solution, aliquot

into 1.5 microtubes and store at 4°C.
Reagent for DNA Extraction

1.1 Protease K
Reconstituted of protease K (lyophilized) with 1.25 ml protease solvent,

stored at —20°C
1.2 Buffer AL (Ready to used)

1.3 Buffer AWI
Buffer AW is supplied as a concentrate. Before using for the first

time, add the 25 m! of ethanal (96-100%) to buffer AW concentrate as

indicated on the bottle.

1.4 Buffer AW2
Buffer AW2 is supplied as a concentrate. Before using for the first
time, add the 30 ml of ethanol (96-100%) to buffer AW2 concentrate as

indicated on the bottle.

1.5 Buffer AE (Ready 1o used)

Reagent for PCR product purification

Buffer PB (Ready to used)

Buffer PE

Buffer PE is supplied as a concentrate. Before using for the first
time, add the 55 ml of ethanol (96-100%) to buffer PE concentrate as

indicated on the bottle.
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Results of carbapenem susceptibility, carbapenemase activity and the

presence of carbapenemase genes of 501 A. baumannii isolates.

Mo Strains MICs (mg/L) Carbapencmase “Presence of carbapenemase genes
=, activity
IMP | MER | M-Hodge | EDT, blaosss. | Bldoxas | Blooxas. | Blwoxas | Blowar. blavise
test disk e e e ™ e e
synergy
A baumannii -5
| atccissos | 2 3 . : - . * - ‘ -
2 £ eol ND " ND ND ND ND ND ND ND
ATCC 25922 0.25 i]
Ps. ’
i aeruginosa ND ND ND ND ND ND ND WD
ATCC 278353 2 0.5 |
5. anrens ; I
4 ATCC 29213 0.06 -u.j':"‘ KD ND ND ND ND ND ND ND
B Bl R ND ND ND No | No | ND | ND | ND
6 P 6| o4 + + E : - - : ¥
7 ABDIS 05 0 =4 - - - + - 2 E
B AB D44 256 + - + - + = a =
9 AB 055 64 |06 + e ¥ z - = = -
10 AB 060 2 T iV B SEE 4 L% 2 + 3 = x
11 AB 061 128 | + = + z - -
12 AB 063 128 g 7 4 7 + 5 ¥ = -
13 AB 065 >156 256 8 - — + + - - x
14 AB 066 =256 >256 J s #or b b4 M4 + + = - _
13 AB 067 128 32 > —— : n 3 3
16 AB 071 2 2 - ¥ ) = - + - - =
17 ABO72 128 32 T I e F ¥ T 3 -
18 ABO75 1280 ] 16 - 2 + E ¥ = =
12 AB 076 [ X 1 - - - - - = _
20 AB 084 > W o B = ¥ X | + % = :
21 AB 091 05 | 012 - . : = . - -
22 AB 092 128 12 + - + - + = =
23 AB 093 128 | 64 + - + ¥- + i B =
24 AB 094 128 64 + + - + . -
23 AB 096 64 [P - + R + % 2 =
26 AB 098 k] [XF} - - - + - - ,
27 AB 099 s ns - - e - * - = =
2% AB 102 o |64 ¥ - i L ¥ 2 :
29 AB 103 128 64 + - + - + . . =
30 AB 104 4 2 + : = ‘ = = = =
31 AB105 [T} i * - i = o+ = =
32 +AB 106 28 [ # - + n g 5 =
EE] AB 107 56 (1] & + - - F . ™
34 AB 108 256 I + - n - -
35 AR 109 64 [ “ - 4 - v = E -
36 AB 111 0.5 0.25 - B + = z ¥
37 AB 113 2 2 - - . + - = =
38 AB 114 32 16 + B + + * a 5
39 AB IS 128 64 + + -4 + = 7
40 AB 116 1 0.5 = - - + & X
41 A 001 16 16 + 4 : : F
42 A D02 64 16 + - . + - - E
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Results of carbapenem susceptibility, carbapenemase activity and the
presence of carbapenemase genes of A. baumannii. (cont.)

No Sirains MICs (mg/L) E.lrhpuumue Presence of carbapenemase genes
activity
IMP | MER | M-Hodge EDTA | bltoxass | Bltoxass | Sffoxas. | Booxas | bldoe. biavie. |
lest disk e ™ ™ ke '™ ™
Eynergy
test

43 A 003 0.5 0.25 - - - - + a % =
44 A 004 64 16 + - B - + - B =
45 A 005 64 16 + - + - + = % =
46 A 006 64 16 + * . . 4 = = S
47 A 007 2 2 - - - . + - = P
48 A D08 256 64 + - + - + 3 g 3
49 A D10 G 16 +* - + - * - -
50 AOl1 128 32 . - + . - = -
51 ADI2 128 2 * + 2 + - = =
52 AD13 128 64 + - + - + = = =
53 ADN4 &4 12 + - + - + E - =
54 A D15 64 12 + - + + = = =
55 ADI6 64 16 + - e - + - = -
56 ADI7 32 it - g - + - - - + .
57 ADIE 64 16 + - + = + = X =
58 A D19 16 16 3 - + - + = -
9 A 021 &4 I6 ¥ - + . - . =
&0 A 122 32 16 * y = + - + - -
[ A 023 128 e -il_ E + + + - - =
62 A 024 64| 16 + - ¥ . + - p -
63 A 025 05 02 - - - - + - & ]
64 A 026 £ (] + e * - + = = =
65 A 027 128 5 6440 + =3 + = ¥ E > E
[0 A 028 2 ‘ﬁ"_ T - 3 E T a = =
67 A 030 128 F ‘ + '3 + = + . . =
68 A 031 128 640 + du + - + . i =
] A 032 [] 31 iy i * - * = v -
0 A 033 128 + - - - + + . =
71 A 034 &4 32 + =/ + - + i z .
12 A 035 [ 0258 = = . - + . . .
73 A 036 I 0.5 - - - - + o
74 A 037 0.5 0.25 — s - + =
75 A 038 128 64 -+ - + - + - a >
76 A D40 64 16 = - oL - - . £ 3
77 A 041 | i 0.5 - = - 1-". + = ~ e
78 A D42 R = - — — = — = - + 5 = 3
79 A 043 32 16 + - + - | + - ‘ 2
20 A D44 64 32 * - + - + - _ =
81 A M5 32 16 + - + - + =
82 A (M6 128 28 32 + - ‘ 7R - - +
83 A 047 64 16 + . * - - 5
L2l A 48 32 16 + - + E + - = =
[H A 049 4 1 - - = - + - - -
86 A 051 b4 [ - - + i + = a =
87 A D52 64 3 + - + 5 + - = =
B8 A 053 0.5 0.5 - - . 5 + % =
B9 A 054 256 4 - - +. - - - = Z
90 A D55 256 156 + - - + + B E 7,
91 A 056 " 025 - - - . - 3 -
52 A 057 128 16 + - [ = * : = 2
93 A 058 | 025 - - . + 2 & 5
94 A D59 iz 16 B = + 5 > = = =
95 A D60 2 2 - - - - + % = -
k] A D64 64 16 + - + = + 2
a7 A D65 i 16 + - + - - + = i
98 A Dob 16 1] * - + - B i F 3
99 A D67 32 16 + - + - + - I
100 A D68 05 2 - - - = * * = :;
101 A D70 128 64 * - + * Y + - T
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Results of carbapenem susceptibility, carbapenemase activity and the
presence of carbapenemase genes of A. baumannii. (cont.)

Mo Strains MICs {uf-l.._:l Carbapenemase Presence of carbapenemase genes
e sctivity
IMP MER M-Hodge EDTA Baoxaz | Blooxan. | Blioxan Magxus | Sldpe.
test disk ke like - ™" ks
symergy
(=11

102 A D71 ] ] - . - " + = =
103 A D72 32 16 + - + - + = =
104 Aﬂ_’?ﬁ 64 32 + - + - + . =
105 A 075 64 32 + - + - - - 5
106 ADT7 32 16 + . + $ - z =
107 A 078 05 0.5 - . - - + - =
108 A D79 32 32 + 5 + = - o -
109 A DBD 0.5 0.5 - - - c + = g
110 A DE2 0.5 0.5 - - # - + x z
111 A 083 256 b + . + - + - =
12 A 084 256 | 128 - J . + + ¥ .
113 A 085 0.5 0.25 - - i - + - 3
114 A D86 ] 0.25 — - - + = “
115 A DE7 [ 16 + . + £ + - 7
116 A D38 128 [ + - +, . + = E
17 A 089 64 32 + % + . + = =
118 A 090 32 '3 + - + - + .
119 A D91 128 g: + e + - + - =
120 A 092 128 | o - 3 i : + > i
121 A D93 128 4 16 + - + x + - -
122 A D94 128 M | 4 . + + + -
123 A 095 128 32 4 + g - + - + = &
124 A 096 0.5 4| 025 2 =- 3 + 7
125 A 098 128 | + i - + = + g i
126 A 100 ] 20258 - V= - - + =
127 A 101 128 4% 168 + ‘e + - +
128 A 104 256 ey A - : * = e
129 A 106 >256 } - 7 3 - v S =
130 A 107 128 32 g =T ' - . B %
131 A 108 156 64 e - +* . + » =
132 A 109 128 64 gt [ - . + + "
133 A 11D 256 128 + T + + + + -
134 Alll B4 16 + - + - + ~ "
135 All2 4 & i x = + > - & a
136 All3 128) | 64 * = = [ > T 2
137 ATl4 T T e i e e e ¥ 3 -
138 All5 & 16 + = B i + .
139 AllG 128 = "33 + - + - ¥ .
140 AllR 0.5 025 - - - - + . -
141 All9 6] 16 + % + i ¥ :
142 A 120 [] 16 + - + - + . =
143 A 121 [] 16 + . + - + M a
144 A 122 32 16 % £ * z + z :
145 A 123 32 16 ¥ 5 ¥ : " F :
146 AN 6 16 - L = + 5 .
147 A 125 64 16 + + - - - &
148 A 126 64 16 + = * W - =
149 | 7 AT P2 b 02 = 3 = - = =
150 A 128 fd [ + B * ] + = ¥
151 ‘A 129 128 32 * - + + + - -
152 A 130 64 & + - + a + “ ¥
153 LRE] 128 ] “ - + - + -
154 A 133 128 32 + - + + = 3
155 Al 128 32 + + + = =
156 A 135 4 12 + B + o + = =
157 A 136 256 64 + . + + . %
|58 A 137 256 64 + - . + + + =
159 A 139 128 32 . - + . - - =
160 A 140 32 I6 . B = + : :
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Results of carbapenem susceptibility, carbapenemase activity and the
presence of carbapenemase genes of A. baumannii. (cont.)

No Strains MICs (mg/L) Carbapencmase Presence of carbapenemase genes
activity
IMP | MER | M-Hodge | EDTA | bifioxaws | Boxass | Blooxas. | Moxam. | Bl
test disk (. . - . .
SYRCTRY
lest

161 A 141 >156 256 - . + - + - z
162 A 142 64 1] + - + - - - =
163 A 44 256 64 + - . + + + -
164 A 145 64 16 + + - + = =
165 A 146 >256 128 + - - + + = a
166 A 147 32 32 + + . + - ;
167 A 148 128 64 + - + - + = 2
168 A 149 128 a2 + - * - + - E
165 A 150 256 &4 + - + + + + -
170 A 151 32 16 + - + = + = E
171 A |52 128 32 + - + - + E =
172 A 153 [ 05 - = - z T =
173 A 155 128 22 + J - + - + -
174 A 156 64 [T + - + = - = -
175 A |57 128 [ i - + = - = _
176 A |58 654 32 + - + - + - =
177 A 159 0.5 025 - - N - + 7 "
178 A 160 128 3 + L~ + - + = -
179 A 161 32 a% + - + " + = %
180 A 162 16 32 + - + G % : z
181 A 163 32 32 + - + E + - =
182 A 164 128 i 4 + = + % s = =
183 A 165 128 64 + - - + + =
184 A 166 2 i - - - - * z -
185 A 167 2% |y + i ‘ + T x T
186 A 169 [ 16 8 + i + - + - =
187 A 17D 128 20 + - + & + 2 5
188 ATl 32 13 + - + - + =
189 A 72 32 16 + - N . + -
190 A 176 025 D25 £ . - B + =
191 ALTT 256 128 ot - s + - =
192 A 178 2 1 ST - - - + = ]
193 AlT9 128 32 o E SRS . + & ¥
194 A 180 128 | 128 + - - ¥ ¥ -
155 A 81 641 16 + = ¥ =] + i
196 A 183 [T o T St e TS e el T 3 »
197 A 184 2] - z g R r E =
198 A 185 64 32 + - + - + 5
199 A 186 128 32 + = -+ E + -
200 A 187 128 16 . = + : + 3 z
201 A 1BB ] 32 * - + - + + =
202 A 189 G 32 + - * = + E =
203 A 190 o4 16 + - * e + = -
204 A 191 G4 2 + = + E + = =
205 A 194 128 32 + e + . - . =
206 A 196 128 32 + - + - + > -
207 A 198 128 [} + - - + + + B
208 A 199 64 32 - N + . + - =
209 “A 200 ] 32 r 3 r 1 * 3 -
210 A 201 el ¥ - % ¥ : + = =
211 A202 ] 32 - - + + - =
212 A 203 16 16 - F + A + A
213 A 204 32 16 + * + ¥ + =
214 A 205 64 32 + " - - +
215 A 206 32 16 + - + * + u .
216 A 207 32 ] . - . - + H :
217 A 208 32 16 + . + 2 T
218 A 209 32 16 + + - +
219 A 210 (2] 16 + = + = + ¥
220 A 211 32 16 . = + e + B =
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Results of carbapenem susceptibility, carbapenemase activity and the
presence of carbapenemase genes of A. baumannii. (cont.)

