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CHAPTER I 

INTRODUCTION 

Acinelobacler balllJlannii is an opportuni stic pathogen that is frequentl y 

involved in nosocomial infecti on. A. hUlIlI1annii is mostly a cause of infection in all 

system s such as septicaemia, urinary tract infection , ventilator-associated pneumonia 

and skin infection following hospitalization of patients with more severe illness or 

ill1munocompromised patients. Carbapenem s such as imipenem and meropenem are 

drugs o f cho ice for treatment of" A. baulI10lln i i in tecti on, but carbapenem res istance in 

thi s spec ies is now obse rved increasingly wo rld\vide and also to be multidrug

resistance strain s. 

Carbapenem s are member of ~-Iac tam antibioti cs, act cytostaticall y on 

bacteri a by inacti va ting peptidog lycan transpeptidases known as peni cillin-bindin g 

protein s (PBPs) that catalyse the cross-linking of the peptidoglycan polymers in the 

bac ter ial ce ll \,yall. Primary cause or ca rbapenem resistance in A . haumallnii is 

~ -I ac tamase production such as carbapenemase enzymes to destroy ~-I actam rin g 

structure of dru g, resulting in loss of effi ciencing. Other res istance mechani sms are 

attributed to redu ced affinit y of PBPs for carbapenems, increased emux of th e 

~- I ac ta m antibioti cs, dec reased permea bility o f the outer membrane or to a 

comb inati on of severa l mec hani sms. 

The ~- I actamases can be c lass ifi ed into four di fferent molec ul ar groups, A. B. 

C and D accordin g to amino ac id sequence identiti es. C lass A, C and D ~- I ac tam a se s 

use a catal yti ca ll y acti ve serine residue for in ac ti vation of the ~ -Iac tam drug. whil e 

Ill olec ul ar c lass B ~- I ac ta lll a se s are metall o-enzymes requiring zinc for the ir catalyti c 

ac tiv ity. Carbapenemase producti on is the major mechani sm of carbapenem 

res istance in A. bUllmanni i . Most of these enzymes are members of c la ss D 

~ -I a c tam ase (o.\ac illinase). fo ll owed by class B ll1 et a ll o-~- l acta ll1 a se such as 

IMP-tyr e and VI :'v1-tyr e and rarely found ill class A 11-lac tal1l ase ( I). 



2 

Carbapenems such as 1I1l1penem and meropenem are drugs of choice for 

treating penicillin- and cephalosporin-resistant A. ballmannii. Reports of 

carbapenem-resistance A. baul1Iw711ii have been increasing over the last few years. In 

Taiwan, the proportion of A. baumannii resistant to carbapenems rose from 5.88% in 

1993 to 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 AcinelObacler spp. worldwide such as Greece 

(5). Turkey (6, 7), Croatia (8), Italy, England (9), Germany, Poland, China, Brazil, 

France (10,11), Argentina (12), Romania (13), etc. 

Most of carbapenemase enzymes that found in A. baumannii are OXA-type 

carbapenemase (oxacillinase), whereas metallo-I3-lactamases such as IMP-type and 

VIM-type have been rarely identified . First carbapenem-hydrolyzing oxacillinase 

(CHDLs) encoding gene was reported In A. baumannii in 1995 . This enzyme, 

originally named ARI-I, was identified 111 Scotland and it was renamed OXA-23 

following its genetic and biochemicSlI reaction (14). After that, there were many 

reports about OXA-type carbapenemases produced by A. baumannii around the world. 

OXA enzymes can be subclass itied 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 A. baumannii. The first subgroup encompasses the 

OXA-23, -27 and -49, which were reported in Brazil (IS), Korea (16), China (17), 

Singapore (18), Scotland (14), South America (19), United Kingdom (20), Australia 

(21) and Tahiti (II) . The second subgro up encompasses the OXA-24 to -26, -3 3, -40 

and -72, which were reported in Spain (22), Belgium (23) and France (24) . The Third 

subgroup consists of the OXA-SI fami Iy, including OXA-Sl , OXA-64 to -71 , 

OXA-7S to -80, OXA-82 to -84, OXA-86 to -95, OXA-99, OXA-IOO. OXA-104, 

OXA-106 to -113 , OXA-llS to -117, OXA-128, OXA-130 to -132. They were 

reported in Argentina (25-27), Spain (25), Hong Kong (25), Singapore (25). South 

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 Acinelobacler spp . IMP-I ,"ere reported in Japan 

(35), Korea (36. 37) and Italy (38). IMP-2. IMP-4. IMP-5 , IMP-6 and IMP-II were 
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reported in Italy (39), Hong Kong (40), Protugal (41), Brazil (42) and Japan (43), 

respectively. For VIM-type, VIM-2 were reported in A. baumannii in Korea (36, 44). 

VIM-I and VIM-2 were reported in Acinelobacler spp. in Italy (41) and Korea (36, 

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

In Thailand, there was no evidence of carbapenem resistance in Acineobacler 

spp. at Siriraj Hospital in 1998 (47). In 1999, Acinelobacler spp. were 2 I % resistant 

to imipenem at Vajira Hospital (48). In 2007, imipenem resistance rate of 

A. baumannii collected from Chiang Mai University Hospital were 3S.S% (49). At 

the same peroid, the imipenem resistance rate of 2, 130 A. baumannii isolated from 

cl in ical specimens at Songklanagarind Hospital was 34.7%. The 61.9% of these 

imipenem-resistance A. bauflIw7I1ii isolates were isolated from respiratory tract, and 

frequently found in ICU. Moreover, 14.8% of all imipenem-resistance A. baumannii 

isolates were resistant to all routine tested antibiotics (SO). In 2003, the imipenem 

resi stance rate of A. bawl/annii was 61 % at Police General Hospital (SI). Sixty-eight 

percent of A. baumannii isolated fr9m Siriraj Hospital in 2006 were resistant to 

carbapenems and 57% were resi stant to all antimicrobials currently available In 

Thailand (S2). The data from the National Antimicrobial Resistance Surveillance 

Center Thailand (NARST) showed that imipenem resistance in Acinelobacler 

caIC(}aCeliclis-bautnannii complex increased from 2% in 1998 to 57% in 2006 (53) . 

The emergence of carbapenem resi stance III A . baumannii has become a 

global concern including Thailand. In Thailand there are tew studies on mechanisms 

of carbapenem resistance in A. baumannii. The purpose of this study is to determ ine 

carbapenemase genes i ncl ud i ng blaoXA.:'J.li kc , blaoXA.24. llk c . blaoxA- 51-ll ke _ 

h1(/() \ .\ .S~- ld'c . h!OIMI'-ll k" and h!OVI\I - l lkc in carbapenem-resi stant .4 . /)ulIJllOnnii and 

investigate the prevalence of carbapenem resistance in A. baumannii isolated from 

Thai patients bet\vecn January 2004 and August 2007. 



CHAPTER II 

OBJECTIVES 

I. To examine carbapenemase genes (blaoxA , blalMI' , blaVIM ) in carbapenem

res istant A. baumannii. 

II. To investiga te the prevalence of carbapenem res istance 111 A. baul1Iannii 

iso lated from Thai patients. 



CHAPTER III 

LITERA TllRE REVIEW 

I. BACTERIOLOGY 

Genus Acinelobaclcr is currently classified in the Phylum Proteobacteria, 

Class Gammaproteobacteria, Order' Pseudomonadales, Family Moraxellaceae. There 

are three genera in this famil y including Afo/"(/xe llll , Acine/obacler and P.~ychrob{/Cler . 

Species in ge:lus A(inetobacler are 51tr ictly aerobic non lactose fermentative gram 

negative coccobacillus but occasionary are difficult to destain. Individual cell is I to 

1.5 f.un by I.S to 2.5 ).lm 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. A II 

strains grow between 20°C and ")O°c. Most strains have optimal temperature at 

33-35°C and grow in defined media cOlltaining a single carbon and energy source. 

They use ammonium or nitrate sa ilS as the source of nitrogen. D-Glucosc is the only 

he:\ose utili zed by some strains, whe:'cas the pentose D-ribose, D-xyluse 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 spec ies and 17 of them have been assigned spec ies name as described in 

Table I. Genomospecies I, 2, 3 and 13 of Tjernberg and Ursing are closely related 

and difticult to separate in the clinical laboratory, refered to as the A. calcoaceticus

A. baumannii complex (54). Strains beionging to genomic species 2 (A. baumannii), 

3, and 13 have been found lIl ost frequentl y t(l be assuciated with hospital infection 

and epidemic outbreaks (55-57). 

Acindobacler spp. are generally considered to be nonphathogeniC' to healthy 

individuals. However, A ballmannii persists in hospital environments and causes 

severe. life-threatening infectioll s in compromised patients. This orga ni sm is resistant 

to Illultiple antimicrobia l agents and has high capac ity Cor surviva l on most both 
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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 tlora 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. baumannii. 

2. EPIDEMIOLOGY 

2.1 Hospital-acquired A. baunulIlnii infection 

Hospital-acquired A. baumannii infection includes ventilator-associated 

pneumonia, skin and soft-tissue infections, wound infections, urinary-tract infections, 

secondary meningitis and bloodstream infections. The most frequent clinical 

manifestations of nosocomial A. bal/mannii are ventilator-associated pneumonia and 

bloodstream infections. A sc heme that explains the dynamics of A. baumannii 

epidemiology in a hospital is shown by Figure I (58). A. baumannii can spread from 

the colonized patient to the environment and other susceptible patients via excreta, 

aerosol droplets and scale of skin . The most common mode of transmission is from 

the hands of medica l staff. Organisms can survival in dry environment. During 

outbreak, it has been recovered from various patient's environments including bed 

curtains. furniture and medical equipment. The medical equipments such as 

me chan ical venti lation, indwell ing devices (intravascu lar catheters, urinary catheters 

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

The potential risk factors for the acquisition ofA . bal/mannii infection include 

host factors such as maj or surgery. major trauma especially in burn trauma, 

prematurity in newborns. The exposure related factors are prev ious stay in an ICU, 

the length of stay in hospital or ICU, residence in a unit that A. bal/mannii is endemic, 

exposure to contaminated medical equipment, the number of invasive procedures, 

previ ous antimicrobial therapy and deficiency in the implementat ion of infection 
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control guidelines. These factors explain the difficulty of controlling A. baumannii 

infection in hospitals. 

The clinical impact of nosocomial A. baumannii infection has been debated. 

Cisneros et at. and Seifert et at. showed high mortality rates in patients who had 

A. baumannii bacteraemia or pneumonia (59, 60). Falagas et at. 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 A. baumannii infection caused by their underlying disease rather than 

by A. baumannii infection. Study by Blot et at. 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 at. , there was no significant difference between the mortality rate of 

ventilator-associated pneumonia caused by A. baumannii 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). 
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2.2 Community-acquired A. bllllllUlllllii infection 

A. baumanni i is an important cause of coml1l un ity-acqu ired pneumon ia. The 

evidence of community-acquired A. ballmannii infection is increasing. Hi gh 

inc idence of bacteraemia and high mortality ranging from 40 to 64% (58). The 

inc idence 0 f commun ity-acq u ired A. bau/lwnnii in fe ct ion has been reported al most 

exc lusive ly in tropica l clim ates. espec ia lly in Southeast Asia and tropical Australia 

(65. 66). In Israe l. A. ballmann i/ showed a 3 1-fold increase when it was hospital

acqu ired bac teraemia and a 13-fold increase when it was cOllllllunity-acquired 

bacteraemia bv an infec ti on contro l surve ill ance program at th e Assaf Haro re h 

Medical Ce nter (AHMC) in 1997-2004 (67). [n northern Australia. 10% of a ll 

coml1lunity-acquired bacteremic pneum onia were caused by A. bamannii and 2 1 % by 

gram-negative bacteria in 1992 (68). There were case repo rt s or community-acquired 

pneumonia caused by A. balill/([l7l7/i from countries in tropica l or subt ropica l reg ions 

such as Australia (68). Kuwait (69) . Taiwan (70) and Thailand (71-73) . The 

preva lence of infecti on occu rred in warm and humid environment mi ght be due to it s .. 
appropriated conditi on for growth . The ri sk fa ctors for community-acquired 

.1c il/e /o/wcfer pneum on ia have been assoc iated \vith und erl yin g conditions such as 

a lcoholi sm. smokin g. chroni c obstructive pulm onary di sease (COPD) and di abetes 

me II itLis . 

3. PATHOGENESIS AND VIRULENCE FACTORS OF 

ACINETOBACTER BAUMANNII 

.4.cil/e!o /Jac!er ballmonn/i is an opportuni stic pathogen . Co loniza ti on wit l ] 

A . bOIi/lwl/l/ /i is more cO lllm on than in fec ti on. 1·IO\\ C\'er it can be severe when a1 

infec ti on is developed. The factors th at contribute to .4. balill/o/mii environment 

pe rsistence and host infecti on and co loni /a ti on are sUillmari7ed in Fi gu re 2 (58). 

Adherence to host ce ll such as bronchia l epithe lial cell s and skin is th e first step in 

th e co loni za tio n process. A. bOlIllW1711 ii can survive and grow on host skin and 

IllLl cosa l surrace bccau se it can resi st to inhibitory agents and conditions that are 

c\c ncd h\ thc\c surlitccs. 111 ;tdd iti on. it C:1Il I'csi "t (() dl..'~ i cc a ti()ll. di\inkctal]h :Itlc! 
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antibiotics and can use varIOUS substrates fo r growth, resulting in survival in the 

environment. Cirowth 011 muc osa l surfac es and medica l devices. suc h as intravasc ul ar 

catheters and endotracheal tubes. can result in biofilm fo rmation, which enhanced the 

ri sk of bloodstream and airway infections (74). Biofilm tormation mi ght 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 ro le ill A ball/llunllii are described below. 

I. Adherence of bacterial cell to epithelial cell 

Adherence of bacteria to epithelial cells is considered to be an esse ntial first 

step in colonization and subsequent infect ion (76). Thi s orga ni sm can survive and 

gro\\ on hos t sk in because organism can res ist to inhibitory agents and protective 

co nditi ons of ski n (such as desiccation, low pll, th e resident normal fl ora and toxic 

lipids). Organism also can survive and grow on mucus membrane because it can 

resist to the presence of Il1UCU S, lactot~ rrin , lactoperox idase and the s loughin g of ce ll s 

(58). [n addition , the pili and hydroph ob ic sugars in the O-side-chain moiety of 

lipopolysaccharide (LPS) ll1 ight proll1ote ad herenc e to host cells (77-80). Studies b) 

electron microscopy dem onstrated that pili on th e surface of /IcinefoiJacfer interact 

\\ ith human ep ithelial cell. Moreover, there were thread-like co nn ect ions between 

th ese bacteria in ea rl y phase or biolilm fo rll1 ati on (81). 

2. Biofilm formation 

Biotilm formation is important pathogenic feature, especia ll y in intravascu lar 

line inlec ti ons and ventilator-associated pneull1onia. A. h(J//lllannii can grow on 

ll1ucosa l surfaces and medical devices suc h as intravasc ular ca th ete rs anJ 

endotrac hea l tubes by biolilm formation, resulting in enhancing the ri sk or in fectio n 

in bloodstream and airways. Study by Rodri guez-Bano dem onstrated that a ll 

catheters rela ted urinary tract or bloodstream infections and shunt-re lated meningitis 

\\ ere caused b\ hiolilill lurming stra ins. The\ a lso fu und that prevI ous 

alllin ng lyc(lsidc u~e was assoc iated with bi o lillll-fllrilling isolatc~ (W2) . . 1. hUlilll{//lIlii 

isolates carrying h/ul'llZ ! sho\\cd a s igniti can tly hi gher abil ity luI' epit he li al cell 
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ad herence and biofilill fo rill ati on than iso lat es without b/OPIR _I (83). Similar to the 

study by Sec hi el aI, P(~ R - I producti on in A . hall llwllll ii was fo und to be re lated to 

ce ll adhesion (84). In the other hand , treatment with EDTA caused a 55%-65% 

redu cti on in bio fillll fo rmation by detachment of biofi lm ce ll s and inhibit bac teri al 

growth (83) . Organi sms that ca used many dev ice-related and chronic inlCctions and 

fo rm ed bio fill1l in or on these devices were difficult to e radicate because organi sms 

in biofllm were usually res istant to numerous antimicrobial agents and products of 

the immune sys tem (85, 86) . Similar to the study by Lee el aI , multidrug-res istant 

isola tes o f A. balllllannii were reported to form large amounts of biotilm and showed 

a s ignifi ca nt co rrelat ion with epithelial ce ll s ad herence (83). In ad dition. the ab ility 0 1' 

bacterial ce ll s to tran s fe r gene horizont a ll y is increasing within bio filrn communiti es, 

resulting in the spread of antibioti c res istan ce (86 . 87). So, the high abi lity to 

co loni ze of A bmill/w7Ilii co mbincd \\ith it s res istan ce to Illultidru gs will co ntribute 

to the orga ni sm' s surviva l and furth er d isseminat ion in the hosp it a l. 

3. Potential toxic role of lipopolysacchat'ide 

Th e lipopolysaccha ri de ( I.PS) is involved in res istance to complement in 

human serum and ac ts in synergy wi th the capsula r exopo lysacchar id e. The 

end otoxic potenti al o f A ballllwnnii LPS is abl e to stimulate infl ammatory s ignal in g 

via To ll-like receptor (TLRs). Wh o le lIV-ki li ed ce ll s o f' A. balllllCll7nii co uld 

sl im ulate both TLR2- and TI.R4-depe ndent s igna l in g, whereas pure end otox in s 

induced s igna ling onl y TI.R4 (88). In add ition, ca psul ar pol ysacc haride bloch:s the 

access of compl ement to mi crobial ce ll wall and prevent th e triggering o f the 

a ltel'na ti ve pathway or comp lcment ac ti vat ion. Stimulating in innate immune 

respo nse by th e endotoxin s and capsul a r pol ysaccharide Ill ay co ntribute to th e 

pa t 11 0 logy 0 I' A hali l/wl/ll ii infec t ion. 

4. The outer membrane protein 

Ihe ou ter Ill e lll brane prote in A. i\ bOIll pA,. prev iousl) ca lied Oln p3 8. ha s 

bec n J s~oc i a t e d \\ ith th e cyto t O\~ ici ty inducti o ll . I\bOlllp /\ is a 38 h:Da po rin . \\hi ch is 

a trilllcr ic porill \\'itil a porc SilC o r 1.3 11111 alld acts as a ge neral diffusi on pore. ('il o i 
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elo/. round th at thi s prote in was a potent cytotoxin th at induced apoptos is of human 

laryngea l epithe lial ce ll , Hep-2 (89 , 90) . AbOlllpA entered to the l-/ ep-2 ce ll and was 

loca li zed to the mitochondria, resultin g in re leas ing o f proapoptotic molecules such 

as cytochrom e c and apoptos is-inducing factor (AIF) into th e cytosol as a 

consequence o f mitochondri a l di s integration. This event activated cas pase-3 fo ll owed 

by degradati on of DNA approximate ly 180 bp in size. AIF activated caspase

independent apoptos is and degraded chromosomal DNA approximate ly 50 kb in siN, 

which res ultin g in large-sca le DN A fra gmentati on. Apoptos is or epithe li a l ce ll s 1ll 3) 

di srupt the mucosa l lining and resultin g in invadin g o f bacteri a or bac teri a l products 

to dee p ti ss ues. 

5. Siderophores synthesis 

A. ball/ I/ol/nii is a bl e to utili ze host I'esources fo r its surviv a l in human. Iron is 

an im po rtant re source that is not readil y ava il abl e in human, rath e r it is fo und to be 

complexed w ith iron-binding mo lecules. in c luding heme and lactofe rrin (91, 92 ). 
~ 

S iderophores are low-molec ul ar-m ass ferri c bi nd in g com pounds that can uptake iron 

in iron-limitin g co nditi ons. The bacteri a can survive and multipl y under iron-limiting 

co nd itions by exp ress in g thi s ac ti ve s) StClll , s ide roph ores sy nthes is. Si der()p hurcs are 

c lass ifi ed into fo ur catego ri es by the ir chemica l stru ctures (9 1. 93 ). Yamamoto el (I/. 

de monstrated th e structure of acinetobactill . the s iderophore sec reted by 

A hal/mannii 19606 had a pheno late group as th e iron-bindin g site (94 ). 

Aci netobac tin fo rm ed com pie:-..: with Je rri c and thi s complex were transported into 

bac teri a l ce ll ac ross the bac teri a l membrane vi a th e r atA-like prote in (95). Other 

bac teri a th at has s iderophores synthes is is Vib r io ong llillaruf1l , which sec reted 

anguibactin fo r iron ac qui s iti on. 

Over a ll together. the ability or A. bmlll1{1! lll ii to adapt in \::l riab le co nditions 

toge th er with an tib ioti c res istance and e ffec tive stress- res ponse mec hani slll s mi ght 

C\p lain th e success or A /Jm llll olln ii infe cti on. 
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The factors that contribute to A. baumannii environment 

persistence and host infection and colonization (58). 
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4. DIAGNOSIS OF A. BAUMANN]] INFECTION 

Infection or colonization with A. 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. 
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Phenotypic Identification 

A. ballfllonllii is gram negative coccobacilli usually diploid form. Colonies 

growing on MacConkey agar may have a slightly pinkish tint. This organism does 

not produce cytochrome oxidases and oxidize glucose with production of acid. It can 

grow at 37", 42° and 44°C. A. baufIlannii can decarboxylate arginine and use 

malonate as a carbon source. It does not produce urease enzyme and cannot reduce 

nitrate to nitrite and nitrogen gas. The biochemical scheme of genus Acinelobacrer is 

shown in Table 3 (54). Phenotypic identification methods take a long time lor 

identification and can not discriminate some genomospecies that are highly related 

(57, 96). Genomospec ies I (A . calcoocel iCII.I), 2 (A. hOllmannii), 3 and Tj ern berg and 

Ursing 13 are often similar and belong to A. calcoaceliclls - A. ballmannii complex 

(ACB complex). These organisms cannot be differentiate by phenotypic tests. So, 

genotypic identification has been lIsed for classifying the members of genlls 

Acil1erobclel'. 

Genotypic Identification 

In 1986, Bouvet and Grimont classified the genus Acinelobacler to 12 DNA 

gro ups or genomospecies by DNA-DNA hybridization tests (97). Genomospecies I. 

2. 4. 5. 7 and 8/9 were desi gnated A. culcoacelicils. A. baulllannii, A. haelllolyliclls, 

A. i IInii. A jO/717sol1ii and A. lim/Iii. respecti vely . The others were designated by 

group number. genomospecies 3, 6 10, II and 12 . In the following years, 

A. radioresisrens was described and demonstrated to correspond to Bouvet and 

Grimont's genomospecies 12 by Nishimura er al (98). By uSlllg DNA-DNA 

hybridization. Tiernberg and LJrsing found three additional genomic species, 

genoillospecies Tl J 13, TU 14 and TU 15 in 1989 (99). At the same time, Bouvet and 

Jeanjean reponed live genomospecies. BJ 13 to BJ 17. to the scheme of Bouvet and 

Grilllont. DNA gro up 13 sensu Bouvet and Jeanjean (BJ 13) corresponds to genomic 

species 14 sensu Tjernberg and LJrsing (TUI4) . In addition, "Close to TUI3 " and 

"Bet\\eell I and .)" were delll oll sa trated by Cierner-Smidt ('I {II in 1993 (96). To date. 

at least or 32 ge ll omic species were identified and 17 o f' thel1l havc been assigned 

species Ilame as descr ibed ill Table I (:'i8). 
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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) (10 I), ribotyping and restriction analysis of 

the 16S-23S ribosomal RNA Intergenic Spacer Sequences (102). 

"', 
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Table 1. Classification of the genus Acilletobllcter (58) 

Species Source 

Species that have valid names 

.. I. ca/eouceliclI.\' (Gcnomospecies I ) 

.. I. balllllannii (Genomospecies 2) 

.. I . haelllo/yliclIs (Genomospecies 4) 

.4 . jllllii (Genomospecies 5) 

A. johnsonii (Genomospecies 7) 

A. /lI'offii (Genomospecies 8/9) 

.. I. radioresislens (Genomospecies 12) 

A. llrsingii 

.. I. .\chind/eri 

.1. /){IITIIS 

.'1. bay/yi 

A. bOIl1'elii 

.4 . lowneri 

.1. wlldoii 

.. I. grilllonlii 

. 1. Ijembergiae 

. 1. gemeri 

Species that have provisional 

designations 

.. I. \'elleliamIS 

Genomospec ies 3 

C,cllllmospccics 6 

(iCnl.)Ill11Spccies I () 

(ienomospec ies I I 

Genomospecies 13BJ or 14TU 

Genoillospecies 14BJ 

Cienoillospecies 15B .I 

(ienllillospecics 16 

(il'nolllospccics 17 

(il'nolllospcci es I ~ Tl ! 

(jenoillospeci es 15TU 

Genoillospecies between I and 3 

(Jenolllospec ies close to 13TlJ 

Soil and hUlllans (including clinica l specimens) 

Ilumans (including cI inical specimens), so il. meat and vegetables 

Humans (i ncluding clinical specimens) 

Humans (includin g clinical specimens) 

Humans (including clinical spccimens) and an imals 

Ilumans (including cl inica l specimens) and animals 

Ilumans (inc luding clinica l specimens) , soil and collon 

Humans (including clinical specimens) 

Humans (including cI inica l specimcns) 

Iluman s (including clin ical spccimens) and animals 

Activated sludge and soil 

Activated sludge 

Activated sludge 

Acti\'ated sludge 

Acti vated sludge 

Ac1,jvated sludge 

Acti vated sludge 

Sea water 

Ilumans (including cl inical specimens) . so il and vegetables 

Ilumans (including cl inical specimens) 

Ilumans (including cl inical specimens). soi l and \egetablcs 

I l umans (including clini ca l spccilllens) and an imals 

HUlllans (including clinica l specimens) 

Humans (including clinical specilllens) 

Il umans (including clini ca l specimens) 

Ilumans ( including clinica l specimens) and vegctablcs 

Ilumalls (ill c ludillg clilli ca l spccimcns) alld so il 

Ilumalls (illc luding clinical spccimens) 

Ilumans (inc luding clillical spccimcns) 

Ilumans (clinical specimens) 

Humans (clinical specimens) 
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5. TREATMENT OF A. BAUMANNII INFECTION 

Broad-spectrum cephalosporins, f3-lactam-f3-lactamase inhibitor combinations 

such as ampicillin combined with sulbactam, carbapenems that used alone or 

combination with an aminoglycoside and other combinations of a f3-lactam with a 

tluoroquinolone or rifampin have been used for treatment ofA. /J{[l{1I/({1lI7ii infections 

(103). Carbapenems are a class of f3-lactam antibiotics with a broad spectrum of 

antibacterial activity, and have a structure which renders them highly resistant to 

f3-lactamases. Carbapenems that usually use for treatment of A. ballmannii infection 

are imipenem amd meropenem. 

For infections caused by multidrug-resi stant isolates, the most active agents 

are the polymyxins, polymyxin B and polymyxin E (colistin). These agents caused 

disruption of the integrity of bacterial ce ll membrane, leading to leakage of 

intracellular contents and cell death (104). They were abandoned in 1960s and 1970s 

but they have brought back into use again during the past few years for treatment or 

mul ti d rug-res i stant gram nega tive bacilli including A c ine loboel e 1'. 

Bronchoconstriction is the main side effect of inhaled colistin when used for 

treatment of ventilator-associated pneumonia (lOS). Garancho-Montero ef 01. 

suggested that intravenous polymyxin s could be used successfully for the treatment 

of ventilator-associated A. bal/lIlannii pneumonia, with less nephrotoxicity (106) . The 

cure rates fo r co li stin were 57-77% among seve rely ill patients with multidrug

resistant Acil1efobacfer infections, including pneumonia, bacteremia, sepSIS, 

intra-abdominal infection and central nervous system infection (107-110) . 

Motaouakkil el ul. demon strated the suc cessfully treatment or ventilator-associated 

pneumonia and bloodstream infections by combination of colistin and rifampin 

(III). Yoon ef 01 also demonstrated the synergy activities of pol;l11 yx. in B combined 

with imipenem and rifampin against multidrug-resistant A. hW{t/7Uf7I7ii (I 12). It might 

be because of rapid permeable through the outer membrane or polymyxin B. 

allowing enhanced penetration and activity or both imipenem and rifampin. 

Illl\\cVCL Saballs e/ of found a high failure rate and emergence of ritampin 

res istance in 70% of carbapenelll-I'esistant Acinclo/i{fcfcr infected patients treated 
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with rifampin plus imipenell1 (113) . Bernabeu-Witlel el al. al so 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 glycylcycline antibiotic. tigecycline. has been reported to be active 

against some multidrug-resistant A. baulIlannii (115, 116). However, tigecycline

resistant A. baumannii isolated were reported recently (117-123) . Peleg el al. and 

Ruzin el al. demonstrated that tigecycline resistance was associated with 

upregulation of chromosomally mediated efflux pumps (124) . Cetoperazone 

combined with sulbactam, sulperazone, ,vas al so used to treat multidrug-resistant 

AcinelObacler spp. Lim el ([I. found 62% of cefoperazone-resistant Acinelobacler 

spp. were susceptible to cetoperazone-sulbactam (125) . 

6. CARBAPENEMS 

Carhapenem s are ~-Iactam arrtibiotics that contain a ~-Iactam ring in their 

structures. They differ from other ~-I ac t am s by having a hydroxye thyl side chain in 

trans-configuration at position 6 and a sulfur atom at position I of the structure has 

been replaced with a carbon atom, and hence the name of the group. the carbapenem s 

(Figure 3.). The unique stereochemistry of the hydroxyethyl side chain confers 

stability again st ~-Iactamases (126, 127). 

All ~-Iactam antibiotics are bactericidal , and act by inactivating cell wall 

enzymes sllch as transpeptidases wh ieh are mem bers of the fam i Iy of pen ic i II in 

binding proteins (PBPs). These enzymes catalyze the cross-linking of the 

peptidoglycan polymers in the bacterial cell wall (128) . ~-Lactam antibiotics are 

similar to the D-alanyl-D-alanine of the pentapeptide whi ~ h attached to 

N-acetylmurami c acid (NAM) unit in the nascent peptidoglycan layer. PBPs 

mistakenly use penicillin as a substrate for cell wall synthesis and transpeptidase is 

acylated. The acylated PBPs inhibit cell wall synthesis. while autol ys is by cell wall 

autolyti c continucs. These evcnt s lead to pcrm eabl y o t' water. rapidl y tak e up fluid 

alld evclltua lly lyse or bacterial ce ll s (1 29). 
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Figure 3. Structure of carbapenem backbone 

Carbapenem agents currentl y available are imipenem (N-formirnidoyl 

thienamycin ), semisyntheti c derivative of thienamycin , rneropenem, ertapenem, 

doripenem, panipenem and biapenem. Imipenem aQd rneropenem are the most clnical 

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

chain at position 2. 

CH, __ .r 

Imipenem 

Dol"ipenem 

Figure 4. Structures of carbapenems 
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Imipenem is an intravenous ~-Iactam antibiotic developed in 1985. It is 

derivatives of thienamycin, which is produced by the Streptomyces catt/eya. 

Nomenclature by International Union of Pure and Applied Chemistry (IUPAC) is 

(SR,6S)-3-[2-(aminomethyl ideneamino )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 ~-Iactamase (both 

penicillinase and cephalosporinase) produced by some bacteria, and is a strong 

inhibitor of ~-Iactamases from some gram negative bacteria that are resistant to most 

~-Iactam antibiotics. Imipenem can be hydrolysed in the mammalian kidney by a 

dehydropeptidase enzyme. Cilastatin is a competitive, reversible and specific 

inhibitor of dehydropeptidase-I enzyme. So, IlnIpenem is gIven with a 

dehydropeptidase inhibitor, cilastatin, to prevent the breakdown of antibiotic in the 

kidney (126, 130). 

Meropenem is an ultra-broad .. spectrulll injectable antibiotic used to treat 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- (I -hydroxyethyl)-4-methyl-7-oxo-

1-azabicyclo[3 .2. 0] hept-2-ene-2-carboxylic acid. It is bactericidal except against 

Listeria monocy togenes where it is bacteriostatic. This agent is also highly resistant 

to degradation by f3-lactamases or cephalosporinases. The overall spectrum is similar 

to im ipenem a Ithough it is more acti ve aga inst Enterobacteriaceae and less acti ve 

against gram positive bacteria. It is also resistant to ESBL but more susceptible to 

metallo-f3-lactamases (126). 

Other ca rbapenems include ertapenem, doripenem, panipenem and biapenelll. 