No Strains MICs (mg/L) Carbapenemase Presence of carbapenemase genes
activ
IMP | MER | M-Hodge | EDTA | Maoxan | Dloxas | Bloxas. | Bloxas | g,
test disk . - e [ ke
SYnergy
test
221 A 212 128 32 + = - = 0 3 =
2 A 213 &4 16 + . ¥ = ¥ = -
223 A 214 64 16 + - + - + i =
| 224 A 2135 32 -] + - - - + = -
235 A 216 64 [ + . + 5 * = 2
226 AZl7 64 32 + : + : + s :
227 A 218 &4 32 + - + - + - -
228 A 219 16 16 * - + ! + - -
229 A 220 32 16 + s o+ 2 + = -
[ 230 A2l 32 16 + z + : 3 . -
23 Al 64 16 s . - . - . -
232 A 223 2 1 - ) - - - = =
233 A 226 128 32 + . + - + - 5
234 A 228 32 16 " - + - + = =
(235 A 229 64 %} w_- 4 + : + . 2
236 A 230 32 15 - - + - - - -
137 A 231 32 _+ﬁ_ 5 = v % n :
238 A 232 32 " il + g - + - + = =
m A _m 2 éﬂ‘ i - 1 = - - + - -
240 A 234 128 F i L =2 + = + = P
24 A 235 32 W68 B — + = + = =
242 A 236 128 f Sy - n 3 + ¥ -
243 A 237 T | 2 E > 3 : ¥ : :
244 A 238 256 (e d| F + . & . v + + :
245 A 240 32 16 o+ =i + H + E I
246 A 24 &4 g EN = T : T F 2
247 A 242 256 +9 r ¥ ¥ Y * x
248 A 243 64 16 £ — + - + * .
249 A 244 &4 16 A raacaldy - + - E]
230 A 245 32 16 S = = + & =
251 A 246 32 16 - = . . + 2 2
252 A 247 128 3] s e — > ¥ = =
253 A 249 256, 4 + - + = + - *
254 A 250 1280 32 + - + ==, - - -
255 A 251 16 | 32 - z ¥ e - :
256 A 252 0841 4 = = = o ry - -
257 A 253 128 717 32 + - + i - - = =
258 A 257 64 | 32 4 . + F > : 5
239 A 258 128 32 + - + - + - =
260 A 259 64 16 + % + s + - =
261 A 260 o4 16 v = . TR = -
| 262 A 262 64 16 + + E + v =
263 A 263 2] 32 i+ - + - + T 3
264 A 265 256 [} . = + + + . =
265 A 266 32 16 + - + - + + 2
266 A 267 2 1 < z : 2 3 T =
267 AN i I % X + c » ] =
268 A Al [ + - + < +
269 A 270 128 32 + S - 3 + =
270 A 271 256 64 + - + + - L
271 AZT2 32 16 + - - - + = =
272 A 2T4 64 16 + + - + - -
73 A 275 64 16 + + + 5 5
274 A 277 64 32 - = - ke + = -
275 A 278 64 16 + - + % - z
276 A 280 64 16 . . “ = + - A
277 A 281 05 0.5 - - - - . = =
278 A 285 128 32 + - - = + = =
19 A 286 &4 16 + * + : + =
260 A 288 128 [ * : _ - T T :




130

Results of carbapenem susceptibility, carbapenemase activity and the
presence of carbapenemase genes of A. baumannii. (cont.)

Mo Strains MICs (mg/L) Carbapenemase Presence of carbapenemase genes
= Bctivity
IMP | MER | M-Hodge EDTA | Magxsn. | Blooxass | Meoxss. | Mogas | Slawe.
test disk ik . - ik .
SYnergy
I test

281 A 289 128 32 + - + - + + -
282 A 290 1 ] = w - = + 3 =
283 A 291 128 32 + - + - + + =
284 A9 64 3 + S ¥ : + s -
285 A 293 ] 1 - * - - [ - =
286 A 296 4 16 + . + - - = %
287 A 297 0.5 0.5 - - - - - & =
288 A 298 128 32 + - + = - - -
289 A 300 128 32 + = + - + - -
290 A 302 &4 16 + F. + E * = =
291 A3 128 64 + F = - + + X
292 A 305 32 32 + - o+ - + E =
293 A 307 2 16 + 5 - - + - .
254 A 308 05 | 0325 - . : + : =
285 A 309 0.5 0.5 - 3 - = T = -
296 A 310 3z [ + 5 + s + . =
297 A3l 2% | o4 ¥ A + = ¥ 2 T
298 A 312 64 32 4 + i - + - + - v
% | A3ia 025 | odv L & § - . - 5 z :
300 AJlS 64 ¥ #* . + " + - I
301 A6 [ ;% - 4 “+ . + . =
302 A3LT &1 | i 3 + . + g =
303 A3I8 3 T - i . " + S
304 A 320 64 :g 4+ v + - + = .
305 A 321 64 E + T + = + - .
306 A 322 128 932 + N + = + - -
307 A 323 256 | 64 & 15 0 T T =
308 A3 64 . - + + E B
309 A 325 128 | 32 - M - + - -
310 A3 (7] 16 o ) - + = 7
311 A 328 &4 16 A% s IR - + i =
312 A 32 64 32 + — + - + = =
313 A 332 32 16 T P T ¥ - =
314 A3 64 32 af =k Sl 0 2 + = =
315 | A33s 128 || 32 5 : 0 y A 3 . -
36 A 337 L I . — I — — | + 3 C
317 A 338 [ 05 - - - o | + z

38 A 339 1287 L 32 + - + — g - - =
319 A M| 0.5 2 - - v - + F =
320 A M2 128 32 + - + i - 5 =
321 A 343 128 32 + - + , + + -
] A 345 32 16 + = + = * = =
i A 346 64 16 #* o + & . - &
324 A 347 ls%g 32 3 : n [ ¥ 3 -
325 A 348 16 + - + - + = =
376 A 350 I 035 z : : = " & -
327 A 35 128 32 + . + - + = =
28 A 352 a | g + 7 * 5 + = F
329 A 354 28 + 4 . = * = &
330 A 356 23 32 + - + = + =

331 A 357 1 0.25 - - - R . B i
332 A 358 I 0.12 - . - - . = =
333 A 360 64 3z + - + - - i
334 A 362 64 16 + - + - - = ¥
135 A 34 ] 2 . s . . + = =
336 A 365 64 B4 + + & + = =
337 A 368 32 32 + - + - + = 7]
338 A 369 128 32 + - + - + I =
339 A 10 128 32 + - & 2 + E
340 A 3T 128 32 . * + & + = -
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Results of carbapenem susceptibility, carbapenemase activity and the
presence of carbapenemase genes of A. baumannii. (cont.)

No Strains MICs (mg/L) Carbapencmase Presence of carbapencmase genes
[raat & et activity
IMP MER | M-Hodge EDTA blaoxan. | Booxay | Wooxasn. | Nooxas | Mope.
lest disk ™ ke [ ik ke
SYRErgY
= lest
341 A 372 &4 16 + - + - + - -
342 A 373 [ b4 + - + - + - -
343 A T4 32 16 . - + = * z =
344 A 375 128 64 + . + - + - =
345 A 377 256 128 + - - + + + =
346 A 378 256 64 + - + - + = -
347 A 380 2 4 - - - - + B ~
348 A 381 32 32 + i - + < + E =
349 A 382 256 64 + & 4 - + + + -
350 A 3B3 128 B4 + Frv + 5 + z =
| 351 A 384 256 32 + F i . + + + -
352 A 385 1 0.5 - - P - + - »
353 A 386 256 37 & 8 il z + 5 5
3 A 387 &4 7 il - . ¥ z ¥ I :
355 | A388 256 | 32~ + : + 5 3 . s
356 A 389 256 64 4 - + + + -
357 A 390 128 |82 ] + | h- + - + . =
358 A 392 0.5 ! - 1 = . - - = =
359 A m 256 i " +* -,5 - o - + - -
360 | A3 128 ] 3% AV T 3 < : 3 : .
361 A 397 256 & + o + 5 + - =
362 A 308 2 fé‘n_w '3 - . . + - -
353 A3 12880 3 * y- - - + . =
364 A 400 05 : - . . : : : :
365 A 401 256 |J64 | + v g - . v x
Ib6 A 402 256 [ gy o+ T bt + - + +
16T A 403 128 * e + . + J 3
368 A 44 64 r + . + - + - 7
369 A 405 4 § = hd - = - =
370 A 408 32 16 s - W & . - i
(371 A 409 32 T S g 4 = + : z
372 A 410 128 32 = + - + » -
373 Adl2 256 64 s . + - + ] 2
| 374 A 4135 128 32 +- + - + a F
378 AdlG 64| 32 ¥ =) + y " + R
176 A 419 05~ 045}~ ——— o + -
177 A 420 128.] 12 ¥ z ¥ J n
378 A 421 32 4 16 + - + - + =
i A 422 1 i 0.3 - - - - + - -
380 | A4D 3% | 64 + : L E ;: - -
381 A 424 B4 16 + = + = + . .
382 A 425 256 128 + - - + . + -
383 A 426 256 1) 1128 + z 5 e T s -
384 A 427 3% " 164 + - - | +] . + -
385 A 428 [X] ¥ 2 * E + z :
i& A 429 256 (5] + » = + + + =
387 A 430 0.5 025 - - - - +. -
388 | AL 256 64 + % . - + = z
389 | 0 A4 =356 32, + . 5 B = :
390 A 433 256 (Y] + s + = * R
391 A AM 128 16 - B + . + -
392 A 435 256 64 + - - + - + 3 :
393 A 436 256 [ - - - - + 2 3 1
ELT] A 437 128 [ + w = + - - =
395 A 438 [ ] 16 . - + - - 2
396 A 439 256 128 + + + » 3
97 A 440 32 16 + - - + . :
398 A 44l &4 2 + = + + 7 A
399 A 442 4 16 + - - - + -
400 A dd3 b4 16 + - + a + =
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Results of carbapenem susceptibility, carbapenemase activity and the
presence of carbapenemase genes of A. baumannii. (cont.)

No Strains MICs (mg/L) Carbapenemase Presence of carbapenemase genes
uetivity
IMP | MER | M-Hodge EDTA | Baoxan | Slaoxass | Booxas. | Wooxes | Blfpe Blavim.
test disk . ™ [ ke ke -
SYDETgY
(=11

401 A 444 128 L] + - + - + a : >
402 A 446 256 128 + - + + - + - .
403 A 440 32 16 + - + = + - & =
404 A 450 64 32 + - + - + = -
-I-CIS ﬂ HJ H 15 + & 4 - - = = =
406 A 455 32 16 + - + - + = = =
407 A 456 32 16 + - - - + = - =
408 A 458 128 16 + - + = + = =
409 A 459 128 16 + E + . + » -
410 A 460 &4 (2] + F o+ - + I =
411 A 461 [7] 16 + : H = * = - =
412 A 462 64 16 + - + = + = = =
413 A 465 128 64 + - - % = + - =
414 A 466 128 16 + - * - + = z -
415 A 457 128 16 + - + - + - z =
416 A 468 64 32 + L + > + = = ~
417 A 465 128|064 + T * z ¥ > F _
418 AA4T0 2% | 1 + i- + + + + 3 ;
419 A 4Tl 256 &l + - + + + + - -
420 Ad2_ | e gl T+ = I =+ B + . =
421 A 473 1 g - - - - - = = T
422 A 474 0.5 25 g - il W % + 5 -
423 A 475 2 4" B + - + 2 + s % !
424 Ad79 ) 18 5 ~ + E ¥ = . =
425 A 480 0.5 05 E &1 b G + 5 = T
426 A 481 64 32 5 =TE + + = - -
427 A 482 64 325 + - + > + 5 = -
428 A 483 05 | 08 = ¥ . : ¥ 2 s
420 A 486 64 32 g — + E + # =
430 A 487 &4 16 + - g = . e 5 z
431 A 488 05 I - —— - + . %
432 A 489 32 16 + = + - + 1 y
433 A 493 ] 012 & T - I + " =
434 A 494 0.5 0.5 - - - i - 5 = =
435 A 495 | 32 ¥ . + =, + : - =
436 A 496 058 et = - - il + - ‘ =
437 A 497 3272 12 + 2 + e F 5 = =
438 A 498 32 [[THe - - + - + 5 = _
439 A 499 64 16 . - + - + =, = =
440 A 500 >256 64 + - + - + 2
441 A 302 I 025 - - - - + - >
442 A 503 64 ] - + - ¥ s = R
443 A 504 05 D25 - . = + E i 2
444 A 505 050|023 ] ! [ 3 ¥ - x =
445 A 506 [ 32 . = + B + 3 = &
446 A 507 [T] 32 - . + - - - = FEg
447 A 03 1 - - - - + =
448 AS 126, 3z * 3 - i * - - E
449 A Sl [ 16 + E + i + 3 3
450 AS12 128 4 + . + + z ; =
45] AS13 B4 32 + - + = + X = _
452 ASl4 0.5 D25 - - - & 3 T =
453 A SIS 128 64 + - + - + = = =
454 ASle 256 64 + - + + - = -
435 A 517 128 32 + - + - + X 3
456 ASIR 256 32 + - + - + 2
457 A 519 >256 [ . - + + . r o
458 A 5_22 128 16 + = + a + a = AR
459 A 523 128 32 “ - + s + 3 = =
460 A 324 128 32 " + + = = =
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Results of carbapenem susceptibility, carbapenemase activity and the
presence of carbapenemase genes of A. baumannii. (cont.)

No Strains MICs (L) Carbapenemase Presence of carbapenemase genes
= nctlvity
IMP | MER | M-Hodge EDTA Magxas | Mooxas. | Mooxas. | Maoxas | Bl
test disk ™ ke ks [ ks
Synergy
test

461 A 526 128 32 + - N 2 +* T iy
462 A 527 128 32 + - + - * = =
463 A 528 128 16 + = - - + = =
a6t A 529 2% | 32 - = - - ¥ . e
465 A 530 128 2 + - - - + . -
466 A 531 128 32 - = + = + g =
467 A 532 128 32 * . + - + = -
468 A 535 128 32 + - 4 - + = 5
469 A 536 4 0.5 = - - . + - =
470 A 537 >256 124 + - + * - = -
471 A 538 128 [ + FFgF = + = 3
4712 A 539 256 329 + £ Lt - - . m
473 A 540 1 0S5 = P o - + = =
474 A M| 256 32 - LA o+ . + - .
475 A 542 64 & - - * - + - =
476 A 541 128 2 * - + . + - ,
477 A 544 128 | 32 ¥ X ¥ : ¥ = =
478 A 546 ] = %ﬁ-_’ i 1 = - - + - -
479 A 548 256 i + 3 "3 s - + = =
480 | A 549 T 0l 2 24 - ; 3 T 3 -
481 A 551 F allV & F LT - 2 ¥ : =
482 A 354 156 Lired 4 + - +* - + =

183 | AsST il @ i is = 2 - > 2 -
484 A 558 2 £ N Fr \ -4 - - + - E
485 A 559 *>256 |12 0 B ¥ ¥ + + + - 7
486 A 560 128 4" 1@ f + i, + - + = .
487 A 562 256 g ETT : e z ¥ c =
488 A 563 256 | & 1 + - + 5 -
"!-g ﬂ SH 4 i E v = - . = -
490 A 565 [ W 3 3 + = 5
491 A 566 64 16 e + % + g EE
492 A 567 256 iz ] —f— + = - = =
493 A 568 256 32 o e d - - + a
494 A 569 256 32 gk L - + - + & =
495 A 5T0 126, I~ 32 + & + 2 ¥ i =
496 A7) p O — E F— ¥ = P
97 | AsD %j 16 + = ¥ X ] 3 = :
498 A 574 256 | 64 + = + - + . 7
495 A 575 128 32 ¥ = T = 5 = =
500 A 576 256 12 + + g - . = .
501 A 577 64 32 + - - i + = i

+ = positive",” -"= negative

' “P4i= Pseudomonas aeruginosa (lab'strain) thatcarried blaviiie




NUCLEOTIDE SEQUENCES ALIG

OXA-23 GROUP

1.