All carbapenems except imipenem have 1-f3-methyl group in their structures, confer 

~-Iactamase stability and resi stance to inactivation by renal dehydropeptidases (131). 

Ertapenem is effective against gram negative bacteria and anaerobic bacteria, but not 

active again st MRSA , ampicillin-resistant enterococci. Ps. ucrugil1is(I and 

Acil7ctohac fer spp (126, 132. 133). Doripenem \vas 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 to 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 Streptococcus pneumoniae and [3-lactamase 

producing organisms. A panlpenem is coadministered with betamipron to inhibit 

panipenelll 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. BA UMANNII 

The emergences of multidrug resistance including aminoglycosides, 

quinolones and broad-spectrum beta:lactams in A. baumannii have been reported 

( 137-140). Carbapenems have become the preferred treatment for serious 

Acinelobacler infections in many countries because of their stability against 

[3-lactamases. However, resistance to carbapenems has been increasingly reported 

worldwide (141-144). A major contributing factor in the emergence of antibiotic

resistant A. ballmannii is the acquisition and transferability of antibiotic resistance 

genes on plasm ids, transposons and integrons. The presence of integrons related to 

epidemic strains in AcinCIobacter spp (39, 46, 145-147). Three main classes of 

integrons have been described, class I, class II and class III differed by amino acid 

sequences of gene encoding integrase enzymes. Class I integrons have found 

predominantly in A. ballfllanni (146, 148. 149). Class II integrons hybrid with class J 

integron was reported in one A. haumannii isolate (150). The epidcmic potential of 

A. baumannii may be linked to the presence of class I integrons that contain 

antibiotic res istance genes. 

The most cOl1lmon mechani sm round in carbarcncl11-res istant .4 . /)([11 11/(//117 ii 

IS production or carbapenemases, cither chromosomally-encoded or plasmid 
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mediated. Other mechanisms include alteration of PBPs structure, decreased outer 

membrane permeability for taking up antibiotics and active efflux pumps for 

excreting antibiotics (15 I). Combination of these resistance mechanisms can occur. 

Mechanisms of carbapenem resistance in A. baumannii are described below. 

1. Production of carbapenemase enzymes 

The (3-lactamases can be classified into four different molecular groups, A, B, 

C and 0, according to amino acid sequence identities (152-154). (3-Lactamase class 

A, C (AmpC) and 0 use a catalytically active serine residue for inactivation of the 

(3-lactam drug (155), while class B (3-lactamases are metallo-enzymes requiring zinc 

for their catalytic activity (156, 157). Classification scheme for (3-lactamases is 

shown in Table 2. Carbapenemases belong to class A, Band 0 (3-lactamases. 

Carbapenemases mostly found in carbapenem-resistant A. baumannii are OXA-type 

carbapenemases which belong to class 0 (3-lactamase. Some of metallo-(3-lactamases 

which belong to class B (3-lactamase and have carbapenemase activity were reported . 

1.1 OXA-type carbapenemasc enzymes 

OXA-type carbapenemase enzymes are major carbapenemases produced by A. 

baumannii. Walther-Rasmussen demonstrated that these enzymes were classified in 

class 0 (3-lactamase which was attributed to the presence of three highly conserved 

active s ite elements (158, 159) . The first element was the tetrad, Ser70 - X-X-Lys, 

where X represents a variable residue, containing the active site serine [Ser70 

according to the DBL (class 0 !Hactamase) numbering]. The second element was 

Ser l1 8 - X- Valllle. The third element was Lys~1 6 - ThrlSer-Gly element. Other 

conserved motifs in class 0 (3-lactamases were the triad Tyr/Phe I44-Gly-Asn and the 

Trp232-X-X-Gl y. Mature OXA-type carbapenemases contain between 243 and 260 

amino acid res idues with molecular masses ranged from 23 to 35 .5 kDa . The 

isoelectric points (pis) of OXA-type carbapenemase enzymes that found in A. 

baul1lannii varied between 6.3 and 9.0 (I I, 12, 14, 16, 22-26, 33, 160). These 

enzymes were referred to as o.\:aci llinases because they hydro lyzed the iso.\:azo ly l 
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penicillin oxacillin more efficiently than benzylpenicillin and usually hydrolyzed 

amoxicillin, methicillin, cephaloridine and some cephalothin. These enzymes 

hydrolyzed imipenem and meropenem weakly and did not hydrolyze extended 

spcctrum cephalosporins and aztreonam. Their activities were inhibited more 

efficiently by clavulanic acid. In addition, most OXA-type carbapenemases were 

inhibited by NaCI. This was attributed to the presence of a Tyr residue in the Tyr144_ 

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 NaCI. 

By the i r nuc leotide sequences identities, these enzymes could be subc lassi fied into 

eight distinct subgroups but only fOllr su bgroups have bcen identified in 

A. balllllannii (I I, 12, 14, 16, 22-26, 33, 160). These enzymes were grouped and 

termed carbapenem-hydrolyzing oxac i II inases (C H DLs). The identitites between 

subgroups ranged from 40 to 70% whereas the amino acid sequences of the members 

in the sa me group were more th an 92.5% or differed by 1-5 amino acids as shown in 

Appendix G (159). 

The first subgroup of OX A-type carbapenemases is formed by OXA-23, 

together with OXA-27 and OXA-49. Donald ef al. and Afzal-Shah ef al. 

demonstrated that these enzymes contained an open reading frame of 822 bp which 

translates into a protein of273 amino acids and differed by 2-5 amino acids (14, 23). 

OXA-23, also named ARI-I (an acronym of Acinclobacfer resistant to imipenem), 

\vas the ti rst OX A -type carbapenemase enzyme that were found in I m I penem

resistant A. hUl/lI/annii iso lated hom patient in Edinburgh, United Kingdom, in 1995 . 

OXA-27 and OXA-49 were iso lated from patients in Singapore and China, 

respectively. These enzymes contained the S-T-F-K tetrad at amino acid position 81 

to 84 and S-X-V triplet at position 126-128. which was typi ca l of class D 

~-Iactalllases . However, the Y -G-N motif at position 154-1 S6 was replaced by F-G-N, 

resulting in weak inhibition by NaCI. OXA-23 \vas more active thall OXA-27 against 

cephaloridine. whereas imipenelll 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 thi s 

subgroup is sho\\n in Appendix Ci. 
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Table 2. Classification schemes for bacterial ~-Iactamases (161) 

Functional Molecular Produced enzymes Inhibited by Representative enzymes 
group class CAA EDTA" _. 

I C 

I 

Cephalosporins - - AmpC enzymes from Gram 
negative bacteria ; MIR-I 

2a A ! Penicillins + - Penicill inases from Gram 

I P" ;I;-' b"",;, 
2b A Penicillins. cephalosporins + - T EM-1. TLM-2. SHV-I 

I TEM-3 to 26. SHV-2 to 6. 2be A Penicillins, narrow-spectrum + -
and extended-spectrum I Klebsiella OX~}fOCa K I . 

cephalosporins, monobactalll 

2br A Penicillins +E - T EM-30 to 36. TRC-I 

2c A Penicillins. carbenicillin + - PS E-I . -3 . -4 

2d 0 Penicillins. cloxacillin ± - OXA-Ito- II , 
PS[-2 (OXA-IOj 

2e A Cephalosporins + - Inducible cephalosporinase 
from P. vulgaris 

2f A Penicill ins, cephaloSf!}ori ns. + - NMC-A li'o m /:" . cloacae. 
carbapenems I Sme- I from S marcescens 

3 B Most p -Iaclams, including - + L I from 
carbapenems Xantholllonas malfophilia. 

CcrA from B, fragilis 

4 NO~ Penicillins - NO Penicillinases from 
Pselldomonas cepacia 

------

"CA =' c lavulanic acid, BEDTA =' ethy lenediaminetetraacetic acid, 

I± = low binding to CA, FN D =' nondetermined, 

The second subgroup consists of OXA-40/24, 25 . 26. 33 and OXA-1'2. 

Walther-Rasmussen demonstrated that these enzymes shared 60% amino ac id 

identity to OX ,t\-23. The members of thi s c luster vary from 1-5 amino acids ( 159). 

The a li gnment of am ino acid sequences of thi s subgroup are shown in Appendix G. 

Bou ef ([/., Heritier ef al. and Afza l-Shah ef ((I. demonstrated that these enzymes 

contained 825 bp opell reading frame encoding a 274 amino acid protein (22-24). 

Conserved motif serine-threoninc-phellylalanine-Iysine tetrad (S-T-F-K). indicated 

_. 1 

I 
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senne (3-lactamases. The typical motifs of the OXA-24 enzyme, tyrosine-glycine

asparagine (Y -G-N) and Iysine-threonine-arginine (K-T-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 . A lthough OXA-24 had FGN motif but the 

enzymatic 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 pis 

(isoelectric points) of 9.0, 7.9, 8.0 and 8.6, respectively. The pIs 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 hydrolysi s of meropenem was 

not detected. Both OXA-24 and OXA-25 were identified in carbapenem-resistant 

A. baumannii 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, ~hich were unpublished . 

The third subgroup is OXA -51 family enzymes including OXA-5 I, OXA-64 

to -71, OXA-75 to -80, OXA-82 to -84, OXA-86 to -95, OXA-99, OXA-I 00, OXA-

104. OXA -1 06 to -11 3. OXA-115 to -117. OXA-128. OXA-130 to -132 . The 

members of thi s family diverged by 1-15 amino acids (159). OXA-5 I shares 56%, 

63% and 59% with OXA-23, OXA-24 and OXA-58, respectively . The a lignment of 

amino acid sequences of thi s subgroup is shown in Appendix G. Many studies 

demonstrated that blaoxA-5 1-llkc genes were naturally harboured by A. baumannii (27, 

28 , 30). Brown ef af. demon strated that the amino acid sequences contained the 

conserved serine active site motif S-T-F-K (OBL numbering 70-73) (26). These 

enzymes had a Thr --7 Ser change in the K-T-G motif (OBL numbering 216-218). 

This K-S-G motif was found as in OXA-40/24, 25, 26. 33. 72, 58, 96 and 97. 

A unique Val --7 lie 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 

mot if (OBI. numbering 144- 146) . OXA-51 could hydrolyze both oxacillin and 

cloxacillin, and hydrolyzed ampicillin effectively. It was not hydrol yzed 

cephalosporins except cephaloridine. Slow hydrolysis of illlipenem was detected. 
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OXA-51 activit, was inhibited by sulbactalll and chloride ions and weakly inhibited 

by clavulanate. The pI of this enzyme was 7.0 (26, 159). 

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 el al. demonstrated that 

these enzymes contained a 843-bp open reading f,'ame which encoded a 280 amino

acid protein (33) . A serine-threonine-phenylalanine-lysine tetrad tetrad (S-T-F-K) 

was at position 70, K-S-G elememt is at 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 oxacillin. Hydrolysis of imipenem was 

low, while hydrolysis of meropenem 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 ceftazidime, 

cefotaxime and cefepime was not detected . Their activity was weakly inhibited by 

clavulanic acid, tazobactam and sulba~tam , and well inhibited by Nae!. OXA-58 was 

identified in carbapenem-resistant A . ballmannii isolated from France and Greece 

(143, 144). OXA-96 and OXA-97 were identified in carbapenem-resistant 

A . balll110nnii isolated from Singapore and Tunisia, respectively (18, 34). 

Alignments of nucleotide sequences and amino-acid sequences of the four main 

groups of OXA-type carbapenemase enzymes identified in A. baumannii are shown 

in Appendix F and G., respectively. 

Turton e l al. demonstrated that the activity of OX A-type carbapenemases also 

depended on insertion sequence (IS) element that found upstream of blaoXA gene. It 

might playa role in blaoxA expression by providing promoter sequences (162). There 

were many reports indicated that lSAba] element was found upstream of blaoXA51 

and blaoxi\ ~3 , showed high-level resistance to carbapenems (162, 163). In addition , 

Poirel el al. demonstrated that ISAba2. ISAba3 and IS]8 were shown to provide 

promoter sequences enhancing blaOXA58 expression (164). 
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1.2 Metallo-J3-lactamase enzymes 

Metallo-J3-lactamase enzymes (MBl, class B J3-lactamase) such as IMP 

(Imipenem-hydrolyzing f3-lactamase), VIM (Verona integron-encoded 

metallo-J3-lactamase) and SIM-I enzymes (Seoul imipenemase) were identified rarely 

in A. balllllannii (18, 35-42, 45, 46, 165-167). These MBl-encoding genes are 

embedded in class-I integron structures and form part of the gene cassettes together 

with other antibiotic resistance genes especially aminoglycoside-modifying enzymes. 

IMP-I 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-I (39). Both, blalMP and 

blaYIM genes were also found on conjugative plasm ids (32, 168-170). VIM-I enzyme 

was first isolated in a carbapenem-resistant Pseudomonas aeruginosa clinical isolate 

(VR-143 /97) from an Italian patient at the Verona University Hospital (Northern 

Italy) (171). lauretti et at. demonstrated that hlaYIM encoded a 266-amino acid 

protein . The G+C content of the blaYtM was 56%, being higher than that of the blalMP 

cassette (40%) ( 171 ). The IMP-like and VIM-like confered a high level of 

carbapenemase resistance in A. balllllannii 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 

J3-lactam substrates including penicillins, narrow- to expanded-spectrum 

cephalosporins including cephamyc ins and carbapenems. Hydrolysis of aztreonam 

was not detected. The activities of these enzymes were not inhibited by J3-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). Lee el al demonstrated 

that SIM-I enzyme was also encoded by a class I integron-borne gene cassette and 

was more closely related to IMP-type enzymes than other MBls by exhibiting 64 to 

69%) amino acid identities to IMP-type MBls. The theoretical molecular weight and 

pi of the mature SIM-I protein were 25,439 kDa and 7.28, respectively. Both IMP-I 

and SIM-I a lso hyd rol yzed broad array of J3-lactallls. including penicillins, narrow

to expanded-spectruill cephalosporin s and ca rbapeneill s (46). 
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2. Alteration of the target site 

Target sites of 13-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 el af. 

reported that PBP alterations 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 form channels allowing the transport of 

molecules across lipid bi layer mem branes. Variation in their structures and regulation 

of porin expression in the presence of antibiotics are survival strategies that have 

been developed by many bacteria incll}.ding A. ballmannii. The small number and size 

of porins or outer membrane proteins (OMP) could explain the decrease in 

permeability to antimicrobial agents (177). 

Gribun el af. demonstrated the major OMP of A. 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 et al. and 

Siroy ef af. demonstrated that a heat-modifiable 29 kDa outer-membrane protein, 

CarO, was involved in taking up carbapenem antibiotics in A. baumannii (179, 180). 

The CarO gene encoded a 247-amino acids protein which had a typical N-tenninal 

signal sequence and a predicted trans-membrane l3-barrel topology. Resistance to 

carbapenem in multidrug-resistant A. ballmannii isolates was associated with loss of 

this outer-membrane protein. Fernandez-Guenca ef af. also found that resistance to 

carbapenems was related to the absence of an OMP of 22.5 kDa (175). Tomas el af. 

demonstrated that losing of a 33- to 36- kDa outer membrane protein was associated 

with carbapenem resistance in A. hOIIlIlO})})ii isolated from Spain (181). This protein 

had amino acid sequence similar to typical of gram-negative bacterial pOl·ins. Dupont 

ef af. also demonstrated that a 43 kDa protein was associated with im ipenem 
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resi stance In A. balllllannii (182). Mechanism of carbapenem resistance 111 

A. baullwl1nii may cause by combine mechani sms such as carbapenemase production 

and decreased permeability of drugs. 

4. Efflux system 

Efflux pUIllP activity is to export multiple structurally-distinct classes of 

antimicrobial agents Ollt 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 overexpression of these transporters. 

Magnet el a/. demonstrated AdeABC efflux system in A. baumannii. It belongs to the 

resistance-nodulation-division (RND) family (183). This efflux system played a role 

in aminoglycoside resistance and was also responsible for decreased susceptibility to 

chloramphenical, fluoroquinolones, cefotaxime and trimethiprim . Heritier el al. 

demonstrated a synergic effect when AdeABC system was combined with production 

of carbapenem-hydrolyzing oxacillil].ase enzymes. This resulted in increasing of 

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

8. EPIDEMIOLOGY OF CARBAPENEM RESISTANCE IN 

A. BA UMANNII 

Carbapenem s have been used for treatment of se rious nosocomial infection 

caused by Acinelobacler 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 \\'ere many studies to investigate the prevalence of imipenem 

resistance A. bal/mannii. Martin-Lozano el af. showed imipenem resistance in 

A bawnannii was 34% in 2002 (4) . At the same time, Betriu el o/. demonstrated the 

28 . 1 % of A. baumannii isolated from 12 Spanish medical centers were resistant to 

illl ipenem (184) . Bet\veen 199/ and 200 I, Cisneros el af. demonstrated carbapenem

resistant A. bmllJ1(1l1nii iso lates was increasing from 0% to 50% in Seville (185). In 

Greece. imipenem resistance in A. bOllllwl'lnii iso lated from ICU s, 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 el 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 Italy, 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 Net (Mohnarin) in 2008, imipenem and panipenem resistance in 

A. ballmonnii were 10.4% and 14.5%, respectively in China (187) . In 2008, Nemec el 

al. found carbapenem resistance in 23 out of 108 isolates of A. baumannii in Czech 

Republ ic (188) . 

In USA, carbapenem resistance in A. haufllannii isolates were 53% in 1999 

(3). Oi el of. found imipenem-resistant A. baufllannii 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. baumannii 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 Acinelobacler spp. was 5% in 

1996 to 2002 (190). At the same country, another survei llance program showed 

carbapenem resistance rate increased from 4.5% in 2003 to 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-I was the first enzyme that reported in A . baumannii in 1995 (14) . Thi s 

enzyme was renamed OXA23 following its genetics and biochemical 

characterization . After that, there have been many reports about OX A-type 

carbapenemases in Acinelobacler 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 

.. I. /)([III1l{J}lI1ii isolated from Brazil. Spain. Korea. China. Singapore. Scotland and 

Tahiti (15-1 7, 23 ). Second subgroup, OX A24 group enzymes, ,vere identiticd in 
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Spain (22, 23). Belgium (23) and France (24). The third subgroup. OXA-51 family 

enzymes, were found 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. baumannii isolated from 

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

Besides OXA-type carbapenemases, metallo-I3-lactamases, IMP-type and 

VIM-type, were identi fled in A. bGumGnnii isolates . I MP-I was reported in Japan 

(35), Korea (36,37) and Italy (38). IMP-2 , IMP-4, IMP-5, IMP-6 and IMP-II were 

reported in Italy (39), Hong Kong (40), Protugal (41), Brazil (42) and Japan (43), 

respectively. VIM-type, VIM-2 were found in A. baumannii in Korea (36, 44). VIM

I and VIM-2 were reported in Acil7elohacler spp. in Italy (41) and Korea (36, 45), 

respectively whereas SIM-I was reported in South Korea (46). 

In Thailand, there was no evidence of carbapenem resistance Acineobacter 

spp. from the study at Siriraj Hospital in 1998 (47). In 1999, 21 % of Acinetobacter 
~ 

spp. isolates were resistant to imipenem at Vajira Hospital (48). In 2003, the 

imipenem resi stance rate of A. baumannii was 61 % at Police General Hospital (51) . 

Sixty-eight percents of A. haumannii 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 illlipenem resistance rate of 2, 130 A. balfmannii isolated frolll clinical specimens 

at Songklanagarind Hospital was 34.7%. The 61.9% of these imipenem-resistant A. 

baumannii isolates were from respiratory tract, and 49.9% from ICU . Moreover, 

14 .8% of all illlipenem-resistant A. halllllannii iso lates were resistant to all routine 

tested antibiotics, including ge ntamicin , amikacin, ampicillin, cephalothin, cefoxitin, 

ceftazidime, ceftriaxone, meropenem, sulperazone, ciprotloxacin and cotrimoxazole 

(50). Moreover, the data from the National Antimicrobial Resistance Surveillance 

Center Thailand (NARST) showed that imipenem resistance in Acinelohacter 

co/c(}(lceliclIs-/wlIllIonnii complex increased from 2% in 1998 to 57% in 2006 as 

shO\\n in Figure 5 (53) . 
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Figure 5. Imipenem resistance rates of Acilletobacter calCOllceticus-bllumllllnii 

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 I. 

PART I: BACTERIAL STRAINS 

1. Acinetobacter baumal1l1ii isolates 

Five hundred and one isolates of A. baumannii were collected from 

Department of Microbiology, King Chulalongkorn Memorial Hospital, Bangkok 

during January 2004 to August 2007.,; 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 Textbook of Diagnostic Microbiology (54, 131). 

2. Quality control strain for bacterial identification 

A. ballmannii ATCC 19606 

3. Quality control strains for MIC determination 

Escherichia coli A TCC 25922, Pseudomonas aeruginosa A TCC 27853, 

Staphylococcus aureus A TCC 29213 and Enlerococcllsfaecalis A TCC 29212 

CULTURE PRESERVATION 

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

Dickinson and COlllpany, Cockeysville, MD) at 3rc. The overnight cultures were 
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transferred to microcentrifuge tubes of I mI 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. baumannii is a lactose non-fermenter. Colonies are between 0.5-2 mm In 

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

2. Gram stain 

A. baulI1annii is a gram-negatiye coccobacillus. Individual cell is I to 1.5 /lm 

by 1.5 to 2.5 ~lIn in size and frequently arranged in pairs. 

3. Biochemical test 

A si ngle colony was picked and inoculated to testing media. The biochemical 

test I ists and interpretation criteria for A. haumannii are described below and 

summarized in Table 3 (54). A. baumannii A TCC 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 (I: I 0: I 0) . There are thiosul fate and iron salt for the detection of hydrogen 

su lfide production . Phenol red is the indicator used to determine acidity or alkalinity 

in the medium. For TSI testing, tested st rains 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 KIA (alkaline (purple) slant I acid (yellow) butt) . This may be 

with gas production. 

The organisms that can ferment glucose, lactose and/or sucrose, are recorded 

as AI A (acid (yellow) butt I acid (yellow) slant). This may be with gas 

production . 

The organisms that cannot ferment any sugars, are recorded as KIN (alkaline 

(purple) slant I neutral (no change) butt). 

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

A. bOllmonnii shows KIN (alkaline slant I neutral butt) on TSI medium . 

3.2 Oxidase test 

The oxidase test detects the presence of cytochrome oxidase. This enzyme 

can oxidize the substrate N,N,N,N-te!ramethyl-p-phenylenediamine dihydrochloride 

(Sigma, U.S .A) to indophenol and produce a purple color. To test for oxidase, tested 

strains were tran s ferred with a loop onto filter paper soaked with oxidase reagent. A 

dark purple color will appear within 5-10 seconds if the microorganism has 

cytochrome oxidase. A. baumannii does not produce cytochrome oxidase, and shows 

a negative result for oxidase te st. 

3.3 Urease test 

The purpose of the urease test is to detect whether a microorganism possesses 

the enzyme urease which hydrolyzes urea. The urea agar contains pilclw l rc J 

indicator, which turns pink at an alkaline pH . When urea is hydrolyzed, it releases 

ammonia, which causes an alkaline reaction and a vivid pink color develops. Urease 

activity was detected by inoculating a loopfull of the organism onto slope of the urea 

agar s lant, and then incubated at 37°C for 24 h. A. baumannii cannot produce urease 

enzyme, and shows a negal i ve result for urease test. 
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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 posi tive result. A. baumannii shows no hemolysis on sheep blood agar 

and gi ves a negat i ve result. 

3.6 Oxidation / Fermentation of !:Jextrose 

Fennentaion is an anaerobic process, while oxidation is aerobic process. The 

main difference between fermentative and oxidative metabolism of carbohydrate is 

the requirement for atmospheric oxygen and initial phosphorylation . Fermentation 

requires initial phosphorylation of glucose prior to degradation to relatively strong 

mixed acids, where 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 tested organism was inoculated in a pair of OF tubes 

by stabbing into the mediulll to approximately ~ inch from bottom. One tube was 

overlaid with approximately 1.0-2 .0 mL of sterile Illelted petrolatum . The tubes were 

incubated at 3SoC for 48 h. The Illedium contains brolllthymol blue \\hich will turn 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. A. hU/llllannii ean use dextrose by oxidation. Acid production changes the 

color orthe mediulll !'rolll green to 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. [fthe 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 Pruss ian blue color by alkalinity when 

the organism uses malonate as a ca~bon 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 3ScC 

for 24 h. Nitrate reagents, reagent A (a-Naphthylamine) and reagent B (sulfanilic 

acid), were added before attempting an interpretation . I f the tested medium turns to 

pink to a deep red color within 1-2 min. it means that nitrate was reduced 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 2). Ammonia is tested by adding a few drops of Nessler"s reagent. 



37 

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 Acinetobacter (54) 

~~~---

(;E1':OMO-

I 
l iREASE I '11TRATE L GROWTH AT I HEMOLYSIS OF OXIDIZES ARGININE ORGANISM 

SPEClF:S I RWl,CTION I 37uC 42u C 44u C SIIFEP BLOOD DEXTROSE DECARBOXY-

~ I LASE 

A cine lo/Jacle r johnsoni i 7 I - I - l_ - I -- - Y (35) 
r--- I - ~- --

Acine/o/)acler bal/mannii 2 - - I + + +a - + + 
Acinelo/Jacler haemolyticus 4 - - + - - + Y (52) + 
Acinelobacter spp. 6 - - + - - + Y (66) + 
Acinelobacler spp. 10 - - + - - - + -

Acinetobacter calcoaceticus I I -- -

I + - - - + + 
Acinelohacler spp. 3 - -- j -t + - - + + ------- -----
Acinetobacter spp. 12 - - ! + - - - Y (33) + 

I -!-

I Acinelobaclerjunii 5 - I - i + + - - - + 
Acinelo/Jacler lwoffii 8/9 - 1-------, + - - I - - - -

Acinelobacler spp. II - i - I + - I - I - I - -
I I I 

Compiled from 
a Must also be OF dextrose positive 
+, 90% or more strains positive: - . 90% or more strains negative: Y, 11-89% of strains positive; Numbers in parentheses are percentages of 
strain ~ giving positive reactions. 

MALONATE ! 
l lTlLlZATlON I 

\.;J 
00 

Y (13) 

+ 
-

-

-

+ 
Y (87) 

+ 
-

--

-
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PART III: ANTIMICROBIAL SUSCEPTIBILITY TEST 

All 50 I A. baumannii 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 ora microorganism in vitro. 

MIC determination by agar dilution 

Escherichia coli A TCC 25922, Pseudomonas aeruginosa A TCC 27853. 

Staphylococcus aureus ATCC 29213 and Enterococcus/aecalis ATCC 29212 were 

used as reference controls for MIC determination. Standardization of inoculum was 

prepared from a pure overnight culture in tryptic soy broth . The turbidity of cell 

suspension was adjusted to 0.5 McFarland (approximately 1.5x 108 CFU/mL) in 

0.85% NaCI. After adjusting the turbidity of inoculum, the suspension was diluted ., 

10-fold to yield the final inoculum suspension . The inoculum suspension was used 

for inoculation within 15 minutes. After that, the 500 ~lL of inoculum suspension 

was transferred to the multi-point inoculator wells. The inoculum suspension was 

inoculated on plate with two-fold serial dilution of each imipenem (Merck & Co ., 

U.S .A.) and meropenem (AstraZeneca UK Limited, United Kingdom) starting 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 tinal inoculum on the agar was approximately 

104 CFU/spot. After 24 hours of incubation, the MlC was read as the lowest 

concentration of antim icrobial agent without visible growth as showlI in Figure 6. A 

faint haze, pinpoint colonies or growth of a si ngle colony were ignored . The MI C 

breakpoint criteria recommended by CLSI are shown in the Table 5. Acceptable 

MIC limits for quality control strains are li sted in Table 6. 
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Scheme for preparing dilutions of antimicrobial agents to be 

used in agar dilution susceptibility tests (192). 

Step Concentration Source Volume Diluent Intermediate Final 

(mg/L) (mL) (mL) concentration concentration at 

(mglL) I: 10 dilution in 

agar (mg/L) 

i i 
5,120 Stock - - 5,120 512 

I 5, 120 Stock 2 2 2,560 256 

2 5, 120 Stock 1 3 1,280 128 

3 5,120 Stock 1 7 640 64 

4 640 Step 3 2 2 320 32 

5 640 Step 3 I 'I 160 16 .) 

6 640 Step 3 I 7 80 8 

7 80 Step 6 2 2 40 4 

8 80 Step 6 1 3 20 

I 
2 

9 80 Step 6 1 ... 7 10 I 

10 10 Step 9 2 2 5 0.5 

11 10 Step 9 I 'I 2.5 0.25 -' 

12 10 Step 9 I 7 1.25 0.125 

Log z 

9 

8 

7 

6 

5 

4 

3 

2 

I 

0 

- I 

-2 
, 

I 
-.) 
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Figure 6. Inoculum plate of agar dilution method 

P. aeruginosa E. coli S. aureus E. faecalis 

Table 5. MIC Interpretive Standards for Acinetobacter spp. (192) 

Antimicrobial agents MIC (mgIL) 

Interpretive Standard 

Susceptible Intermediate Resistant 

Imipenem :::;4 8 ~ 16 

Meropenem :::;4 8 ~ 16 

Table 6. Acceptable limits of MIC (mgIL) for quality control strains 

(192). 

Antimicrobial I£scherichia Pseudomonas Staphylococcus Enterococcus 

agents coli aeruginosa aureus faecalis 

ATCC25922 ATCC27853 ATCC29213 ATCC29212 

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 A Tee 

25922, which was adjusted to one-tenth turbidity of 0.5 McFarland. After brief 

drying, a 10-)lg imipenem disk was placed at the center of the plate, and imipenem

resistant 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°e 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-~-LACTAMASE 

EDT A-disk synergy test was used to screen metallo-f3-lactamase-producing 

isolates (173). An overnight culture of 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-)lg im ipenem 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/di sk. After overnight incubation at 35°e , the presence of an enlarged zone of 

inhibition was interpreted as EDTA-synergy test pos itive (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 

I O-~lg imipenem disk Fil ter 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 j..lL of sterile deionized distilled water and boiled at 100De for 15 min. The 

suspension was centrifuged at 13 ,000 rpm at room temperature for 5 min. 

Supernatant was stored at -20°e. 

1.2 QIAamp DNA Mini kit 

The extraction and purification of A. baumannii DNA for amplifying 

entire blaoxA51-hke genes was performed by QIAamp® DNA Mini kit (QIAGEN, 

Germany), according to the manufacturer's directions. A. baumannii colonies were 

scraped from the culture plate with inoculation loop and suspended with 180 j..lL of 

ALT. Twenty microliters of proteinase K were added, mixed by vortexing, and 

incubated at 56De until bacterial cells were complete ly lysed. The samples were 

then added by 200 j..lL of buffer AL. After well mixing, the suspensions were heated 

at 70De for 10 min, and briefly centrifuged to remove drops from inside the lid. The 

samples were added by 200 j..lL 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 I min . The QIAamp spin columns were placed in clean 2 mL collection 

tubes and the tubes containing the filtrate were discarded. QIAamp spin columns 

were carefully opened and 500 ilL of buffer AWl were added and centrifuged at 

8,000 rpm for I min. The filtrates were then discarded. QIAamp spin columns were 

washed with 500 j..lL of A W2 and centrifuged at 14,000 rpm for 3 minutes. QIAamp 

spin columns were placed in clean 1.5 mL microcentrifuge tube and added with 200 

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

-20°C. 

2. Preparation of plasmid DNA 

The extraction of A. baumannii plasmid DNA for amplifying entire 

blaoxA23-like, blaoxA24-like, blaoxA58-like 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 I min , The supernatant was removed. The 250 ~L of resuspension 

solution were added and mixed by vortexing. The 250 ~L of lysis solution were 

added to the sample and mi xed by inverting the capped tube briskly 6-8 times. 

After that, the 350 ~L 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 I min. The filtrate was removed from the 

tube. The column was replaced into the same wash tube. Then, 750 ~L of wash 

solution were added to the column and centrifuged for I min. The wash solution 

was discarded from the tube and the column was replaced into the same wash tube 

and centrifuged for I additional minute to remove residual wash solution. Finally, 

the plasmid mini column was transferred to a 1.5 mL capped microcentrifuge tube 

and 50 ~L of elution solution was added onto the membrane stack at the base of the 

column and allowed for I min . for saturating of so lution to the membrane. Then, 

the column was centrifuged for I min. to elute the plasmid. The eluted plasmid 

DNA samples were stored at 4°C. 
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3. Screening for the presence of blaoXA-like , blaIMP-like and blaYIM-like 

The presence of carbapenemase genes including blaoxA-like , blalMP-like and 

blaYIM-like was screened by PCR. The PCR primers of blaoxA-like , blalMP-like and 

blaYIM-like genes are demonstrated in Table 7. 

Table 7. 

Specific 

for 

blaOXA2J-like 

blaOXA24-like 

blaoXA51-l ike 

blaoXA58-lIke 

blalMP-like 

blaYIM-like 

Primers used for amplification of blaoxA-like, blaIMP-like and 

blaYIM-like and size of expected PCR products. 

Primer Primer sequence Location Product Reference 

size (bp) 

OXA23-F 5'-GATCGGA TTGGAGAACCAGA-3 ' 261-761 501 

OXA23-R 5' -A TTTCTGA CCGCA TTTCCA T -3' 

OXA24-F 5' -GGTT AGTTGGCCCCCTT AAA-3' 500-748 249 

OXA24-R 5' ~AGTTGAGCGAAAAGGGGA TT -3' 
>-

OXA51-F 5' -TAA TGCTTTGA TCGGCCTTG-3' 255-607 353 ( 193) 

OXA51-R 5' -TGGA TTGCACTTCA TCTTGG-3 ' 

OXA58-F 5' -AAGTA TTGGGGCTTGTGCTG-3' 39-637 599 

OXA58-R 5' -CCCCTCTGCGCTCT A CA T A C-3' 

IMP-F 5' -CTA CCGCA GCAGA GTCTTTG-3' 47-633 587 ( 194) 

IMP-R 5'-AACCAGTTTTGCCTTACCAT-3' 

VIM-F 5' -TTTGGTCGCA T A TCGCAACG-3' 158-657 500 ( 195) 

VIM-R 5' -CCA TTCA GCCA GA TCGGCA T -3 ' 

3.1 Amplification of the blaoXA-like by multiplex PCR 

The presence of blaoxA23-like, blaoxA24-like . blaoxA51-like and blaoxA58-like was 

screened using OXA23-F, OXA23-R, OXA24-F, OXA24-R, OXA51-F, OXA51-R, 

OXA58-F and OXA58-R primers. In a 25 /-lL PCR reaction mixture, the 

amplification reaction was as follows: I X PCR buffer, 1.5 mM MgCb, 200 /-lM 

dNTP (Fermentas, USA), 1.25 pmol of each primer except 0.625 pmol ofOXA58-F 

and OXA58-R, and 0.625 U Taq polymerase (Fermentas, USA) and I /-lL of DNA 

template from boiling method. The amplification conditions were, initial 

denaturation at 94°e for 5 minutes, 30 cycles of 94°e for 25 seconds, 52°e for 40 

seconds and 72°e for 50 seconds, and a tinal elongation at 72°e for 6 minutes 
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(193). The PCR products of blaoxA-23-like, blaoxA-24-like, blaoxA-sl-like and blaoxA-58-

like, were 50 I bp, 249 bp, 353 bp and 599 bp, respectively. 

3.2 Amplification of the blalMP-like 

The presence of blalMP-like w.as screened using IMP-F and IMP-R primers. In 

a 25 ilL PCR reaction mixture, the amplification reaction was as follows : I X PCR 

buffer , 1.5 mM MgCb, 200 11M dNTP (Fermentas, USA), 1.25 pmol of each 

primer, and 0.625 U Taq polymerase (Fermentas, USA) and I ilL of DNA template 

from boiling method. The amplification conditions were, initial denaturation at 

94°C for 2 minutes, 30 cycles of 94°C for I minute, 55°C for I minute and nOc for 

1.5 minutes, and a final elongation at nOc for 10 minutes (194). The PCR product 

of blalMP-like was 587 bp. 

3.3 Amplification of the blaVIM-like 

The presence of blavlM-like was screened Llsing VIM-F and VIM-R primers. 

In a 25 ilL PCR reaction mixture, the amplification reaction was as follows: I X 

PCR buffer , 1.5 mM MgCb, 200 11M dNTP (Fermentas, USA), 1.25 pmol of each 

primer, and 0.625 U Taq polymerase (Fermentas, USA) and I ilL 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 I minute and nOc 
for I minute, and a final elongation at n Oc for 10m inutes (195) . The PCR product 

of blaYIM-like was 502 bp. 

4. Amplification and DNA sequencing of entire blaoXA-like genes 

4.1 Amplification of entire blaoXA-like genes 

Primers for amplification of entire blaoxA23-l ike , blaoxA24-like, blaoxA51-like, 

blaoXAS8-like are demonstrated in Table 8. Ten A. baumannii isolates which carried 

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

amplification of blaoxA23-li ke , blaoxA24-like , blaoxAsl -l ike and blaoxAs8-like. 
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4.1.1 Amplification of entire blaoXA-23-like and blaoXA-58-like genes 

OXA23-F and OXA23-R primers were used for amplification of the entire 

blaoxA23-like gene whereas OXA58-F and OXA58-R primers were for entire 

blaoxA58-like gene amplification. Amplification of entired blaoxA-23-like and blaoxA-58. 

like used the same conditions. The 50 ilL PCR mixture contained; I X Plu buffer , 

2.0 mM MgS04, 200 IlM dNTP (Fermentas, USA), 5 pmol of each primer, 4 U Plu 

DNA polymerase (Fermentas, USA), and 3 ilL 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, nOc for 50 seconds and final 

elongation at n °c for 6 minutes. The PCR products of entire blaoxA-23-like and 

blaoxA-58-like were 1,062 bp and 933 bp, respectively. 

4.1.2 Amplification of entire blaoXA-51-like genes 

OXA51-F and OXA51-R pruners were used for amplification of entire 

blaoXA51- li ke gene. The 50 ilL PCR mixture contained; I X Plu buffer , 2.0 mM 

MgS04 , 200 IlM dNTP (Fermentas, USA), 5 pmol of each primer, 4 U Plu DNA 

polymerase (Fermentas, USA), and 3 ilL 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 I minute, nOc for 90 seconds and final 

elongation at n °c for 10 minutes. The PCR product of entire blaoxA-5 1-like was 825 

bp. 

4.1.3 Amplification of entire blaoXA-24-likc genes 

OXA24-F and OXA24-R primers were used for amplification of the entire 

blaoXA24-like gene. The 50 ilL PCR mixture contained; I X PCR buffer, 1.5 mM 

MgCb, 200 IlM dNTP (Fennentas, USA), 2.5 pmol of each primer, 1.25 U Taq 

polymerase (Fermentas, USA), and I ilL of plasmid DNA template. The 

amplification conditions were, initial denaturation at 94°C for 4 minutes and 30 

cycles of 94°C for I minute, 52°C for I minute, n Oc for 2 minutes and final 
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elongation at 72 °C for 10 minutes. The PCR product of entire blaoXA-24-like was 

1,021 bp. 
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Table 8. Sequences of the oligonucleotides used as primers for amplifications 

of entire blaoxA-like gene and DNA sequencing. 

Primer Primer sequence Product Reference 

size (bp) 

PCR grimers 

entire blaoxA23-like 

OXA23-likeF 5' -GATGTGTCATAGTA TTCGTCG-3' 1,065 

OXA23-likeR 5'-TCACAACAACTAAAAGCACTG-3' 

entire blaoxA24-like > (23) 

OXA24-likeF 5' -GTACTAATCAAAGTTGTGAA-3' 1,021 

OXA24-likeR 5' -TTCCCCTAACATGAA TTTGT-3 ' 

enti re blaoxAsl-like 

OXA5I-likeF 5' -T ACGCCAA TCCA T ACAGCAA-3' 1,416 (GenBank accession 

no.CU468230) 

OXA5 I -likeR 5'-GCTTGACGCTGCTTTTTACC-3' 

entire blaoxAs8-like 

OXA58-likeF 5' -TT A TCAAAA TCCAA TCGGC-3 ' 9"" JJ 
(143) 

OXA58-likeR 5' -T AACCTCAAACTTCT AA TTC-3 ' 

Seguencing grimers 

For entire blaoxA23-like 

OXA23-likeF 5' -GATGTGTCATAGTATTCGTCG-3 ' 

OXA23-likeR 5' -TCACAACAACTAAAAGCACTG-3' 
> (23) 

For entire blaoxA24-like 

OXA24-likeF 5' -GTACTAATCAAAGTTGTGAA-3' 

OXA24-likeR 5' -TTCCCCT AACA TGAA TTTGT -3' 1..1 

OXA2I-likeRI 5' -AGTTGAGCGAAAAGGGGA TT-3 ' 

For entire blaoxAsl-like 

OXA5I-likeF 5' -TACGCCAATCCATACAGCAA-3 ' (GenBank accession 

OXA51 -likeFM 5' -TAA TGCTTTGA TCGGCCTTG-3 ' 
no.CU468230) 

OXA51-likeFM 1 5' -A TGAACA TT AAAGCACTC-3' 
( 193) 

~GenBank accession 

OXA51-likeR I 5' -CT A T AAAA T ACCT AA TTGTTC-3' no.EU977569) 

For entire blaoxAs8-li kc 

OXA58-likeF 5' -TT A TCAAAA TCCAA TCGGC-3' ( 143) 

OXA58-likeR 5' -T AACCTCAAACTTCT AA TTC-3 ' 

OXA58-likeFM 5' -AAGT A TTGGGGCTTGTGCTG-3 ' (193) 
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5. Analysis ofPCR Product 

The PCR products were analyzed on 1.2 % agarose ge ls (Pronadisa, Spain) 

containing 0.5 ~g/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 products 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 se lective 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 I volume of PCR product sample. After well mixing, the suspension was 

transferred into QIAquick spin column in a provided 2 mL collection tube and 

centrifuged at 13,000 rpm for 60 sec. The flow-through was di scarded and 750 ~L 

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 I additional 

minute to remove residual wash so lution . QIAquick spin columns were placed in a 

clean 1.5 mL microcentrifuge tube and added with 50 ~L of buffer EB (elution 

buffer) . The sam ples were incubated at room temperature for I minute and 

centrifuged at 13 ,000 rpm for 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 usi Og 3730xl DNA analyzer (Applied Biosystems, USA) by Macrogen 

Inc ., Korea. Sequencing oligonucleotide primers are shown in Table 4. 

8. Seq uencing analysis 

The nucleotide sequences and the deduced protein sequences were analyzed 

with the software avai lable over the I nternet at the National Center for 

Biotechnology Information (http : II www.ncbi.nlm .n ih .gov/BLAST). Multalin 

(www.toulouse.inra.frlmultalin .html) and ExPASy (www.expasy.org). 



CHAPTER V 

RESULTS 

PART I : BACTERIAL STRAINS 

A total of 50 I 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 IC Us and other hospital wards (non-ICUs), respectively. The clinical 

isolates were recovered from blood 69 (13.8%) isolates, body fluid 20 (4%) 

isolates, cerebrospinal fluid I (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 50 I A. baumannii isolates are shown in Table 9. 

A total of 50 I isolates were identified as A. baumannii 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 characteristics included alkaline 

slant / neutral butt on triple sligar iron agar, no hemolysi s 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 50 I isolates differed by citrate, malonate and arginine utilization as 

shown in Tab le 9. Of the 50 I isol ates, 287 (57.3%) were belonged to biochemical 

patte rn Band 178 (35.5%) were belonged to biochemical patte rn D. Twenty-two 
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(4.4%), 11 (2.2%),2 (0.4%) and I (0.2%) were belonged to biochemical pattern C,. 

A, E and F, respectively. The results suggested that most of A. baumannii isolates 

were belonged to biochemical pattern Band D. 

• 



Table 9. Biochemical patterns of SOl A. baumannii isolates 

Biochemical Triple suga r Oxidase Motility Urease Nitrate Growth at 

pattern iron test reduction 37uC 42uC 

A KINa - - - - + + 
B KIN - - - - + + 
C KIN - - - - + + 
D KIN - - - - + + 
E KIN - - - - + + 
F KIN - - - - + + 

~ 

a Alkaline slant / neutral butt 

Hemolysis ·of Oxidize Arginine 

44uC sheep blood dextrose decarboxylase 

+ - + + 
+ - + -

+ - + + 
+ - + -

+ - + -

+ - + -

Malonate Citrate 
utilization utilization 

+ + 
- + 
- + 
+ + 
- -

+ -

%of I 
isolates 

(n) 
2.2 
( 11 ) 
57.3 
(287) 
4.4 
(22) 
35. 5 
(\78) 
0.4 
(2) 
0.2 
( 1) 

VI 
VI 



PART III: ANTIMICROBIAL SUSCEPTIBILITY TEST 

The minimal inhibitory concentrati ons (MICs) of ca rbapenem s in the 501 

A. baumannii iso lates were examined by aga r-dilution technique on Muller-Hinton 

agar. The MIC results of these A. baumanl1ii isolates are shown in Appendix D. 

MIC breakpoints of imipenem and meropenem were ~ 16 mg/L. Susceptibi lity and 

re sistance rate s of the 501 A. balllllannii iso lates to carbapenems are shown in Table 

10. Preva lence of imipenel11 and l11eropenem resistance was 82.4% (413 isolates) 

and 8 1.8% (410 iso lates), respec tively . MI Cs required to inhibit 50% (M IC a) of 

iso lates for i 111 ipenem and l11 erOpenell1 were 64 and 32 mg/L, res pecti ve ly. M Ie s 

req uired to inhibit 90% (MIC90) of iso lates for il11ipenem and meropenem were 256 

and 64 mg/L, respec tively. Di stributions of the MICs for imipenel11 and meropenel11 

are shown in Figure 9. and 10 . It was demonstrated that MICs of il11ipenel11-

susceptible in A. baufllal7l1ii iso lates ranged from 0.12 to 4 mg/ L. Most of' 

imipenem-susceptible iso lates (96.6%) had imipenelll MI Cs of ~ 0.5 I11 g/L. The 

maj ority of imipenem-resistant iso lates (8 2.8%) had imipenem MICs o f' ~ 64 I11 g/ L. 

Meropenem -susceptible iso lates had merope nem MIC range of 0.12 to 4 mg/ L. The 

Ill a jority of l11 erope n cm-s u ~ce ptible i so l ate~ had Illeropenelll MIC of ?,: 0.25 mglL 

Three iso lates were interm edi ate ly res istant. Most of l11 eropenelll-res istant iso lates 

(77.4%) had ll1 eropenem MI C range of 16 to 64 Il1 g/ L. Pea ks of imipenell1 and 

meropenell1 MIC were at 64 Il1 g/L and 32 mg/L, respectively. 

Ca rbapenelll res istance rates 0 1' .4. bOll ll lOl1 l1 ii iso lated ti'om patients in IC U~ 

and non-IC Us are shown in Figure I I. Illlipenell1 re sistance of IC U and non-IC U 

iso lates was 90.3% (234/259 iso lates ) and 74 .0% (179/242 iso lates). respectivel y. 

whereas meropenel1l res istance was 89.6% (232 /259 iso lates) and 73.5% ( 178 /242 

iso lates), respecti ve ly. MIC50 an d MIC90 va lues of ill1ipenel1l for both ICU and non

IClJ iso lates were 64 and 256 III gi L, respectively. MI C o va lu es o l' lll eropenelll for 

leu and non-ICl l iso lates \\ ere 32 and 16 Illg/L. respec tively. M ie n) va lu es or 

Ill eropenem for both ICU and non-ICU iso lates were 64 mg/ L. Di stributions of the 

MI Cs lo r imipenelll and lll eropenell1 o r ICU and non-ICU iso lates are shown in 

Figure 12. and 13. It \,vas demonstrated that peaks otj illlipenem MIC of ICUs and 

/l on-I CLJs iso lates were at 64 mg/L and 128 mgl l .. respec ti ve ly. Peaks of 
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rn eropenem MI C of ICUs and non-IC Us isolates we re at 16 mg/L and 32 mg/L, 

respectivel y. The MI Cs of imipenem-susceptible in ICU iso lates ranged from 0. 12 

to 4 mg/L. Most of imipenem-susceptible in ICU iso lates (88%) had imipenem 

MI Cs of 0.5 -2 mg/L. The majority of irnipenem-res istant in ICU iso lates (89 .2%) 

had imipenem MI Cs of :::: 32 mg/L. Meropenem-susceptible iso lates had 

meropenem MI C range of 0.12 to 4 mg/L. The maj ority of meropenem-susceptible 

iso lates (96%) had meropenem MIC of 0.25 to 2 mg/L. The majority of 

meropenem-res istant iso lates (83. 8%) had imipenem MI Cs of 16 to 64 mg/L. 

The MICs of imipenem-susceptible in non-IC U isolates ranged from 0.12 to 

4 Ill g/L. Most of imipenell1-susceptibl e in non-I CU iso lates (93.6%) had imipenell1 

MI Cs of 0.5 to 2 Il1g/L. The majority of ill1ipenell1-res istant non-I CU iso lates 

(95. 5%) had imipenem MICs of 32 to 256 mg/L. Meropenem-susceptible in non

ICU isolates had l11 eropenem MI C range of 0.1 2 to 4 mg/L. The majority of 

meropenem-susceptibl e in non-I CU iso lates (90.5%) had ll1erOpenelll MI C of 0.25 

to 2 mg/L. The majority of meropenem-resistant in non-IC U iso lates (96 .1 %) had 

imi penem MICs o f 16 to 64 mg/ l.. By stat isti ca l analys is usin g Chi-square test, 

im ipenem and meropenern resistance rates o r A. bOlllllolll1ii iso lated frolll pati ents in 

ICU s were significantl y hi gher than th ose from non-IC Us (P < 0.0 I) . 

By comparISo n between iso lates from steril e sites and non steril e sites, 

preva lence of imipenel11 re sistance was 83.5% (81 /97 iso lates) and 82.2% (332/404 

iso lates ), res pectively, whereas preva lence or Ill eropenem resistance was 82.5% 

(80/97 isolates) and 8 1.7% (33 0/404 isolates), respec ti ve ly. MIC50 and MI C<)o 

va lues of il11ipenem fo r iso lates from both steril e sites and non steril e sites were 64 

and 256 mg/L. respective ly. MICso and MIC'<)o va lues of meropenem for isolates 