OXA-23
AGB
BT
ATZ

vl 1
AT4
Al50
R4T2
Adde
R433
A518
Consensus

OXA=-23
11
ne7
AT2

AZB6

T4

AlS0
R4T72
Adds
A433
R51%9
Consensus

ATGARATAAAT
ATGAATARAT
ATGAATAMAT
ATGANTAMAT
ATGAATARAT
ATGAATARAT
ATGAATARAT
ATGAATAARART
ATGAATAAAT
ATGAATARAT
ATGAATAAAT
ATGAATAAAT
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CATCAATACT
CATCAATACT
CATCRATACT
CATCAATACT
CATCAATACT
CATCAATACT
CATCAATACT
CATCAATACT
CATCAATACT
CATCAATACT
CATCRATACT
CATCAATACT

ATTTTRETTG
ATTTTACTIG
ATTTTACTTG
ATTTTACTTG
ATTTTACTTG
ATTTTACTTG
ATTTTACTTG
ATTTTACTTG
ATTTTACTTG
ATTTTACTTG
ATTTTACTTG
ATTTTACTTG

TTGATGARAR
TTGATGAAAR
TTGATGAAAR
TTGATGARAR
TTGATGARAR
TTGATGAAMA
TTGATGAARM
TTGATGARAR
TTGATGAAAA
TTGATGARAA
TTGATGARAN
TTGATGARRR

CTATGTGGTT GCTTICICTIT RACCCCGAGT
CTATGTIGETT GCTITCTICTIT B ATARATGA AACCCCGAGT
CTATGTGGTT GCTTCTCTTT 1 TAATARATGA AACCCCGAGT
CTATGTGGTT GCTICTCTIT TAATAAATGA AACCCCOGAGT
CTATGTGGTT GCTTCTCTIT T TAATARATGA AACCCCGAGT
CTATGTGGTT GCTTCTCTIT TIC TAATARATOR AACCCCGAGT
CTATGTGGTT GCTTCICTIT TTCTICTGE £ TAATAAATGA ARACCCCGAGT
CTATGTGGTT GCTTCTCTTT TTCTTTCT ACCATAATT TAATARATGA ARCCCCGAGT
CTATGTGGTT GCTTCTCTTT TICTTT . ATARTT TAATRAATGA AACCCUGAGT
CTATGTGGTT GCTTCTCTET TT I TG GGTT C GCAT TRATARATGA AACCCCGAGT
CTATGTGGTT GCTTCTCTIEN T TGA AACCCCGAGT
CTATGTGGTT GCTTCTCNETS TGA ARCCCCGAGT
i{ET:__
ARACACCTCA GGTGTGCTGG AT CHA ; AR KTTAI ATGETAATGE TCTAAGCCGE
AAACACCTCA GOTGTGLTGGITATTCAAAL AGATARAAAA ATTRATCTAT A AATGC TCTAAGCCGC
ARACACCTCA GGTGTGCTGG ;TATTCAMC AGATAAARAR ATTAATCTAT ATGGTAATGC TCTAAGCCGC
AAACACCTCA GGTGTGCTGS THAGRRAAAC AGATAAAAANLETTAATCTAT ATGGTAATGC TCTAAGCCGC
AMACACCTCA TCTAAGCOGC
Mk o %ﬁ&ﬂm BEREDFRET: P romaceee
ARACACCTCA AT GC TCTARGCCGC
RAARCACCTCA G TGG TTATTCARAC AG&TAAAAhA hTTAATCThT ATGGTRATGE TCTAAGCCGS
ARARCACCTCA GbTGTﬁETEG TTATTCARAC AGETAARRAAA ATT TnT ATGGTAAT RAGLCGE

ms:*&%ﬁtﬁmm&

T GFCCGT
T GCCGC
T GLCGE

CAGATTGTTC
CAGATTGTTC
CAGATTGTTC
CAGATTGTTC
CAGATTGTTC
CAGATTGTTC
CAGATTGTTC
CAGATTGTTC
CAGATTGTTC
CAGATTGTIC
CAGATTGTTC
CAGATTGTTC

GCAAATACAG
GCAAATACAG
GCAAATACAG
GCAMRATACAG
GCRARTACRG
GCAAATACAG
GCAAATACAG
GCARATACAG
GCAAATACAG
GCARATACAG
GCRAATACAG
GCRAAATACAG

ARGGRCATAR
AAGGACATAA
ARGGACATRA
ARGGRCATAA
AAGGRCATARA
AAGGACATAA
RAGGACATAR
ARGGACATAR
ARGGACATAR
ARGGACATAR
ARGGACATAA
BAGGACATRARM

AATATGTGCC
AATATGTGOC
AATATGTGCC
AATATGTGCC
ARTATGTGCC
AATATGTGCC
RATATGTGEC
AATATGTGCC
AATATGTGCC
AATATGTGCC
AATATGTGCE
RATATGTGCC
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120
TCAGGTGATT
TCAGGTGATT
TCAGGTGATT
TCAGGTGATT
TCAGGTGATT
TCAGGTGATT
TCAGGTGATT
TCAGGTGATT
TCAGGTGATT
TCAGGTGATT
TCAGGTGATT
TCAGGTGATT

240
AGCCTCTACA
AGCCTCTACA
AGCCTCTACA
AGCCTCTACA
AGCCTCTACA
AGCCTCTACA
AGCCTCTACA
AGCCTCTACA
AGCCTCTACA
AGCCTCTACA
AGCCTCTACA
AGCCTCTACA

vEl



OXA-23
AEE
g7
ATZ

R266

AT4

Al50
AaTZ

Adde
Ad33
AS19
Consensus

OXA-23
ABE
RET
A72

Alee

AT4

Al50
ART2
hdde
A433
A519
Consensus

OXa-23
ABG
ABT
AT2

A266

AT4

AlS50

A472
Adde

Ad433

A519
Consensus

241

TTTARAATGT
TTTARAATGT
TITARAATGT
TTTARAATGT
TTTARAATGT
TTTARARATGT
TTITARAATGT
TTITARAATGT
TTTAAAATGT
TITAARATGT
TTTARRATGT
TITAARATGT

361

GARAGCCATGA
GAAGCCATGA
GAAGTCATGA
GRARGCCATGA
GAAGCCATGA
GRAGCCATGA
GARGCCATGA
GARGCCATGA
GAAGCCATGA
GAAGLCCATGA
GARGCCATGA
GRAGCCATGA

481

GTTGATAATT
GTTGATARATT
GTTGATAATT
GTTGATARATT
GTTGATAATT
GTTGATAATT
GTTGATAATT
GTTGATAATT
GTTGATAATT
GTTGATAATT
GTTGATAATT
GTTGATAATT

TGAATGCCCT
TGAARTGCCCT
TGAATGCCCT
TGAATGCCCT
TGAATGCCTT
TGARATGECCT
TGRATGCCCT
TGAATGCCCT
TGAATGCLCT
TGAATGCCCT
TGAATGCCCT
TGAATGCCCT

AGCTTTCTGC
AGCTTTCTGE
AGCTTTCTGE
AGCTTTCTGE
AGCTTTCTGE
AGCTTTCTGE
AGCTTTCTGE
AGCTTTCTGC
AGCTITCTGS
AGCTTTCTGC
AGCTTTCIGE
AGCTTTCTGC

TETGGTTGET
TCTGGTTEET
TETGGTTGET
TCTGGTTGGT
TCTGGTTGGT
TCTGGTTGGT
TCTGGTTGGT
TCTGGTTGST
TCTGGTTGLT
TCTGGTTLLT
TCTGGTTGGT
TCTGGTTGGT

GATCGGATTG
GATCGGATTG
GATCGGATTG
GATCGGATTG
GATCGGATTG
GATCGGATTG
GATCGGATTG
GATCGGATTG
GATCGGATTG
GATCGGATTG
GATCGGATTG
GATCGGATTG

AGTCCCAGTC
AGTCCCAGTC
AGTCCCAGTC
AGTCCCAGTD
AGTCCCAGTC
AGTCCCAGTC
AGTCCCAGTC
AGTCCCAGTC
AGTCCCAGTC
AGTCCCAGTC
AGTCCCAGTC
AGTCCCAGTC

AGGACCATTA
AGGACCATTA
AGGACCATTA
AGGACCATTA
AGGRCCATTA
AGGACCATTA
AGGRCCATTA
AGGACCATTA
AGGACCATTA

GRGRACCAGA AARCH AGGGEUCAGAR
GAGAMACTAGA AGGGCGAGAA
GAGAACCAGR Al

GAGAACCAGA Af

GAGAACCAGA

GAGAACCAGA AR
GAGAACCAGHA

GAGRACCAGA AR
GAGRACCAGA Ad
GAGAACCH

GRGAARCTARGA
GAGAACCAGA &

TATCAGGRAC
TATCAGGAALC

o
# 3

TATCAGGAAC TTGY

TATCAGGAAC ) BAARRGAAGT
TATCAGGAAC &Y . ARRAAGARGT
TATCAGGAAC TTGOERGASGS ARRRAGAAST
TATCAGGANC TTGCOCGAR RAARAGARGT

TATCAGGRAC TTGCGC

MGGET.IEgEIEHTT L < GAGT T CMT&E‘EHTMZ
RAGGTTAC TATTCAAGA GGTAGRGTTT GTTTCCCAAT "AGCACATAC
RAGGTTACGC CTATTCAAGA GGTAGAGTTT GTTTCCCAAT TAGCACATAC
AAGGTTACGS WWAAGA GGTAGAGTTRMETTTCCCAAT TAGCACATAC

- A
SFELE B B e
ARdGTTA ‘ il 'y AC

ACGC CTATTCRAGR GAGTTT GTTTCCCAAT TAGCACATAC
AAGGTTACGC CTTATTCAAGA

AAGGTCATTT
AAGGTCATTT
ARGGTCATTT
ARGGTCATTT
ARGGTCATTT
AARGGTCATTT
ARGGTCATTT
AAGGTCATTT
BAGGTCATTT
AAGGTCATTT
ARGGTCATTT
AAGGTCATTT

AAARCGTATT
ARRACGTATT
AARACGTATT
RABARCGTATT
AAARCGTATT
ARMACGTATT
AAMACGTATT
AAAACGTATT
AAAMCGTATT
AAAACGTATT
ARANCGTATT
AARACSTATT

ACAGCTTCCA
ACAGCTTCCA
ACAGCTTCCA
ACAGCTTCCA
ACAGCTTCCA
ACAGCTTCCA
ACAGCTTCCA
ACAGCTTCCA

RGAGTTT GTTTEREAAT TAGCAcATAMabAGCTTCCA

ACCGCTTGRG
ACCGCTTGGE
ACCGCTTGGE
ACCGCTTGGE
ACCGCTTGGE
ACCGCTTGGG
ACCGCTTOLG
ACCGCTTGGE
ACCGCTTGGE
ACCGCTITGGE
ACCGCTTGGS
ACCGCTTGOG

GGTTTCGGTA
GGTTTCGGTA
GGTTTCGGTA
GGTTTCGGTA
GGTTTCLGTA
GGTTTCGGTA
GOTTTCGGTA
GGTTTCGGTA
GGTTTCGGTA
GGTTTCGGTA
GGTTTCGETA
GGTTTCGGTA

TTTAGTGARR
TTTAGTGAARR

ARRAAGACAT
ARRAAGACAT
AARARGACAT

ARRARGACAT
ARRANGACAT
AARRARGATAT
ARAAAGACAT
AARARGACAT
ARAARGACAT
ARARAGACAT
BARARCACAT

ATGCTGRAAT
ATGCTGARAT
ATGCTGRAAT
ATGCTGRAAT
ATGETGAAAT
ATGCTGAAAT
ATGCTGARAT
ATGCTGAAAT
ATGCTGAAAT
ATGCTGAAAT
ATGCTGRAAT
ATGCTGRAAT

ARGTGCAGGC
AAGTGCAGGT
ARGTGCAGSS
AAGTGCAGGT
ARGTGLAGET
ARGTGCAGGT
ARGTGCAGGC
AAGTGCAGLT
ARAGTGCAGGC
ARGTGCAGGS
ARGTGCAGGE
ARGTGCAGGC

135

360
GRCACTAGGA
GACACTAGGA
GACACTAGGA
GACACTAGGA
GACACTAGGA
GACACTAGGA
GACACTAGGA
GRCACTAGGA
GACACTAGGA
GARCACTAGGA
GRCACTAGGR
GACACTAGGA

480
TGEGACAGCAG
TGGACAGCAG
TGGACAGCAG
TGGACAGCAG
TGGACAGTAG
TEGACAGCAG
TOGACAGCAG
TGGACAGCAG
TGGACRGCAG
TOGACAGCAG
TGGACAGCAG
TGGRCAGCRG

e00
TRATGTAAAR
TARTGTARAR
TAATGTAAAA
TAATGTARARA
TARTGTARAR
TAARTGTARAA
TAATGTARARR
TAATGTARAR
TAATGTAARA
TARTGTAAAR
TRATGTARAR
TARATGTAAARR

SElL



OMA-213
AEE
AgT
AT2

R2E66

AT4

Al50

R472
Rdde
A433
AS19
Consensus

OXA-23
ABD
AB7
A72

A2ge

AT4

Al50
A4T2
Adde
Aa33
AS519
Consensus

601

ARTATGCTTC
AATATGCTTC
ARTATGCTTC
AATATGCTTC
AATATGCTTC
AATATGCTTC
AATATGLCTTC
AATATGCTTC
AATATGCTTC
AATATGCTTC
AATATGCTIC
AATATGCTTC

721

ATTGTCGCTT
ATTGTCGCTT
ATTGTCGCTT
ATTGTCGCTT
ATTGTCGCTT
ATTGTCGCTT
ATTGTCGCTT
ATTGTCGCTT
ATTGTCGCTT
ATTGTCGCTT
ATTGTCGCTT
ATTGTCGCTT

TTTTAGAAGA
TTTTAGRAGA
TITTAGAARGA
TTTTAGAAGA
TTTTAGRAGA
TTTTAGARGA
TTTTAGAAGA
TTTTAGAAGA
TTTTAGAAGA
TTTTAGARGA
TTTTAGARGA
TTTTAGAAGA

TTGCATTAAA
TTGCATTARA
TTGCATTAAR
TTGCATTARA
TTGCATTAAA
TTGCATTAAR
TTGCATTAAR
TTGCATTARA
TTGCATTARA
TTGCATTAAAR
TTGCATTAAA
TTGCATTAAR