from both ste ril e sites and non steri le sites we re 32 and 64 Ill g/L. respecti ve ly. 

Di stri butions of th e MICs ror imipenem and meropenem of iso lates from steril e 

site s and non steril e sites are shown in fi gure 14. and 15. Peaks o r illli pene l11 MI C 

of isolates from both steril e s ites and non ste ril e sites we re at 64 mg/L. Peaks of 

mero penem MI C of iso lates from sterile sites and non sterile sites were at 16 mg/L 

and 32 Ill g/L respec ti ve ly. Most of im ipenelll -resistant in isolates tl·om steril e s ite 

(82.2°0) had illli pcnem MICs of >32 111 gi L. The majori t) of mer ope n em-res ist anI 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 is{)lates. 

Antimicrobial MICs (mglL) Resistance 

agents (%) 

Range MICso MIC90 

lmipenem 0.12->256 64 256 413 (82.4) 

Meropenem 0.12->256 32 64 410 (81.8) 

Figure 9. Distribution of imipenem MICs 
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Figure 10. Distribution of meropenem MICs. 

No. of isolates 
180 

160 

140 -

120 i-

100 i-

80 i- -

60 I- -

40 - l-

n. ~ I--

-.-1-- -
20 

o 
0. 12 0.25 0.5 4 8 16 32 64 128 256 >256 

Meropenem MICs (mg/L) 

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-ICU 

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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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->256 mg/L, respectively, 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 2: 16 mg/L) but 410 (99.3%) isolates were resistant to meropenem (MIC 2: 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-(3-LACTAMASES 

Determination of metallo-~-Iactamase was performed by EDT A-disk 

synergy test by using imipenem and EDTA disks. Metallo-~-Iactamase activity of 

the 501 A. baumannii isolates are shown in Appendix D. No metallo-~-Iactamase 

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 blaoXA- likr , blal :VII'-likc and blaVIM-like 

All A baumannii iso lates were sc reened fo r the presence of carbapenemase 

genes, blaoxA- like , blalMP-llke and blaVIM-llke , with prim ers spec ifi c fo r each type by 

mUltiplex pe R. The expected PCR products of blaoxA-23 -like , blaoxA-24-llke , blaoxA-

51-like , bl aoXA-58-llke, blalMP- like and blavI M- like we re 50 I bp, 249 bp, 353 bp, 599 bp, 

587 bp and 500 bp, respect ive ly (Figure 18.). The presence of blaoXAllke, blalMP-llke 

and blaVIM-like in the 50 I A. baufl/annii iso lates are shown in Appendix D. The 

blaoXA-51 -like was detected 111 a ll iso lates. Eighty-eight ( 17.6%) isolates had only 

blaoXA-5 1-l ike . Three hundred and tifty-six (7 1.1 %) iso lates had both blaoxA-23-llke and 

blaoXA-5 1- like Four (0.4%) iso lates ca rr ied both blaoxA-24- llke and blaoxA-sl-llke ' Six 

(1.2%) iso lates had blaoxA-51-like , blaoXA-23-lik e and blaoXA-24- li ke. Seven ( 1.4%) 

isolates harbored blaoXA-51-llke , b laoXA-:'3-like and blaoXA-58- like. Twenty- fO Lir (4.8%) 

iso lates ca rri ed blaoXA-51-llkc . hlaoXA-24 -li ke and blaoXt\58-llke . Sixteen (3.2%) isolates 

had a ll blaOXA .like types. blaoXA.)I -llke, blaoXA.2 3- ll kc . blaoXA-24.llke and b laoX f\-58.ll kc . 

The results are summari zed in Ta ble 14. 

Of the 4 13 imipenem-res istant A. ballmannii iso lates, 385 (93.2%) iso lates 

had blaoXA23-llkc f iny ( 12. 1 % ) iso lates carried hlamA :'4 .llkc . f orty-seve n (1 1.4%) 

iso lates had blaox/I-'i8-llke . The results are summ arized in Tab le 15. 

The d istri bu tion of ca rba penemase ge nes and i m ipenem and meropenelll 

MICs in 50 1 A. ball lllann ii iso lates are shown in Figures 19 and 20 and Tab le 14. 

The iso lates carrying onl y blaox.A.51- ll ke showed low-leve l MICs to illli pene lll and 

meropenelll (M IC range of 0. 12 to 4 mg/L). MIC\o of th ese iso lates fo r imipenelll 

and meropenelll were I and 0.5 mg/L, respective ly, whereas MIC90 for both 

imipe nel1l and ll1eropene l1l we re 2 Il1 g/L. Iso lates harbori ng blaoXASI -llke and 

blaOXA23-likc had il1l ipenelll and ll1eropenelll MIC range of 16 to >256 mg/L and 8 to 

256 mg/L, respecti ve ly. MIC50 of these iso lates for il1l ipenem and lllerOpenelll we re 
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64 and 32 I11 g/L, res pectively, whereas MIC90 were 256 and 64 mg/L, re spectively. 

Iso lates carrying blaoXA51-llke and blaoxA24-l ike had imipenem and meropenem MI C 

of ~ 256 mg/L and 64 to 25 6 mg/L, respect ively . MI Cso of these isolates for 

imipenem and meropenem were 256 and 128 I11 g/L, respecti ve ly, whereas MI C90 

were >256 and 256 mg/L, respectively . 

I solates carrying blaoXA51-li ke , blaoXA23-like and blaoXA24-llke had im i penem 

MI C range of 128 to ~ 256 mg/L, and meropenem MIC range of 64 to 128 111 gi L. 

Iso lates carrying blaoXA51-llke ,blaoXA23-llke and b laoXA58-llke had imipenem MI C 

range of 32 to 128 mg/L and meropenel11 MI C range of 16 to 32 mg/L. Iso lates 

harbori ng bla OXA51 -llke , blaO>:' A24-11 kc and b l a oXA58-llke had i m i penem M I C range of 

128 to 256 mg/L and meropenem MIC range of 32 to ~2 56 mg/L. Iso lates ca rry in g 

blaoXA51 -like, b l a oxA23-li ke , blaoxA24-1ike and b laoxA58-ll ke had im i penem M IC range of 

128 to >256 mg/L and meropenem M IC range of 32 to 128 mg/L. It was 

demonstrated th at most iso lates carrying blaoXA-24- llk e had hi gh leve l of carbapenem 

res istance (MI C ran ge of 128 to >256 mg/L) . 

Carbapenemase activity was found in isolates ca rrying blaoXA-511Ik~ together 

wi th oth er blaoXA-l lke ge nes i ncl Lid i ng hloo ".1I- 2,-ll ke , blaoXA-24-lI ke and blaoXA-58-llke 

whereas no ca rbapenemase ac tivi ty was detected ill th ose carryin g onl y 

blaoX.II-51-li ke . 

Comparison between type or c lini cal speCime n, carbapenem MIC and 

carbapenemase ge nes are shown in Ta ble II . Isolates fro m steril e site, in cluding 

body tluid, CSF and blood had imipenem and meropenel11 MIC range of 0 .5->256 

Illg/ l. and 0.25 -256 mg/L respect ive ly. Iso lates from non-steril e site, in cluding 

sputum, urine. respirati on aspirate, pus, tissue had both il11ipenelll and mero penem 

MI C range or 0.1 2->256 Ill g/L. Most isolates Crom sterile and non-steril e site 

ca rried blooXII -51 -llke togeth er with b la oX.II.2Hke The results suggested that blooxA-21 -

like di sseminated in both invasive and non-invasive clinica l iso lates. 

Compa ri son between ICU isolates. non-I CU isolates and carbapenemase 

ge nes are shown in Ta ble 12. 0 1' the 25 9 isolates I,'olll ICU, 203 (78.4% ) ca rr ied 
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blaOXA-SI-like together with blaoXA-23-l ike One (0.4%) carri ed blaO>:'A-SI-I,ke toge th er 

with blaox"-~4-I'ke . Si x (2 .3%) had blaoXA-SI-like together with blaoXA-23 -like and 

blaoxA-24-like Six (2 .3%) carri ed blaoxA-51-like together with bl aoXA23-I,ke and 

blaoXA-58-like Eig ht (3. 1%) had blaoxA-sl -like together with blaoXA-24-like and 

blaoxA-s8-like. T en (3 .7%) carried blaoxA-sl -like together w ith bl aoXA-23-I,ke, 

blaoxA-24- like and b lao XA-S8-I,ke. Twenty - five (9 .7%) had on Iy blaoxA-51- I, ke Of the 242 

iso lates from non-I CU, 15 3 (63.2%) carri ed blaoXA-51-I,ke together w ith bloux.l\ -n- I"e 

Th ree ( 1.2% ) carri ed blaoXA-51 -I,ke toge ther w ith blaoXA-:'4 -I,ke. O ne (0 .4%) had 

blaoXA-SI -I,ke together w ith blaoXA-23-llke and blaoXA-58-llke Six teen (6 .6%) carri ed 

blaoXA-51-l ike togeth er w ith bl aoXA-24-ll ke and bl aoxA-58- like. Six (2. 5%) had 

blaoXA-SI -like together with blaoXA-23-1ike, bla oXA-24-1ike and blaoXA-S8 -llke. Si x ty -three 

(26%) carried onl y biaoX A-51 -l lke The results suggested that blaoXA-SI -ll ke and 

blaoXA-23-i1ke w as the maj or ca rbapen emase genes fo und in ICU and non-I C U 

A. ballmannii iso lates. 

Corre lati on between bi ochemica l pattern s of A. baumanni i iso lates and 

O X A-ty pe ca rbapenemase genes in 41 3 ca rbapenem-resistant A. ballfllannii iso lates 

are shown in Tab le 13. or the 8 iso lates w ith biochemica l pattern A, 6 (75 °; 0) 

ca rried blaoXA-51-llke toge ther with hlaOXA-c..1-l i, c, w hereas one ( 12.5 % ) carri ed 

blaoxA-sl- llke togeth er w ith blaoXA-24-llke and one ( 12 .5%) had bl aoXA-5 1-like togeth er 

with bl aoxA-2J-liI,e and blaoxA-24-1ikc. O f th e 242 iso lates with bi ochem ica l pattern 

B, 199 (82 .2%) had blaOXA -51-llke togeth er with blaoXA-23 -like, whereas 3 ( 1.2% ) 

iso lates had b l a oxA -s l -l ik c together with blaoXA-24-like and 3 ( 1.2% ) had blaoXA -S I-I II.. " 

toge ther w ith blaoXA-23-llke and bl aoXA-24-ll ke . Seven (2.9% ) had blaoXA-S I-llke together 

w ith blooXA-:. y l! I..e and b l a o .\/\58.I I'e , 20 (8. 3%) had blaoXA-5 1-II,e togeth er wit h 

blaoXA-:'4 -llke and blaoXA -5 8-11, ,' and 10 (4 . I % ) had !JlaOXA .SI -llke togeth er w ith blllO\A -

2.l -llke and blaoxA-":!4-llke and blaOXA-58-llke. A ll i so lates with bi ochemica l pattern C ( 15 

iso lates), E (I iso late) and F ( I iso late) carri ed blaoXA-'iI-llke toge ther w ith 

blooXA-:"-I,kc . Of the 146 i so late s ,v ith bioc helll ical patte rn D. 134 (9 1.8%) had 

blao\A.51-l lkc together w ith blaoXA-:'3- llk,·, w hereas 2 ( 1.4% ) had blow:'A-51 -llke togeth er 

w ith !JlaOXA -21- ll k,' and blao\ .1\-24 -I,ke . Four (2.7%) had blaoXA-5 1-llke together w ith 

blaoXA-24 -llkc and blaoXA-58-llkc and 6 (4 .1 % ) had hlaOXA-5 1-11,,' together with 

!JlaOXA-:'3- llkc and b l a oY.A-:. c. -II" · and blaoXA-58-liI,e T he results suggested bl aoxA -5 1I"e 
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together with b laox.A-~3 - l ike w as the 111 0st preva lent ca rbapenel11 ase genes fo und in all 

bi ochel11 ica I pattern s. 



Table II. Carbapenem MI Cs and OXA-type carbapenemase genes of 501 A. baumannii isolates by type of clinical specimens 

Type of No. of MICs (mglL) Presence of blaoXA.like 

specimen isolates lmipenem Meropenem OXA·51·hke. OXA·51·like. OXA·51·like. OXA·51·like. OXA·51·like. OXA·51·like. OXA·5 1·like. 

OXA·23 ·h~e OXA·24·Jjke OXA·23·like. OXA·23·like. OXA·24·hke. OXA·23·h~e. 

Range MIC,OI MIC"" Range MIC~, MIC"" OXA·24·hke OXA·5R·like OXA·58· like OXA·24·hk 

OXA·5K·h~e 

Blood 69 0.5->256 128 256 0.25-256 32 128 13 47 1 6 2 

Body flu id 20 0.5->256 64 128 0.25-64 16 64 3 17 

CSr- 1 64 16 1 

Sputum 238 0 .12->256 64 256 0. 12->256 32 64 36 169 2 4 7 10 10 

respiratory 73 0.25->256 64 256 0.25-1 28 32 64 14 55 1 1 2 

aspirate* 

Pus 17 0.5->256 64 256 0.25- 128 32 64 5 11 1 

Urine 52 0.5-256 64 256 0.25-64 16 64 11 3 1 1 7 2 

Tissue 14 0.25- 128 32 128 0.25-32 16 32 3 11 

Other 17 0.5 -256 64 256 0.5-64 16 64 3 14 

* Bronch ial larvage. endotrac hi al secreti on included 

0\ 
00 



Table 12. Carbapenem MICs and OXA-type carbapenemase genes of 501 A. baumannii isolates by wards 

Type of ward No. of MICs (mg/L) No. of isolates carried b laoXA-like (%) 

isolates Imipenem Meropenem OXA-51-like. OXA-5 1-h l e. OXA-5 1-lil e. OXA-5 1-like. OXA-51- like. 

OXA-23-hke OXA-24-like OXA-23-like. OXA-23-hke. 

Ran ge MIC;u M I C~I Range MIC" MIC"" OXA·24·hke OXA-5H-hke 

ICU 259 0.25->256 64 256 0_ 12->256 32 64 25 203 I 6 6 

(9.7) (78A) (OA) (2.3) (2.3) 

Non- ICU 242 0. 12->256 64 256 0_ 12-256 16 64 63 153 ~ I .J 

(26) (63.2) ( 1.2) (0.4) 
- --

OXA-5 1-like. 

OXA-24-like. 

OXA-5H-hke 

8 

(3. 1 ) 

16 

(6 .6) 
--

OXA-51-like. 

OXA-23-hke. 

OXA-24-hk e. 

OXA-58-hke 

10 

(3 .7) 

6 

(2.5) 

0"
\0 



Table 13. 

O XA-type 

70 

Correla tion of bioc hemica l pa tterns a nd OXA-ty pe 

ca rba penem ase genes in 413 ca r ba penem-resista nt A. baumannii 

isola tes 

% of isolates in biochemical patterns (D) 

carbapeoemase A B C D E F 

gene (8) (242) (15) (146) (1) (1) 

OXA-S I- like, 7S 82 .2 100 9 1.8 100 100 

OXA-23-like (6) ( 199) ( I S) ( 134) ( 1) ( I) 

OXA-S I-like, 12.S 1.2 

OXA-24-like ( I ) (3) 

OXA-S I-like, 12.S 1.2 1.4 

OXA -23 -like, ( 1) (3) (2) 

OXA-24-like 

OXA-SI -like, 2.9 

OXA-23 -like, (7) 

OXA-S8-li ke 

OXA-S I-like, 8.3 2.7 

OXA-24-like, (20) (4) 

OXA-S8-like 

OXA-SI-like, 4 . 1 4 .1 

OXA-23 -like, ( 10) (6) 

OXA-24-li ke , 

OXA-S8-li ke 



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

PCR. 

M 2 3 

Ma rker 

4 5 

OXA58-1ike 
599 bp 

OXA5l-like 
353 bp 

blaoXA 5S- l lke , blaoXA~3- ll ke, blaoXA51 - l lk~ , blaoXl\24-llke 

blaoXA5g -ll,e, blao XA<, I-like , blaoXA24 -like 

blaoXA~3-llke , blaoXA51-llhC , blaoXA~4-llkc 

blaoXA23-llk~ , blaOXA ;, I -like 
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Table 14. OXA-type carbapenemase genes in the 501 A. baumannii isolates. 

Carbapenemase blaoXA-like No. of Imipenem Meropenem MIC 
activity isolates MIC (mg/L) (mg/L) 

(%) Range MICso MIC90 Range MICso MIC90 

88 
Negative bla OXA5 1-like 0_12-4 I 2 0_12-4 0_5 2 

( 17_6) 

bla OXA5 1-like, 356 
Positive 16->256 64 256 8-256 32 64 

blaoxA23 -like (7 Ll) 

blaoxA5 1-like, 4 
Positive :::256 256 >256 64-256 128 256 

blaoxA24-like (0_8) 

blaoxA5 1-like, 
6 128-

Positive blaoxA23-like, 256 >256 64->256 64 >256 
(1.2) >256 

blaoxA24-like 

blaoxA5 1-like, 
7 

Positive blaoxA23-like, 32-128 64 128 16-32 32 32 

blaoxA58-li ke 
( 1.4) 

blaoxA5 1-like , 
24 

Positive blaoXA24-like, 128-256 256 256 32-256 64 128 

blaoxA58-like 
( 4_8) 

--

blaoxA5 1-like, 

blaoxA23-like, 16 128-
Positive 256 256 32-128 64 128 

blaoxA24-like , (3 .2) >256 

blaoxA58-like 

Table 15. OXA-type carbapenemase genes associated with carbapenem 

resistance in the 413 imipenem-resistant A. baumannii iso lates. 

blaoXA-lil<o No. of isolates (%) 

blaoxA23-like 385 (93 _2) 

blaoxA24-like 50(12 .1 ) 

blaoxlI58-likc 47 ( 11.4) 



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 biaOXA genes 

Entire blaoxA23-like , blaoxA24-like, blaoxA5 1-like and blaoxA58-l ike genes were 

amplified by PCR and sequenced in ten A. baumannii isolates carrying different 

blaoxA-like genes. Each blaOXA-like 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: II 

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 et al. , Donald el al. , Afzal et al., Bou el al. , Heritier et al. , 

Brown et al. and Poirel el al. , the nucleotide sequences of all blaoxA-like genes were 

belonged to class D ~-Iactamases 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). 
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The seco nd e lement was the S-X-V triad (DBL numbering 118-1 20), which valine 

(V) was replaced by an iso leucine (I) in OXA-5 I-li ke enzymes. The third e lement 

was th e K-T-G triad (DBL numbering 2 16-2 18) in OXA-23 -like enzymes whereas 

it was rep laced by K-S-G triad in OXA-24-like, OXA-5 I-like and OXA-58-like 

enzymes. The other conserved motif, Y -G-N motif (DBL numbering 144-146) was 

retained in OXA-5 I-like and OXA-58-like whereas it was rep laced by F-G-N in 

OXA-23-like and OXA-24-like enzymes. (F igure 21.) conserved serine 

active site 
L-_-, r----' 

;;- , . J 

I, .' .. ~ _ ... ) 

.,'. - ' ~ ',:,- . - -' ,.~ ': -".' ' ;'~ ? 5T?X · r~···.l -· ·· . r: 

.' , ! - l , " 

.. :. - ,' , 

.'. ', -~ ~ 

:-. : .. - • • I . . :: 1. 1---
• j " :):,·'; 1 "'0< ., . .... ,' ... r· S:'j: ,-; - '~:TC ::.'" · .. PO· ..... · :·.'.: - ',:.J - '.:i ' r ··.r·.r.r,~·':, · ,;- · ~ - '.r : .: ~r;'- ' ~" , ' 1---

: .. ,'-, -~ ~ • 1 ~' ~ :; .. . , ,,' -'. '.":::.t,:: , :" :- .. !' :1 I. : .. . K.:iG . 1," __ ',. !' .. '.::';'.'.1: 

Figure 21. Alignment of amino acid sequences of four main groups of 

carbapenem-hydrolyzing class 0 ~-Iactamases (C HDLs) identified in A . 

baumannii, including OXA-23, OXA-24 and OXA-58 as representatives of th e 

three groups of acquired C HDLs, and OXA-Sl as a representative of the 

naturally occurring C HDLs. The conserved residues fOl' oxacillinases are 

shaded and conserved residues for class 0 ~-Iactamases are blocked. 

Numbering of ~-Iactamases is according to Ambler class D ~-Iactamase 

numbering DBL (151). 

All 10 representative A. bOlllllul7ll ii iso lates that were se lected lo r blao:\A. 

2.1 -llk c seq uencing, A66, A67, 72. A266. A 74, A I SO, A472, A446, A433 and A519, 

had illlipenelll MIC ran ge of 16->256 mg/L. These iso lates carri ed va ri ous 
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combinations of blaoXA-lik~ ge nes (Ta ble 16. 1) . DNA sequence ana lysis of the 

1,06S-bp fragments revealed an open reading frame of 822 bp, encoding a 27 1-

amino-acid protein , which showed 100% nucleotide and amino acid sequences 

identity to blaoXA.23 and OXA-23 enzyme, respective ly (GenBank accession no. 

A] 132 1 OS and CA B69042, respectively). OXA-23 enzyme shared 99% amino ac id 

seq uence identity to OXA-27 and OXA-49. Ali gnments of nucleotide sequences of 

OXA-23 and th ose from ten represen tati ve A. baumannii iso lates are shown in 

Appendi x E. 

All 10 representative A. bawnannii iso lates that were se lected for 

blaoXA-24-1ike seq uencing, A l SO, A 180, A47 1, A472, A242, A 146, AS I9 , A I77, 

A288 and A446, had imipenem MI C range of 128->256 mg/L. These iso lates 

carried various combinations of blaoxA-I,ke genes (Table 16.2.). DNA sequence 

analys is of the 1,02 1-bp fragments revea led an open reading fram e of 825 bp, 

encod in g a 274-a mino-ac id protein. which showed 100% nucleot ide and amino ac id 

sequence ident ity to blaoxA _7 ~ and OXA-72 enzyme, respectively (Ge nBank 

access ion no. A Y739646 and AAU86900, respect ive ly). OXA-72 enzyme shared 

99% amino ac id sequence identity to OXA-26, OXA-33 and OXA-40 (OXA24) 

whereas shared 98% amino ac id seq uence identity to OXA-25. Alig nm ents of 

nucleotide sequences of OXA -24 and th ose from ten representat ive A. baumannii 

iso lates are shown in Appendix E. 

All 10 representati ve A. baulllannii iso lates th at were se lected for 

blaOXA-58- likc seq uenc ing, A266, A 188, A262, A292 , A 180, A l SO, A4 71, A472, 

A242 and A446, had imipenem MIC range or 32-256 mg/L. These isolates carried 

various combi nations of blaox."-I,k t" genes (Tab le 16.4). DNA seq uence ana lys is of 

the 933-bp t'ragments revea led an open read in g frame or 841 bp, encod ing a 

nO-amino-ac id protein, wh ich showed 100% nucleotide and all1ino ac id seq uence 

identity to blaoXA-58 and OXA-58, respectively (GenBank accessio n no. A YS70763 

and AAT95987, respective ly). This enzyme shared 99% amino ac id seq uence 

identity to OXA-96 and OXA-97 . Ali gnments of nucleotide sequences of OXA-58 

and those frOIll ten representative A. baulllannii iso lates are shown in Appendi x E. 
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All 10 representati ve A. baumannii iso lates that were se lected for 

blaoXA-5 1-l ike seq uenci ng, A80, A405 , A433, A 74, A66, A266, A l SO, A47 1, A472 

and A242, had imipenem MIC range of 0.5->256 mg/L. These iso lates carri ed 

various comb inati ons of blaoXA- ll ke genes (Tab le 16.3 .). DNA seq uence analys is of 

the I ,416-bp amplicons revea led an open reading fram e of 825 bp, encoding a 

274-amino-acid protein, which showed 100% nucleot ide and amino ac id sequence 

identity to blaoXA -68 and OXA-68 (5 iso lates), blaoXA-66 and OXA-66 (2 iso lates), 

blaoXA-64 and OXA-64 ( I iso late), blaoXA-67 and OXA-67 ( I iso late) and showed 

99% nucleotide sequence identity to blaoXA-51 and OXA-51 ( I iso late) . 

The blaoXA-68 was fo und in 5 A. baumannii isolates, A266, A l SO, A4 7 1, 

A472 and A242 . A266 carrying blao;.:'A. 51-I, ke together with blaoXA2Hkc and blaoXA-581 ,ke 

had imipenem MIC of32 mg/l". AlSO, A47 1, A472 and A242 carryi ng blaoXA-51-I,k , 

together with blao\'\ -2 Hkc, blao\A-2Hke and blao\A-58-h,e had imipenem MIC of 256 

mg/ L. OXA-68 shared 99% am ino ac id seq uence identity to OXA-77, OXA-91, 
I 

OXA-117 and OXA-128. Alignments of nucleotide sequences of blaoXA-68 

(GenBank access ion no. A Y75091 0) and those fro m five represen tative 

4 . balllllanllii iso lates are shown in Appendi' 1-: . 

The blaoXA-66 was presented in 2 A. baulllannii isolates, A40S and A433 . 

A40S carry in g only blaoXA-51-llke, had illlipenel11 MIC of 4 I11g/L whereas A43 3 

carrying blaoXA-51 -ll ke together with blaoxA-23-1ike had il11 i penel11 M IC of > 2S6 I11 g/L. 

OXA-66 shared 99% amino ac id sequence identity to OXA-6S , OXA -76, OXA -79. 

OXA-80, OXA -82, OXA-83, OXA-84, OXA -88, OXA -90, OXA- I09 and 

OXA-II S. Ali gnments of nucleotide sequences of blaoXA-66 (GenBank accession 

no .A Y7S0909) and those Crolll two representative A. baulllannii iso lates are shown 

in Appendix E. 

The blaO:\A-64 \-vas identitied in one A . balltllannii iso late. A 74.Th is iso late 

ca rried blaoxA _<, I_IIf--e together with blauXA-2J-1ike and had imipenem MIC of64 Illg/L. 

OXA-64 shared 99% amino acid seq uence identity to OXA-71 and 98% amino ac id 

sequence identity to OXA-S I. OXA -6S . OXA-66, OXA-67, OXA-88, OXA-90, 

OXA-91 , OXA-9S. OXA -99. OXA- IOO. OXA-I04, OXA -106, OXA- I I I and 
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OXA-113. Alignments of nucleotide sequences of blaoxA-64 (GenBank accession 

no .A Y7S0907) and those from A 74 are shown in Appendix E. 

The blaoXA-67 was found in one A. baumannii isolate, A66. This isolate 

carried blaoxA-5 1-l lke together with blaoxA-23- like and had imipenem MIC of 16 mg/L. 

OXA-67 shared 99% amino acid sequence identity to OXA-SI, OXA-64, OXA-86, 

OXA-87, OXA-89 and OXA-I 00. Alignments of nucleotide sequences of blaoXA-67 

(GenBank accession no .DQ491200) and those from A66 are shown in Appendix E. 

Novel blaOXll-51- ll kc was found in iso late A80 with imipenem MIC of O.S 

mg/ L. Nucleotide and amino acid sequences showed 99% identity to blaoxA-sl and 

OXA-SI enzyme. The nucleotide sequences differed from blaoxA-sl (GenBank 

accession no.AJ309734) by two nucleotides. Cytosine (C) was replaced by 

adenosine (A) at posit ion IS2 and cytosine (C) was replaced by guanine (G) at 

position 388. This enzyme differed from OXA-SI (GenBank accession 

no.ABD47672) by two amino acids. The threonine (T) was replaced by lysine (K) 

at position SI and the proline (P) was repl aced by alanine (A) at posilion 130. All 

am ino-acid changes were located oUlside the class D carbapenel1lase moti fs. II 

shared 99% amino acid seq uence identity to OXA-132, OXA-99, OXA-III_ 

OXA-64 and OXA-9S. The alignment of am ino ac id sequences of the novel 

OXA-51-like and Ihese enzymes are shown in Figure 22. Thi s nove l enzyme shared 

98% amino acid seq uence identity to OXA-67, OXA-70, OXA-71, OXA-86, 

OXA-87, OXA-88, OXA-89, OXA-90, OXA-91, OXA-93, OXA-I 00, OXA-I 06, 

OXA-113, OXA-I 17 and OXA-130. Alignments of amino acid and nucleotide 

seq uences of OXA-51 subgroup and th ose from A80 iso late are shown in Figure 23 

and Appendix E, respectively. 



79 

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

enzyme from A80 and OXA-51-like enzymes (OXA-51, OXA-64, OXA-95, 

OXA-99, OXA-ll1 and OXA-132) that shared 99% similarlity. 

, 
70 

Novel enz . MNIKTLLLIT SAIFISACSP YIVTANPNHS ASKSDEKAEK IKNLFNEVHT KGVLVI QQGQ TQQSYGNDLA 
OXA- 51 MNIKTLLLIT SAIFISACSP YIVTANPNHS ASKSDEKAEK IKNLFNEVHT TGVLVI QQGQ TQQSYGNDLA 

OXA - 132 MNIKTLLLIT SAIFISACSP YIV TANPNHS ASKSDEKAEK IKNLFNEVHT TGVLVI QQGQ TQQSYGNDLA 
OXA-99 MNIKTLLLIT SAIFISACSP YIVTANPNHS ASKSDEKAEK IKNLFNEVHT TGVLVI RQGQ TQQSYGNDLA 

OXA-111 MNIKTLLLIT SAIFISACSP YIVSANPNHS ASKSDEKAEK IKNLFNEAHT TGVLVI QQGQ TQQSYGNDLA 
OXA-64 MNIKALLLIT SAIFISACSP YIV TANPNHS ASKSDEKGEK IKNLFNEAHT TGVLVI QQGQ TQQSYGNDLA 
OXA-95 MNIKALFLIT SAIFISACSP YIV TANPNHS ASKSDEKAEK IKNLFNEAHT TGVLVI QQGQ TQQSYGNDLA 

Consensus MNIK t L1LIT SAIFISACSP YIV t ANPNHS ASKSDEKa EK IKNLFNEa HT t GVLVl qQGQ TQQSYGNDLA 

130 

71 
, 

140 
Novel enz. RASTEYVPAS TFKMLNALIG LEHHKATTTE VFKWDGQKRL FPEWEKDMTL GDAMKASAI A VYQDLARRIG 

OXA-51 RASTEYVPAS TFKMLNALIG LEHHKATTTE VFKWDGQKRL FPEWEKDMTL GDAMKASAI P VYQDLARRIG 
OXA-132 RASTEYVPAS TFKMLNALIG LEHHKATTTE VFKWDGQKRL FPEWEKDMTL GDAMKASAI P VYQDLARRIG 

OXA-99 RASTEYVPAS TFKMLNALIG LEHHKATTTE VFKWDGQKRL FPEWEKDMTL GDAMKASAI P VYQDLARRIG 
OXA-111 RASTEYVPAS TFKMLNALIG LEHHKATTTE VFKWDGQKRL FPEWEKDMTL GDAMKASAI P VYQDLARRIG 

OXA-64 RASTEYVPAS TFKMLNALI G LEHHKATTTE VFKWDGQKRL FPEWEKDMTL GDAMKASAI P VYQDLARRIG 
OXA- 95 RASTEYVPAS TFKMLNALIG LEHHKATTTE VFKWDGKKRL FPEWEKDMTL GDAMKASAI P VYQDLARRIG 

Consensus RASTEYVPAS TFKMLNALIG LEHHKATTTE VFKWDG q KRL FPEWEKDMTL GDAMKASAl p VYQDLARRIG 

141 210 
Novel enz. LELMSKEVKR VGYGNADIGT QVDNFWLVGP LKITPQQEAQ FAYKLANKTL PFS PKVQDEV QSMLFIEE KN 

OXA-51 LELMSKEVKR VGYGNADIGT QVDNFWLVGP LKITPQQEAQ FAYKLANKTL PFS PKVQDEV QSMLFIEE KN 
OXA- 132 LELMSKEVKR VGYGNADIGT QVDNFWLVGP LKITPQQEAQ FAYKLANKTL PFS PKVQDEV QSMLFIEE KN 

OXA-99 LELMSKEVKR VGYGNADIGT QVDNFWLVGP LKITPQQEAQ FAYKLANKTL PFS PKVQDEV QSMLFIEEMN 
OXA-l11 LELMSKEVKR VGYGNADIGT QVDNFWLVGP LKITPQQEAQ FAYKLANKTL PFS PKVQDEV QSMLFIEEMN 

OXA-64 LELMSKEVKR VGYGNADIGT QVDNFWLVGP LKITPQQEAQ FAYKLANKTL PFS PKVQDEV QSMLFIEE KN 
OXA - 95 LELMSKEVKR VGYGNADIGT QVDNFWLVGP LKITPQQEAQ FAYKLANKTL PFSQKVQDEV QSMLFIEE KN 

Consensus LELMSKEVKR VGYGNADIGT QVDNFWLVGP LKITPQQEAQ FAYKLANKTL PFS p KVQDEV QSMLFIEE kN 

211 274 
Novel enz . GNKIYAKSGW GWDVDPQVGW LTGWVVQPQG NIVAFSLNLE MKKGIPSSVR KEITYKSLEQ LGIL 

OXA- 51 GNKIYAKSGW GWDVDPQVGW LTGWVVQPQG NIVAFSLNLE MKKGIPSSVR KEITYKSLEQ LGIL 
OXA - 132 GNKIYAKSGW GWDVDPQVGW LTGWVVQPQG NIVAFSLNLE MKKGIPSSVR KEMTYKSLEQ LGIL 

OXA-99 GNKIYAKSGW GWDVDPQVGW LTGWVVQPQG NIVAFSLNLE MKKGIPSSVR KEITYKSLEQ LGIL 
OXA-111 GNKIYAKSGW GWDVDPQVGW LTGWVVQPQG NIVAFSLNLE MKKGIPSSVR KEITYKSLEQ LGIL 

OXA-64 GNKIYAKSGW GWDVDPQVGW LTGWVVQPQG NIVAFSLNLE MKKGIPSSVR KEITYKSLEQ LGIL 
OXA- 95 GNKIYAKSGW GWDVDPQVGW LTGWVVQPQG NIVAFSLNLE MKKGIPSSVR KEITYKSLEQ LGIL 

Consensus GNKIYAKSGW GWDVDPQVGW LTGWVVQPQG NIVAFSLNLE MKKGIPSSVR KEITYKSLEQ LGIL 



Table 16. 

Table 16.1. 

Isolates 

A66 

A67 

A72 

A266 

A74 

AI50 

A472 

A446 

A433 

A519 

80 

Sequencing analysis of entire blaoXA-li ke genes. 

Sequencing analysis of bla O XA-23- likr genes from 10 

representative isolates. 

Imipenem Presence of bla OXA-I ;kc by multiplex PCR 
blaOXA-23- tYJlc 

M IC 

(mg/L) 
bta OXA-51-Hke bta OXA-23-I;ke bta OXA-24-I;ke bta OXA-58-Hke gene 

16 + + - - blaoxA-23 

32 + + - - blaoxA-23 

32 + + - - blaoxA-23 

32 + + - + blaoxA-23 

64 + + - - blaoxA-23 

256 + + + + blaoxA-23 

256 + + + + blaoxA-23 

256 + + + + blaoxA-23 

>256 + + - - blaoxA-23 

>256 + + + - blaoXA-23 



Table 16.2. 

Isolates 

AI80 

A288 

A I77 

AI46 

AI50 

A471 

A472 

A242 

A446 

A5 19 

81 

Seq uencing ana lysis of bla OX A-2 4-l ikc genes from 10 

representa tive isolates. 

Imipenem Presence of bla OXA-like by multiplex PCR 
blaoXA-24-type 

M IC 

(mglL) 
bla OXA-SI -li ke bla OXA-24- like bla OXA-23- li ke bla OXA-S8-like gene 

128 + + - + blaoxA-72 

128 + + - + bla A-72 

256 + + - - blaOXA-72 

256 + + - - blaoxA-72 

256 + + + + blaoxA-72 

256 + + + + blaoXA-72 

256 + + + + blaoxA-72 

256 + + + + blaoxA-72 

256 + + + + b lao XA-72 

>256 + + + - blaoXA-72 

Table 16.3. Seq uencing a na lys is of b l a o X A-5 1- l ikc ge nes fro m 10 representative 

iso lates. 

Imipenem Presence of bla OXA-like by multip lex PC R 

b1n;:'I I:'~":-1 Isolates MI C 
bla OXA-24-like I bla OXA-S8- like bla OXA-Sl - like bla OXA-2J- like 

(mg/L) 

nove l 
A80 0.5 + -- -

blaoxA-51-like 

A405 4 + - - - blaoxA-66 

A66 16 + + - - blaoxA-67 

A266 32 + + - + blaoxA-68 

A74 64 + + - - blaOXA-64 

A I50 256 + + + + blaoxA-68 

A47 1 256 + + + + blaoxA-68 

A472 256 + + + + blaoxA-68 

A242 256 + + + + hlaox/I-68 

A433 >256 + + - - hlaoX/I-66 
--~ 
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Table 16.4. Seq uencing analys is of bla OXA -~8- li ke genes from 10 representa tive 

isolates. 

Imipenem Presence of bin OXA. like by multiplex PC R 
blnoXA.ss-rype 

Isola tes MIC 

(mg/L) 
bla OXA.51.like bl a OXA.58.lik. bla OXA.23. lik. bIn OXA.24.like gene 

A266 32 + + + - blaoxA.s8 

A l 88 64 + + + - blaoxA.s8 

A262 64 + + + - blaOXA.S8 

A292 64 + + + - blaoxA.58 

A l 80 128 + + - + blaoxA.58 

A l50 256 + + + + blaoxA.s8 

A47 1 256 + + + + blaoxA.s8 

A472 256 + + + + blaoxA.s8 

A242 256 + + + + blaoXA-58 

A446 256 + + + + blaoxA-58 



Figure 23. 

1 
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Alignments of amino acid sequences of OXA-Sl subgroup 

and that from A80 isolate. 
70 

OXA - 51 MNIKTLLLIT SAlrISACSP YIVTANPNHS ASKSDEKA EK IKNLrNEVHT TGVLVIQQGQ TQQSYGNDLA 
OXA- 132 

OXA - 99 
OXA-lll 

OXA- 64 
OXA-71 

OXA-l13 
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OXA- 67 
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OXA-86 
OXA - 87 
OXA- 65 
OXA- 88 
OXA- 66 
OXA-83 
OXA-82 
OXA-76 

OXA-131 
OXA-80 

OXA- 115 
OXA-I09 

OXA - 84 
OXA - 79 
oXA - 90 
OXA - 95 

OXA - I08 
OXA -1 30 

oXA - 94 
OXA - 69 

OXA -11 0 
OXA- I07 
OXA- 1l2 

oXA- 92 
OXA-68 
OXA- 77 
OXA - 91 

OXA- I04 
OXA-1 28 

OXA- 78 
OXA- 89 
OXA - 93 
OXA-70 

OXA-I06 
OXA- 75 

OXA - 1l6 
OXA - 1l7 

Consensus 

... . A . •.•• 

••. • A • .•.. 
••.. A . . ... 

.•.• A • .... . T .. .. ... . 
•. . . A . . ••. 

•••• A • ... . 

. •• • A . ..•• 

.•• • A • .... 

• ••• A • .•.• 

••• • A • . . .• 

.•• • A • ..•• 

•• • • A • ..•. 

.••• A • . ... 

..•. A . .. . . 

. . • • A . ... . 

. • • • A . •... 

•• • • A • . . .. 
.. •. A . •. . . 

.... A. r .. . 

. . •. A • .. . . 

. ... A • .... 

... QA . ... . 
•.. . A . ... . 

•••• A • .••. 

••• . A . ... . 

••• • A . ... . 

. .•. A . ... . 

.•• • A . . .. . 

. •• • A • . ... 

.•• . A . •... 

.•. . A . •... 

•••• A • .... 
••.. A . ..•. 

· T •. ...... 

. T .. . • • . .. 
· T •• ••.. .. 

... s . .... . 

... . T ... . . 

. . . . T ... . . 
· . . s .... . . 

· . . s ..... . 
· . . s . .. .. . 
· .. s . . . . . . 

· .. s ... . . . 
· . . s ... .. . 

.. .. . . R . .. 
. ..•... A . . 

..... . • G •• . •.. . .• A .•..• . . ..... 

•. .. . . . A .. ... ...... . 

:::: :: : ~:: IB :::: :::: 
T .. .. . . ... .. ..... A . . 
T .... . . ... .... ... A . . 
T . . . . : . • •••••• . . . A .. 

T .. .. . ...•....... A .. 

• .... . • .•.. ..•... A .. 

•• ... K •. .. . . ...•. A . . 
. ... . v ... . . •. •• .. A .. 
. .... v ..... . . .. . . A .. 

... .. v .... . ...... A .. 

.. . .. v ... . .. ..... A .. 

. ... . v .... . .. . ... A .. 

. ... . v ........... A •• 

. .... v .. .... . . .. . A .• 

.... . v . . ..... .... A .. 

... . . v . .. . .. ... . . A .. 

. . .. . v ... .. ... ... A .. 

• ••.... A • • 

• •••... A •• 
• .•. ... A .. 

. •.. ... A .. 

. .... .. A . . 

· .... D . .. ... . .... A .... . ... H . . . 

· . . .• D •....... • .. A ........ H ..• 

.. . .. D .... .. . . ... A . . ..... . H . . . 

· . .. . D •••• 

· .. .. D .... 

. ...... A .... .... H ..• 

. .. .. . . A •....... H . . . 

. .... .. A . . 

. . . . ... A .. 

. . .. ... A • . 

.....•• A • • 

.. .. .. . A •• 

. . .... . A . . 
· . . ... .. . H ... s .. . . . . . • . .... A .. 

. .•. A . .... 
•••• A . •• .. 
.... A • .... 
... QA . .. . . 

rnnikal .... 

. T ... . ... . . .... • . . .. ..... .. A . . 

. .... K . .. .. .. .. .. A . . 

. .... K .. ......... A .. 

· .• • • ... Y . .. .•• • . .. .... .. .. A • . 
· .. S •.. .. ...... D . .. ... ... .. A .. 

· .. S .. . .. . 
· .. t . .... . · .... e .... 

...... . A .. 

.... . .. A •. 

• ...... V . • 



84 

7 1 140 
OXA-51 RASTEYVPAS TFKMLNAL1G LEHHKATTTE VFKWDG QKRL FPEWEKDMTL GDAMKASA1P VYQDLARR1G 

OXA-132 
OXA - 99 

OXA - 111 
OXA - 64 
OXA-71 

OXA- 1l3 
A80 

OXA-67 
OXA - 100 

OXA - 86 
OXA- 87 
OXA- 65 
OXA - 88 
OXA - 66 
OXA-83 
OXA-82 
OXA-76 

OXA- 131 
OXA- 80 

OXA - 1l5 
OXA - 109 

OXA- 84 
OXA - 79 
OXA-90 
OXA-95 

OXA-108 
OXA-130 

OXA- 94 
OXA- 69 

OXA-110 
OXA - 107 
OXA-1l2 

OXA-92 
OXA - 68 
OXA- 77 
OXA-91 

OXA- 104 
OXA - 128 

OXA - 78 
OXA - 89 
OXA - 93 
OXA- 70 

OXA- 106 
OXA - 75 

OXA - 1l6 
OXA-1l7 
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141 210 
OXA - 51 LELMSKEVKR VGYGNADIGT QVDNFWLVG P LKITPQQEAQ FAYKLANKTL PFSPKVQDEV QSMLFIEEKN 

OXA- 132 
OXA- 99 

OXA- 111 
OXA- 64 
OXA- 71 

OXA- 113 
A80 

OXA- 67 
OXA - 100 

OXA - 86 
OXA - 87 
OXA - 65 
OXA- 88 
OXA- 66 
OXA- 83 
OXA- 82 
OXA- 76 

OXA - 13 1 
OXA - 80 

OXA - 1l5 
OXA - 109 

OXA - 84 
OXA - 79 
OXA - 90 
OXA-95 

OXA - 108 
OXA - 130 

OXA - 94 
OXA- 69 

OXA- 110 
OXA - 107 
OXA- 1l2 

OXA - 92 
OXA - 68 
OXA-77 
OXA - 91 

OXA- 104 
OXA- 128 

OXA - 78 
OXA- 89 
OXA- 93 
OXA - 70 

OXA - 106 
OXA - 75 

OXA-1l 6 
OXA- 1l7 
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OXA - 51 
OXA-132 

OXA - 99 
OXA-11 1 

OXA - 64 
OXA-71 

OXA-l13 
A80 

OXA - 67 
OXA-100 

OXA-86 
OXA-87 
OXA- 65 
OXA-88 
OXA - 66 
OXA-83 
OXA - 82 
OXA - 76 

OXA- 131 
OXA-80 

OXA- 115 
OXA-1 09 

OXA-84 
OXA-79 
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OXA- 130 
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OXA - 107 
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OXA - 104 
OXA- 128 

OXA-78 
OXA-89 
OXA-93 
OXA-70 

OXA - 106 
OXA-75 

OXA- 116 
OXA- 117 

Consensus 

211 274 
GNK IYAKSGW GWDVDPQVGW LTGWVVQPQG NIVA FSLNLE MKKGIPSSVR KEITYKSL EQ LGIL 
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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 (3-lactam antibiotics with a broad spectrum of 

antibacterial activity, and have a structure which renders them highly resistant to (3-

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 A. baumannii isolated 

from Songklanagarind Hospital, 61.9% were from respiratory tract, 49.9% from 

ICU and 14.8% were resistant to all routine tested antibiotics. In 2003 , the 

Imlpenem resistance rate of A. 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 Res istance Surveillance Center 

Thailand (NARST) showed that Imlpenem resistance in Acinetobacler 

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 resi stance rates from thi s study were al so higher than other 

countries. In 2005 , both imipenem and meropenem res istance 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 3,60 I 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 A. 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 A. 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 (Ill, 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 A. baumannii isolates (125). 

The imipenem resistance rates of A. baumannii 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<O.O I). High 

carbapenem resistance rate in ICUs is similar to study by Bogaerts et al. and 

Souli et al. that found the carbapenem resistance rate of A. 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-ICUs, which similar to study by Falagas et 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 ICUs 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 

microorgani sm also occurred via hand of staff. In addition, transferring of severed 
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and trauma patients from other hospitals also associated 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. baumannii-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 antibiotic 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-51-1 ike was detected in all carbapenem-susceptible and 

-resistant A. baumannii isolates. This is similar to the studies of Turton el aI. , 

Merkier el al., Heritier el al. and Wang el al. which reported that blaoXA -51 -1i ke were 

found in all carbapenem-susceptible and resistant A. baumannii isolates (27, 28. 30. 

200). The results suggested that OXA-S I-like enzymes were very poor 

carbapenemases and may be natural and chromosomally encoded in all A. 

baumannii isolates. However, Tsakris et al. and Koh et al. found blaoXA-51-1ike in 

90.9% and 77.3% of A. baumannii isolates, respectively (18,31) . 

The OXA-S I was first described in imipenem-resistant A. baumannii clones 

from Argentina and was the largest and most diverse collection of class 0 

carbapenemases in A. baumannii (26). To date, forty-six enzymes of thi s group 

have been reported. In the present study, the variations were found in blaoXA-5 1-1ike 

group with SO% of blaoXA-68, 20% of blaoXA -66, 10% each for blaoXA-64, blaoxA-67 

and a novel blaoXA-51-1 ike. OXA-64, OXA-67 and OXA-68 were reported in 

A. baumannii iso lated from South Africa, Argentina and Spain, respectively (2S) , 

whereas OXA-66 was reported in Spain, Greece and China (25, 197, 200). The 

sequences of entire blaoXA-51 -like in the isolate A80 was 99% similar to blaoxA-5 1 and 

differed by two nucleotides, resulting in two amino acid changes at positions S I and 
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130. This novel enzyme has conserved sequences of class D f3-lactamases. 

However, biochemical properties and susceptibility patterns of this enzyme have to 

be further investigated. 

The presence of blaoxA-23-like were detected in the majority of our 

carbapenem-resistant A. baumannii isolates (93.2%). The results suggested that 

blaoxA-23-like plays an important role in carbapenem resistance in this study. Similar 

to many studies, blaoxA-23- like was predominant In carbapenem-resistant 

A. baumannii isolates (II, 18, 37, 193, 201). Wang et al. found blaoxA-23-like in 

97.7% of imipenem-resistant A. baumannii isolates, and both Zong et al. and 

Stoeva et al. found in 100% of imipenem-resistant A. 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 et 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, blaoxA-23 in carbapenem-resistant A. baumannii was amplified 

and sequenced from plasmid DNA. There were many reports demonstrated that 

blaoxA-23 is plasmid-encoded (14, 163). Villegas reported that blaoXA-23 was 

chromosomal encoded in three of four clones of carbapenem-resistant A. baumannii 

isolates and plasmid encoded in one clone (19) . In addition, Wang el aI., Meric et al. 

and Stoeva el al. also found that blaoXA -23 was chromosomally encoded (200, 201, 

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

OXA-23 group consists of OXA-23 , OXA-27 and OXA-49. In the present 

study, blaoxA-23 was detected in all ten representative A. baumannii isolates by 

sequencing of entired blaoXA-23-ltke. 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 A. baumannii 

iso lates 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 et 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 A. baumannii isolated 

from Singapore (23). 

The MIC level to imipenem in strains carrying blaoXA-51-1ike together with 

blaoXA-24-1ike were to ~256 mg/L. The MIC range for isolates carrying blaoxA-24-like 

together other blaoxA were 128->256 mg/L for imipenem, 32->256 mglL for 

meropenem. These suggested that blaoXA-24-1ike 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 Acinelobacter genomospecies 3 

and Acinetobacter spp. isolated from China (200). 

There were many reports previously demonstrated that blaoXA-24 is 

chromosomally encoded (22, 24). However, Lolans el al. investigated the blaoxA-4o 

gene location and found that it was on both chromosome and plasmid in imipenem

resistant A. baumannii isolates (117). In this study, blaoXA-24 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 blaoxA-58-like together with 

blaoxA-51-like and other blaoxA. So, the activity of OXA-58 could not be discussed. 

Tsakris et a/. found that A. baumannii isolates carrying blaOXA-58 showed low level 

of imipenem MIC (31) . This is similar to the study by Poirel et a/. that OXA-58 

showed low hydrolysis to imipenem (33) . In addition, Heritier et a/. demonstrated 

that OXA-58 exhibited weak carbapenemase activity and played a role in 

carbapenem resistance in A. baumannii when blaoXA-58 was highly expressed (10). 

Bertini et a/. also found that the increase in carbapenem resistance level was 

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

blaoxA-58 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 A. 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 A. baumannii by Heritier et a/. (143) . Marque et a/. found 

A. baumannii carrying blaoxA-58 gene in 22 out of 42 carbapenem-resistant 

A. baumannii isolated from France, Spain, Turkey and Romania (13) . Both 

blaoxA-58 and blaoxA-5 1 were detected in many A. baumannii isolated from ICU in 

Greece (31, 144). Coelho et al. also found Acinelobacler spp. carrying blaoxA-58 and 

blaoxA-5 1 isolated from Argentina, Kuwait and United Kingdom over a 10 year 

period in 2006 (206). The blaoxA-58 also was detected in 7 imipenem-resistant 

A. baumannii isolated from China (200) . Between October 2003 and June 2004, 

blaoxA-58 was detected in 44 of 45 A. baumannii isolated from Italy (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 blaoxA-96 was 

detected in one imipenem-resistant A. baumannii isolated from Singapore (I8). 

Poirel el al. fo und blaoxA-97 in 19 of 39 carbapenem-res istant A. baumannii isolated 

from Tunisia (34) . 

Among carbapenem-resistant A. baumannii isolates, 4 isolates carried 

blaoxA-23-like together with blaoxA-58-like, 4 isolates carried blaoxA-24-l ike together with 

blaoxA-58-like and 4 isolates carried blaoxA-23-like together with blaoxA-24- like and 
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blaoxA-58-like 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 13-lactamases-producing 

A. baumannii is less than OXA-type-producing isolates. In this study, the metallo-

13-lactamase was not detected in all 50 I A. baumannii isolates by EDTA-disk 

synergy test and by peR amplification of blalMP-like and blaVIM-like. This was in 

contrast to the study by Sung et al. that found high prevalence of 

metallo-I3-lactamase-producing A. baumannii isolates (208) . Among 

carbapenemase-producing A. baumannii, 69.6% was metallo-I3-lactamase whereas 

30.4% was OXA-type carbapenemase. IMP-I and VIM-2 were found in 93.7% and 

6.3% of metallo 13-lactamase-producing isolates whereas OXA-23 was detected in 

all carbapenemase-producing isolates. In contrast, Koh et al. reported that 

OXA-type carbapenemase-producing A. baumannii was found higher than 

metallo-I3-lactamase-producing isolates. OXA-51-like was found in 77 .3% of 

A. baumanni isolates and OXA-23 was found in 91.1 % of carbapenemase

producing A. baumannii isolates whereas IMP-4 was found in 9.1 % of those 

isolates (18). Thi s study suggests none or rare incidence of metallo-I3-lactamase 

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



CHAPTER VII 

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 50 I A. baumannii were 82.4% and 

81.8%, respectively. MICso for imipenem and meropenem were 64 and 32 mglL, 

respectively. MIC90 for imipenem and meropenem were 256 and 64 mg/L, 

respectively. Imipenem-resistant rates of ICU s and non-ICUs isolates were 90.3% 

and 74.1 %, respectively, whereas meropenem-resistant rates were 89.5% and 

73.7%, respectively. Imipenem-resistant rates of isolates 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 < 0.0 I) whereas there was no significant difference in carbapenem

resistant rates in A. baumannii isolated from sterile and non sterile clinical 

specimens (P = 0.758). 

All carbapenem-resistant A. baumannii had carbapenemase activity . 

Metallo-~-Iactamase s 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 intermediately resi stant to meropenem. Screening for 

carbapenemase genes by multiplex PCR revealed the presence of blaoxA.23-iJke, 

blaoxA.24. like , blaoxA.s l.like and blaoxA.s8-like and the absence of blalMP-like and 

blavI M-like. All 50 I A. baumannii isolates carried the blaoxAsl-like gene. The isolates 

carrying only blaoxAs l-li ke were susceptible to carbapenems whereas the isolates 

carrying blaoxA.51. like together with other blaoxA-like including blaoxA-23-like , 

blaoxA.24- like and blaoxA-58.l lke were resistant to carbapenems. Imipenem MIC of 

isolates carrying blaoxA-24 -l ike together with other blaoxA-like showed a high level of 

carbapenem MIC( 128->256 mg/L). The presence of blaoxA-23 .like were detected in 
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the majority of carbapenem-resistant A. baumannii isolates (93 .2%), suggesting 

that blaoXA -23-like plays a major role in carbapenem resi stance. 

Seq uences of ten entire blaoxA-23- li ke, blaOXA-24- li ke, blaoXA-5 1-like and 

blaoxA-58-like were analyzed. The results revealed that blaoxA-23, blaoxA-72 and 

blaoxA-58 were identified in 100% of blaoxA-23-like , blaoXA-24-like and blaoxA-58-like 

groups, respectively. The variations were found in blaoxA-5 1-like group with 50% of 

blaoxA-68 , 20% of blaoxA-66, 10% each for blaoxA-64, blaoxA-67 and a novel 

blaoxA-5 1-like . This novel enzyme was found in the isolate A80, which has not yet 

been reported. Nucleotide and amino acid sequences of this novel enzyme showed 

99% identity to blaoxA-5 1 and OXA-51 . This study demonstrated high prevalence of 

carbapenem resistance in A. baumannii isolates and showed that blaoxA-23-li ke was 

the major carbapenemase gene associated with carbapenem resistance in our 

A. baumannii-resistant isolates. 
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APPENDIX A 

REAGENTS AND INSTRUMENTS 

A. REAGENTS 

I 

Absolute ethanol 

Agarose 

Bacto agar 

Boric acid 

Bromthymol blue 

dNTPs 

EDTA 

Ethidium bromide 

(Merck, Germany) 

(Biorad, USA) 

(Difco, USA) 

(Sigma, USA) 

(Fluka, Germany) 

(Promega, USA) 

(Amresco, USA) 

(Amresco, USA) 

Glacial acetic acid (Merck, Germany) 

Miniraloil (Sigma, USA) 

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

NaCI (Merck, Germany) 

NaHC03 (Merck, Germany) 

Na2HP04*2H20 (Sigma, USA) 

Pfu DNA Polymerase 

Taq DNA Polymerase 

Tris 

100 bp DNA ladder 

100 bp plus DNA ladder 

(Fermentas, USA) 

(Fermentas, USA) 

(Amresco, USA) 

(Fermentas, USA) 

(Fermentas, USA) 