GAGTAATGGC
GAGTAATGGC
GAGTARATGSC
GAGTRATGGC
GAGTAATGGL
GAGTAATGGC
GAGTAATGEC
GAGTARATGGC
GAGTAATGGC
GAGTAARTGGC
GAGTAATGGC
GAGTAATGGC

TATGGAAATG
TATGGRAATG
TATGGARATG
TATGGAAATG
TATGGAAATG
TATGGARATG
TATGGAAATG
TATGGAAATG
TATGGAARTG
TATGGAANTG
TATGGARATG
TATGGARATG

WTATTGA TGARATCATT
TTGA TGARATCATT

=

AULINENTNEINS

GGGCTGLTTG
GLGLCTGLGTTG
GGGCTGGETTG
GEGCTGGTTG
GGGCTGGTTG
GGGETGGTTG
GGGCTGGTTG
GGGCTGOTTG
GGGLTGLTTG
GGGCTGETTG
GGGCTGGETTG
GGGCTGGETTG

ARRACAGCTG
ARRACAGCTE
BAAAACAGCTG
AMRACAGETG
ARRACAGCTG
ARARCAGCTG
ARRACAGCTG
AAMRACAGCTG
AARRACAGCTG
ARARCAGCTG
AARACAGCTG
ARRACAGCTG

PIAINTUNM NN Y

ACCGGCTGGE
ACCGLITGGG
ACCGGCTGEGE
RCCGOCTGRG
ACCGGCTGGE
ACCGGLTGGG
ACCGGCTGGE
ACCGLCTGGG
ACCGGCTGGG
ACCGGCTGGE
ACCGGCTGGG
ACCGGCTEGG

AATATTATTT
AATATTATTT
AATATTATIT
AATATTATIT
AATATTATTT
AATATTATTT
AATATTATIT
AATATTATTT
AATATTATIT
AATATTATTT
AARTATTATTT
AATATTATTT

TTGAGCAGCT
TTGAGCAGCC
TTGAGCAGCC
TTGAGCAGLC
TTGAGCAGCC
TTGAGCAGCC
TTGAGCAGCC
TTGAGCAGCC
TTGAGCAGCC
TTGAGCAGCC
TTGAGCAGCT
TTGAGCAGCC

SERIEERLEEREEN

136
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2.

OXA-T72
Aldg
AlLS0
AL7Y
AlBO
AZ42
A288
Adde
A4T71
A472
ASlS

Consensus

OKA=T2
Al4s
AL1SD
Al177
Al80
B242
AZBE
Ad46
RB471
AdT2
AS519

Consensus

OXp-72
Alds
A150
al177
AlBD
B242
AZEE
Ad46
Ba471
A472
A519

Consensus

1

ATGARRAAAT
ATGAARARAT
ATGARAARAT
ATGARRRAAT
ATGAARRART
ATGRAAARAT
ATGRARAAAT
ATGAARAAAT
ATGARAAAAT
ATGAARAAAT
ATGAAMRAAT
ATGARRAAAT

121

GCTATTAAAR
GCTATTAARA
GCTATTAAAR
GCTATTARAR
GCTATTARRA
GCTATTAARA
GCTATTARAA
GCTATTAARAR
GCTATTRARR
GCTATTAARR
GCTATTARAA
GUTATTARAR

241

TCAACATTTA
TCAACATTTA
TCAACATTTA
TCARCATTTA
TCAACATTTA
TCAACATTTA
TCAACATTTA
TCAACATTTA
TCAACATTTA
TCAACATTTA
TCAACATTTA
TCAACATTTA

0XA-24 GROUP

TTATACTTCC
TTATACTTCC
TTATACTTCC
TTATACTTCC
TTATACTTCC
TTATACTTCC
TTATACTTCC
TTATACTTCC
TTATACTTCC
TTATACTTCC
TTATACTTCC
TTATACTTCC

GLTATTTTGA
GCTATTTTGA
GCTATTTTGA
GCTATTTTGA
GCTATTTTGA
GCTATTTTGA
GCTATTTTGA
GCTATTTTGA
GCTATTTTGA
GCTATTTTGA
GCTATTTTGA
GCTATTTTGA

AGATGCTAARAR
AGATGCTARAA
AGATGCTARA
AGATGCTRAA
AGATGCTAAA
AGATGCTAAA
AGATGCTAAR
AGATGCTAAA
AGATGCTAAR
AGATGCTAAA
AGATGCTARA
AGATGCTAAR

TATATTCAGC
TATATTCAGC
TATATTCAGC
TATATTCAGT
TATATTCAGC
TATATTCAGE
TATATTCAGC
TATATTCAGC
TATATTCAGC
TATATTCAGC
TATATTCAGC
TATATTCAGC

TGAAGCTCAA
TGAAGCTCAA
TGARGCTCAA
TGARGCTCAA
TGAAGCTCAR
TGAAGCTCAR
TGAAGLTCAA
TGRAGCTCAA
TGRAGCTCAA
TGAAGCTCAA
TGAAGCTCAA
TGAAGCTCAA

TGCTTTRATC
TGCTTTAATC
TGCTTTAATC
TGCTTTAATC
TGCTTTAATC
TGCTTTAATC
TGCTTTAATC
TGCTTTAATC

TGCTTT, v NE
TGCTTT. C R TRAR
TGCTTTAN GGGETAGAAR ATTATARAGET

ATTTCTATTC
ATTTOTATIC
ATTTCTATTC
ATTTCTATTIC
ATTTCTATTE
ATTTCTATTES
ATTTCTATTC
ATTTOTATTE
ATTTCTATICH
ATTTCTATTC

ATTTCTATTC
ATTTCTA

TAG

CCTATGG
GCACCTATGE
GCACCTATGG
GCACCTATGG
GCACCTATGG
GCACCTATGG
GCACCTATGG
GCACCTATGG
ATGG
ILOTATGG
WCETATGE
- TATGG

ACACAGGGTG TRATTATTAR TAAAGAGLOT AAAAATCITA
ACACAGGGTG

ACACRGEETG
ACACAGGGTG
ACACAGGGTG
ACACAGGGETG
ACACAGGGTG
ACACAGGGTG

TAATTATIHG
ACACAGGGTE, TAR \
ACACAGGGTGAT

GGOGCTAGRAR GGRATGE
GGGCTAGARR ATCATAAAGC ARACAACAART GAGATTTTCA AATGGGATGG
GGGCTAGAAA ATEANSAAGC AACAACAAATUGAGATTTTCA AATGGGATGG

(e TgAT
‘ AT

GGGCTMGAAR ATCATARAGE AA CAAMAT GAGATTTTCA AATGGGATGG
GGGCTAGARR ATCATAMAGC

¥

AT [

TGRAGATAAT
TGAAGATAAT
TCAAGATAAT
TGAAGATAAT
TGAAGATAAT
TERAGATAAT
TGAAGATAAT
TGAAGATAAT
TGAAGATAAT
TGAAGATAAT
TGARGATAAT
TGAAGATRAT

TAATGCTCTT
TRATGCTCTT
TAATGCTCTT
TAATGCTCTT
TAATGCTCTT
TAATGCTCTT
TAATGCTCTT
TARATGCTCTT
TRATGCTCTT
TAATGCETCTT
TAATGCTCTT
TRATGCTCTT

TRARAAAAGA
TRAAAAANGA,
TAAAMAARGA
TRAAARRAGA

CAAAT GAGATEEICA ARTGGGATGGOLARAARRAGA

NHEAAERAET GAGATTTTCA AARTGGGATGG TARAAAARGR

TTTCATATTT
TTTCATATTT
TTTCATATTT
TITCATATTT
TITCATATTT
TTTCATATTT
TTTCATATTT
TITCATATTT
TTTCATATTT
TTTCATATTT
TTTCATATTT
TTTCATATTT

GCACGAGCAA
GCACGAGCAA
GCACGAGCAR
GCACGAGCAA
GCACGAGCAR
GCACGAGTAR
GCACGAGCAA
GCACGAGCAR
GCACGAGCARA
GCACGAGCARA
GCACGAGCRA
GCACGAGCAR

ACTTATCCTA
ACTTATCCTA
ACTTATCCTA
ACTTATCCTA
ACTTATCCTA
ACTTATCCTA
ACTTATCCTA
ACTTATCCTA
ACTTATCCTA
ACTTATCCTA
ACTTATCCTA
ACTTATCCTA

CTTCTCAGCA
CTTCTCAGCA
CTTCTCAGCA
CTTCTCAGCA
CTTCTCAGCA
CTTCTCARGCA
CTTCTCAGCA
CTTCTCAGCA
CTTCTCAGCA
CTTCTCAGCA
CTTCTCAGCA
CTTCTCAGCA

ATRAMGAATA
ATARAGARTA
ATARAGAATA
ATARAGAATA
ATRAAGAATA
ATAARGAATA
ATARAGAATA
ATAAAGARTA
ATAAAGAATA
ATARRGAATA
ATARAGAATA
ATARAGAATA

TETGGGAGAR
TGTGGEEAGARA
TGTGGGAGAR
TGTGGGAGAR
TGTGEEAGAR
TOTGEGAGAR
TGTGGGAGRA
TETGGGAGAR
TOTGGERAGAR
TGTGGGAGARA
TGTGGGAGAR
TOTUGGAGAA

137

120
ACATGAARARM
ACATCARRARA
ACATGAMRRR
ACATGAARAR
ACATGARAAR
ACATGAARAM
ACATGRAARAM
ACATGARARMA
ACATGAAAMAR
ACATGARRAR
ACATGARAARA
ACATGAAAAA

240
TGTCCCTGCA
TGTCCCTGCA
TGTCCCTGCA
TGTCCCTGCA
TGTCCCTGOA
TGTCCCTGCA
TGTCCCTGCA
TGTCCCTGCA
TGTCCCTGCA
TGTCCCTGCA
TGTCCCTGCA
TGTCCCTGCA

360
AGRATATGACT
AGATRTGACT
AGATATGACT
AGATATGACT
AGATATGACT
AGRTATGACT
AGRTATGACT
AGATATGACT
AGARTATGACT
AGATATGACT
AGATATGACT
AGATATGACT

LEL



OXA=72
Alde
Al50
Al7?
AlE0
h242
AZBE
Ad4e
A471
A472
AS19

Consensus

ORA=-T72
Al4E
AlS0
R177
Al80
A242
AZBE
Ad46
R4T1
A4T2
ASl9

Consensus

OXA-T2
Alde
ALS0
ALTT
ALBD
A242
AZ288
Adde
A4T1
A472
AS19

Consensus

361

TTAGGTGAGS
TTAGGTGAGG
TTRGGTGAGG
TTAGGTGAGG
TTAGGTGAGG
TTAGGTGAGG
TTAGGTGAGE
TTAGGTGAGG
TTAGGTGAGE
TTAGGTGAGS
TTAGGTGAGG
TTAGGTGAGG

481

ACACAGGTCG
ACACAGGTCG
ACACAGGTCG
ACRCAGGTCG
ACACAGGTCG
ACACAGGTCG
ACACAGGTCGE
ACACAGGTCG
ACACAGGTCG
ACACAGGTCG
ACACAGGTCG
ACACAGGTCG

CARTGCCATT
CARTGGCATT
CAATGGCATT
CRATGGCATT
CAATGGCATT
CAATGGCATT
CAATGGCATT
CAATGGCATT
CAATGGCATT
CAATGGCATT
CAATGGCATT
CARTGGCATT

ATAATTTTTG
ATARATTTITG
ATAATTTTIG
ATAATTTTTG
ATAATTTTTG
ATAATTTTIG
ATAATTTTTG
ATRATTTTTG
ATAATTTTTG
ATAATTITTIC
ATRATTTTTG
ATAATTTTTG

TGCTTCTAAT
TGCTTCTAAT
TGCTTCTAAT
TGCTTCTAAT
TGCTTCTAAT
TGCTTCTAAT
TGCTTCTAAT
TGCTTCTAAT
TGCTTCTAAT
TGCTTCTAAT
TGCTTCTAAT
TGCTTCTAAT T

GTCAGCAGTT
GTCAGCAGTT
GTCAGCAGTT
GTCRGCAGTT
GTCAGCAGTT
GTCAGCAGTT
GTCAGCAGTT
GTCAGCAGTT
GTCAGCAGTT
GTCAGCAGTT
GTCAGCAGTT
GTCAGCAGTT

GTTAGTTGGC
GTTAGTTGGC
GTTAGTTGGL
GTTAGTTGGC
GTTAGTTGGC
GTTAGTTGGE
GTTAGTTGGC
GTTAGTTGGC
GTTAGTTGGC
GTTAGTTGGC
GTTRGTTGGC
GTTAGTTGGC

TARAGRAGTA
TAAAGAAGTA
TAARGAAGTA
TAAAGAAGTA
TRAARGAAGTA
TARAGARAGTA AR
TAAAGAAGTA
TRAAGAAGTA AA
TAARGRAGTA AN
TAAAGRAGTA

CCAGTATATC AAGAGCTTGR
CCAGTATATC AAGAG
CCAGTATATC hl £
CCAGTATATC ]

CCAGTATATC A
CCAGTATATC AA
CCAGTATATC
CCAGTATATC &
CCAGTATAT

CCAGTATATC A
CCAGTATATC,
CCAGTATATETA

AGAGE TAATGCAGAA
TAATGCAGAA
hﬁc TARTGCAGRA

AGAAGTARAG
AGAAGTAAAG
AGARGTAMAG
AGRAGTAARG
AGAAGTARAG
AGAAGTAAMG
AGAAGTRARG
AGAAGTAAAG
AGAAGTARAG
AGAAGTAAAG
AGRAGTARAG

CCCCTT

CCCCTTAMAAM
CCCCTTAARA
CCCCTTAMAR

ACATAACCGA
ACATAACCGA
ACATARCCGA
ACATARCCGA

CCCCTTAARA TTA ATGACCTTGE ACATAACCGA
CCCCTTARAR TTNCAC ATGACCTTGC ACATAACCGA
CCCCTTARAR TTAC ATGACCTTGE ACATAACCGA
CCCCTTARRA TTACHCC ATGACCTTGC ACATAACCGA
CCCCTTAAAR TTACACCAGTA ATGACCTTGC ACATAACCGA

ACATAACCGA
ACATAACCGA
ACATRACCGA

CCCCTTAARR TTACACCAGT REAAGAAG!
CCCCTTAARA TTACAGH :

CCCCTTAR

AATGGTA
ANTGGTAGTA | TATGE |
AATGGTAGTA_BGATTTATGE AAAAAI R
AATGGTAGTA AGATTTATGC AAARAGTGGA TGGGGAATGG ATGTTACTCC
AATGGTAGTA AGH AAARAGTCGH JCCGGAATGG ATGTTACTCC