B. INSTRUMENTS 

ABI prism 310 automated sequencer 

Automatic pipette 

Camera Gel Doc ™ MZL 

Incubator 

Perkin Elmer GeneAmp PCR system 9600 

M icrocentrifuge 

Spectrophotometer 

Water bath 

(Perkin Elmer, USA) 

(Gilson, Lyon, France) 

(BIO-RAD, USA) 

(Forma Scientific, USA) 

(Perkin Elmer, USA) 

(Eppendorf, USA) 
• 

(BIO-RAD, USA) 

(Memmert, USA) 
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APPENDIXB 

MEDIA AND ANTIBIOTIC SOLUTION 

PREPARATION 

1. Sheep blood agar (Oxoid, England) 

119 

Suspend Tryptone Soya agar 40 grams in I litre of distilled water. Bring to 

the boil to dissolve completely. Sterilize by autoclaving at 121 °C for IS 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 I litre of distilled water. Bring to the boil to 

disso lve 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 dehydrated medium in 1,000 ml of disti lled 

water. Di sso lve by heating with frequent ag itation until complete di sso lution. 

Adjust final volume to 1,000 ml. Ster ili ze at 12 1°C (IS Ibs. sp) for IS minutes . 

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

4. Tryptic Soy Broth (Oxoid, England) 

Suspend 30 grams in I litre of di still ed water. Bring to the boil to dissolve 

completely. Steri lize 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 1 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 I litre of distilled water. Bring to the boil to dissolve 

com pletely. 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 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. Add 1 % carbohydrate (Glucose). Sterilize at 121 °C (15 

Ibs. sp) for 15 minutes. Once the medium is prepared, store at 4°C. 

9. Decarboxylase Base Moeller (Difco, France) 

Suspend 10.5 grams of the dehydrated medium in 1,000 ml of distilled 

water. Disso lve by heat ing with frequent agitation until complete dissolution. Add 

10 grams L-amino acid (Arginine) and di sso lve. 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 I litre of distilled water. Bring to the boil to dissolve 

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

prepared, store at 4DC. 

11. Malonate broth (BBL, USA) 

Suspend 9.8 grams in I litre of distilled water. Bring to the boil to dissolve 

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

prepared, store at 4DC. 

12. Urea Medium (BBL, USA) 

Solution A: for 

Urea agar base (BBL) 

Urea 

Distilled water 

20 ml 

2.9 g 

4g 

20 ml 

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

(use a 0.22 ).lm filter) . 

Solution B: for 

Bacto agar (Difco) 

Distilled water 

80 ml 

0.5 g 

80 ml 

Add the ingredient to 80 ml of distilled water; heat with stirring until the 

agar is dissolved. Sterilize by autoclaving at 121 DC, 15 ponds/ inch2 pressure, for 

15 minutes . Mix solution A, 20 ml with solution B, 80 m!. Aliquot into sterile 1.5 

microtube (I ml /tube) . Test the sterility of Urease medium by incubate tubes at 

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

13. Sterile saline solution 

Sodium Chloride 

Distilled water 

8.5 giL 

IL 

Sterilze by autoclaving at 121 DC, 15 pounds/ inch2 pressure, for minutes. 

Store at room temperature. 



122 

14. Antibiotic solution preparation 

1m ipenem, 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. 



APPENDIX C 

REAGENTS PREPARATION 

1. lOx Tris-borate buffer (TBE) 

Tris base 

Boric acid 

0.5 M EDTA (pH 8.0) 

108 giL 

55 giL 

40 ml 
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Adjust volume to I liter with distilled water. The solution was mixed and 

sterilized by autoclaving at 121 °C for 15 min. 

2. 0.5 M EDT A (pH 8.0) 

Disodium ethylene diamine tetra-ace late 2H20 

Disti lied water 

186. I giL 

IL 

Adjust pH to 8.0 and volume to I liter. Store at room temperature for no 

longer than I year. 

3. lOx TE buffer 

Tris 

0.5 M EDTA 

12. I I gi L 

20 ml 

Adjust to pH 8.0 by adding conc. HC!. Adjust volume to 1,000 ml and 

steri lized by autoclaving at 121°C for 15 min . 

4. 1 % Agarose gel 

Agarose 

Ix TB E 

0.4 g 

40 ml 

Disso lve by heat ing in microwave oven and occasional mix unit no 

granules of agarose are visible . 

5. 5x Loading buffer 100 ml 

Tris HCI 

EDTA 

SDS 

0.6 g 

1.68 g 

0.5 g 



Bromphenol Blue 

Sucrose 

0.1 g 

40 g 
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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 AWl 

Buffer AWl is supplied as a concentrate. Before using for the first 

time, add the 25 ml of ethanol (96-100%) to buffer AWl concentrate as 

indicated on the bottle. 

1.4 Buffer A W2 

Buffer A W2 is supplied as a concentrate. Before using for the first 

time, add the 30 ml of ethanol (96-100%) to buffer A W2 concentrate as 

indicated on the bottle. 

1.5 Buffer AE (Ready to used) 

Reagent for peR product purification 

Buffer PB (Ready to used) 

Buffer PE 

Buffer PE is suppl ied 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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APPENDIX D 

THE RESULTS OF ALL TESTS IN THIS STUDY 

Results of carbapenem susceptibility, carbapenemase activity and the 

presence of carbapenemase genes of 501 A. baumannii isolates. 

Strains MICs(mglL) Carbapenemase Presence of carbapenemase genes 
activitv 

IMP MER M-Hodge EDTA blaOXAll. blaoXAU- blaOXA". blaoXA58- bla"" •. 
test disk like like Ilk" likt' lik" 

synergy 
test 

A. bal/mannii 
2 2 + 

ATCC 19606 
- - - - -

E. coli NO NO NO NO NO NO NO 
ATCC 25922 0.25 0.06 

Ps. 
aenlginosa NO NO NO NO NO NO NO 

ATCC 27853 2 0.5 
S. al/rel/S NO NO NO NO NO NO NO 

ATCC 29213 0.06 0.06 
E.faecalis NO NO NO NO NO NO NO 

ATCC 29212 I 4 
P4" 64 64 + + - - - - -

ABOl8 0.5 0.25 - - - - + - -
AB044 256 128 + - + - + -
AB 055 64 16 + - + - + - -
AB060 2 2 - - - - + - -
AB061 128 32 + - + - + -
AB 063 128 32 + - + - + - -
AB065 >256 256 + - + + -
AB066 >256 >256 + - + + + - -
AB067 128 32 + - + - + - -
AB071 2 2 - - - + - -
AB072 128 32 + - + - + - -
AB075 128 16 + - + - + - -
AB076 0.5 I - - - - + - -
AB084 32 16 + - + - + - -
AB091 0.5 0. 12 - - - - + -
AB092 128 32 + - + - + -
AB093 128 64 + - + - + - -
AB094 128 64 + - + - + - -
AB096 64 64 + - + - + - -
AB098 0.5 0.12 - - - + - -
AB099 0.5 0.5 - - - - + - -
AB 102 64 64 + - + - + -
AB 103 128 64 + - + - + - -
AB 104 64 32 + - + - + - -
AB 105 64 64 + - + - + -
AB 106 128 64 + - + - + - -
AB 107 256 64 + - + - + - -
AB 108 256 16 + - + - + -
AB 109 64 8 + - + - + -
AB III 0.5 0.25 - - - - + -
AB 113 2 2 - - - - + -
AB 114 32 16 + - + - + - -
AB 115 128 64 + - + - + -
AB 116 I 0.5 - - - + - -
A 001 16 16 + - + - + - -
A 002 64 16 + - + - + - -

blay" ... 
like: 

-

NO 

NO 

NO 

NO 

+ 
-
-
-

, 
-
-

-
-
-
-
-
-
-
. -

-
-
-

-
-

, -
-

-
-

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

Strains MICs (mg/L) Carbapenemase Presence of carbapenemase genes 
activity 

IMP MER M-Hodge EDTA blaoXA1J- blaoXAU- blaoXASI- biaOXA>O- bla,., •• 
test disk like like like like like 

synergy 
test 

A 003 0.5 0.25 - - - - + - -
A 004 64 16 + - + - + - -
A 005 64 16 + - + - + - -
A 006 64 16 + - + - + - -
A 007 2 2 - - - - + - -
A 008 256 64 + - + - + - -
A 010 64 16 + - + - + - -
A 011 128 32 + - + - + - -
A 012 128 32 + - + - + - -
A 013 128 64 + - + - + - -
AOl4 64 32 + - + - + - -
A 015 64 32 + - + - + - -
A 016 64 16 + - + - + - -
A 017 32 16 + - + - + - -
A 018 64 16 + - + - + - -
A 019 16 16 + - + - + - -
A 021 64 16 + + - + - -
A 022 32 16 + + - + - -
A 023 128 64 + - + + + - -
A 024 64 16 + - + - + - -
A 025 0.5 0.25 - - - - + - -
A 026 64 16 + - + - + - -
A 027 128 64 + - + - + - -
A 028 2 2 - - - - + - -
A 030 128 64 + - + - + - -
A 031 128 64 + - + - + - -
A 032 64 32 + - + - + - -
A 033 128 64 + - - + + + 
A 034 64 32 + - + - + - -
A 035 I 0.25 - - - - + - -
A 036 I 0.5 - - - + - -
A 037 0.5 0.25 - - - - + - -
A 038 128 64 + - + - + - -
A 040 64 16 + - + - + - -
A04I I 0.5 - - - + - -
A 042 2 I - - - - + - -
A 043 32 16 + - + - + - -
A 044 64 32 + - + - + - -
A 045 32 16 + + - + - -
A 046 128 32 + - + + -
A 047 64 16 + - + - + - -
A 048 32 16 + - + - + - -
A 049 4 I - - - - + - -
A 051 64 16 + - + - + - -
A052 64 16 + - + - + - -
A 053 0.5 0.5 - - - - + - -
A 054 256 64 + - + - + - -
A 055 256 256 + - + + + -
A 056 I 0.25 - - - - + - -
A 057 128 16 + + - + - -
A 058 I 0.25 - - - + - -
A 059 32 16 + - + - + - -
A 060 2 2 - - - - + - -
A 064 64 16 + - + - + -
A 065 64 16 + - + - + - -
A 066 16 16 + - + - + - -
A 067 32 16 + - + - + - -
A 068 0.5 2 - - - - + - -
A 070 128 64 + - + + + + -
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Results of carbapenem susceptibility, carbapenemase activity and the 
presence of carbapenemase genes of A. baumannii. (cont.) 

Strains MICs (mg/L) Carbapenemase Presence of carbapenemase genes 
activity 

IMP MER M-Hodge EDTA bluoXAl3- bluoXA"- blaoXA5I _ bluoXA,... blu'M._ 
test disk IIk~ IIk~ like like like 

synergy 
test 

A 071 I I - - - - + - -
A 072 32 16 + - + - + - -
A 074 64 32 + - + - + - -
A 075 64 32 + - + - + - -
A 077 32 16 + - + - + - -
A 078 0.5 0.5 - - - - + - -
A 079 32 32 + - + - + - -
A 080 0.5 0.5 - - - - + - -
A082 0.5 0.5 - - - - + - -
A 083 256 64 + - + - + - -
A 084 256 128 + - - + + + -
A085 0.5 0.25 - - - - + -
A 086 I 0.25 - - - - + - -
A 087 64 16 + - + - + - -
A 088 128 64 + - + - + - -
A 089 64 32 + - + - + - -
A 090 32 8 + - + + - -
A 091 128 32 + - + - + -
A 092 128 32 + - + - + - -
A 093 128 16 + - + - + - -
A 094 128 64 + - - + + + -
A 095 128 32 + - + - + - -
A 096 0.5 0.25 - - - - + - -
A 098 128 32 + - + - + - -
A 100 I 0.25 - - - - + -
A 101 128 16 + - + - + - -
A 104 256 64 + - + - + - -
A 106 >256 64 + - + - + - -
A 107 128 32 + - + - + - -
A 108 256 64 + - + - + - -
A 109 128 64 + - - + + + -
A 110 256 128 + - + + + + -
A III 64 16 + - + - + - -
A 112 64 16 + - + - + - -
A 113 128 64 + - - + + + -
A 114 128 64 + - + - + - -
A 115 64 16 + - + - + - -
A 116 128 32 + - + - + - -
A 118 0.5 0.25 - - - - + - -
A 119 64 16 + - + - + - -
A 120 64 16 + - + - + - -
A 121 64 16 + - + - + - -
A 122 32 16 + - + - + - -
A 123 32 16 + - + - + -
A 124 64 16 + + - + -
A 125 64 16 + - + - + 
A 126 64 16 + + - + -
A 127 0.12 0.12 - - - + - -
A 128 64 16 + - + - + - -
A 129 128 32 + - + + + + -
A 130 64 16 + - + - + -
A 131 128 16 + - + - + - -
A 133 128 32 + - + - + - -
A 134 128 32 + - + - + - -
A 135 64 32 + - + - + - -
A 136 256 64 + - - + + + 
A 137 256 64 + - - + + + -
A 139 128 32 + - + + -
A 140 32 16 + - + - + - -
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Results of carbapenem susceptibility, carbapenemase activity and the 
presence of carbapenemase genes of A. baumannii. (cont.) 

Strains MICs(mg/L) Carbapenemase Presence of carbapenemase genes 
activity 

IMP MER M-Hodge EDTA blaoXA23- blaOXAU- blaoXA5I- blaoxA5Il- bla,,,,._ 
test disk like like • like Ilk" like 

synergy 
test 

A 141 >256 256 + - + - + - -
A 142 64 16 + - + - + - -
A 144 256 64 + - - + + + -
A 145 64 16 + - + - + - -
A 146 >256 128 + - - + + - -
A 147 32 32 + - + - + - -
A 148 128 64 + - + - + - -
A 149 128 32 + - + - + - -
AlSO 256 64 + - + + + + -
A 151 32 16 + - + - + - -
A 152 128 32 + - + - + - -
A 153 1 0.5 - - - - + - -
A 155 128 32 + - + - + - -
A 156 64 64 + - + - + - -
A 157 128 64 + - + - + - -
A 158 64 32 + - + - + - -
A 159 0.5 0.25 - - - - + - -
A 160 128 32 + - + - + - -
A 161 32 32 + - + - + - -
A 162 16 32 + - + - + - -
A 163 32 32 + - + - + - -
A 164 128 32 + - + - + - -
A 165 128 64 + - - + + + -
A 166 2 2 - - - - + - -
A 167 256 64 + - - + + - -
A 169 64 16 + - + - + - -
A 170 128 32 + - + - + - -
A 171 32 16 + - + - + - -
A 172 32 16 + - + - + -
A 176 0.25 0.25 - - - + - -
A 177 256 128 + - + + - -
A 178 2 1 - - - + - -
A 179 128 32 + - + - + - -
A 180 128 128 + - - + + + -
A 181 64 16 + - + - + - -
A 183 64 32 + - + - + - -
A 184 2 1 - - - - + - -
A 185 64 32 + - + - + - -
A 186 128 32 + - + - + - -
A 187 128 16 + - + - + - -
A 188 64 32 + - + - + + -
A 189 64 32 + - + + - -
A 190 64 16 + - + - + - -
A 191 64 32 + - + - + - -
A 194 128 32 + - + - + - -

A 196 128 32 + - + - + - -
A 198 128 64 + - - + + + -
A 199 64 32 + - + - + - -
A 200 64 32 + - + - + - -
A 201 64 32 + - + - + - -
A 202 64 32 + - + - + - -
A 203 16 16 + - + - + - -
A 204 32 16 + - + + -
A 205 64 32 + - + - + -
A 206 32 16 + - + - + - -
A 207 32 16 + - + - + - -
A 208 32 16 + - + - + -
A 209 32 16 + - + + - -
A 210 64 16 + - + - + - -
A211 32 16 + - + - + - -
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Results of carbapenem susceptibility, carbapenemase activity and the 
presence of carbapenemase genes of A. baumannii. (cont.) 

Strains MICs (roglL) Carbapeneroase Presence of carbapeneroase genes 
activitv 

IMP MER M-Hodge EDTA blaoXAll- blaOXAJA- blaoXA>I_ blaOXASH_ blalMP_ 
test disk like like! like like like 

synergy 
test 

A 212 128 32 + - + - + - -
A 213 64 16 + - + - + - -
A 214 64 16 + - + - + - -
A 215 32 16 + - + - + - -
A 216 64 16 + - + - + - -
A 217 64 32 + - + - + - -
A 218 64 32 + - + - + - -
A 219 16 16 + - + - + -
A 220 32 16 + - + - + - -
A 221 32 16 + - + - + - -
A 222 64 16 + - + - + - -
A 223 2 1 - - - - + - -
A 226 128 32 + - + - + - -
A228 32 16 + - + - + - -
A 229 64 32 + - + - + - -
A 230 32 16 + - + - + - -
A 231 32 16 + - + - + - -
A 232 32 16 + - + - + -
A 233 2 1 - - - - + - -
A 234 128 64 + - + - + - -
A 235 32 16 + - + - + - -
A 236 128 64 + - + - + - -
A 237 1 1 - - - - + -
A 238 256 64 + - + + + + -
A 240 32 16 + - + - + - -
A 241 64 16 + - + - + -
A 242 256 64 + - + + + + -
A 243 64 16 + - + - + - -
A 244 64 16 + - + - + - -
A 245 32 16 + - + - + - -
A 246 32 16 + + - + - -
A 247 128 32 + - + - + - -
A 249 256 64 + + - + -
A 250 128 32 + - + - + + -
A 251 16 32 + - + - + - -
A 252 0.5 1 - - - + - -
A 253 128 32 + - + - + - -
A 257 64 32 + - + - + -
A 258 128 32 + - + - + - -
A 259 64 16 + - + - + - -
A 260 64 16 + - + - + - -
A 262 64 16 + - + - + + -
A 263 64 32 + - + - + - -
A 265 256 64 + - + + + + -
A 266 32 16 + - + - + + 
A 267 2 1 - - - - + - -
A 268 64 16 + - + - + - -
A 269 32 16 + - + - + - -
A 270 128 32 + - + - + - -
A 271 256 64 + - + + + -
A 272 32 16 + - + - + - -
A 274 64 16 + - + - + - -
A 275 64 16 + - + - + - -
A 277 64 32 + - + - + - -
A 278 64 16 + - + - + - -
A 280 64 16 + - + - + - -
A 281 0.5 0.5 - - - - + - -
A 285 128 32 + - + - + -
A 286 64 16 + - + - + - -
A 288 128 64 + - + + + -
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Results of carbapenem susceptibility, carbapenemase activity and the 
presence of carbapenemase genes of A. baumannii. (cont.) 

Strains MICs(mglL) Carbapenemase Presence of carbapenemase genes 
activity 

IMP MER M-Hodge EDTA bluoXAlJ- bluOXA"- bluoXA<I_ bluOXASO- blu'MP_ 
test disk Iikr IIkf like like like 

synergy 
test 

A 289 128 32 + - + - + + -
A 290 1 1 - - - - + - -
A291 128 32 + - + - + + -
A 292 64 16 + - + - + + -
A 293 2 1 - - - - + - -
A 296 64 16 + - + - + - -
A 297 0.5 0.5 - - - - + - -
A 298 128 32 + - + - + - -
A 300 128 32 + - + - + - -
A 302 64 16 + - + - + - -
A 303 128 64 + - - + + + -
A 305 32 32 + - + - + - -
A 307 32 16 + - + - + - -
A 308 0.5 0.25 - - - - + - -
A 309 0.5 0.5 - - - - + - -
A310 32 16 + - + - + - -
A 311 256 64 + - + - + - -
A 312 64 32 + - + - + - -
A 314 0.25 0.25 - - - + - -
A 315 64 32 + - + - + - -
A 316 64 32 + - + - + - -
A 317 64 32 + - + - + - -
A 318 128 32 + - + - + - -
A 320 64 16 + - + - + - -
A 321 64 32 + - + - + - -
A 322 128 32 + - + - + - -
A 323 256 64 + - + + + + -
A 324 64 16 + - + - + - -
A 325 128 32 + - + - + -
A 327 64 16 + - + - + - -
A 328 64 16 + - + - + - -
A 329 64 32 + - + - + - -
A 332 32 16 + - + - + - -
A 334 64 32 + + - + - -
A 335 128 32 + - + - + - -
A 337 32 32 + - + - + - -
A 338 0.5 0.5 - - - - + - -
A 339 128 32 + - + - + -
A 341 0.5 2 - - - - + - -
A 342 128 32 + - + - + - -
A 343 128 32 + - + - + - -
A 345 32 16 + - + - + - -
A 346 64 16 + - + + - -
A 347 128 32 + - + - + - -
A 348 32 16 + - + - + - -
A 350 1 0.25 - - - - + - -
A 351 128 32 + - + - + - -
A 352 32 32 + + - + - -
A 354 128 32 + - + - + - -
A 356 128 32 + - + - + - -
A 357 I 0.25 - - - - + - -
A 358 1 0.12 - - - + - -
A 360 64 32 + - + - + - -
A 362 64 16 + - + - + - -
A 364 2 2 - - - - + - -
A 365 64 64 + - + - + - -
A 368 32 32 + - + - + - -
A 369 128 32 + - + - + - -
A 370 128 32 + - + - + - -
A 371 128 32 + - + - + - -
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Results of carbapenem susceptibility, carbapenemase activity and the 
presence of carbapenemase genes of A. baumanniL (cont.) 

Strains MICs(mg/L) Carbapenemase Presence of carbapeoemase genes 
activity 

IMP MER M-Hodge EDTA blaoXA1,. blaoXAU_ blaOXA"_ blaoXA!&- bla, ... _ 
test disk likr IIkr lib IIkr "" synergy 

test 
A 372 64 16 + - + - + - -
A 373 . 64 64 + - + - + - -
A 374 32 16 + - + - + - -
A 375 128 64 + - + - + - -
A 377 256 128 + - - + + + -
A 378 256 64 + - + - + - -
A 380 2 4 - - - - + - -
A 381 32 32 + - + - + - -
A 382 256 64 + - - + + + -
A 383 128 64 + - + - + - -
A 384 256 32 + - - + + + -
A 385 1 0.5 - - - - + - -
A 386 256 32 + - + - + - -
A 387 64 32 + - + - + - -
A 388 256 32 + - + - + - -
A 389 256 64 + - + + + + -
A 390 128 32 + - + - + - -
A 392 0.5 1 - - - - + - -
A 393 256 32 + - + - + - -
A 394 128 32 + - + - + - -
A 397 256 64 + - + - + - -
A 398 2 0.5 - - - - + -
A 399 128 32 + - + - + - -
A 400 0.5 0.5 - - - - + - -
A 401 256 64 + - - + + + -
A 402 256 128 + - + + + + -
A 403 128 32 + - + - + - -
A 404 64 32 + - + - + -
A 405 4 4 - - - - + -
A 408 32 16 + - + - + - -
A 409 32 16 + - + - + - -
A410 128 32 + - + - + -
A 412 256 64 + - + - + - -
A 415 128 32 + + - + - -
A 416 64 32 + - + - + - -
A 419 0.5 0.25 - - - - + -
A 420 128 32 + - + - + - -
A 421 32 16 + - + - + - -
A 422 1 0.5 - - - - + - -
A 423 256 64 + - + + + + -
A 424 64 16 + - + - + - -
A 425 256 128 + - - + + + -
A 426 256 128 + - + + + -
A 427 256 64 + - - + + + -
A 428 256 64 + - + - + - -
A 429 256 64 + - - + + + -
A 430 0.5 0.25 - - - + - -
A431 256 64 + - + - + -
A 432 >256 32 + - + - + - -
A 433 >256 64 + - + - + - -
A 434 128 16 + - + - + - -
A 435 256 64 + - - + + + -
A 436 256 64 + - + - + -
A 437 128 64 + - + + + -

A 438 64 16 + - + - + 
A 439 256 128 + - + + - -
A 440 32 16 + - + - + - -
A 441 64 32 + - + + - -
A 442 64 16 + - + + -
A 443 64 16 + - + + - -
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Results of carbapenem susceptibility, carbapenemase activity and the 
presence of carbapenemase genes of A. baumannii. (cont.) 

Stra ins MICs (mglL) Carbapenemase Presence of carbapenemase genes 
activ ity 

IMP MER M-Hodge EDTA blaoXAU- blaoXAU_ blaoXASI- blaoXAS8- bla,MP_ 
test disk like IIkr like IIkt IikC' 

synergy 
test 

A 444 128 64 + - + - + - -
A 446 256 128 + - + + + + -
A 449 32 16 + - + - + - -
A450 64 32 + - + - + - -
A 453 64 16 + - + - + - -
A 455 32 16 +. - + - + - -
A 456 32 16 + - + - + - -
A458 128 16 + - + - + - -
A 459 128 16 + - + - + - -
A 460 64 64 + - + - + - -
A 46 1 64 16 + - + - + - -
A 462 64 16 + - + - + - -
A 465 128 64 + - + - + - -
A 466 128 16 + - + - + - -
A 467 128 16 + - + - + - -
A 468 64 32 + - + - + - -
A 469 128 64 + - + - + - -
A470 256 128 + - + + + + -
A 471 256 128 + - + + + + -
A 472 256 128 + - + + + + -
A473 I 0.5 - - - - + - -
A 474 0.5 0.25 - - - - + - -
A 475 32 8 + - + - + - -
A 479 64 16 + - + - + - -
A480 0.5 0.5 - - - + - -
A 48 1 64 32 + - + - + - -
A 482 64 32 + - + - + - -
A 483 0.5 0.5 - - - - + - -
A 486 64 32 + - + - + - -
A487 64 16 + - + - + - -
A 488 0.5 I - - - - + - -
A 489 32 16 + - + - + 
A 493 I 0.12 - - - - + - -
A 494 0.5 0.5 - - - + - -
A 495 64 32 + - + - + -
A 496 0.5 I - - - - + - -
A 497 32 32 + - + - + - -
A 498 32 16 + - + + -
A 499 64 16 + - + - + - -
A 500 >256 64 + - + - + - -
A 502 I 0.25 - - - - + -
A 503 64 64 + - + + - -
A 504 0.5 0.25 - - - - + - -
A 505 0.5 0.25 - - - + - -
A 506 64 32 + - + - + -
A 507 64 32 + - + - + - -
A 508 0.5 I - - - - + - -
A 510 128 32 + - + - + - -
A5 11 64 16 + - + + - -
A 512 128 64 + - + + + -
A 513 64 32 + - + - + - -
A 514 0.5 0.25 - - - + - -
A 515 128 64 + - + - + - -
A 516 256 64 + + - + - -
A 517 128 32 + - + - + 
A 518 256 32 + - + - + - -
A 519 >256 64 + - + + + - -
A 522 128 16 + - + + - -
A 523 128 32 + - + + - -
A 524 128 32 + - + - + - -
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Results of carbapenem susceptibility, carbapenemase activity and the 
presence of carbapenemase genes of A. baumallllii. (cont.) 

Strains MICs(mglL) Carbapenemase Presence of carbapenemase genes 
activity 

IMP MER M-Hodge EDTA blaoXAU- blaoXAU- blaoXA"_ blaoXA,"- bla'MP_ 
test disk IIkt like like like like 

synergy 
test 

A 526 128 32 + - + - + - -
A 527 128 32 + - + - + - -
A 528 128 16 + - + - + - -
A 529 256 32 + - + - + - -
A 530 128 32 + - + - + - -
A 531 128 32 + - + - + - -
A 532 128 32 + - + - + - -
A 535 128 32 + - + - + - -
A 536 4 0.5 - - - + - -
A 537 >256 128 + - + + + - -
A 538 128 16 + - + - + - -
A 539 256 32 + + - + - -
A 540 I 0.5 - - - - + - -
A 541 256 32 + - + - + -
A 542 64 16 + - + - + - -
A 543 128 32 + - + - + - -
A 544 128 32 + - + - + - -
A 546 I 0.25 - - - - + - -
A 548 256 64 + - + - + - -
A 549 I 0.25 - - - + -
A 551 128 32 + - + - + - -
A 554 256 64 + - + - + - -
A 557 128 16 + - + - + - -
A 558 2 0.5 - - - - + - -
A 559 >256 128 + - + + + + -
A 560 128 32 + - + - + - -
A 562 256 32 + - + - + - -
A 563 256 32 + - + - + - -
A 564 4 I - - - - + - -
A 565 I I - - - + - -
A 566 64 16 + - + - + -
A 567 256 64 + - + - + - -
A 568 256 32 + - + - + - -
A 569 256 32 + - + - + - -
A 570 128 32 + - + - + - -
A 571 256 32 + - + - + - -
A 573 64 16 + - + - + - -
A 574 256 64 + - + - + - -
A 575 128 32 + - + - + - -
A 576 256 32 + - + - + -
A 577 64 32 + - + - + - -

+ positive negative 

a P4 = Pseudomonas aeruginosa (lab stra in) that carried blaVIM-like 

blav'M_ 
like-

-
-
-

-
-
-
-
-
-
-
-
-

, 

-

-
-

-
-
-
-
-

-

-
-
-
-
-
-
-
-
-

-

-



APPENDIX E 

NUCLEOTIDE SEQUENCES ALIGNMENT OF SELECTED lOA. BAUMANNIIISOLATES 

1. OXA-23 GROUP 

OXA - 23 
A66 
A67 
A72 

A266 
A74 

AlSO 
A47 2 
A446 
A433 
AS19 

Consensus 

OXA - 23 
A66 
A67 
A72 

A266 
A74 

AlSO 
A472 
A446 
A433 
AS19 

Consensus 

1 120 
ATGAATAAAT ATTTTACTTG CTATGTGGTT GCTTCTCTTT TTCTTTCTGG TTGTACGGTT CAGCATAATT TAATAAATGA AACCCCGAGT CAGATTGTTC AAGGACATAA TCAGGTGATT 
ATGAATAAAT ATTTTACTTG CTATGTGGTT GCTTCTCTTT TTCTTTCTGG TTGTACGGTT CAGCATAATT TAATAAATGA AACCCCGAGT CAGATTGTTC AAGGACATAA TCAGGTGATT 
ATGAATAAAT ATTTTACTTG CTATGTGGTT GCTTCTCTTT TTCTTTCTGG TTGTACGGTT CAGCATAATT TAATAAATGA AACC CCGAGT CAGATTGTTC AAGGACATAA TCAGGTGATT 
ATGAATAAAT ATTTTACTTG CTATGTGGTT GCTTCTCTTT TTCTTTCTGG TTGTACGGTT CAGCATAATT TAATAAATGA AACCCCGAGT CAGATTGTTC AAGGACATAA TCAGGTGATT 
ATGAATAAAT ATTTTACTTG CTATGTGGTT GCTTCTCTTT TTCTTTCTGG TTGTACGGTT CAGCATAATT TAATAAATGA AACCCCGAGT CAGATTGTTC AAGGACATAA TCAGGTGATT 
ATGAATAAAT ATTTTACTTG CTATGTGGTT GCTTCTCTTT TTCTTTCTGG TTGTACGGTT CAGCATAATT TAATAAATGA AACCCCGAGT CAGATTGTTC AAGGACATAA TCAGGTGATT 
ATGAATAAAT ATTTTACTTG CTATGTGGTT GCTTCTCTTT TTCTTTCTGG TTGTACGGTT CAGCATAATT TAATAAATGA AACCCCGAGT CAGATTGTTC AAGGACATAA TCAGGTGATT 
ATGAATAAAT ATTTTACTTG CTATGTGGTT GCTTCTCTTT TTCTTTCTGG TTGTACGGTT CAGCATAATT TAATAAATGA AACCCCGAGT CAGATTGTTC AAGGACATAA TCAGGTGATT 
ATGAATAAAT ATTTTACTTG CTATGTGGTT GCTTCTCTTT TTCTTTCTGG TTGTACGGTT CAGCATAATT TAATAAATGA AACCCCGAGT CAGATTGTTC AAGGACATAA TCAGGTGATT 
ATGAATAAAT ATTTTACTTG CTATGTGGTT GCTTCTCTTT TTCTTTCTGG TTGTACGGTT CAGCATAATT TAATAAATGA AACCCCGAGT CAGATTGTTC AAGGACATAA TCAGGTGATT 
ATGAATAAAT ATTTTACTTG CTATGTGGTT GCTTCTCTTT TTCTTTCTGG TTGTACGGTT CAGCATAATT TAATAAATGA AACCCCGAGT CAGATTGTTC AAGGACATAA TCAGGTGATT 
ATGAATAAAT ATTTTACTTG CTATGTGGTT GCTTC TCTTT TTCTTTCTGG TTGTACGGTT CAGCATAATT TAATAAATGA AACCCCGAGT CAGATTGTTC AAGGACATAA TCAGGTGATT 

121 240 
CATCAATACT TTGATGAAAA AAACACCTCA GGTGTGCTGG TTATTCAAAC AGATAAAAAA ATTAATCTAT ATGGTAATGC TCTAAGCCGC GCAAATACAG AATATGTGCC AGCCTCTACA 
CATCAATACT TTGATGAAAA AAACACCTCA GGTGTGCTGG TTATTCAAAC AGATAAAAAA ATTAATCTAT ATGGTAATGC TCTAAGCCGC GCAAATACAG AATATGTGCC AGCCTCTACA 
CATCAATACT TTGATGAAAA AAACACCTCA GGTGTGCTGG TTATTCAAAC AGATAAAAAA ATTAATCTAT ATGGTAATGC TCTAAGCCGC GCAAATACAG AATATGTGCC AGCCTCTACA 
CATCAATACT TTGATGAAAA AAACACCTCA GGTGTGCTGG TTATTCAAAC AGATAAAAAA ATTAATCTAT ATGGTAATGC TCTAAGCCGC GCAAATACAG AATATGTGCC AGCCTCTACA 
CATCAATACT TTGATGAAAA AAACACCTCA GGTGTGCTGG TTATTCAAAC AGATAAAAAA ATTAATCTAT ATGGTAATGC TCTAAGCCGC GCAAATACAG AATATGTGCC AGCCTCTACA 
CATCAATACT TTGATGAAAA AAACACCTCA GGTGTGCTGG TTATTCAAAC AGATAAAAAA ATTAATCTAT ATGGTAATGC TCTAAGCCGC GCAAATACAG AATATGTGCC AGCCTCTACA 
CATCAATACT TTGATGAAAA AAACACCTCA GGTGTGCTGG TTATTCAAAC AGATAAAAAA ATTAATCTAT ATGGTAATGC TCTAAGCCGC GCAAATACAG AATATGTGCC AGCCTCTACA 
CATCAATACT TTGATGAAAA AAACACCTCA GGTGTGCTGG TTATTCAAAC AGATAAAAAA ATTAATCTAT ATGGTAATGC TCTAAGCCGC GCAAATACAG AATATGTGCC AGCCTCTACA 
CATCAATACT TTGATGAAAA AAACACCTCA GGTGTGCTGG TTATTCAAAC AGATAAAAAA ATTAATCTAT ATGGTAATGC TCTAAGCCGC GCAAATACAG AATATGTGCC AGCCTCTACA 
CATCAATACT TTGATGAAAA AAACACCTCA GGTGTGCTGG TTATTCAAAC AGATAAAAAA ATTAATCTAT ATGGTAATGC TCTAAGCCGC GCAAATACAG AATATGTGCC AGCCTCTACA 
CATCAATACT TTGATGAAAA AAACACCTCA GGTGTGCTGG TTATTCAAAC AGATAAAAAA ATTAATCTAT ATGGTAATGC TCTAAGCCGC GCAAATACAG AATATGTGCC AGCCTCTACA 
CATCAATACT TTGATGAAAA AAACACCTCA GGTG TGCTGG TTATTCAAAC AGATAAAAAA ATTAATCTAT ATGGTAATGC TCTAAGCCGC GCAAATACAG AATATGTGCC AGCCTCTACA 

(.0.) 
.j::. 



241 360 
OXA- 23 TTTAAAATGT TGAATGCCCT GATCGGATTG GAGAACCAGA AAACGGATAT TAATGAAATA TTTAAATGGA AGGGCGAGAA AAGGTCATTT ACCGCTTGGG AAAAAGACAT GACACTAGGA 

A66 TTTAAAATGT TGAATGCCCT GATCGGATTG GAGAACCAGA AAACGGATAT TAATGAAATA TTTAAATGGA AGGGCGAGAA AAGGTCATTT ACCGCTTGGG AAAAAGACAT GACACTAGGA 
A67 TTTAAAATGT TGAATGCCCT GATCGGATTG GAGAACCAGA AAACGGATAT TAATGAAATA TTTAAATGGA AGGGCGAGAA AAGGTCATTT ACCGCTTGGG AAAAAGACAT GACACTAGGA 
A72 TTTAAAATGT TGAATGCCCT GATCGGATTG GAGAACCAGA AAACGGATAT TAATGAAATA TTTAAATGGA AGGGCGAGAA AAGGTCATTT ACCGCTTGGG AAAAAGACAT GACACTAGGA 

A266 TTTAAAATGT TGAATGCCCT GATCGGATTG GAGAACCAGA AAACGGATAT TAATGAAATA TTTAAATGGA AGGGCGAGAA AAGGTCATTT ACCGCTTGGG AAAAAGACAT GACACTAGGA 
A74 TTTAAAATGT TGAATGCCCT GATCGGATTG GAGAACCAGA AAACGGATAT TAATGAAATA TTTAAATGGA AGGGCGAGAA AAGGTCATTT ACCGCTTGGG AAAAAGACAT GACACTAGGA 

AlSO TTTAAAATGT TGAATGCCCT GATCGGATTG GAGAACCAGA AAACGGATAT TAATGAAATA TTTAAATGGA AGGGCGAGAA AAGGTCATTT ACCGCTTGGG AAAAAGACAT GACACTAGGA 
A472 TTTAAAATGT TGAATGCCCT GATCGGATTG GAGAACCAGA A~ACGGATAT TAATGAAATA TTTAAATGGA AGGGCGAGAA AAGGTCATTT ACCGCTTGGG AAAAAGACAT GACACTAGGA 
A446 TTTAAAATGT TGAATGCCCT GATCGGATTG GAGAACCAGA AAACGGATAT TAATGAAATA TTTAAATGGA AGGGCGAGAA AAGGTCATTT ACCGCTTGGG AAAAAGACAT GACACTAGGA 
A433 TTTAAAATGT TGAATGCCCT GATCGGATTG GAGAACCAGA AAACGGATAT TAATGAAATA TTTAAATGGA AGGGCGAGAA AAGGTCATTT ACCGCTTGGG AAAAAGACAT GACACTAGGA 
AS19 TTTAAAATGT TGAATGCCCT GATCGGATTG GAGAACCAGA AAACGGATAT TAATGAAATA TTTAAATGGA AGGGCGAGAA AAGGTCATTT ACCGCTTGGG AAAAAGACAT GACACTAGGA 

Consensus TTTAAAATGT TGAATGCCCT GATCGGATTG GAGAACCAGA AAACGGATAT TAATGAAATA TTTAAATGGA AGGGCGAGAA AAGGTCATTT ACCGCTTGGG AAAAAGACAT GACACTAGGA 

OXA - 23 
A66 
A67 
A72 

A266 
A74 

AlSO 
A472 
A446 
A433 
AS19 

Consensus 

361 480 
GAAGCCATGA AGCTTTCTGC AGTCCCAGTC TATCAGGAAC TTGCGCGACG TATCGGTCTT GATCTCATGC AAAAAGAAGT AAAACGTATT GGTTTCGGTA ATGCTGAAAT TGGACAGCAG 
GAAGCCATGA AGCTTTCTGC AGTCCCAGTC TATCAGGAAC TTGCGCGACG TATCGGTCTT GATCTCATGC AAAAAGAAGT AAAACGTATT GGTTTCGGTA ATGCTGAAAT TGGACAGCAG 
GAAGCCATGA AGCTTTCTGC AGTCCCAGTC TATCAGGAAC TTGCGCGACG TATCGGTCTT GATCTCATGC AAAAAGAAGT AAAACGTATT GGTTTCGGTA ATGCTGAAAT TGGACAGCAG 
GAAGCCATGA AGCTTTCTGC AGTCCCAGTC TATCAGGAAC TTGCGCGACG TATCGGTCTT GATCTCATGC AAAAAGAAGT AAAACGTATT GGTTTCGGTA ATGCTGAAAT TGGACAGCAG 
GAAGCCATGA AGCTTTCTGC AGTCCCAGTC TATCAGGAAC TTGCGCGACG TATCGGTCTT GATCTCATGC AAAAAGAAGT AAAACGTATT GGTTTCGGTA ATGCTGAAAT TGGACAGCAG 
GAAGCCATGA AGCTTTCTGC AGTCCCAGTC TATCAGGAAC TTGCGCGACG TATCGGTCTT GATCTCATGC AAAAAGAAGT AAAACGTATT GGTTTCGGTA ATGCTGAAAT TGGACAGCAG 
GAAGCCATGA AGCTTTCTGC AGTCCCAGTC TATCAGGAAC TTGCGCGACG TATCGGTCTT GATCTCATGC AAAAAGAAGT AAAACGTATT GGTTTCGGTA ATGCTGAAAT TGGACAGCAG 
GAAGCCATGA AGCTTTCTGC AGTCCCAGTC TATCAGGAAC TTGCGCGACG TATCGGTCTT GATCTCATGC AAAAAGAAGT AAAACGTATT GGTTTCGGTA ATGCTGAAAT TGGACAGCAG 
GAAGCCATGA AGCTTTCTGC AGTCCCAGTC TATCAGGAAC TTGCGCGACG TATCGGTCTT GATCTCATGC AAAAAGAAGT AAAACGTATT GGTTTCGGTA ATGCTGAAAT TGGACAGCAG 
GAAGCCATGA AGCTTTCTGC AGTCCCAGTC TATCAGGAAC TTGCGCGACG TATCGGTCTT GATCTCATGC AAAAAGAAGT AAAACGTATT GGTTTCGGTA ATGCTGAAAT TGGACAGCAG 
GAAGCCATGA AGCTTTCTGC AGTCCCAGTC TATCAGGAAC TTGCGCGACG TATCGGTCTT GATCTCATGC AAAAAGAAGT AAAACGTATT GGTTTCGGTA ATGCTGAAAT TGGACAGCAG 
GAAGCCATGA AGCTTTCTGC AGTCCCAGTC TATCAGGAAC TTGCGCGACG TATCGGTCTT GATCTCATGC AAAAAGAAGT AAAACGTATT GGTTTCGGTA ATGCTGAAAT TGGACAGCAG 

481 600 
OXA-23 GTTGATAATT TCTGGTTGGT AGGACCATTA AAGGTTACGC CTATTCAAGA GGTAGAGTTT GTTTCCCAAT TAGCACATAC ACAGCTTCCA TTTAGTGAAA AAGTGCAGGC TAATGTAAAA 

A66 GTTGATAATT TCTGGTTGGT AGGACCATTA AAGGTTACGC CTATTCAAGA GGTAGAGTTT GTTTCCCAAT TAGCACATAC ACAGCTTCCA TTTAGTGAAA AAGTGCAGGC TAATGTAAAA 
A67 GTTGATAATT TCTGGTTGGT AGGACCATTA AAGGTTACGC CTATTCAAGA GGTAGAGTTT GTTTCCCAAT TAGCACATAC ACAGCTTCCA TTTAGTGAAA AAGTGCAGGC TAATGTAAAA 
A72 GTTGATAATT TCTGGTTGGT AGGACCATTA AAGGTTACGC CTATTCAAGA GGTAGAGTTT GTTTCCCAAT TAGCACATAC ACAGCTTCCA TTTAGTGAAA AAGTGCAGGC TAATGTAAAA 

A266 GTTGATAATT TCTGGTTGGT AGGACCATTA AAGGTTACGC CTATTCAAGA GGTAGAGTTT GTTTCCCAAT TAGCACATAC ACAGCTTCCA TTTAGTGAAA AAGTGCAGGC TAATGTAAAA 
A74 GTTGATAATT TCTGGTTGGT AGGACCATTA AAGGTTACGC CTATTCAAGA GGTAGAGTTT GTTTCCCAAT TAGCACATAC ACAGCTTCCA TTTAGTGAAA AAGTGCAGGC TAATGTAAAA 

AlSO GTTGATAATT TCTGGTTGGT AGGACCATTA AAGGTTACGC CTATTCAAGA GGTAGAGTTT GTTTCCCAAT TAGCACATAC ACAGCTTCCA TTTAGTGAAA AAGTGCAGGC TAATGTAAAA 
A472 GTTGATAATT TCTGGTTGGT AGGACCATTA AAGGTTACGC CTATTCAAGA GGTAGAGTTT GTTTCCCAAT TAGCACATAC ACAGCTTCCA TTTAGTGAAA AAGTGCAGGC TAATGTAAAA 
A446 GTTGATAATT TCTGGTTGGT AGGACCATTA AAGGTTACGC CTATTCAAGA GGTAGAGTTT GTTTCCCAAT TAGCACATAC ACAGCTTCCA TTTAGTGAAA AAGTGCAGGC TAATGTAAAA 
A433 GTTGATAATT TCTGGTTGGT AGGACCATTA AAGGTTACGC CTATTCAAGA GGTAGAGTTT GTTTCCCAAT TAGCACATAC ACAGCTTCCA TTTAGTGAAA AAGTGCAGGC TAATGTAAAA 
AS19 GTTGATAATT TCTGGTTGGT AGGACCATTA AAGGTTACGC CTATTCAAGA GGTAGAGTTT GTTTCCCAAT TAGCACATAC ACAGCTTCCA TTTAGTGAAA AAGTGCAGGC TAATGTAAAA 

Consensus GTTGATAATT TCTGGTTGGT AGGACCATTA AAGGTTACGC CTATTCAAGA GGTAGAGTTT GTTTCCCAAT TAGCACATAC ACAGCTTCCA TTTAGTGAAA AAGTGCAGGC TAATGTAAAA 

w 
(]l 



Q)(A- 23 

A66 
A67 
A72 

A266 
A74 

A150 
A472 
A446 
A433 
A5l9 

Consensus 

OXA- 23 
A66 
A67 
A72 

A266 
A74 

A150 
A472 
A44 6 
A433 
A5l9 

Consensus 

601 720 
AATATGCTTC TTTTAGAAGA GAGTAATGGC TACAAAATTT TTGGAAAGAC TGGTTGGGCA ATGGATATAA AACCACAAGT GGGCTGGTTG ACCGGCTGGG TTGAGCAGCC AGATGGAAAA 
AATATGCTTC TTTTAGAAGA GAGTAATGGC TACAAAATTT TTGGAAAGAC TGGTTGGGCA ATGGATATAA AACCACAAGT GGGCTGGTTG ACCGGCTGGG TTGAGCAGCC AGATGGAAAA 
AATATGCTTC TTTTAGAAGA GAGTAATGGC TACAAAATTT TTGGAAAGAC TGGTTGGGCA ATGGATATAA AACCACAAGT GGGCTGGTTG ACCGGCTGGG TTGAGCAGCC AGATGGAAAA 
AATATGCTTC TTTTAGAAGA GAGTAATGGC TACAAAATTT TTGGAAAGAC TGGTTGGGCA ATGGATATAA AACCACAAGT GGGCTGGTTG ACCGGCTGGG TTGAGCAGCC AGATGGAAAA 
AATATGCTTC TTTTAGAAGA GAGTAATGGC TACAAAATTT TTGGAAAGAC TGGTTGGGCA ATGGATATAA AACCACAAGT GGGCTGGTTG ACCGGCTGGG TTGAGCAGCC AGATGGAAAA 
AATATGCTTC TTTTAGAAGA GAGTAATGGC TACAAAATTT TTGGAAAGAC TGGTTGGGCA ATGGATATAA AACCACAAGT GGGCTGGTTG ACCGGCTGGG TTGAGCAGCC AGATGGAAAA 
AATATGCTTC TTTTAGAAGA GAGTAATGGC TACAAAATTT TTGGAAAGAC TGGTTGGGCA ATGGATATAA AACCACAAGT GGGCTGGTTG ACCGGCTGGG TTGAGCAGCC AGATGGAAAA 
AATATGCTTC TTTTAGAAGA GAGTAATGGC TACAAAATTT TTGGAAAGAC TGGTTGGGCA ATGGATATAA AACCACAAGT GGGCTGGTTG ACCGGCTGGG TTGAGCAGCC AGATGGAAAA 
AATATGCTTC TTTTAGAAGA GAGTAATGGC TACAAAATTT TTGGAAAGAC TGGTTGGGCA ATGGATATAA AACCACAAGT GGGCTGGTTG ACCGGCTGGG TTGAGCAGCC AGATGGAAAA 
AATATGCTTC TTTTAGAAGA GAGTAATGGC TACAAAATTT TTGGAAAGAC TGGTTGGGCA ATGGATATAA AACCACAAGT GGGCTGGTTG ACCGGCTGGG TTGAGCAGCC AGATGGAAAA 
AATATGCTTC TTTTAGAAGA GAGTAATGGC TACAAAATTT TTGGAAAGAC TGGTTGGGCA ATGGATATAA AACCACAAGT GGGCTGGTTG ACCGGCTGGG TTGAGCAGCC AGATGGAAAA 
AATATGCTTC TTTTAGAAGA GAGTAATGGC TACAAAATTT TTGGAAAGAC TGGTTGGGCA ATGGATATAA AACCACAAGT GGGCTGGTTG ACCGGCTGGG TTGAGCAGCC AGATGGAAAA 

721 822 
ATTGTCGCTT TTGCATTAAA TATGGAAATG CGGTCAGAAA TGCCGGCATC TATACGTAAT GAATTATTGA TGAAATCATT AAAACAGCTG AATATTATTT AA 
ATTGTCGCTT TTGCATTAAA TATGGAAATG CGGTCAGAAA TGCCGGCATC TATACGTAAT GAATTATTGA TGAAATCATT AAAACAGCTG AATATTATTT AA 
ATTGTCGCTT TTGCATTAAA TATGGAAATG CGGTCAGAAA TGCCGGCATC TATACGTAAT GAATTATTGA TGAAATCATT AAAACAGCTG AATATTATTT AA 
ATTGTCGCTT TTGCATTAAA TATGGAAATG CGGTCAGAAA TGCCGGCATC TATACGTAAT GAATTATTGA TGAAATCATT AAAACAGCTG AATATTATTT AA 
ATTGTCGCTT TTGCATTAAA TATGGAAATG CGGTCAGAAA TGCCGGCATC TATACGTAAT GAATTATTGA TGAAATCATT AAAACAGCTG AATATTATTT AA 
ATTGTCGCTT TTGCATTAAA TATGGAAATG CGGTCAGAAA TGCCGGCATC TATACGTAAT GAATTATTGA TGAAATCATT AAAACAGCTG AATATTATTT AA 
ATTGTCGCTT TTGCATTAAA TATGGAAATG CGGTCAGAAA TGCCGGCATC TATACGTAAT GAATTATTGA TGAAATCATT AAAACAGCTG AATATTATTT AA 
ATTGTCGCTT TTGCATTAAA TATGGAAATG CGGTCAGAAA TGCCGGCATC TATACGTAAT GAATTATTGA TGAAATCATT AAAACAGCTG AATATTATTT AA 
ATTGTCGCTT TTGCATTAAA TATGGAAATG CGGTCAGAAA TGCCGGCATC TATACGTAAT GAATTATTGA TGAAATCATT AAAACAGCTG AATATTATTT AA 
ATTGTCGCTT TTGCATTAAA TATGGAAATG CGGTCAGAAA TGCCGGCATC TATACGTAAT GAATTATTGA TGAAATCATT AAAACAGCTG AATATTATTT AA 
ATTGTCGCTT TTGCATTAAA TATGGAAATG CGGTCAGAAA TGCCGGCATC TATACGTAAT GAATTATTGA TGAAATCATT AAAACAGCTG AATATTATTT AA 
ATTGTCGCTT TTGCATTAAA TATGGAAATG CGGTCAGAAA TGCCGGCATC TATACGTAAT GAATTATTGA TGAAATCATT AAAACAGCTG AATATTATTT AA 

w 
(j) 



2. OXA-24 GROUP 

OXA - 72 
A146 
AlSO 
Al77 
A180 
A242 
A288 
A446 
A47l 
A472 
AS19 

Consensus 

1 120 
ATGAAAAAAT TTATACTTCC TATATTCAGC ATTTCTATTC TAGTTTCTCT CAGTGCATGT TCATCTATTA AAACTAAATC TGAAGATAAT TTTCATATTT CTTCTCAGCA ACATGAAAAA 
ATGAAAAAAT TTATACTTCC TATATTCAGC ATTTCTATTC TAGTTTCTCT CAGTGCATGT TCATCTATTA AAACTAAATC TGAAGATAAT TTTCATATTT CTTCTCAGCA ACATGAAAAA 
ATGAAAAAAT TTATACTTCC TATATTCAGC ATTTCTATTC TAGTTTCTCT CAGTGCATGT TCATCTATTA AAACTAAATC TGAAGATAAT TTTCATATTT CTTCTCAGCA ACATGAAAAA 
ATGAAAAAAT TTATACTTCC TATATTCAGC ATTTCTATTC TAGTTTCTCT CAGTGCATGT TCATCTATTA AAACTAAATC TGAAGATAAT TTTCATATTT CTTCTCAGCA ACATGAAAAA 
ATGAAAAAAT TTATACTTCC TATATTCAGC ATTTCTATTC TAGTTTCTCT CAGTGCATGT TCATCTATTA AAACTAAATC TGAAGATAAT TTTCATATTT CTTCTCAGCA ACATGAAAAA 
ATGAAAAAAT TTATACTTCC TATATTCAGC ATTTCTATTC TAGTTTCTCT CAGTGCATGT TCATCTATTA AAACTAAATC TGAAGATAAT TTTCATATTT CTTCTCAGCA ACATGAAAAA 
ATGAAAAAAT TTATACTTCC TATATTCAGC ATTTCTATTC TAGTTTCTCT CAGTGCATGT TCATCTATTA AAACTAAATC TGAAGATAAT TTTCATATTT CTTCTCAGCA ACATGAAAAA 
ATGAAAAAAT TTATACTTCC TATATTCAGC ATTTCTATTC TAGTTTCTCT CAGTGCATGT TCATCTATTA AAACTAAATC TGAAGATAAT TTTCATATTT CTTCTCAGCA ACATGAAAAA 
ATGAAAAAAT TTATACTTCC TATATTCAGC ATTTCTATTC TAGTTTCTCT CAGTGCATGT TCATCTATTA AAACTAAATC TGAAGATAAT TTTCATATTT CTTCTCAGCA ACATGAAAAA 
ATGAAAAAAT TTATACTTCC TATATTCAGC ATTTCTATTC TAGTTTCTCT CAGTGCATGT TCATCTATTA AAACTAAATC TGAAGATAAT TTTCATATTT CTTCTCAGCA ACATGAAAAA 
ATGAAAAAAT TTATACTTCC TATATTCAGC ATTTC TATTC TAGTTTCTCT CAGTGCATGT TCATCTATTA AAACTAAATC TGAAGATAAT TTTCATATTT CTTCTCAGCA ACATGAAAAA 
ATGAAAAAAT TTATACTTCC TATATTCAGC ATTTCTATTC TAGTTTCTCT CAGTGCATGT TCATC TATTA AAACTAAATC TGAAGATAAT TT TCATATTT CTTCTCAGCA ACATGAAAAA 

121 240 
OXA- 72 GCTATTAAAA GCTATTTTGA TGAAGCTCAA ACACAGGGTG TAATTATTAT TAAAGAGGGT AAAAATCTTA GCACCTATGG TAATGCTCTT GCACGAGCAA ATAAAGAATA TGTCCCTGCA 

A146 GCTATTAAAA GCTATTTTGA TGAAGCTCAA ACACAGGGTG TAATTATTAT TAAAGAGGGT AAAAATCTTA GCACCTATGG TAATGCTCTT GCACGAGCAA ATAAAGAATA TGTCCCTGCA 
AlSO GCTATTAAAA GCTATTTTGA TGAAGCTCAA ACACAGGGTG TAATTATTAT TAAAGAGGGT AAAAATCTTA GCACCTATGG TAATGCTCTT GCACGAGCAA ATAAAGAATA TGTCCCTGCA 
A177 GCTATTAAAA GCTATTTTGA TGAAGCTCAA ACACAGGGTG TAATTATTAT TAAAGAGGGT AAAAATCTTA GCACCTATGG TAATGCTCTT GCACGAGCAA ATAAAGAATA TGTCCCTGCA 
A180 GCTATTAAAA GCTATTTTGA TGAAGCTCAA ACACAGGGTG TAATTATTAT TAAAGAGGGT AAAAATCTTA GCACCTATGG TAATGCTCTT GCACGAGCAA ATAAAGAATA TGTCCCTGCA 
A242 GCTATTAAAA GCTATTTTGA TGAAGCTCAA ACACAGGGTG TAATTATTAT TAAAGAGGGT AAAAATCTTA GCACCTATGG TAATGCTCTT GCACGAGCAA ATAAAGAATA TGTCCCTGCA 
A288 GCTATTAAAA GCTATTTTGA TGAAGCTCAA ACACAGGGTG TAATTATTAT TAAAGAGGGT AAAAATCTTA GCACCTATGG TAATGCTCTT GCACGAGCAA ATAAAGAATA TGTCCCTGCA 
A446 GCTATTAAAA GCTATTTTGA TGAAGCTCAA ACACAGGGTG TAATTATTAT TAAAGAGGGT AAAAATCTTA GCACCTATGG TAATGCTCTT GCACGAGCAA ATAAAGAATA TGTCCCTGCA 
A47l GCTATTAAAA GCTATTTTGA TGAAGCTCAA ACACAGGGTG TAATTATTAT TAAAGAGGGT AAAAATCTTA GCACCTATGG TAATGCTCTT GCACGAGCAA ATAAAGAATA TGTCCCTGCA 
A472 GCTAT TAAAA GCTATTTTGA TGAAGCTCAA ACACAGGGTG TAAT TATTAT TAAAGAGGGT AAAAATCTTA GCACCTATGG TAATGCTCTT GCACGAGCAA ATAAAGAATA TGTCCCTGCA 
AS19 GCTATTAAAA GCTATTTTGA TGAAGCTCAA ACACAGGGTG TAAT TATTAT TAAAGAGGGT AAAAATCTTA GCACCTATGG TAATGCTCTT GCACGAGCAA ATAAAGAATA TGTCCCTGCA 

Consensus GCTATTAAAA GCTATTTTGA TGAAGCTCAA ACACAGGGTG TAATTATTAT TAAAGAGGGT AAAAATCTTA GCACCTATGG TAATGCTCTT GCACGAGCAA ATAAAGAATA TGTCCCTGCA 

241 360 
OXA- 72 TCAACATTTA AGATGCTAAA TGCTTTAATC GGGCTAGAAA ATCATAAAGC AACAACAAAT GAGATTTTCA AATGGGATGG TAAAAAAAGA ACTTATCCTA TGTGGGAGAA AGATATGACT 

A146 TCAACATTTA AGATGCTAAA TGCTTTAATC GGGCTAGAAA ATCATAAAGC AACAACAAAT GAGATTTTCA AATGGGATGG TAAAAAAAGA ACTTATCCTA TGTGGGAGAA AGATATGACT 
AlSO TCAACATTTA AGATGCTAAA TGCTTTAATC GGGCTAGAAA ATCATAAAGC AACAACAAAT GAGATTTTCA AATGGGATGG TAAAAAAAGA ACTTATCCTA TGTGGGAGAA AGATATGACT 
A177 TCAACATTTA AGATGCTAAA TGCTTTAATC GGGCTAGAAA ATCATAAAGC AACAACAAAT GAGATTTTCA AATGGGATGG TAAAAAAAGA ACTTATCCTA TGTGGGAGAA AGATATGACT 
A180 TCAACATTTA AGATGCTAAA TGCTTTAATC GGGCTAGAAA ATCATAAAGC AACAACAAAT GAGATTTTCA AATGGGATGG TAAAAAAAGA ACTTATCCTA TGTGGGAGAA AGATATGACT 
A242 TCAACATTTA AGATGCTAAA TGCTTTAATC GGGCTAGAAA ATCATAAAGC AACAACAAAT GAGATTTTCA AATGGGATGG TAAAAAAAGA ACTTATCCTA TGTGGGAGAA AGATATGACT 
A288 TCAACATTTA AGATGCTAAA TGCTTTAATC GGGCTAGAAA ATCATAAAGC AACAACAAAT GAGATTTTCA AATGGGATGG TAAAAAAAGA ACTTATCCTA TGTGGGAGAA AGATATGACT 
A446 TCAACATTTA AGATGCTAAA TGCTTTAATC GGGCTAGAAA ATCATAAAGC AACAACAAAT GAGATTTTCA AATGGGATGG TAAAAAAAGA ACTTATCCTA TGTGGGAGAA AGATATGACT 
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OXA- 104 
Consensus 

.. C ..... G . .... TAG .. . G . .. C. G .. . 

.. t ..... a . . .. . ctc . .. t ... t . a .. . 

A74 

1 

. C .. T .. G. . . AGC . . G . . C . . . .. A. . .. . C . . . . . . .. CC . G .. . . . G C. G .. C . .. C . G 

. a .. a .. t ... tct .. t .. a .. . . . g . . . . . t . . . . . . . . tt . a . . . c . a t . a .. t . .. t . atag 

120 
OXA- 64 ATGAACATTA AAGCACTCTT ACTTATAACA AGCGCTATTT TTATTTCAGC CTGCTCACCT TATATAGTGA CTGCTAATCC AAATCACAGC GCTTCAAAAT CTGATGAAAA AGGAGAGAAA 

A74 ATGAACATTA AAGCACTCTT ACTTATAACA AGCGCTATTT TTATTTCAGC CTGCTCACCT TATATAGTGA CTGCTAATCC AAATCACAGC GCTTCAAAAT CTGATGAAAA AGGAGAGAAA 
Consensus ATGAACATTA AAGCACTCTT ACTTATAACA AGCGCTATTT TTATTTCAGC CTGCTCACCT TATATAGTGA CTGCTAATCC AAATCACAGC GCTTCAAAAT CTGATGAAAA AGGAGAGAAA 

12l 240 
OXA- 64 ATTAAAAATT TATTTAACGA AGCACACACT ACGGGTGTTT TAGTTATCCA ACAAGGCCAA ACTCAACAAA GCTATGGTAA TGATCTTGCT CGTGCTTCGA CCGAGTATGT ACCTGCTTCG 

A74 ATTAAAAATT TATTTAACGA AGCACACACT ACGGGTGTTT TAGTTATCCA ACAAGGCCAA ACTCAACAAA GCTATGGTAA TGATCTTGCT CGTGCTTCGA CCGAGTATGT ACCTGCTTCG 
Consensus ATTAAAAATT TATTTAACGA AGCACACACT ACGGGTGTTT TAGTTATCCA ACAAGGCCAA ACTCAACAAA GCTATGGTAA TGATCTTGCT CGTGCTTCGA CCGAGTATGT ACCTGCTTCG 

241 360 
OXA- 64 ACCTTCAAAA TGCTTAATGC TTTGATCGGC CTTGAGCACC ATAAGGCAAC CACCACAGAA GTATTTAAGT GGGACGGGCA AAAAAGGCTA TTCCCAGAAT GGGAAAAGGA CATGACCCTA 

A74 ACCTTCAAAA TGCTTAATGC TTTGATCGGC CTTGAGCACC ATAAGGCAAC CACCACAGAA GTATTTAAGT GGGACGGGCA AAAAAGGCTA TTCCCAGAAT GGGAAAAGGA CATGACCCTA 
Consensus ACCTTCAAAA TGCTTAATGC TTTGATCGGC CTTGAGCACC ATAAGGCAAC CACCACAGAA GTATTTAAGT GGGACGGGCA AAAAAGGCTA TTCCCAGAAT GGGAAAAGGA CATGACCCTA 

361 480 
OXA- 64 GGCGATGCTA TGAAAGCTTC CGCTATTCCG GTTTATCAAG ATTTAGCTCG TCGTATTGGA CTTGAACTCA TGTCTAAGGA AGTGAAGCGT GTTGGTTATG GCAATGCAGA TATCGGTACC 

A74 GGCGATGCTA TGAAAGCTTC CGCTATTCCG GTTTATCAAG ATTTAGCTCG TCGTATTGGA CTTGAACTCA TGTCTAAGGA AGTGAAGCGT GTTGGTTATG GCAATGCAGA TATCGGTACC 
Con s e nsus GGCGATGCTA TGAAAGCTTC CGCTATTCCG GTTTATCAAG ATTTAGCTCG TCGTATTGGA CTTGAACTCA TGTCTAAGGA AGTGAAGCGT GTTGGTTATG GCAATGCAGA TATCGGTACC 

481 600 
OXA - 64 CAAGTCGATA ATTTTTGGCT GGTGGGTCCT TTAAAAATTA CTCCTCAGCA AGAGGCACAG TTTGCTTACA AGCTAGCTAA TAAAACGCTT CCATTTAGCC CAAAAGTCCA AGATGAAGTG 

A74 CAAGTCGATA ATTTTTGGCT GGTGGGTCCT TTAAAAATTA CTCCTCAGCA AGAGGCACAG TTTGCTTACA AGCTAGCTAA TAAAACGCTT CCATTTAGCC CAAAAGTCCA AGATGAAGTG 
Consensus CAAGTCGATA ATT TTTGGCT GGTGGGTCCT TTAAAAATTA CTCCTCAGCA AGAGGCACAG TTTGCTTACA AGCTAGCTAA TAAAACGCTT CCATTTAGCC CAAAAGTCCA AGATGAAGTG 

601 720 
OXA - 64 CAATCCATGT TATTCATAGA AGAAAAGAAT GGAAATAAAA TATACGCAAA AAGTGGTTGG GGATGGGATG TAGACCCACA AGTAGGCTGG TTAACTGGAT GGGTTGTTCA GCCTCAAGGG 

A74 CAATCCATGT TATTCATAGA AGAAAAGAAT GGAAATAAAA TATACGCAAA AAGTGGTTGG GGATGGGATG TAGACCCACA AGTAGGCTGG TTAACTGGAT GGGTTGTTCA GCCTCAAGGG 
Consensus CAATCCATGT TATTCATAGA AGAAAAGAAT GGAAATAAAA TATACGCAAA AAGTGGTTGG GGATGGGATG TAGACCCACA AGTAGGCTGG TTAACTGGAT GGGTTGTTCA GCCTCAAGGG 

721 825 
OXA- 64 AATATTGTAG CGTTCTCCCT TAACTTAGAA ATGAAAAAAG GAATACCTAG CTCTGTTCGA AAAGAGATTA CTTATAAAAG TTTAGAACAA TTAGGTATTT TATAG 

A74 AATATTGTAG CGTTCTCCCT TAACTTAGAA ATGAAAAAAG GAATACCTAG CTCTGTTCGA AAAGAGATTA CTTATAAAAG TTTAGAACAA TTAGGTATTT TATAG 
Consensus AATATTGTAG CGTTCTCCCT TAACTTAGAA ATGAAAAAAG GAATACCTAG CTCTGTTCGA AAAGAGATTA CTTATAAAAG TTTAGAACAA TTAGGTATTT TATAG 
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A40S and A433 
1 120 

OXA - 66 ATGAACATTA AAGCACTCTT ACTTATAACA AGCGCTATTT TTATTTCAGC CTGCTCACCT TATATAGTGA CTGCTAATCC AAATCACAGC GCTTCAAAAT CTGATGTAAA AGCAGAGAAA 
A405 ATGAACATTA AAGCACTCTT ACTTATAACA AGCGCTATTT TTATTTCAGC CTGCTCACCT TATATAGTGA CTGCTAATCC AAATCACAGC GCTTCAAAAT CTGATGTAAA AGCAGAGAAA 
A433 ATGAACATTA AAGCACTCTT ACTTATAACA AGCGCTATTT TTATTTCAGC CTGCTCACCT TATATAGTGA CTGCTAATCC AAATCACAGC GCTTCAAAAT CTGATGTAAA AGCAGAGAAA 

Consensus ATGAACATTA AAGCACTCTT ACTTATAACA AGCGCTATTT TTATTTCAGC CTGCTCACCT TATATAGTGA CTGCTAATCC AAATCACAGC GCTTCAAAAT CTGATGTAAA AGCAGAGAAA 

121 240 
OXA- 66 ATTAAAAATT TATTTAACGA AGCACACACT ACGGGTGTTT TAGTTATCCA ACAAGGCCAA ACTCAACAAA GCTATGGTAA TGATCTTGCT CGTGCTTCGA CCGAGTATGT ACCTGCTTCG 

A405 ATTAAAAATT TATTTAACGA AGCACACACT ACGGGTGTTT TAGTTATCCA ACAAGGCCAA ACTCAACAAA GCTATGGTAA TGATCTTGCT CGTGCTTCGA CCGAGTATGT ACCTGCTTCG 
A433 ATTAAAAATT TATTTAACGA AGCACACACT ACGGGTGTTT TAGTTATCCA ACAAGGCCAA ACTCAACAAA GCTATGGTAA TGATCTTGCT CGTGCTTCGA CCGAGTATGT ACCTGCTTCG 

Consensus ATTAAAAATT TATTTAACGA AGCACACACT ACGGGTGTTT TAGTTATCCA ACAAGGCCAA ACTCAACAAA GCTATGGTAA TGATCTTGCT CGTGCTTCGA CCGAGTATGT ACCTGCTTCG 

241 360 
OXA- 66 ACCTTCAAAA TGCTTAATGC TTTGATCGGC CTTGAGCACC ATAAGGCAAC CACCACAGAA GTATTTAAGT GGGATGGTAA AAAAAGGTTA TTCCCAGAAT GGGAAAAGGA CATGACCCTA 

A405 ACCTTCAAAA TGCTTAATGC TTTGATCGGC CTTGAGCACC ATAAGGCAAC CACCACAGAA GTATTTAAGT GGGATGGTAA AAAAAGGTTA TTCCCAGAAT GGGAAAAGGA CATGACCCTA 
A433 ACCTTCAAAA TGCTTAATGC TTTGATCGGC CTTGAGCACC ATAAGGCAAC CACCACAGAA GTATTTAAGT GGGATGGTAA AAAAAGGTTA TTCCCAGAAT GGGAAAAGGA CATGACCCTA 

Consensus ACCTTCAAAA TGCTTAATGC TTTGATCGGC CTTGAGCACC ATAAGGCAAC CACCACAGAA GTATTTAAGT GGGATGGTAA AAAAAGGTTA TTCCCAGAAT GGGAAAAGGA CATGACCCTA 

361 480 
OXA- 66 GGCGATGCCA TGAAAGCTTC CGCTATTCCA GTTTATCAAG ATTTAGCTCG TCGTATTGGA CTTGAGCTCA TGTCTAAGGA AGTGAAGCGT GTTGGTTATG GCAATGCAGA TATCGGTACC 

A405 GGCGATGCCA TGAAAGCTTC CGCTATTCCA GTTTATCAAG ATTTAGCTCG TCGTATTGGA CTTGAGCTCA TGTCTAAGGA AGTGAAGCGT GTTGGTTATG GCAATGCAGA TATCGGTACC 
A433 GGCGATGCCA TGAAAGCTTC CGCTATTCCA GTTTATCAAG ATTTAGCTCG TCGTATTGGA CTTGAGCTCA TGTCTAAGGA AGTGAAGCGT GTTGGTTATG GCAATGCAGA TATCGGTACC 

Consensus GGCGATGCCA TGAAAGCTTC CGCTATTCCA GTTTATCAAG ATTTAGCTCG TCGTATTGGA CTTGAGCTCA TGTCTAAGGA AGTGAAGCGT GTTGGTTATG GCAATGCAGA TATCGGTACC 

481 600 
OXA- 66 CAAGTCGATA ATTTTTGGCT GGTGGGTCCT TTAAAAATTA CTCCTCAGCA AGAGGCACAG TTTGCTTACA AGCTAGCTAA TAAAACGCTT CCATTTAGCC AAAAAGTCCA AGATGAAGTG 

A405 CAAGTCGATA ATTTTTGGCT GGTGGGTCCT TTAAAAATTA CTCCTCAGCA AGAGGCACAG TTTGCTTACA AGCTAGCTAA TAAAACGCTT CCATTTAGCC AAAAAGTCCA AGATGAAGTG 
A433 CAAGTCGATA ATTTTTGGCT GGTGGGTCCT TTAAAAATTA CTCCTCAGCA AGAGGCACAG TTTGCTTACA AGCTAGCTAA TAAAACGCTT CCATTTAGCC AAAAAGTCCA AGATGAAGTG 

Consensus CAAGTCGATA ATTTTTGGCT GGTGGGTCCT TTAAAAATTA CTCCTCAGCA AGAGGCACAG TTTGCTTACA AGCTAGCTAA TAAAACGCTT CCATTTAGCC AAAAAGTCCA AGATG~~GTG 

601 720 
OXA- 66 CAATCCATGC TATTCATAGA AGAAAAGAAT GGAAACAAAA TATACGCAAA AAGTGGTTGG GGATGGGATG TAAACCCACA AGTAGGCTGG TTAACTGGAT GGGTTGTTCA GCCTCAAGGG 

A405 CAATCCATGC TATTCATAGA AGAAAAGAAT GGAAACAAAA TATACGCAAA AAGTGGTTGG GGATGGGATG TAAACCCACA AGTAGGCTGG TTAACTGGAT GGGTTGTTCA GCCTCAAGGG 
A433 CAATCCATGC TATTCATAGA AGAAAAGAAT GGAAACAAAA TATACGCAAA AAGTGGTTGG GGATGGGATG TAAACCCACA AGTAGGCTGG TTAACTGGAT GGGTTGTTCA GCCTCAAGGG 

Consensus CAATCCATGC TATTCATAGA AGAAAAGAAT GGAAACAAAA TATACGCAAA AAGTGGTTGG GGATGGGATG TAAACCCACA AGTAGGCTGG TTAACTGGAT GGGTTGTTCA GCCTCAAGGG 

721 825 
OXA- 66 AATATTGTAG CGTTCTCCCT TAACTTAGAA ATGAAAAAAG GAATACCTAG CTCTGTTCGA AAAGAGATTA CTTATAAAAG CTTAGAACAA TTAGGTATTT TATAG 

A405 AATATTGTAG CGTTCTCCCT TAACTTAGAA ATGAAAAAAG GAATACCTAG CTCTGTTCGA AAAGAGATTA CTTATAAAAG CTTAGAACAA TTAGGTATTT TATAG 
A433 AATATTGTAG CGTTCTCCCT TAACTTAGAA ATGAAAAAAG GAATACCTAG CTCTGTTCGA AAAGAGATTA CTTATAAAAG CTTAGAACAA TTAGGTATTT TATAG 

Consensus AATATTGTAG CGTTCTCCCT TAACTTAGAA ATGAAAAAAG GAATACCTAG CTCTGTTCGA AAAGAGATTA CTTATAAAAG CTTAGAACAA TTAGGTATTT TATAG 
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A66 

120 
OXA - 67 ATGAACATTA AAGCACTCTT ACTTATAACA AGCACTATTT TTATTTCAGC CTGCTCACCT TATATAGTGA CTGCTAATCC AAATCACAGC ACTTCAAAAT CTGATGAAAA AGCAGAGAAA 

A66 ATGAACATTA AAGCACTCTT ACTTATAACA AGCACTATTT TTATTTCAGC CTGCTCACCT TATATAGTGA CTGCTAATCC AAATCACAGC ACTTCAAAAT CTGATGAAAA AGCAGAGAAA 
Consensus ATGAACATTA AAGCACTCTT ACTTATAACA AGCACTATTT TTATTTCAGC CTGCTCACCT TATATAGTGA CTGCTAATCC AAATCACAGC ACTTCAAAAT CTGATGAAAA AGCAGAGAAA 

OXA - 67 
A66 

Consensus 