»ﬁﬁﬁ%ﬁ L s R

AGTA AGATTTATGC AAAAAGTGGA TGOGGAATGE ATGTTACTCC ACAGOTAGGT

ﬁG‘I‘h AGRTTTATGC MG'I‘GH TGGG%TGG ATGTTMTCE?‘.’AGGTAGGT

ACAGGTAGGT
ACAGGTAGGT
ACAGGTAGGT
ACAGGTAGGT
ACAGGTAGGT
RCAGGTAGGT
ACAGGTAGGT

IAT

CGGGTTAATT
CGGLTTAATT
CGGLTTAATT
CGGGTTAATT
CGGGTTARTT
CGGGTTAATT
CGGGTTAATT
CGGGTTAATT
CGGGTTAATT
CGGGTTAATT
CGGGTTAATT

TTACCTTITA
TTACCTTTTA
TTACCTTTTA
TTACCTTTTA
TTACCTTITA
TTACCTTTTA
TTACCTTTTA
TTACCTTTTA
TTACCTTTTA
TTACCTTITA
TTACCTTITA
TTACCTTTTA

AGRAGTAAAG CGGOTTAATT TTGGAAATAC

TTGGRAATAC
TTGGAAATAL
TTGGARATAC
TTGGRARTAC
TTGGARATAL
TTGGARATAC
TTGCAARTAL
TTGGARRTAC
TTIGGARATAL
TTGGARATAC
TTGGAARTAC

ARATTAGARARC
ARTTAGARAAC
AATTAGARALC
AATTAGRRAAC
AATTAGAAARC
AATTAGARAC
ARTTAGRAAC
AATTAGARAC
ARTTAGARAL
AATTAGAAAC
AATTAGARAC
ARTTAGARAC

GTTGGGTGGA
GTTGGGTGGA
GTTGEETGGA
GTTGGGTGGA
GTTGGGTGGA
GTTGGGTGGA
GTTGLGTGGA
GTTGGGTGGA
GTTGGGTGGRA
GTTGGGTGGA
GTTGGGTGGA
GTTGGGTGGA

138

480
ARRTATTOLA
AAATATTGGA
AANTATTGGA
AARTATTGGA
ARRTATTGGA
ARATATTGGA
ARRTATTGGA
ABRATATTGEA
ARATATTGGA
AARTATTGGA
AARTATTGGA
ARATATTGGA

600
TCAAGAAGAA
TCAAGAAGAA
TCRAGRAGAA
TCAAGAAGAR
TCRAGAMGAR
TCAAGAAGAR
TCRAGRAGRA
TCAAGAAGRA
TCAAGAAGAA
TCARGAAGAR
TCAAGRAGAA
TCAAGAACAR

T20
GCAAGCTAAT
GCAAGCTAAT
GCAAGCTAAT
GCAAGCTARAT
GCAAGCTAAT
GCAAGCTAAT
GCAAGCTAAT
GCAAGCTAAT
GCAAGCTART
GUAAGCTAAT
GCAAGCTAAT
GCAAGCTAAT

BElL



QXA-72
AldG
Rm150
ALTT
AlBD
R242
AZBE
Ad46
A4T1
h472
AS19

Consensus

721

TCCCCTTTITC
TCCCCTTTTC
TCCCCTTTTL
TCCCCTTTTC
TCCCCTTTTC
TCCCCTTTTC
TCCLETTTTC
TCCCCTTTTC
TCCCCTTTTC
TCCCCTTTTC
TCCCCTTTIC
TCCCCTTTTC

GCTCARCTTA GRAATGAAAG
GCTCAACTTA GARATGARAG
GCTCAACTTA GAAATGAMAG
GCTCAACTTA GAAATGAAAG
GUTCAACTTA GAAATGAAAG
GCTCAACTTA GAAARTGAAAG
GCTCAACTTA GRAA

GCETCAACTTA GARATGAAAG _
GCTCAACTTA GARATGAAMG

GUTCAACTTA GAAA

GCTCARCTTR GARATGARRG
GCTCARACTTA Gﬁi&TﬂﬁAﬁG:

TTACTTATAR
TTACTTATAA

AN TTACTTATAR

ACTTATAA
ACTTATAA
ACTTATAA

} TATRA
ACTTATAA
ACTTATAA
[CTTATAR

A ETACTTATAA

AULINENTNEINS
ARIANTAUNININGAE

828
GTCGCTAGAAR AATCTTGGAR TCATTTAA
GTCGUTAGAA AATCTTGGAA TCATTTAA
GTCGCTAGAR AATCTTGGAA TCATTTAA
GTCGCTAGAR AATCTTGGAR TCATTTAA
GTCGCTAGAA AATCTTGGAA TCATTTAA
GTCGETAGAA AATCTTGGAR TCATTTAA
GTCGCTAGAR AATCTTGGAA TCATTTAM
GTCGCTAGAA ARTCTTGGAA TCATTTAA
GTCGCTAGAA AATCTTGGAA TCATTTAA
GTCGCTAGAR AATCTTGGAA TCATITAR
GTCGCTAGAR AATCTTGGAR TCATTTAA
GTCGCTAGAA AATCTTGGAA TCATTTAA

139

BEL



3-

OXA-351
OiA-132
O¥A-9%
BBO
OXA-84
oxA-111
OXA-67
OXA-BE
OXA-BT
OXA-100
OxA-T0
OXA-106
O%A-T1
OXA-113
OXA-93
OXA-68
OXA-128
OXA-T8
OXA=TT
DHA-51
OXA-BE
O¥A-T75
OXA-65
OXA=90
OXA-88
OXA-85
OXA-108
OXA-130
DHA-E6
OXA-83
DXA-79
OKA=T6
OXA-B0
OXA-109
oxA-131
OxA-84
OxA-82
OKA-115

0OXA-51 GROUP
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OXA-104
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OXA-od
A4
Consensus

QXA-54
ATH
Consensus

OA-64
A4
Consensus

CXh=04
AT4
Consensus

OXA-64
AT4
Consensus

OMA-64
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Consensus

OXA-64
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ATGARACATTA
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ATGRACATTA
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ATTRARAATT
ATTAARAATT
ATTRARARTT
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ACCTTCAAAR
ACCTTCARAR
ACCTTCARRR

6l

GGCGATGCTA
GGCGATGCTA
GGCGATGCTA
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CAAGTCGATA
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CRAGTCGATA
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AATATTGTAG
AATATTGTAG
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AAGCACTCTT
AAGCACTCTT
AAGCACTCTT

TATTTAACGA
TATTTAACGA
TATTTAACGA

TCCTTAATGL
TGCTTRATGC
TGCTTRATGT

TGARAGCTTC
TGAAAGCTTC
TGRAAGCTTC

ATTTTTEGCT
ATTTTTGGCT
ATTTTTGGCT

TATTCATAGA
TATTCATAGA
TATTCATAGA

CGTTCTCCCT
CGTTCTCCCT
CGTTCTCCCT
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ACTTATAACA ARAATCACAGC
ACTTATAACA ARATCACAGC
BCTTATARCA ARATCACAGE
AGCACACACT TGATCTTGCT
AGCACACACT TGATCTTGCT
AGCACACACT TGATCTTGET
TTTGATCGGT AMAARAGGCTA
TTTGATOGGC CTTGAGCACC ARABAGGCTA
TTTGATCGGE CTTGAGCACC ARARAGGCTA
CGCTATTCCG GTTTATCAAG { AACTCA TOTCTAAGGA AGTGAAGCGT
CGCTATTCCG GTTTATCAAG ATTTAGCEE Ch TGTCTAAGGA AGTGAAGCGT
CGCTATTCCG GITTA (T AT GFETAAGGA AGTGAAGCGT
= 5
GGTGGETCCT TTARARAT 'Z' TARARACGCTT
GGTGGGTCCT TTAAARATTA 3 CAGE TARRACGTTT
GGTGGGTCCT TTAAARATTA 3ﬂﬂ TCAGLR RGAGGERC TAAAACGCTT
AGARAAGAAT FEF AGTAGGCTGE
AGRAAAGRAT i ‘ t A AGTAGGCTGG
AGARARGAAT ] ATAC A AGTRGGCTGG

TAACTTAGAA ATGAAAAAAG TACCTAG CT‘*GTTI:G.K AARGHNENTTA CTTATAAAAG SfTAGAACAA
TAAC A TEEA AL 3 e
TAACTT, . VAT A Gl ; b BT b N CRA
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GCTTCARMAT
GCTTCAAAAT
GCTTCAAAAT

COTGCTTCGA
COTGCTTCGA
COTGCTTCGA

TTCCCAGAAT
TTCCCAGAAT
TTCCCAGRAT

GTTGGITATG
GTTGGTTATG
GTTGGTTATE

CCATTTAGCT
CCATTTAGCC
CCATTTAGCE

TTAKCTGGAT
TTAACTGGAT
TTAACTGGAT

TTAGGTATIT
TTAGGTATTT
TTAGGTATTT

.atag

CTGATGAMAA
CTGATGAARA
CTGATGAAAA

CCGAGTATGT
CCGAGTATGT
CCGAGTATGT

GGGARRAGGA
GGGAAAAGGA
GGGARAAGEA

GCAATGCAGA
GCAATGCAGH
GUAATGCAGA

CRAARRGTCCA
CARAAGTCCA
CAARRGTCCA

GGGTTGTTCA
GGGTTGTTCA
GGGTTGTTCA

825
TATAG
TATAG
TATAG

148

120
AGGAGAGARA
AGGAGAGARR
AGGAGAGRAA

240
ACCTGCTTCG
ACCTGCTTCG
ACCTGCTTCG

360
CATGRCCCTA
CATGACCCTA
CATGACCCTA

480
TATCGGTACC
TATCGGETACC
TATCGGTACC

&00
AGATGAAGTG
AGATGAAGTG
AGATGAAGTG

720
GCCTCAALGE
GLCTCAAGGS
GECTCAAGGE
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Ad433
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A405
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Consensus
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A405
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Consensus

OXA=66
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ATGAACATTA
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121
ATTAARAATT
ATTAMAAATT
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ACCTTCAMAR
ACCTTCAAAA
ACCTTCAARA
ACCTTCARAA

L[

GGCGATGCCA
GGCGATGCCA
GGCGATGICA
GGCGATGCCA

481

CAAGTCGATA
CAAGTCGATA
CAAGTCGATA
CAAGTCGATA

801

CAATCCATGC
CARTCCATGC
CAATCCATGC
CARTCCATGE
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AATATTGTAG
AATATTGTAG
AATATTGTAG
AATATTGTAG

AAGCACTCTT
ARGCACTCTT
ARGCACTCTT
AAGCACTCTT

TATTTARCGA
TATTTAACGA
TATTTAARCGR
TATTTAACGA

TGETTAATGE
TGCTTAATGC
TGCTTAATGC
TGCTTAATGEC

TGARAGCTTC
TGARAGCTTC
TGARAGCTTC
TGARAGCTTC

ATTTTTGGCT
ATTTTTGGCT
ATTTTTGGCT
ATTTTTGGET

TATTCATAGA
TATTCATAGA
TATTCATAGA
TATTCATAGA

CGTTCTCCCT
CGTTCTCCCT
CETTCTOCCT
CGTTCTCCET

ACTTATAACA
RCTTATRACA
ACTTATRACA
ACTTATARCA

AGCACACACT
AGCACACACT
AGCACACACT
AGCACACACT

TTTGATCOGGE
TTTGATCGGL
TITGATCGGC
TITGATCGET

CGCTATTCCR
CGCTATTCCA
CGOTATTCCA
CGCTATTCCA

GGTGGGTCCT
GGTGGGTCCT
GGTGGGTCCT
GGTGGGTCCT

AGAARAGAAT
AGRARAGAAT
AGAARAGAAT
AGRRAMGRAT

THACTTHﬂqH

AGCGCTATTT CTGUTAATCE ARATCACAGC
AGCGCTATTT T CTGCTAATCC ARATCACAGE
AGCGCTATTT ARATCACAGE
AGCGCTATTT ARATCACAGE
ACGGGTGTT Tuilie ATGGTAN TGATCTTGCT
ACGGGTGTTT TA ATGGTAA TGATCTTGCT
ACGGGTGTTT TEATETTGET
ACGGGTGT TGATCTTGCT
CTTGAGCAC ARAMAGGTTA
CTTGAGCACT ARARAGGTTA
CTTGAGCACT ARAAAGGTTA
CTTGAGCACT ARRAAGGTTA
GTTTATCARG TGTCTAAGGA AGTGAAGCGT
GTTTATCAAG 8 TGTCTAAGGA AGTGAAGCGT
GTTTATCAAG GCTCA TGTCTAAGGA AGTGAAGCGT
GITTATCARG TCA TGTCTAAGGA AGTGAAGCGT
WHIAGCTAR TAARACGCTT

TRGCTAA TAAAACGCTT

FTAGCTAA TAARACGOTT

AGCTAA TAARAACGCTT

GGAARCAARA TAFAGECAAA AAGTGGTT TGGGATG TAAAcccncn AGTAGGCTGS
AL A AGTAGGCTGG

GG Beto AGTAGGCTGG
Py | AC Akc AGTAGGCTGG

G CAA

- I ABAACAA
ATGAAAARAG GAATACCTAG rTcTchcsn hﬁAGHElTTh CTTATAARAG CTTAGAACAA

GCTTCAAAAT
GCTTCAAAAT
GCTTCAAARAT
GCTTCAARAT

CGTGCTTCGA
CGTGLTTCGA
CGTGCTTCGA
CGTGCTTCGA

TTCOCCAGAAT
TTCCCAGAAT
TTCCCAGARAT
TTCCCAGAAT

GTTGGTTATG
GTTGGTTATG
GTTGGITATG
GTTGGTTATG

CCATTTAGCC
CCATTTAGCC
CCATTTAGCC
CCATTTAGCC

TTAACTGGAT
TTAACTGGAT
TTAACTGGAT
TTAACTGGAT

TTAGGTATTT
TTAGGTATTT
TTAGGTATTT
TTAGGTATTT

CTGATGTAAA
CTGATGTAAA
CTGATGTAAR
CTGATGTAAR

COGAGTATGT
CCGAGTATGT
CCGAGTATGT
CCGAGTATGT

GGGAAAAGGA
GGGARARAGGA
GGGARARGGA
GLGARRAGGA

GCRATGCRGA
GCAATGCAGA
GCAATGCAGA
GCRATGCAGA

AARRAGTCCA
AARAAGTCCA
AAARAGTCCA
ARRAAGTCCA

GGGTTGTTCA
GGGTTGTTCA
GGGTTGTTCA
GGGTTGTTCA

825
TATAG
TATAG
TATAG
TATAG

149

120
AGCAGAGARA
AGCAGAGARA
AGCAGRGARA
AGCAGAGARA

240
ACCTGCTICG
ACCTGOTTCG
ACCTGCTTCG
ACCTGCTTCG

360
CATGACCCTA
CATGACCCTA
CATGACCCTA
CATGACCCTA

480
TATCGGTALC
TATCGGTACC
TATCGGTACT
TATCGGTACEC

800
AGATGAAGTG
AGATGAAGTG
AGATGARGTG
AGATGAAGTG

720
GCCTCARGGG
GCCTCAAGGE
GCCTCAAGGG
GCCTCAAGGE
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OXR-67
.21
Consensus

OXA-87
113
Consensus

OXA-67
AGE
Consensus

OXA=-87T
ABE
Consensus

Abb

1

ATGARCATTA
ATGAACATTA
ATGAACATTA

121

ATTARAAATT
ATTAARAATT
ATTAAMARTT

241

ACCTTCAAAA
ACCTTCAAAM
ACCTTCAARA

361

GGTGATGCTA
GGTGATGCTA
GGTGATGCTA

481

CAAGTCGATA
CARGTCGATA
CARAGTCGATA

&01

CAATCCATGT
CAATCCATGT
CARTCCATGT

721

ARTATTGTAG
AATATTGTAG
RATATTGTAG

AAGCACTCTT
AAGCACTCTT
AAGCACTCTT

TATTTRACGA
TATTTRACGA
TATTTAACGA

TGCTTARTGC
TGCETTAATGC
TGCTTAATGC

TGARAGCTTC
TGRAAGCTTC
TGAAAGCTTC

ATTTTTGGCT
ATTTTTGGET
ATTTTTGGCT

TATTCATAGA
TATTCATAGA
TATTCATAGA

CGTTCTCCCT
CGTTCTCCCT
CGTTCTCCCT

ACTTATAACA CTGCTAATCC AAMATCACAGC
ACTTATAACH AMATCRCRAGT
ACTTATRACA ARATCACAGT
AGCACACACT TGATCTTGCT
AGCACACACT TGATCTTGLT
AGCACACACT TGATCTTGET
TTTGATCGGE ARARAGGCTG
TTTGATCGGE AARBAGCGCTG
TTTGATCGGEE RAAARAGGCTG
CGCTATTCCG AGTGAAGCGT
CGCTATTCCG AGTGAAGCET
CGCTATTCCG AGTGRAAGCGT
GGTGGGTCCT TTARARATTA CTCCTCAGE. TAARRACGOTT
GGTGGGTCCT TTAAAAATTA CTCC TARRACGCTT
GGTGOLTCCT TTARAAATTA CTCCH TAARACGCTT
AGARAAGAAT AGTAGGCTGE
AGARARGAAT AGTAGGLTGG
AGARARGAAT AGTRAGGCTHS
TAACTTAGAR ATGAARAAAG En"l‘ETAE WCTGTTWGRGHTTA CTTATRAAAG TTTRGARACAR

e LR B R e
RINNIUUNIININY

ACTTCAARAT
ARCTTCAAART
ACTTCAARAT

COTRCTTOGA
CGTGCTTCOGA
CGTGCTTCGA

TTCCCAGAAT
TTCCCAGRAT
TTCCCAGAAT

GTTGGITATG
GTTGGTTATG
GTTGGTTATG

CCATTTAGCC
CCATTTAGCC
CCATTTAGCC

TTARACTGGAT
TTAACTGGAT
TTAACTGGAT

TTAGGTATTT
TTAGGTATTT
TTAGGTATTT

CTGATGARAA
CTGATGARAR
CTGATGAARR

CCGAGTATGT
CCGAGTATGT
CCGAGTATGT

GEGEABRRGOR
GOGAAAAGGA
GGGARAAGGA

GCAATGCAGA
GCAATGCAGA
GUARTGCAGA

TARAAGTCCA
TARRAGTCCA
TAARAAGTCCA

GGGTTGTTCA
GGGTTGTTCA
GGGTTGTTCA

825
TATAG
TATAG
TATAG

150

120
AGCAGAGARA
AGCAGAGARA
AGCAGAGAAA

240
ACCTGOTTCG
ACCTGLTTCG
ACCTGLTTCG

L
CATGACCCTA
CATGACCCTA
CATGACCCTA

480
TATCGGTACC
TATCGGTACC
TATCGGTACC

600
AGATGAAGTG
AGATGAAGTG
AGRTCARAGTG

720
GCCTCAAGGA
GCCTCAAGGA
GCCTCAAGGA

oSt



OxA-68
266
A242
A472
A4l
AlSO0

Consensus

OXA-68
AZG6

R242

A472
A4T1
Al50
Consensus

OxA-68
AZGE
A242
A472
A471
Al50

Consensus

OXhA-68
AZBB
AZ242
Ad72
A4T1
Al50

Consensus

A266, A150, A242, A471 and A472

ATGAARCATTA AAGCACTCTT ACTTATAACA AGCGCTATTT AARTCACAGT GCTTCAAAAT
ATGAACATTA AAGCACTCTT ARCTTATAACA AGCGUTATTT ABMATCACAGT GCTTCAAAAT
ATGARACATTA ARGCACTCTT ACTTATAACA AGCGCTATTT ARATCACAGT GCTTCAARAT
ATGAACATTA ARGCACTCTT ACTTATAACA AGCGCTATTIT 3 i AAATCACAGT GCTTCAAAAT
ATGAACATTA AAGCACTCTT ACTTATAACA AGCGLTATTT T CTGCTAATCC ARATCACAGT GCTTCAAMAT
ATGAACATTA AAGCACTCTT ACTTATAACA AGCGCTATTT l\\ GCTARTCC AAATCACAGT GCTTCAARAT
ATGAACATTA AAGCACTCTT ACTTATAACA AGCGCTA AANTCACAGT GCTTCAARRT
121

ATTARAARTT TATTTARCGA AGCACACACT TGATCTTGCT CGTGOTTCGA
ATTARRAATT TATTTAACGA AGCACACACT TGATCTTGCT CGTGCTTCGA
ATTAARARAATT TATTTAACGA AGCACACACT TGATCTTGCT CGTGCTTCGA
ATTARRAATT TATTTAACGA AGCACACACT TGATCTTGLT CGTGCTTCGA
ATTARRARTT TATTTAACGA AGCACACACT TGATCTTGCET CGTGLTTCGA
ATTARAAATT TATTTAACGA AGCACACACT TGATCTTGCT CGTGCTTCGA
ATTAAADATT TATTTRACGA AGCACACACT TGATCTTGCT CGTGCTTCGA
241

ACCTTCAARA TGCTTAATGC TTTGATCGGC AARAAGGCTA TTCCCAGART
ACCTTCARAR TGCTTARTGC TTTIGATCGGC ARAARGGCTA TTCCCAGAAT
ACCTTCAARA TGCTTAATGC TTTGATCGGC AAMAAAGGCTA TTCCCAGAAT
ACCTTCAAAR TGCTTAATGE TTTGATCGGL A ARARAGGCTA TTCCCAGAAT
ACCTTCARAR TGOTTAATGC TTTGATCGGC £ A AAAAAGGCTA TTCCCAGAAT
ACCTTCAAAR TGCTTAATGL TTTGATCGGE CTTGAGCARGS AMARAGGCTA TTCCCAGRAT
RCCTTCARAM TGCTTAATGC TTTGATCGGC Cﬂmﬁy RA AARAAGGCTA TTCCCAGART
38l

GGCGATGCTA TGRAAGCTTC CGCTATTCCG GTTTATCAAG ATE - AGTGARAGCGT GTTGGTTATG
GGCGATGCTA TGAAAGCTTC CGCTATTCCG f A ; - : ( AGTGARRGCGT GTTGGTTATG
GGCGATGCTA TGAAAGCTTC CGCTATTCCG ﬁ # : [ \UTE A I Y v o AGTGRAGCGT GTTGGTTATG
GGCGATGCTA TGRAAGCTTC CGCTATTCCG BT I AGTGAAGCGT GTTGGTTATG
GGCGATGCTA TGAAAGCTTC CGCTATTCCG G AGTGAAGCGT GTTGGTTATG
GOCGATGCTA TGARAGCTTC EGETATTECG CﬁAG hTTT!EC‘EG T TAITEGA CTTGﬁACTEﬁ TG#CT&&TE& GTTGGTTATG

.

GGCGATGCTA TGRAAGCTTC CGC

Sk o
Q‘imﬁNﬂiﬂJ TN e

GGTTATG

CTGATGRAAR
CTGATGRAAR
CTGATGAAAR
CTGATGAAAR
CTGATGARAAR
CTGATGAARAR
CTGATGAAAR

COGAGTATGT
CCGAGTATOT
CCGAGTATGT
CCGAGTATGT
CCGAGTATGT
CCGAGTATGT
CCGAGTATGT

GCAATGCAGA
GCAATGCAGA
GCAATGCAGHA
GCRATGCAGA
GCAATGCAGA
GCAATGCAGA
GCAATGCAGA

151

120
AGCAGAGARAAR
AGCAGAGRAA
AGCAGAGRRAA
AGCAGAGARA
AGCAGAGAMR
AGCAGAGARA
RGCAGAGARA

240
ACCTGCTTCG
ACCTGCTTCG
ACCTGCTTCG
ACCTGCTTCG
ACCTGCTTCG
ACCTGCTTCG
ACCTGCTTCG

360
CATGACCCTA
CATGACCOTA
CATGACCCTA
CATGACCCTA
CATGACCCTA
CATGACCCTA
CATGACCCTA

480
TATCGGTACC
TATCGGTACC
TATCGGTACC
TATCGGTACT
TATCGGTACC
TATCGGTACC
TATCGOTACC

(5:18



OXA-68
A266

A242

A4T2

A4T1

ALS0
Consensus

OXA-68
hZ6e
A242
A4T72
R4TL
Al50

Consensus

OxA-&8
A2B6

A242

A472

A4T1
Al50
Consensus

181

CAAGTCGATA
CAAGTCGATA
CAAGTCGATA
CAAGTCGATA
CAAGTCGATA
CAAGTCGATA
CAAGTCGATA

601

CAATCCATGC
CAATCCATGC
CAATCCATGE
CAATCCATGE
CAATCCATGC
CAATCCATGC
CAATCCATGC

T21

AATATTGTAG
AATATTGTAG
AATATTGTAG
AATATTGTAG
AATATTGTAG
AATATTGTAG
ARATATTGTAG

ATTTTTGGCT
ATTTTTGGCT
ATTTTTGGCT
ATTTTTGGCT
ATTTTTGGCT
ATTTTTGGCT
ATTTTTGGCT

TATTCATAGA
TATTCATAGA
TATTCATAGA
TATTCATAGA
TATTCATAGA
TATTCATAGA
TATTCATAGA

CGTTCTCCCT
CGTTCTCCCT
CGTTCTCCCT
CGTTCTCCCT
CGTTCTCCCT
CGTTCTCCCT
CGTTCTCCCT

AGTGGGTCCT
AGTGGGTCCT
AGTGGGTCCT
AGTGGGTCET
AGTGGGTCCT
AGTGGGTCCT
AGTGGGTCOT

TARCTTAGAA
TAACTTAGAR

TAACTTAGAA ATGAAAARAG GAATACCIA
TARCTTAGAR AT -

TAMCTTAGAA ATG:
TARCTTAGAA ATG
TAACTTAGAA A

o o

AULINENTNEINS

b AGCTAGCTAA
AGCTAGCTAA

ATTA CTTATAARAG
ATTA CTTATAAAMG
A G CTCTGITEG i CTEATARRAG

TARARACGCTT
TAARACGCTT
TAARACGCTT
TAAARACGCTT
TAARACGCTT
TAARRCGCTT
TARAACGCTT

AGTAGGCTGG
AGTAGGCTGE
AGTAGGCTGG
AGTAGGCTGG
AGTAGGCTGG
AGTAGGCTGG
AGTAGGCTGG

CTTAGARCARA
CTTAGAACARM
CTTAGRACAA
CTTAGAACAA
CTTAGAACARA
CTTAGAACAR
CTTAGARTARA

PIAINTUNM NN Y

CCATTTAGCC
CCATTTAGCC
CCATTTAGCC
CCATTTAGCC
CCATTTAGCC
CCATTTAGCC
CCATTTAGCC

TTARACTGGAT
TTRACTGGAT
TTAACTGGAT
TTAACTGGAT
TTAACTGGAT
TTAACTGGAT
TTAACTGGAT

TTAGGTATTT
TTAGGTATTT
TTAGGTATTT
TTAGGTATTT
TTAGGTATTT
TTAGGTATTT
TTAGGTATTT

ARGAAGTCCA
AAGAAGTCCA
ARGRAGTCCA
AAGAAGTCCA
ARGRAGTCCA
ARGAAGTCCA
ARGARAGTCCA

GGGTTGTTCA
EGOTTGTTCA
GGGTTETTCA
GGGTTGTTCA
GGGTTGTTCA
GGGTTGTTCA
GGGTTGTTCA

825
TATAG
TATAG
TATAG
TATAG
TATAG
TATAG
TATAG

152

600
AGATGAAGTG
AGATGAAGTG
AGATGAAGTG
AGATGAAGTG
AGATGAMGTG
AGATGARGTG
AGATGAAGTG

720
GCCTCAAGGE
GCCTCAAGGG
GCCTCAAGGG
GCCTCAAGGG
GCTTCAAGGG
GCCTCAAGGG
GCCTCAAGGG

25t



4. OXA-58 GROUP

O¥A-58
A26E
Addo
AZ42
R472
A4T1
Al50
AlBO
A292
h2e2
AlBE

Consensus

OXA-58
Aot
LR
AZ242
A2
B471
Al50
AlBO
A292
282
AlBSE

Consensus

O¥A-58
RA2E6
Adde
AZ42
472
A4T1
Al50
Al180
A282
AZB2
Al8SE

Consensus

1
ATGAAATTAT
ATGARATTAT
ATGARATTAT
ATGARAATTAT
ATGAARATTAT
ATGARATTAT
ATGARAATTAT
ATGAAATTAT
ATGARRTTAT
ATGAAATTAT
ATGAAATTAT
ATGARATTAT

121

GATCAGAATG
GATCAGAATG
GATCAGAATG
GATCAGAATG
GATCAGARATG
GATCAGAATG
GATCAGAATG
GATCAGAATG
GATCAGAATG
GATCAGAATG
GRATCRAGARTG
GATCAGAMTG

241

CCTGCATCTA
CCTGCATCTA
CCTGCATCTA
CCTGCATCTA
CCTGCATCTA
CCTGCATCTA
CCTGCATCTA
CCTGCATCTA
CCTGCATCTA
CCTGCATCTA
CCTGCATCTA
CCTGCATCTA

TARRARTATT
TARRAATATT
TARRAARTATT
TAAARATATT
TAAAAATATT
TRARRARTATT
TARAAATATT
TAAARAATATT
TAAARATATT
TAARRAATATT
TAARARATATT
TAARRAATATT

TTCAAGCGCT
TTCAAGCGET
TTCARGCGCT
TTCARGCGCT
TTCAAGCGCT
TTCAAGCGCT
TTCAAGCGCT
TTCAAGCGCT
TTCAAGCGCT
TTCAAGCGCT
TTCRAGCGCT
TTCAAGCGET

CATTTARART
CATTTAAAAT
CATTTARAAT
CATTTARAAT
CATTTARAAT
CATTTAMAAT
CATTTAAAAT
CATTTRARAT
CATTTARAAT
CATTTAAART
CATTTARRAT
CATTTAAAAT

GAGTTTAGTT
GAGTTTAGTT
GAGTTTAGTT
GAGTTTAGTT
GAGTTTAGTT
GAGTTTAGTT
GAGTTTAGTT
GAGTTTAGTT
GAGTTTAGTT
GAGTTTAGTT
GAGTTTAGTT
GAGTTTAGTT

TITTAATGAA
TTTTAATGAR
TTTTAATGAR
TTTTAATGARA
TTTTARTGAA
TTTTAATGAA
TTTTAATGAA
TTITTAATGAA
TTTTAATGAA
TTTTAATGAA
TTTTAATGAR
TTTTAATGAR

TGCCRATGTA
TGCCAATGCA
TGCCARTGCH
TGCCAATGCA
TGCCAATGCA
TGCCAATGCH
TGCCAATGCA
TGCCAATGCA

TGCCAR

ATCTCAGCTG
ATCTCAGCTG
ARTCTCAGCTG
ATCTCAGCTG
ATCTCAGCTG
ATCTCAGCTG

TG T
ATGCTGTG

ATGLTGIOTE

ay AT

CTRATTGGTT T TCA

CTRATTGGTT

CTAATTGGTT

TGCC
TGCCAA
TGCCART

T. BTCA
A

TAGAARATCA T,

B TGAGTCGAGC

TGAGTCGRGC

A TGAGTCGAGC

TCGAGC

A _TGAGTCGAGT

BRGTCGAGE
GAGTCGAGC
GTCGAGT
TCGAGE

TRAAGCAACA TCTACAGRAR ﬂTrMGTG
TAAAGCAACA TCTACAGARA TATTTARAGTG
TAAAGCARCHEIETACAGAAR TATTTAAGTG

AR

CTAATIGGTT TAGARAMATCA T, CAACA TCTACAGRAA TATITAAGTG
TCTAGRGAAA TATTTRAGTGOGEATGGARAG

AARRAACAAGT
AAARACAAGT
ARARARCARGT
AARAACAAGT

RARAACAAGT
AARAACARGT
AARAACAAGT
ARAARACAMGT
AARARCARGT
AAARMACAAGT
ARAARACAAGT

ATATGGCACG
ATATGGCACG
ATATGGCRCG
ATATGGCACG
ATATGGLACG
ATATGGCACG
ATATGGCACG
ATATGGCACG
ATATGGCACG

A ATATGGCACG

ARTATGGCACG
ARTATGGCACG

GGATGGARAG
GGATGGAAAG
GGATGGAARG
GGATGGARAG
CGATGGARAG
GGATGGAARG
GGATGGARAG

0 o b
CTRATTGGTT TAGAAAATCA TAAAGCAACA TCTACAGAAA TATTTAAGTG GGATGGARAG

ACAATTCCALC
ACAATTCCAC
ACAATTCCAC
ACARATTCCAC
ACAATTCCAC
ACAATTCCAC
ACARTTCCAC
ACAATTCCAC
ACAATTCCAC
ACAATTCCAC
ACAATTCCAC
ACAATTCCAC

CATTTAGACC
CATTTAGACC
CATTTAGACC
CATTTAGACC
CATTTAGACC
CATTTAGACC
CATTTAGACC
CATTTAGACC
CATTTAGACC
CATTTAGACC
CATTTAGACC
CATTTAGACT

CCACGTTTITT
CCACGTTTTT
CCAEGTTTTT
CCACGTTTTT
CCACGTTTTT
CCACGTTTTT
COACGTTTTT
CCACGTTTTT
CCACGTTTTT
COACGTTTTT
CCACGTTTTT
CCACGTTTTT

ARGTGAATAN
AAGTGAATAR
ARGTCRATAR
AAGTGRATAA
AAGTGRATAA
AACTCRATAR
ARGTGRATAR
AAGTGAATAA
AAGTGAATAR
AAGTGAATAR
ARGTGAATAA
AARGTGARATAA

GAGCAARAAC
GAGCAAARRT
GAGLCAARARAC
GAGCAAAMAT
GAGCAAAARTC
GAGLCAAARAC
GAGCAAAAALC
GRGCARARAC
GAGCARAAAL
GAGCAAARAC
GAGCAARARC
GAGCAARAAC

TTAAAGCATG
TTAAAGCATG
TTARAGCATG
TTAAAGCATG
TTARRGCATG
TTAARRGCATG
TTAAAGCATG
TTAARGCATG
TTAARGCATG
TTARAGCATG
TTRARGCATG
TTAAAGCATG

153

120
CTCAATCATC
CTCARTCATC
CTCAATCATC
CTCAATCATC
CTCARTCATC
CTCAATCATC
CTCAATCATC
CTCARTCATC
CTCAATCATC
CTCAATCATC
CTCAATCATC
CTCAATCATC

240
AGCTTATATT
AGCTTATATT
AGCTTATATT
AGCTTATATT
AGCTTATATT
AGCTTATATT
AGCTTATATT
AGCTTATATT
AGCTTATATT
AGCTTATATT
AGCTTATATT
AGCTTATATT

380
GGACAAAGAT
EGACAAAGAT
GGACARAGAT
GGACARAGAT
GGACARAGAT
GGACAAAGAT
GGACAAAGAT
GGACARAGAT
GGACAAAGAT
GGACARAGAT
GGRACARAGAT
GGACAAAGAT

ESL



OXA=-58
AZe6
Ad4E
AZ42
Ra72
A4T1
Al50
Al80
R292
BZ62
AlBE

Consensus

OXA-58
AZEs
Adds
AZ42
R472
AdT1
ALSD
Al80O
A292
A262
aleg

Consensus

OXA-58
RiGe
Adds
AZ42
A4T2
R4l
AlSOD
AlB0
A292
AZed
AlBg

Consensus

36l

TTTACTTTGG
TITACTTIGG
TTTACTTIGG
TTTACTTTGG
TTTACTTTGG
TTTACTTTGS
TTTACTTTGG
TTTACTTIGG
TTTACTTIGG
TTTACTTTGG
TTTACTTTGG
TITACTTTGG

181

ATAGGCACGG
ATAGGCACGE
ATAGGCRCGG
ATAGGCACGG
ATAGGCACGG
ATAGLGCACGE
ATAGGCACGG
ATAGGCACGE
ATAGGCACGG
ATAGGCACGE
ATAGGCACGE
ATAGGCACGG

601

CARACARGTGA
CAACARGTGA
CARACAAGTGA
CAACARGTGA
CAACARGTGR
CAACRAGTGA
CAACAAGTGA
CARCAAGTGA
CAACRAGTGA
CARCRAGTGRA
CAACARAGTGA
CAACRAGTGA

GCGAAGCCAT
GOGAAGCCAT
CCGARGCCAT
GCGARGCCAT
GCGARAGCTAT
GCGAAGCCAT
GCGAAGCCAT
GCGARGCCAT
GLGAAGCCAT
GCGAAGCCAT
GCEAAGCCAT
GCGAAGCCAT

AAGTTGATCA
AAGTTGATCA
ARGTTGATCA
AAGTTGATCA
AAGTTGATCA
AAGTTGATCA
AAGTTGATCA
AAGTTGATCA
AAGTTGATCA
ARGTTGATCA
ARGTTGATCA
ARGTTGATCA

ARGAGATGTT
AAGAGATGTT
AAGRAGATGTT
ARGAGATGTT
AAGAGATGTT
AAGAGATGTT
AAGAGATSTT
AAGAGATGTT
AAGRAGATGTT
ARGAGATGTT
RAGAGATGTT
AAGAGATGTT

GCAAGCATCT
GCAAGCATCT
GCAAGCATCT
GCAAGCATCT
GCARAGCATCT
GCAAGCATCT
GCAAGCATCT
GCARGCATCT
GCAAGCATCT
GCARGCATCT
GCAAGCATCT
GCAAGCATCT

ATTTTGGTTG
ATTTTIGGTTG
ATTTIGGTTG
ATTTTGETTG
ATTTIGGTTG
ATTTTGETTG
ATTTTGETTG
ATTTTGGTTG
ATTTIGGTTG
ATTTTGGTTG
ATTTTGGTTG
ATITTGGTTG

GTATGTAGAG
GTATGTAGAG
GTATGTAGAG
GTATGTAGAG
GTATGTAGAG
GTATGTAGAG

ACAGTGCCTG

ACAGTGCCTG
ACAGTGCCTG

ACAGTGCCTG
ACAGTGCCTG
ACAGTGCCTG

ACAGTGCCTG M

ACAGTGCCTG
ACAGTGCCTE

ACAGTGCCTG
ACAGTGCCTS

CGCAGAGGEG
CGCAGAGGGG
CGCAGAGGGE

CEC £
C
¢

GTATGTAGAG C
GTATGTAGAG CG:A.

GTATGT.
GTAT

ACAGTGCCTG™

TCGETCT
AARTCGTCT

AGRRTCGTCT HTATGCT ¥
rC AT
TEHT

AGAATCGTCT
GGGG AGAATCGTCT

TGTATGA
TETATGA

1 TTGTGTATGA
GT TTGTGTATGA
BGT TTGTGTATGA
GT TTGTGTATGA
STAARGT TTGTGTATGA
RMGTAAAGT TTGTGTATGA
RGT TTGTGTATGA

FGGG |
A“ATGCTAAh AGTGGCTGGE TGGCTGT
yTGGCTGGE6 GRATGGCTGT

ThTGCThM hGTGECTEGG GRATGGCTGT
ATAFCCTARR AG“GG{Z"G»EG GAATGGCTGT

GCAAAGTGARA
GCARAGTGAA
GCARAGTGARA
GCAARAGTGAA
GCAARGTGAR
GCAARAGTGRA
GCARMGTGARA
GCRARGTGAA
GCAAAGTGRA
GCAAAGTGAR
GCAAAGTGAR
GCAAMGTGRA

TTTAGCCCAA
TTTAGCCCAR
TTTAGCCCARA
TTTAGCCCAA
TTTAGCCCAA
TTTAGCCCAM
TTTAGCCCAR
TTTAGCCCAR
TTITAGCCCAR
TTTAGCCCAR
TTTAGCCCRA
TTTAGCCCAR

AGACCCGTAR
AGRCCCGCAR
AGACCCGCAR
AGACCCGOAR
AGACCCGCAA
AGRCCCGCAR
AGRCCCGTAA
CCGCAR
CCCGTAR
CGTAR

GCAR

TTECAACGTA
TTGCARCGTA
TTGCAACGTA
TTGCARCGTA
TTGCARCGTA
TTGCARCGTA
TTGCARCOTA
TTGCARCGTA
TTGCARCGTA
TTGCARCGTA
TTGCARCGTA
TTGCARCGTA

GGGCARTTGO
GGGCARTTGE
GGGCAATTGL
GGGCAATTGE
GGGCAATTGE
GGGCAATTGE
GGGCAATTGE
GGGCARTTGO
GGGUARTTOR
GGGCARTTGE
GGGCAARTTGC
GGGCARTTGE

GTGGGTTGET
GTGGGTTGET
GTGGGTTGGET
GTGGGTTGET
GTGGGTTGEET
GTGGGTTGGT
GTGGETTGLT
GTGGGTTGGT
GTGGGTTGGT
GTGGGTTGET
GTGGGTTGGET
GTGGLTTGGT

TTGGTTATGG
TTGGTTATGE
TTGGTTATGS:
TTGGTTATGG
TTGGTTATGS
TTGGTTATGE
TTGGTTATGG
TTGGTTATGG
TTGGTTATGE
TTGGTTATGE
TIGGTTATGG
TTGGTTATGG

CTTTTAAALC
CTTTTARACC
CTTTTAAACT
CTTTTAAACC
CTTTTAARRCC
CITTTAARACC
CTTTITAAACC
CTTTTARRCC
CTTTTAAMACC
CTTTTAAACC
CTTTTARACC
CTTTTAAACC

RTGTGGGTTT
ATGTGGGTTT
ATGTGGGTTT
ATGTGGGTTT
ATGTGGETTT
ATGTGGGTTT
ATGTGGGTTT
ATGTGGGTTT
ATGTGGGTTT
ATGTGGGETTT
ATGTGGGTTT
ATGTGGGTTT

154

480
CAATATGCTAA
CAATATGCAA
CAATATGCAR
CAATATGCAA
CARTATGCAA
CAATATGCAR
CAATATGCAR
CAATATGCAR
CAATATGCAA
CAATATGCAA
CAATATGCAA
CAATATGCAR

00
TGARAGTTCAG
TGAAGTTCAG
TGAAGTTCAG
TGAAGTTCAG
TGARGTTCAG
TGAAGTTCAG
TGAAGTTCAG
TGAAGTTCAG
TGAAGTTCAG
TGRAGTTCAG
TGAAGTTCAG
TGAAGTTCAG

720
TGTTORAARG
TGTTGAARAG
TGTTGARRAG
TGTTGAAAAG
TGTTGARAARG
TGTTGAARAG
TGTTGAAAAG
TGTTGAARAG
TGTTGRAARG
TGTTGAAARG
TGTTGRAMAG
TGTTGAAARG

¥Sl



OXA-58
AZBE
Ad48
RZ42
A472
A4TI
Al50
AlBD
A292
hZe2
Ales

Consensus

OXA-58
AZBE
R446
AZ242
A4T2
BdT1
Al50
ALlBO
AZ292
R2E62
AlBB

Consensus

AAGTGGTGGE

ATTTGCTTTA
ATTTGCTTTA
ATTTGCTTTA
ATTTGCTTTA
ATTTGCTTTA
ATTTGCTTTA
ATTTGCTTTA
ATTTGLTTTA

AARGTGGTGGC ATTTGCTTTA

AAGTGGETGGE
AAGTGGTGGE

ATTTGCTTTA
ATTTGCTTTA

AAGTGGTGGEC ATTTGCTTTA

|
L

AULINENTNEINS

155

840

TTTAGATGTG CTAGATAAGT TGGGTGTTTT TCATTATTTA

TITAGATGTG CTAGATAAGT TGGGTGTTTT

TCATTATTTA

TTTAGATGTG CTAGATARAGT TGGGTGTTTT TCATTATTTA

TTTAGATGTG CTAGATAAGT TGGGTGTTTT
TTTAGATGTG CTAGATAAGT TGGGTGTTTT
TTTAGATGTG CTAGATAAGT TGGGTGTITTT
TTTAGATGTG CTAGATAAGT TGGGTGITTT
TTTAGATGTG CTAGATAAGT TGGGTGTTTT
TTTAGATGTG CTAGATAAGT TGGGTGITTIT
TTTAGATGTG CTAGATARAGT TGGGTGTTIT
TTTAGATGTG CTAGATAAGT TGGGTGTTTT
TTTAGATGTG CTAGATAAGT TGGGTGITTT

AMIANTUNNIINYAY

TCATTATTTA
TCATTATTTA
TCATTATTTA
TCATTATTTA
TCATTATTITA
TCATTATTTA
TCATTATTTA
TCATTATTTA
TCATTATTTA

S5l
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APPENDIX F

AMINO ACID SEQUENCES ALIGNMENT OF OXA-TYPE CARBAPENEMASE
AND METALLO B-LACTAMASES

OXA-TYPE CARBAPENEMASES

1. 0XA-23 GROUP

OXA-23 MHEYFTCYVV ASLFLSGCTV QHNLIMETES QIVOGHHQVI HQYFDEKNTS GVLVICOTDERSENLIGHALSE ANTEYVPAST FEMLNALIGL ENQOETDINE! FEWEGEERSFE TAWEEDMTLG
OXR=40 ivrrser sessisrans weiansneas osassne ol - o , . » -« s voros e e e e SRR R R AR W
Consensus

ER R s e R e B e e e R B RAEE R EEe e e s R e o s s b i B B B R A E R Ea St R R R B R R AR R R AR RS

OXA=-23 EAMELSAVPVY YQELARRIGL DLMOKEVERI GFGHAEIGQQ-WDHFWLVGPL EVTPIQEVEF WEQURHTOLF BSEXVOANVE HMLLLEESNG YKIFGETGWA -MDIKPQVGW LTGWVEQPDG
ORA=2T Ganvienssy snsawessss sasiasamis wrsvasonsd B caesees I e et n s s s ML « o s pa s sarnsmsnis mewdindenn

BR=88 oiE  eeTE  eeaE  aae ea | - R C e LTS, O e M e PR S Al A e e B L T E L B
CONSENnsUS . .crvrvrmer vrsrmmenrme spomsns g R T T T

OXA=-23 KIVAFALNME MRSEMPASIR WELLMESLEQ LMIT
OER=2T swwssun i I R R S MR AR R
BER=0T. e e a b AR AR ERE SRR R
CONBENINS. s allio i ivitssass sabassrnes wfes

asi



2. 0XA-24 GROUP

CHRZ4
CKA=33
OXA-40
OXA-286
QXA=-T2
OXA-25

Consensus

OXAZ4
OXA=-33
OXA=40
OXR-28
OXA-T2
OXA=25

Consensus

OXAZ4
OXA-33
OXA-40
OXR-286
OHA-T2
DXA-25

Consensus

1

MEEFILPIFS

B
sesssanans
seasaans s
sessramaan

L I R

241
GHK;!FELHL
A AR

R

ISILVSLSAC SSIKTESEDN FHISSQOHEK AII

ERCRE R

CRCR R

ERCI R

s e e

PVYQELARRT GLELMQEEVE RVNFGHTHIG J

ER Y

ERCRC NN

EMKEGMSGST RNEITYHSLE NWLGII

R

4 s mwew

- wa

R

-a e

aaw

amw

A ww

R

4w e

aga s iTaes

aaEE

asasew

P

CRCRE

STEEMLNALI

e . e - P I S T T
Pad A e snasa e e ‘inie b o gl S eaae e P
4 mEEEEdEE BEE R EEdEw 3 n A i TR NN RN EEE R N]
LR RN LR LU BT L N S s Es s Spdasss s
T TP PPNy 7 | " 1 5 R

Fa s EEssaRE ssEsEEwEaw EETEETE mEEETEETERE

VEFMLLIKEV

.......... LR AL ¥ F : 4 ', R

A
-------------------- - " L mE Bt rsssmmes saweeEae s

BA R RN EE %R EEEE SRR 1 r - FE AR EE e meEw e RO

.................... AN e
A% E

e T s o sssassasss sBassssans

FesereaaEs sasassnars il cesnenanns cKevaanens

275

rasersaars sawEw
sessrseasss saasw
T
T

sarrraalice sanas

....... Bow sanns

AUEINENINeINg
ARIANTAUNIINGIAE

GLENHEATTH

TR IR S C SR I

KGSHIYAKSG

sessssaans
sesssssans
s aasaaew
seseaas s
sessassnan

R R EEE ]

157

120

EIFEWDGEER TYPMWEEDNT

HWGMGVTPOVG

R I RL A
BE sk E
AR R IR

sosDinesas

Ty

sasEramann
R R
IR B AN

240
WLTGHVEQAN

N
R R Y
R

R R

151



158

3. OXA-51 GROUP

1 " / -
OXA=-51 'MNIKTLLLIT SAIFIGACSP YIVTANPHHS ASHSDEHAEE IKHL L TE VI I 00ED TOUSYBNELA. RASTEYVPAS TFEMLNALIG LEHHKATTTE VFRWDGQERL FPEWEKDMTL

L T e e ATl B A B e . / v e R AR R AR A R R T
OEA=TL cocialeuass warinstens seesiosess vovsdnines s pialll . g R *x\; ........................ Toiae faaismma AT .
oXA-111 ...... e JT e [ e e , s e TN~ TR G~ S R

OXARET o W TR R S e Eas Foiiiias. i, i ¥ R TR . i s PR Taidin PR A E
OKA-100 ....Bivuee vTovernons severannns Tevneus i r, B et AN \ ................... e ol e ——
QRNABE, duisapdhiy SPoih phde e R e Y 4 T

OXA=BT  ..icviuvn Tavvnnns vasns vives Taimwind s - A B M. .o waesmaiaene awmeesas e Daaes vaviel e e
0D, s eiBumses womrmsname  HEmm RS . T TS W % Tt B e i PSR
ORA-BE ot daesdaieiis Sedilahaads aeeaKaaie § ¥ LY e , G dEa e e e R RS
OXA-86 S R S ST | PP EEEGE  Rlminim NIRRT el E e Ry st et T £ e
OHR-BY Bl dieasleaniss swee v eaies e i .| SEEREES 4 - A : Caleael W e valaee s Fee et e e et

OXA=TE .ov.Bieive wonnsnssns
OXA-BO  oviBueins vienseness sesnsnsnes ssvesWasue - : y tresasenas seesnasies snssanenss sossvalioe vesseniene

CA-T08 iR enmeaan sanvaaaned sawaiVenrs weve i AJEEEEE ;_ b N G i seedataais GamecaEsas @i Sranr B e e e v

sebr s are s wares Taaea A o s o R B T T e R R | S P

OKA-T9  ,.erBuicsns sasprnrsens

aim e waees Naea ooae o AR . < us sa naees W R R R B o 0 B e

e Tt |- TSN oM RS e e PR e ; e PSS O S I T P R PR R Py ot O oy
OEA=T0R. conallivuwe smasamaiee s i T e A - i g e, SR L e SR R e s aa el o
CEASE L0 lQRe s edawveains sarSaaanies weae s i o S : e R s S
OXA=-6% ....A..... TR i ek s 2 ;s il i e s e e e wee e e Tk e Dk

OXA-110 ....A ... oy
OKR=10T  .oviPivann sensmenens

= E n
. X iﬁ sasms sasarersas sxssssssrs srasarBeas sasaaallaa,
s
.
OBA=112' ..ciBivery comanssres sessvasrss sasssDeses I e svwsras seransrsns sessassnrs srvasrsBens savasalaus
.

vl malesiae e Qi : N T S I RO SRR S P

GER=BR. SaiNGlEs LR iTEEEE Gl BTERE L v S ——— 3 e LTI SRR a b Saled e Rl e e

=TT connalias s st iieenims B ris o W v sl e e e DI B AR R e e e s s W e
CHR=81" veowilivean wdnnsem v T e e --“--Ei-’h- lp#!-!!l-l-w!-!---!- shassssras Fewassssms sesmsasris seesrazess wasssslloss
.o

T T (T N T e A e P S, IR s T A |
: p 8 £V dTYE) Lbhg-- - AT e R A AR T b Pl e

OXA=TB .. .Bivers vosnscssss seeBucsvas wa
'h!
....... s icvone s RNy SEGESEAE BRI AR e N R

OHA=93 ioaiRiaain. i R I A e . B
OXA=T0 wussPrsssn srnssnsnes sesssssnas T

CHA=I06. B et e P W e e el el R R R R R L R R e e T e e FE | L, e

BER=T5 wilhiwivan 3 Bews i nis iy s r Ry e e Lo e Sy o Bt e L SRR W

Consensus ...ka..... .a........ tq:gﬁrT ﬂﬂﬁﬁiﬁﬂqﬁﬂﬁ’]ﬂﬂ ..... M Py ey buos

DI

BS1



159

121
OXA-51 GDAMEASATP VYQDLARRIG LELMSKEVER VGYGHADIGT QW CREAQ | "“\\7 - QSMLFIEEKN GHNEIYAKSGW GWDVDPQVGW LTGWVVQRPOG

O P - T v A e 28 B T . ... ... ©.oicecies mrsesens seeesee PR 3/
OXA=T1  vvvvnns ikl oo . > e A A
OXA-111 = o ALY - BT
_ SR A B SR AN T G S A eI il e e e At At i
P g Y L. o ee eanenee O R e ——
SEBEION e P e Fade i Ee R ; S el P T e AR T
A e e e g g e PN e Myl 000 .
REIEBT snsaassiin wanadiade Drraneise rrasvavs . | X LK Shivavineg Peraaee s e e o o
T R R il B St s : - P BNl it et e s b e e
ORA=BB . .vvvuens nnenncane sosansrens sssesnesse alllestedb ! A B S/ S —
a3, s T R A g Ay e e s o R S T Pt - i 3 i 0 A A M senalidins swanaes s
OKA=B2  vvurur.. e i ool i | e IR O e , P — =N, =
TR s i Sttt e o : e U R P o A i et ar oA i e

PERA=RE i B BT S et e e e et DT T A TR A 0 R

T B T T Ty ———— : srelenanans saressnsse asrsansans sonallensas omsanns T
o T 1 R G S R S T S Sl B L e R A S el bk S ate S e e AT i e L e s
E L L R e T W R RIEIRER W R e TR b g e R RN e AR T T W A AT

L v ) T e AR R A POk R, S
OXASY Aesdsasasas sassmsnaEs EEssEbEEss smEsamaw i
OXB=BY  ovvrnrnnns sasensans e—— R——
ORNSELY: st PR Einans Saiia il Raasiiy
ENETRT ezt e S e AR A e
VS 1 e R X B D S R R R e R e
BRA-BE . cnisommanm Errs ey sracaleims e R j
OERETE amsisscamas wimasPerer srdaalants EAA e a

.
ORR=DY Liiiaei e emaaaiea s saam e e G A e e b P in .Q...... B T O ST T S o S P P S

QRAR=104  .oinsennse reaserrane seseelaeas sasassasas EEessaases msssssssss ssassaess .
CER=TTH: | fwacriamma | WA e e Mooow +- UL M-8 R LS00 - R - e ] IR | et e i
ORI wown i maEa e R | PR sessessras sernrassrs rensllissss werenssnre
QN e e Bl o e B . .0

OXA-106 ..civvvuann R AR
GHA~TS  sateredidss Samaomites

CONBERONE. |ouisininin ~adsiimn sk :.' "}ﬁ.ﬁﬂ_im ﬁvll‘] ﬂﬁf‘] j Sl et s e R

*1Q...,.. B S LR | R She i e e

*am

e e 1y o e et T e T PP TIaLd | T

Be s n ey A e AR e e ...Q...... Caras e e e S L L T Ty T

ila H‘. ....... abmn e a ta  a  mt [ ak dta

.............. WEE e R AR RA R ER R EEE AR ERAEEE R

651



160

241 274
OXA-51 HIVAFSLNLE MEEGIPSSVR KEITYKSLEQ LGIL

ERA=0E i e, e A, neA

o g e
OXA=BT .......n sa mmasmesasn sssressses sies
OMA-100 ........ WA R AT R Saeaaas swan
GURSEE; cwtvsaois Wismavn s oy ety Erike
OXR=BT  coovinvnvs svnsearsnns sasrssnsss s
[ T ey 1 Ay e S e
m-ﬂa F @ E e F R BB E BEEETEoE R AwAE EReAEm mEmoaE
OXA-B6  sevecraons sovaarsss srassasans seas

OER=BE ianidaead i et el ekl e, s e
Lt T T TR, D
RSB swssmpsany pressmassd Semenapass Ty
SRR i R el a e e LR EA
o v L - e
EER=95 o el S e i e s
OXA-108 ........ #e AEEssEEsEs sEsEEEsEEE B
= e o e e

OHR-BT  soivssaans drassniees sessaasans sed

T e T R T
QER=10T v vwmamn wanm s e ww E s e 8 ew W B
OER=112 woeniPanme wmwapansss seedteaaane e
ODER=BB - i idinias alii el e ST e ek aalya
BRR=TT  suwismwwes W R A A T R i
DRA=SE. arscdiasaycsrndsaares,. 2aEemk FARE, mEVE
[ Tt 1 R R e e Rty Yt S SR
OHA=TE  aesaurssnr saneTeepoe emasmaenmn s
IA=TR R b Y e . e e e e S
OXA-70 DR B e B mssE e s Es SEEEEsEaEs BEaa
OER=L0E ovseswss s Busmssssss &saensesne bees

OEA-T5! s erdsiB s s B3 S

ARIANTAUNININGAE

11:18



4. 0XA-58 GROUP
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1. 64 codon on IDNA

First Second Position Third
Position T C A G Position
T F S Y C =
F 5 Y C
ks S| sropconon | STOP CODON| A
- 5 | stop copon w 5
c L P T R
F A : ~ -
L "ME Q R A
L & Q R G
A I T N 3 =
I T N g C
| T K R -
A = K R G
G v m S 3 -
¥ A D G =
Y A E G A
A E G S

Abbresiation: AL alanine: €. cysteine: DL aspartic acide E, glutamic acid: F. phenvlalanine:
G glycine: H. histidine: |, isoleucine: K. lysine; L. leucine: M, methiunine: N, asparagine: P.
proline: Q, glutamine: R. arginine; S, serine; T, threonine; V., valine: W. trvtophan: Y.

Lyrosine
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