121 240 
ATTAAAAATT TATTTAACGA AGCACACACT ACGGGTGTTT TAGTTATCCA ACAAGGCCAA ACTCAACAAA GCTATGGTAA TGATCTTGCT CGTGCTTCGA CCGAGTATGT ACCTGCTTCG 
ATTAAAAATT TATTTAACGA AGCACACACT ACGGGTGTTT TAGTTATCCA ACAAGGCCAA ACTCAACAAA GCTATGGTAA TGATCTTGCT CGTGCTTCGA CCGAGTATGT ACCTGCTTCG 
ATTAAAAATT TATTTAACGA AGCACACACT ACGGGTGTTT TAGTTATCCA ACAAGGCCAA ACTCAACAAA GCTATGGTAA TGATCTTGCT CGTGCTTCGA CCGAGTATGT ACCTGCTTCG 

2 41 360 
OXA-67 ACCTTCAAAA TGCTTAATGC TTTGATCGGC CTTGAGCACC ATAAGGCAAC CACCACAGAA ATATTTAAGT GGGACGGGCA AAAAAGGCTG TTCCCAGAAT GGGAAAAGGA CATGACCCTA 

A66 ACCTTCAAAA TGCTTAATGC TTTGATCGGC CTTGAGCACC ATAAGGCAAC CACCACAGAA ATATTTAAGT GGGACGGGCA AAAAAGGCTG TTCCCAGAAT GGGAAAAGGA CATGACCCTA 
Cons ensus ACCTTCAAAA TGCTTAATGC TTTGATCGGC CTTGAGCACC ATAAGGCAAC CACCACAGAA ATATTTAAGT GGGACGGGCA AAAAAGGCTG TTCCCAGAAT GGGAAAAGGA CATGACCCTA 

361 48 0 
OXA- 67 GGTGATGCTA TGAAAGCTTC CGCTATTCCG GTTTATCAAG ATTTAGCTCG TCGTATTGGA CTTGAACTCA TGTCTAAGGA AGTGAAGCGT GTTGGTTATG GCAATGCAGA TATCGGTACC 

A66 GGTGATGCTA TGAAAGCTTC CGCTATTCCG GTTTATCAAG ATTTAGCTCG TCGTATTGGA CTTGAACTCA TGTCTAAGGA AGTGAAGCGT GTTGGTTATG GCAATGCAGA TATCGGTACC 
Consensus GGTGATGCTA TGAAAGCTTC CGCTATTCCG GTTTATCAAG ATTTAGCTCG TCGTATTGGA CTTGAACTCA TGTCTAAGGA AGTGAAGCGT GTTGGTTATG GCAATGCAGA TATCGGTACC 

481 600 
OXA- 67 

A66 
Consensus 

CAAGTCGATA ATTTTTGGCT GGTGGGTCCT TTAAAAATTA CTCCTCAGCA AGAGGCACAG TTTGCTTACA AGCTAGCTAA TAAAACGCTT CCATTTAGCC TAAAAGTCCA AGATGAAGTG 
CAAGTCGATA ATTTTTGGCT GGTGGGTCCT TTAAAAATTA CTCCTCAGCA AGAGGCACAG TTTGCTTACA AGCTAGCTAA TAAAACGCTT CCATTTAGCC TAAAAGTCCA AGATGAAGTG 
CAAGTCGATA ATTTTTGGCT GGTGGGTCCT TTAAAAATTA CTCCTCAGCA AGAGGCACAG TTTGCTTACA AGCTAGCTAA TAAAACGCTT CCATTTAGCC TAAAAGTCCA AGATGAAGTG 

601 720 
OXA-67 CAATCCATGT TATTCATAGA AGAAAAGAAT GGAAATAAAA TATACGCAAA AAGTGGTTGG GGATGGGATG TAGACCCACA AGTAGGCTGG TTAACTGGAT GGGTTGTTCA GCCTCAAGGA 

A66 CAATCCATGT TATTCATAGA AGAAAAGAAT GGAAATAAAA TATACGCAAA AAGTGGTTGG GGATGGGATG TAGACCCACA AGTAGGCTGG TTAACTGGAT GGGTTGTTCA GCCTCAAGGA 
Consensus CAATCCATGT TATTCATAGA AGAAAAGAAT GGAAATAAAA TATACGCAAA AAGTGGTTGG GGATGGGATG TAGACCCACA AGTAGGCTGG TTAACTGGAT GGGTTGTTCA GCCTCAAGGA 

721 825 
OXA - 67 AATATTGTAG CGTTCTCCCT TAACTTAGAA ATGAAAAAAG GAATACCTAG CTCTGTTCGA AAAGAGATTA CTTATAAAAG TTTAGAACAA TTAGGTATTT TATAG 

A66 AATATTGTAG CGTTCTCCCT TAACTTAGAA ATGAAAAAAG GAATACCTAG CTCTGTTCGA AAAGAGATTA CTTATAAAAG TTTAGAACAA TTAGGTATTT TATAG 
Consensus AATATTGTAG CGTTCTCCCT TAACTTAGAA ATGAAAAAAG GAATACCTAG CTCTGTTCGA AAAGAGATTA CTTATAAAAG TTTAGAACAA TTAGGTATTT TATAG 

(Jl 
o 



A266, AlSO, A242, A471 and A472 

1 120 
OXA- 68 ATGAACATTA AAGCACTCTT ACTTATAACA AGCGCTATTT TTATTTCAGC CTGCTCACCT TATATAGTGT CTGCTAATCC AAATCACAGT GCTTCAAAAT CTGATGAAAA AGCAGAGAAA 

A266 ATGAACATTA AAGCACTCTT ACTTATAACA AGCGCTATTT TTATTTCAGC CTGCTCACCT TATATAGTGT CTGCTAATCC AAATCACAGT GCTTCAAAAT CTGATGAAAA AGCAGAGAAA 
A242 ATGAACATTA AAGCACTCTT ACTTATAACA AGCGCTATTT TTATTTCAGC CTGCTCACCT TATATAGTGT CTGCTAATCC AAATCACAGT GCTTCAAAAT CTGATGAAAA AGCAGAGAAA 
A472 ATGAACATTA AAGCACTCTT ACTTATAACA AGCGCTATTT TTATTTCAGC CTGCTCACCT TATATAGTGT CTGCTAATCC AAATCACAGT GCTTCAAAAT CTGATGAAAA AGCAGAGAAA 
A471 ATGAACATTA AAGCACTCTT ACTTATAACA AGCGCTATTT TTATTTCAGC CTGCTCACCT TATATAGTGT CTGCTAATCC AAATCACAGT GCTTCAAAAT CTGATGAAAA AGCAGAGAAA 
AlSO ATGAACATTA AAGCACTCTT ACTTATAACA AGCGCTATTT TTATTTCAGC CTGCTCACCT TATATAGTGT CTGCTAATCC AAATCACAGT GCTTCAAAAT CTGATGAAAA AGCAGAGAAA 

Consensus ATGAACATTA AAGCACTCTT ACTTATAACA AGCGCTATTT TTATTTCAGC CTGCTCACCT TATATAGTGT CTGCTAATCC AAATCACAGT GCTTCAAAAT CTGATGAAAA AGCAGAGAAA 

121 240 
OXA- 68 ATTAAAAATT TATTTAACGA AGCACACACT ACGGGTGTTT TAGTTATCCA ACAAGGCCAA ACTCAACAAA GCTATGGTAA TGATCTTGCT CGTGCTTCGA CCGAGTATGT ACCTGCTTCG 

A266 ATTAAAAATT TATTTAACGA AGCACACACT ACGGGTGTTT TAGTTATCCA ACAAGGCCAA ACTCAACAAA GCTATGGTAA TGATCTTGCT CGTGCTTCGA CCGAGTATGT ACCTGCTTCG 
A242 ATTAAAAATT TATTTAACGA AGCACACACT ACGGGTGTTT TAGTTATCCA ACAAGGCCAA ACTCAACAAA GCTATGGTAA TGATCTTGCT CGTGCTTCGA CCGAGTATGT ACCTGCTTCG 
A472 ATTAAAAATT TATTTAACGA AGCACACACT ACGGGTGTTT TAGTTATCCA ACAAGGCCAA ACTCAACAAA GCTATGGTAA TGATCTTGCT CGTGCTTCGA CCGAGTATGT ACCTGCTTCG 
A471 ATTAAAAATT TATTTAACGA AGCACACACT ACGGGTGTTT TAGTTATCCA ACAAGGCCAA ACTCAACAAA GCTATGGTAA TGATCTTGCT CGTGCTTCGA CCGAGTATGT ACCTGCTTCG 
AlSO ATTAAAAATT TATTTAACGA AGCACACACT ACGGGTGTTT TAGTTATCCA ACAAGGCCAA ACTCAACAAA GCTATGGTAA TGATCTTGCT CGTGCTTCGA CCGAGTATGT ACCTGCTTCG 

Consensus ATTAAAAATT TATTTAACGA AGCACACACT ACGGGTGTTT TAGTTATCCA ACAAGGCCAA ACTCAACAAA GCTATGGTAA TGATCTTGCT CGTGCTTCGA CCGAGTATGT ACCTGCTTCG 

OXA - 68 
A266 
A242 
A472 
A471 
AlSO 

Consensus 

241 360 
ACCTTCAAAA TGCTTAATGC TTTGATCGGC CTTGAGCACC ATAAGGCAAC CACTACAGAA GTATTTAAGT GGGACGGGCA AAAAAGGCTA TTCCCAGAAT GGGAAAAGAA CATGACCCTA 
ACCTTCAAAA TGCTTAATGC TTTGATCGGC CTTGAGCACC ATAAGGCAAC CACTACAGAA GTATTTAAGT GGGACGGGCA AAAAAGGCTA TTCCCAGAAT GGGAAAAGAA CATGACCCTA 
ACCTTCAAAA TGCTTAATGC TTTGATCGGC CTTGAGCACC ATAAGGCAAC CACTACAGAA GTATTTAAGT GGGACGGGCA AAAAAGGCTA TTCCCAGAAT GGGAAAAGAA CATGACCCTA 
ACCTTCAAAA TGCTTAATGC TTTGATCGGC CTTGAGCACC ATAAGGCAAC CACTACAGAA GTATTTAAGT GGGACGGGCA AAAAAGGCTA TTCCCAGAAT GGGAAAAGAA CATGACCCTA 
ACCTTCAAAA TGCTTAATGC TTTGATCGGC CTTGAGCACC ATAAGGCAAC CACTACAGAA GTATTTAAGT GGGACGGGCA AAAAAGGCTA TTCCCAGAAT GGGAAAAGAA CATGACCCTA 
ACCTTCAAAA TGCTTAATGC TTTGATCGGC CTTGAGCACC ATAAGGCAAC CACTACAGAA GTATTTAAGT GGGACGGGCA AAAAAGGCTA TTCCCAGAAT GGGAAAAGAA CATGACCCTA 
ACCTTCAAAA TGCTTAATGC TTTGATCGGC CTTGAGCACC ATAAGGCAAC CACTACAGAA GTATTTAAGT GGGACGGGCA AAAAAGGCTA TTCCCAGAAT GGGAAAAGAA CATGACCCTA 

361 480 
OXA- 68 GGCGATGCTA TGAAAGCTTC CGCTATTCCG GTTTATCAAG ATTTAGCTCG TCGTATTGGA CTTGAACTCA TGTCTAATGA AGTGAAGCGT GTTGGTTATG GCAATGCAGA TATCGGTACC 

A266 GGCGATGCTA TGAAAGCTTC CGCTATTCCG GTTTATCAAG ATTTAGCTCG TCGTATTGGA CTTGAACTCA TGTCTAATGA AGTGAAGCGT GTTGGTTATG GCAATGCAGA TATCGGTACC 
A242 GGCGATGCTA TGAAAGCTTC CGCTATTCCG GTTTATCAAG ATTTAGCTCG TCGTATTGGA CTTGAACTCA TGTCTAATGA AGTGAAGCGT GTTGGTTATG GCAATGCAGA TATCGGTACC 
A472 GGCGATGCTA TGAAAGCTTC CGCTATTCCG GTTTATCAAG ATTTAGCTCG TCGTATTGGA CTTGAACTCA TGTCTAATGA AGTGAAGCGT GTTGGTTATG GCAATGCAGA TATCGGTACC 
A471 GGCGATGCTA TGAAAGCTTC CGCTATTCCG GTTTATCAAG ATTTAGCTCG TCGTATTGGA CTTGAACTCA TGTCTAATGA AGTGAAGCGT GTTGGTTATG GCAATGCAGA TATCGGTACC 
AlSO GGCGATGCTA TGAAAGCTTC CGCTATTCCG GTTTATCAAG ATTTAGCTCG TCGTATTGGA CTTGAACTCA TGTCTAATGA AGTGAAGCGT GTTGGTTATG GCAATGCAGA TATCGGTACC 

Consensus GGCGATGCTA TGAAAGCTTC CGCTATTCCG GTTTATCAAG ATTTAGCTCG TCGTATTGGA CTTGAACTCA TGTCTAATGA AGTGAAGCGT GTTGGTTATG GCAATGCAGA TATCGGTACC 

(]1 



OXA - 68 
A266 
A242 
A472 
A471 
AlSO 

Consensus 

OXA- 68 
A266 
A242 
A472 
A471 
AlSO 

Consen sus 

OXA- 68 
A266 
A242 
A4 72 
A47l 
AlSO 

Consensus 

481 600 
CAAGTCGATA ATTTTTGGCT AGTGGGTCCT TTAAAAATTA CTCCTCAGCA AGAGGCACAA TTTGCTTACA AGCTAGCTAA TAAAACGCTT CCATTTAGCC AAGAAGTCCA AGATGAAGTG 
CAAGTCGATA ATTTTTGGCT AGTGGGTCCT TTAAAAATTA CTCCTCAGCA AGAGGCACAA TTTGCTTACA AGCTAGCTAA TAAAACGCTT CCATTTAGCC AAGAAGTCCA AGATGAAGTG 
CAAGTCGATA ATTTTTGGCT AGTGGGTCCT TTAAAAATTA CTCCTCAGCA AGAGGCACAA TTTGCTTACA AGCTAGCTAA TAAAACGCTT CCATTTAGCC AAGAAGTCCA AGATGAAGTG 
CAAGTCGATA ATTTTTGGCT AGTGGGTCCT TTAAAAATTA CTCCTCAGCA AGAGGCACAA TTTGCTTACA AGCTAGCTAA TAAAACGCTT CCATTTAGCC AAGAAGTCCA AGATGAAGTG 
CAAGTCGATA ATTTTTGGCT AGTGGGTCCT TTAAAAATTA CTCCTCAGCA AGAGGCACAA TTTGCTTACA AGCTAGCTAA TAAAACGCTT CCATTTAGCC AAGAAGTCCA AGATGAAGTG 
CAAGTCGATA ATTTTTGGCT AGTGGGTCCT TTAAAAATTA CTCCTCAGCA AGAGGCACAA TTTGCTTACA AGCTAGCTAA TAAAACGCTT CCATTTAGCC AAGAAGTCCA AGATGAAGTG 
CAAGTCGATA ATTTTTGGCT AGTGGGTCCT TTAAAAATTA CTCCTCAGCA AGAGGCACAA TTTGCTTACA AGCTAGCTAA TAAAACGCTT CCATTTAGCC AAGAAGTCCA AGATGAAGTG 

601 720 
CAATCCATGC TATTCATAGA AGAAAAGAAT GGAAATAAAA TATACGCAAA AAGTGGTTGG GGATGGGATG TAAACCCACA AGTAGGCTGG TTAACTGGAT GGGTTGTTCA GCCTCAAGGG 
CAATCCATGC TATTCATAGA AGAAAAGAAT GGAAATAAAA TATACGCAAA AAGTGGTTGG GGATGGGATG TAAACCCACA AGTAGGCTGG TTAACTGGAT GGGTTGTTCA GCCTCAAGGG 
CAATCCATGC TATTCATAGA AGAAAAGAAT GGAAATAAAA TATACGCAAA AAGTGGTTGG GGATGGGATG TAAACCCACA AGTAGGCTGG TTAACTGGAT GGGTTGTTCA GCCTCAAGGG 
CAATCCATGC TATTCATAGA AGAAAAGAAT GGAAATAAAA TATACGCAAA AAGTGGTTGG GGATGGGATG TAAACCCACA AGTAGGCTGG TTAACTGGAT GGGTTGTTCA GCCTCAAGGG 
CAATCCATGC TATTCATAGA AGAAAAGAAT GGAP.ATAAAA TATACGCAAA AAGTGGTTGG GGATGGGATG TAAACCCACA AGTAGGCTGG TTAACTGGAT GGGTTGTTCA GCCTCAAGGG 
CAATCCATGC TATTCATAGA AGAAAAGAAT GGAAATAAAA TATACGCAAA AAGTGGTTGG GGATGGGATG TAAACCCACA AGTAGGCTGG TTAACTGGAT GGGTTGTTCA GCCTCAAGGG 
CAATCCATGC TATTCATAGA AGAAAAGAAT GGAAATAAAA TATACGCAAA AAGTGGTTGG GGATGGGATG TAAACCCACA AGTAGGCTGG TTAACTGGAT GGGTTGTTCA GCCTCAAGGG 

721 825 
AATATTGTAG CGTTCTCCCT TAACTTAGAA ATGAAAAAAG GAATACCTAG CTCTGTTCGA AAAGAGATTA CTTATAAAAG CTTAGAACAA TTAGGTATTT TATAG 
AATATTGTAG CGTTCTCCCT TAACTTAGAA ATGAAAAAAG GAATACCTAG CTCTGTTCGA AAAGAGATTA CTTATAAAAG CTTAGAACAA TTAGGTATTT TATAG 
AATATTGTAG CGTTCTCCCT TAACTTAGAA ATGAAAAAAG GAATACCTAG CTCTGTTCGA AAAGAGATTA CTTATAAAAG CTTAGAACAA TTAGGTATTT TATAG 
AATATTGTAG CGTTCTCCCT TAACTTAGAA ATGAAAAAAG GAATACCTAG CTCTGTTCGA AAAGAGATTA CTTATAAAAG CTTAGAACAA TTAGGTATTT TATAG 
AATATTGTAG CGTTCTCCCT TAACTTAGAA ATGAAAAAAG GAATACCTAG CTCTGTTCGA AAAGAGATTA CTTATAAAAG CTTAGAACAA TTAGGTATTT TATAG 
AATATTGTAG CGTTCTCCCT TAACTTAGAA ATGAAAAAAG GAATACCTAG CTCTGTTCGA AAAGAGATTA CTTATAAAAG CTTAGAACAA TTAGGTATTT TATAG 
AATATTGTAG CGTTCTCCCT TAACTTAGAA ATGAAAAAAG GAATACCTAG CTCTGTTCGA AAAGAGATTA CTTATAAAAG CTTAGAACAA TTAGGTATTT TATAG 

(Jl 
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4. OXA-58 GROUP 

OXA- 5S 
A266 
A446 
A242 
A472 
A47l 
A150 
AlSO 
A292 
A262 
A1SS 

Consensus 

OXA- 5S 
A266 
A446 
A242 
A472 
A471 
A150 
AlSO 
A292 
A262 
A1SS 

Consensus 

OXA- 5S 
A266 
A446 
A242 
A472 
A47l 
A150 
AlSO 
A292 
A262 
A1SS 

Consensus 

120 
ATGAAATTAT TAAAAATATT GAGTTTAGTT TGCTTAAGCA TAAGTATTGG GGCTTGTGCT GAGCATAGTA TGAGTCGAGC AAAAACAAGT ACAATTCCAC AAGTGAATAA CTCAATCATC 
ATGAAATTAT TAAAAATATT GAGTTTAGTT TGCTTAAGCA TAAGTATTGG GGCTTGTGCT GAGCATAGTA TGAGTCGAGC AAAAACAAGT ACAATTCCAC AAGTGAATAA CTCAATCATC 
ATGAAATTAT TAAAAATATT GAGTTTAGTT TGCTTAAGCA TAAGTATTGG GGCTTGTGCT GAGCATAGTA TGAGTCGAGC AAAAACAAGT ACAATTCCAC AAGTGAATAA CTCAATCATC 
ATGAAATTAT TAAAAATATT GAGTTTAGTT TGCTTAAGCA TAAGTATTGG GGCTTGTGCT GAGCATAGTA TGAGTCGAGC AAAAACAAGT ACAATTCCAC AAGTGAATAA CTCAATCATC 
ATGAAATTAT TAAAAATATT GAGTTTAGTT TGCTTAAGCA TAAGTATTGG GGCTTGTGCT GAGCATAGTA TGAGTCGAGC AAAAACAAGT ACAATTCCAC AAGTGAATAA CTCAATCATC 
ATGAAATTAT TAAAAATATT GAGTTTAGTT TGCTTAAGCA TAAGTATTGG GGCTTGTGCT GAGCATAGTA TGAGTCGAGC AAAAACAAGT ACAATTCCAC AAGTGAATAA CTCAATCATC 
ATGAAATTAT TAAAAATATT GAGTTTAGTT TGCTTAAGCA TAAGTATTGG GGCTTGTGCT GAGCATAGTA TGAGTCGAGC AAAAACAAGT ACAATTCCAC AAGTGAATAA CTCAATCATC 
ATGAAATTAT TAAAAATATT GAGTTTAGTT TGCTTAAGCA TAAGTATTGG GGCTTGTGCT GAGCATAGTA TGAGTCGAGC AAAAACAAGT ACAATTCCAC AAGTGAATAA CTCAATCATC 
ATGAAATTAT TAAAAATATT GAGTTTAGTT TGCTTAAGCA TAAGTATTGG GGCTTGTGCT GAGCATAGTA TGAGTCGAGC AAAAACAAGT ACAATTCCAC AAGTGAATAA CTCAATCATC 
ATGAAATTAT TAAAAATATT GAGTTTAGTT TGCTTAAGCA TAAGTATTGG GGCTTGTGCT GAGCATAGTA TGAGTCGAGC AAAAACAAGT ACAATTCCAC AAGTGAATAA CTCAATCATC 
ATGAAATTAT TAAAAATATT GAGTTTAGTT TGCTTAAGCA TAAGTATTGG GGCTTGTGCT GAGCATAGTA TGAGTCGAGC AAAAACAAGT ACAATTCCAC AAGTGAATAA CTCAATCATC 
ATGAAATTAT TAAAAATATT GAGTTTAGTT TGCTTAAGCA TAAGTATTGG GGCTTGTGCT GAGCATAGTA TGAGTCGAGC AAAAACAAGT ACAATTCCAC AAGTGAATAA CTCAATCATC 

121 240 
GATCAGAATG TTCAAGCGCT TTTTAATGAA ATCTCAGCTG ATGCTGTGTT TGTCACATAT GATGGTCAAA ATATTAAAAA ATATGGCACG CATTTAGACC GAGCAAAAAC AGCTTATATT 
GATCAGAATG TTCAAGCGCT TTTTAATGAA ATCTCAGCTG ATGCTGTGTT TGTCACATAT GATGGTCAAA ATATTAAAAA ATATGGCACG CATTTAGACC GAGCAAAAAC AGCTTATATT 
GATCAGAATG TTCAAGCGCT TTTTAATGAA ATCTCAGCTG ATGCTGTGTT TGTCACATAT GATGGTCAAA ATATTAAAAA ATATGGCACG CATTTAGACC GAGCAAAAAC AGCTTATATT 
GATCAGAATG TTCAAGCGCT TTTTAATGAA ATCTCAGCTG ATGCTGTGTT TGTCACATAT GATGGTCAAA ATATTAAAAA ATATGGCACG CATTTAGACC GAGCAAAAAC AGCTTATATT 
GATCAGAATG TTCAAGCGCT TTTTAATGAA ATCTCAGCTG ATGCTGTGTT TGTCACATAT GATGGTCAAA ATATTAAAAA ATATGGCACG CATTTAGACC GAGCAAAAAC AGCTTATATT 
GATCAGAATG TTCAAGCGCT TTTTAATGAA ATCTCAGCTG ATGCTGTGTT TGTCACATAT GATGGTCAAA ATATTAAAAA ATATGGCACG CATTTAGACC GAGCAAAAAC AGCTTATATT 
GATCAGAATG TTCAAGCGCT TTTTAATGAA ATCTCAGCTG ATGCTGTGTT TGTCACATAT GATGGTCAAA ATATTAAAAA ATATGGCACG CATTTAGACC GAGCAAAAAC AGCTTATATT 
GATCAGAATG TTCAAGCGCT TTTTAATGAA ATCTCAGCTG ATGCTGTGTT TGTCACATAT GATGGTCAAA ATATTAAAAA ATATGGCACG CATTTAGACC GAGCAAAAAC AGCTTATATT 
GATCAGAATG TTCAAGCGCT TTTTAATGAA ATCTCAGCTG ATGCTGTGTT TGTCACATAT GATGGTCAAA ATATTAAAAA ATATGGCACG CATTTAGACC GAGCAAAAAC AGCTTATATT 
GATCAGAATG TTCAAGCGCT TTTTAATGAA ATCTCAGCTG ATGCTGTGTT TGTCACATAT GATGGTCAAA ATATTAAAAA ATATGGCACG CATTTAGACC GAGCAAAAAC AGCTTATATT 
GATCAGAATG TTCAAGCGCT TTTTAATGAA ATCTCAGCTG ATGCTGTGTT TGTCACATAT GATGGTCAAA ATATTAAAAA ATATGGCACG CATTTAGACC GAGCAAAAAC AGCTTATATT 
GATCAGAATG TTCAAGCGCT TTTTAATGAA ATCTCAGCTG ATGCTGTGTT TGTCACATAT GATGGTCAAA ATATTAAAAA ATATGGCACG CATTTAGACC GAGCAAAAAC AGCTTATATT 

241 360 
CCTGCATCTA CATTTAAAAT TGCCAATGCA CTAATTGGTT TAGAAAATCA TAAAGCAACA TCTACAGAAA TATTTAAGTG GGATGGAAAG CCACGTTTTT TTAAAGCATG GGACAAAGAT 
CCTGCATCTA CATTTAAAAT TGCCAATGCA CTAATTGGTT TAGAAAATCA TAAAGCAACA TCTACAGAAA TATTTAAGTG GGATGGAAAG CCACGTTTTT TTAAAGCATG GGACAAAGAT 
CCTGCATCTA CATTTAAAAT TGCCAATGCA CTAATTGGTT TAGAAAATCA TAAAGCAACA TCTACAGAAA TATTTAAGTG GGATGGAAAG CCACGTTTTT TTAAAGCATG GGACAAAGAT 
CCTGCATCTA CATTTAAAAT TGCCAATGCA CTAATTGGTT TAGAAAATCA TAAAGCAACA TCTACAGAAA TATTTAAGTG GGATGGAAAG CCACGTTTTT TTAAAGCATG GGACAAAGAT 
CCTGCATCTA CATTTAAAAT TGCCAATGCA CTAATTGGTT TAGAAAATCA TAAAGCAACA TCTACAGAAA TATTTAAGTG GGATGGAAAG CCACGTTTTT TTAAAGCATG GGACAAAGAT 
CCTGCATCTA CATTTAAAAT TGCCAATGCA CTAATTGGTT TAGAAAATCA TAAAGCAACA TCTACAGAAA TATTTAAGTG GGATGGAAAG CCACGTTTTT TTAAAGCATG GGACAAAGAT 
CCTGCATCTA CATTTAAAAT TGCCAATGCA CTAATTGGTT TAGAAAATCA TAAAGCAACA TCTACAGAAA TATTTAAGTG GGATGGAAAG CCACGTTTTT TTAAAGCATG GGACAAAGAT 
CCTGCATCTA CATTTAAAAT TGCCAATGCA CTAATTGGTT TAGAAAATCA TAAAGCAACA TCTACAGAAA TATTTAAGTG GGATGGAAAG CCACGTTTTT TTAAAGCATG GGACAAAGAT 
CCTGCATCTA CATTTAAAAT TGCCAATGCA CTAATTGGTT TAGAAAATCA TAAAGCAACA TCTACAGAAA TATTTAAGTG GGATGGAAAG CCACGTTTTT TTAAAGCATG GGACAAAGAT 
CCTGCATCTA CATTTAAAAT TGCCAATGCA CTAATTGGTT TAGAAAATCA TAAAGCAACA TCTACAGAAA TATTTAAGTG GGATGGAAAG CCACGTTTTT TTAAAGCATG GGACAAAGAT 
CCTGCATCTA CATTTAAAAT TGCCAATGCA CTAATTGGTT TAGAAAATCA TAAAGCAACA TCTACAGAAA TATTTAAGTG GGATGGAAAG CCACGTTTTT TTAAAGCATG GGACAAAGAT 
CCTGCATCTA CATTTAAAAT TGCCAATGCA CTAATTGGTT TAGAAAATCA TAAAGCAACA TCTACAGAAA TATTTAAGTG GGATGGAAAG CCACGTTTTT TTAAAGCATG GGACAAAGAT 
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OXA-S8 
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OXA-S8 
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A292 
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Consensus 

361 480 
TTTACTTTGG GCGAAGCCAT GCAAGCATCT ACAGTGCCTG TATATCAAGA ATTGGCACGT CGTATTGGTC CAAGCTTAAT GCAAAGTGAA TTGCAACGTA TTGGTTATGG CAATATGCAA 
TTTACTTTGG GCGAAGCCAT GCAAGCATCT ACAGTGCCTG TATATCAAGA ATTGGCACGT CGTATTGGTC CAAGCTTAAT GCAAAGTGAA TTGCAACGTA TTGGTTATGG CAATATGCAA 
TTTACTTTGG GCGAAGCCAT GCAAGCATCT ACAGTGCCTG TATATCAAGA ATTGGCACGT CGTATTGGTC CAAGCTTAAT GCAAAGTGAA TTGCAACGTA TTGGTTATGG CAATATGCAA 
TTTACTTTGG GCGAAGCCAT GCAAGCATCT ACAGTGCCTG TATATCAAGA ATTGGCACGT CGTATTGGTC CAAGCTTAAT GCAAAGTGAA TTGCAACGTA TTGGTTATGG CAATATGCAA 
TTTACTTTGG GCGAAGCCAT GCAAGCATCT ACAGTGCCTG TATATCAAGA ATTGGCACGT CGTATTGGTC CAAGCTTAAT GCAAAGTGAA TTGCAACGTA TTGGTTATGG CAATATGCAA 
TTTACTTTGG GCGAAGCCAT GCAAGCATCT ACAGTGCCTG TATATCAAGA ATTGGCACGT CGTATTGGTC CAAGCTTAAT GCAAAGTGAA TTGCAACGTA TTGGTTATGG CAATATGCAA 
TTTACTTTGG GCGAAGCCAT GCAAGCATCT ACAGTGCCTG TATATCAAGA ATTGGCACGT CGTATTGGTC CAAGCTTAAT GCAAAGTGAA TTGCAACGTA TTGGTTATGG CAATATGCAA 
TTTACTTTGG GCGAAGCCAT GCAAGCATCT ACAGTGCCTG TATATCAAGA ATTGGCACGT CGTATTGGTC CAAGCTTAAT GCAAAGTGAA TTGCAACGTA TTGGTTATGG CAATATGCAA 
TTTACTTTGG GCGAAGCCAT GCAAGCATCT ACAGTGCCTG TATATCAAGA ATTGGCACGT CGTATTGGTC CAAGCTTAAT GCAAAGTGAA TTGCAACGTA TTGGTTATGG CAATATGCAA 
TTTACTTTGG GCGAAGCCAT GCAAGCATCT ACAGTGCCTG TATATCAAGA ATTGGCACGT CGTATTGGTC CAAGCTTAAT GCAAAGTGAA TTGCAACGTA TTGGTTATGG CAATATGCAA 
TTTACTTTGG GCGAAGCCAT GCAAGCATCT ACAGTGCCTG TATATCAAGA ATTGGCACGT CGTATTGGTC CAAGCTTAAT GCAAAGTGAA TTGCAACGTA TTGGTTATGG CAATATGCAA 
TTTACTTTGG GCGAAGCCAT GCAAGCATCT ACAGTGCCTG TATATCAAGA ATTGGCACGT CGTATTGGTC CAAGCTTAAT GCAAAGTGAA TTGCAACGTA TTGGTTATGG CAATATGCAA 

481 600 
ATAGGCACGG AAGTTGATCA ATTTTGGTTG AAAGGGCCTT TGACAATTAC ACCTATACAA GAAGTAAAGT TTGTGTATGA TTTAGCCCAA GGGCAATTGC CTTTTAAACC TGAAGTTCAG 
ATAGGCACGG AAGTTGATCA ATTTTGGTTG AAAGGGCCTT TGACAATTAC ACCTATACAA GAAGTAAAGT TTGTGTATGA TTTAGCCCAA GGGCAATTGC CTTTTAAACC TGAAGTTCAG 
ATAGGCACGG AAGTTGATCA ATTTTGGTTG AAAGGGCCTT TGACAATTAC ACCTATACAA GAAGTAAAGT TTGTGTATGA TTTAGCCCAA GGGCAATTGC CTTTTAAACC TGAAGTTCAG 
ATAGGCACGG AAGTTGATCA ATTTTGGTTG AAAGGGCCTT TGACAATTAC ACCTATACAA GAAGTAAAGT TTGTGTATGA TTTAGCCCAA GGGCAATTGC CTTTTAAACC TGAAGTTCAG 
ATAGGCACGG AAGTTGATCA ATTTTGGTTG AAAGGGCCTT TGACAATTAC ACCTATACAA GAAGTAAAGT TTGTGTATGA TTTAGCCCAA GGGCAATTGC CTTTTAAACC TGAAGTTCAG 
ATAGGCACGG AAGTTGATCA ATTTTGGTTG AAAGGGCCTT TGACAATTAC ACCTATACAA GAAGTAAAGT TTGTGTATGA TTTAGCCCAA GGGCAATTGC CTTTTAAACC TGAAGTTCAG 
ATAGGCACGG AAGTTGATCA ATTTTGGTTG AAAGGGCCTT TGACAATTAC ACCTATACAA GAAGTAAAGT TTGTGTATGA TTTAGCCCAA GGGCAATTGC CTTTTAAACC TGAAGTTCAG 
ATAGGCACGG AAGTTGATCA ATTTTGGTTG AAAGGGCCTT TGACAATTAC ACCTATACAA GAAGTAAAGT TTGTGTATGA TTTAGCCCAA GGGCAATTGC CTTTTAAACC TGAAGTTCAG 
ATAGGCACGG AAGTTGATCA ATTTTGGTTG AAAGGGCCTT TGACAATTAC ACCTATACAA GAAGT~AAGT TTGTGTATGA TTTAGCCCAA GGGCAATTGC CTTTTAAACC TGAAGTTCAG 
ATAGGCACGG AAGTTGATCA ATTTTGGTTG AAAGGGCCTT TGACAATTAC ACCTATACAA GAAGTAAAGT TTGTGTATGA TTTAGCCCAA GGGCAATTGC CTTTTAAACC TGAAGTTCAG 
ATAGGCACGG AAGTTGATCA ATTTTGGTTG AAAGGGCCTT TGACAATTAC ACCTATACAA GAAGTAAAGT TTGTGTATGA TTTAGCCCAA GGGCAATTGC CTTTTAAACC TGAAGTTCAG 
ATAGGCACGG AAGTTGATCA ATTTTGGTTG AAAGGGCCTT TGACAATTAC ACCTATACAA GAAGTAAAGT TTGTGTATGA TTTAGCCCAA GGGCAATTGC CTTTTAAACC TGAAGTTCAG 

601 720 
CAACAAGTGA AAGAGATGTT GTATGTAGAG CGCAGAGGGG AGAATCGTCT ATATGCTAAA AGTGGCTGGG GAATGGCTGT AGACCCGCAA GTGGGTTGGT ATGTGGGTTT TGTTGAAAAG 
CAACAAGTGA AAGAGATGTT GTATGTAGAG CGCAGAGGGG AGAATCGTCT ATATGCTAAA AGTGGCTGGG GAATGGCTGT AGACCCGCAA GTGGGTTGGT ATGTGGGTTT TGTTGAAAAG 
CAACAAGTGA AAGAGATGTT GTATGTAGAG CGCAGAGGGG AGAATCGTCT ATATGCTAAA AGTGGCTGGG GAATGGCTGT AGACCCGCAA GTGGGTTGGT ATGTGGGTTT TGTTGAAAAG 
CAACAAGTGA AAGAGATGTT GTATGTAGAG CGCAGAGGGG AGAATCGTCT ATATGCTAAA AGTGGCTGGG GAATGGCTGT AGACCCGCAA GTGGGTTGGT ATGTGGGTTT TGTTGAAAAG 
CAACAAGTGA AAGAGATGTT GTATGTAGAG CGCAGAGGGG AGAATCGTCT ATATGCTAAA AGTGGCTGGG GAATGGCTGT AGACCCGCAA GTGGGTTGGT ATGTGGGTTT TGTTGAAAAG 
CAACAAGTGA AAGAGATGTT GTATGTAGAG CGCAGAGGGG AGAATCGTCT ATATGCTAAA AGTGGCTGGG GAATGGCTGT AGACCCGCAA GTGGGTTGGT ATGTGGGTTT TGTTGAAAAG 
CAACAAGTGA AAGAGATGTT GTATGTAGAG CGCAGAGGGG AGAATCGTCT ATATGCTAAA AGTGGCTGGG GAATGGCTGT AGACCCGCAA GTGGGTTGGT ATGTGGGTTT TGTTGAAAAG 
CAACAAGTGA AAGAGATGTT GTATGTAGAG CGCAGAGGGG AGAATCGTCT ATATGCTAAA AGTGGCTGGG GAATGGCTGT AGACCCGCAA GTGGGTTGGT ATGTGGGTTT TGTTGAAAAG 
CAACAAGTGA AAGAGATGTT GTATGTAGAG CGCAGAGGGG AGAATCGTCT ATATGCTAAA AGTGGCTGGG GAATGGCTGT AGACCCGCAA GTGGGTTGGT ATGTGGGTTT TGTTGAAAAG 
CAACAAGTGA AAGAGATGTT GTATGTAGAG CGCAGAGGGG AGAATCGTCT ATATGCTAAA AGTGGCTGGG GAATGGCTGT AGACCCGCAA GTGGGTTGGT ATGTGGGTTT TGTTGAAAAG 
CAACAAGTGA AAGAGATGTT GTATGTAGAG CGCAGAGGGG AGAATCGTCT ATATGCTAAA AGTGGCTGGG GAATGGCTGT AGACCCGCAA GTGGGTTGGT ATGTGGGTTT TGTTGAAAAG 
CAACAAGTGA AAGAGATGTT GTATGTAGAG CGCAGAGGGG AGAATCGTCT ATATGCTAAA AGTGGCTGGG GAATGGCTGT AGACCCGCAA GTGGGTTGGT ATGTGGGTTT TGTTGAAAAG 

(J1 
-I>-



OXA- 58 
A266 
A446 
A242 
A472 
A471 
A150 
A180 
A292 
A262 
A188 

Consensus 

OXA- 58 
A266 
A446 
A242 
A472 
A471 
A150 
A180 
A292 
A262 
A188 

Consensus 

721 840 
GCAGATGGGC AAGTGGTGGC ATTTGCTTTA AATATGCAAA TGAAAGCTGG TGATGATATT GCTCTACGTA AACAATTGTC TTTAGATGTG CTAGATAAGT TGGGTGTTTT TCATTATTTA 
GCAGATGGGC AAGTGGTGGC ATTTGCTTTA AATATGCAAA TGAAAGCTGG TGATGATATT GCTCTACGTA AACAATTGTC TTTAGATGTG CTAGATAAGT TGGGTGTTTT TCATTATTTA 
GCAGATGGGC AAGTGGTGGC ATTTGCTTTA AATATGCAAA TGAAAGCTGG TGATGATATT GCTCTACGTA AACAATTGTC TTTAGATGTG CTAGATAAGT TGGGTGTTTT TCATTATTTA 
GCAGATGGGC AAGTGGTGGC ATTTGCTTTA AATATGCAAA TGAAAGCTGG TGATGATATT GCTCTACGTA AACAATTGTC TTTAGATGTG CTAGATAAGT TGGGTGTTTT TCATTATTTA 
GCAGATGGGC AAGTGGTGGC ATTTGCTTTA AATATGCAAA TGAAAGCTGG TGATGATATT GCTCTACGTA AACAATTGTC TTTAGATGTG CTAGATAAGT TGGGTGTTTT TCATTATTTA 
GCAGATGGGC AAGTGGTGGC ATTTGCTTTA AATATGCAAA TGAAAGCTGG TGATGATATT GCTCTACGTA AACAATTGTC TTTAGATGTG CTAGATAAGT TGGGTGTTTT TCATTATTTA 
GCAGATGGGC AAGTGGTGGC ATTTGCTTTA AATATGCAAA TGAAAGCTGG TGATGATATT GCTCTACGTA AACAATTGTC TTTAGATGTG CTAGATAAGT TGGGTGTTTT TCATTATTTA 
GCAGATGGGC AAGTGGTGGC ATTTGCTTTA AATATGCAAA TGAAAGCTGG TGATGATATT GCTCTACGTA AACAATTGTC TTTAGATGTG CTAGATAAGT TGGGTGTTTT TCATTATTTA 
GCAGATGGGC AAGTGGTGGC ATTTGCTTTA AATATGCAAA TGAAAGCTGG TGATGATATT GCTCTACGTA AACAATTGTC TTTAGATGTG CTAGATAAGT TGGGTGTTTT TCATTATTTA 
GCAGATGGGC AAGTGGTGGC ATTTGCTTTA AATATGCAAA TGAAAGCTGG TGATGATATT GCTCTACGTA AACAATTGTC TTTAGATGTG CTAGATAAGT TGGGTGTTTT TCATTATTTA 
GCAGATGGGC AAGTGGTGGC ATTTGCTTTA AATATGCAAA TGAAAGCTGG TGATGATATT GCTCTACGTA AACAATTGTC TTTAGATGTG CTAGATAAGT TGGGTGTTTT TCATTATTTA 
GCAGATGGGC AAGTGGTGGC ATTTGCTTTA AATATGCAAA TGAAAGCTGG TGATGATATT GCTCTACGTA AACAATTGTC TTTAGATGTG CTAGATAAGT TGGGTGTTTT TCATTATTTA 

841 
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APPENDIX F 

AMINO ACID SEQUENCES ALIGNMENT OF OXA-TYPE CARBAPENEMASE 

AND METALLO ~-LACTAMASES 

OXA-TYPE CARBAPENEMASES 

1. OXA-23 GROUP 
1 120 

OXA - 23 
OXA - 27 
OXA - 49 

MNKYFTCYVV ASLFLSGCTV QHNLINETPS QIVQGHNQVI HQYFDEKNTS GVLVIQTDKK INLYGNALSR ANTEYVPAST FKMLNALIGL ENQKTDINEI FKWKGEKRSF TAWEKDMTLG 
. . . . A . . ... 

Consensus ... . .... ..... . t ..... 

121 240 
OXA- 23 EAMKLSAVPV YQELARRIGL DLMQKEVKRI GFGNAEIGQQ VDNFWLVGPL KVTPIQEVEF VSQLAHTQLP FSEKVQANVK NMLLLEESNG YKIFGKTGWA - MDIKPQVGW LTGWVEQPDG 
OXA- 27 
OXA- 49 

Consensus 

OXA- 23 
OXA - 27 
OXA - 49 

Consensus 

.. . ........ . . .... . .... ... . . E .. 
· . ..... . . • . . ... . . .. . .. ..... k .. 

241 274 
KIVAFAL NME MRSEMPASIR NELLMKSLKQ LNII 
· . . . . .. K . .. .. . . .. ... ••. ... • . •. 

· . .. .. . n .. . . . . . .. . ..... .. . . . . . 

A . ....... . 

(Jl 
en 



2. OXA-24 GROUP 

1 120 
OXA24 MKKFILPI FS ISILVSLSAC SSIKTKSEDN FHISSQQHEK AIKSYFDEAQ TQGVIIIKEG KNLSTYGNAL ARANKEYVPA STFKMLNALI GLENHKATTN EIFKWDGKKR TYPMWEKDMT 

OXA- 33 
OXA- 40 
OXA - 26 
OXA - 72 
OXA - 25 

Consensus 

OXA24 
OXA - 33 
OXA - 40 
OXA - 26 
OXA- 72 
OXA- 25 

Consensus 

OXA24 
OXA - 33 
OXA - 40 
OXA- 26 
OXA- 72 
OXA- 25 

Consensus 

121 240 
LGEAMALSAV PVYQELARRT GLELMQKEVK RVNFGNTNIG TQVDNFWLVG PLKITPVQEV NFADDLAHNR LPFKLETQEE VKKMLLIKEV NGSKIYAKSG WGMGVTPQVG WLTGWVEQAN 

... D . .. . . . 

. E . ...... . 

. k . . ... .. . ... g .. . .. . 

241 275 
GKKIPFSLNL EMKEGMSGSI RNEITYK SLE NLGII 

.. . .... . . . ... .. . T . 

... .. . . . . . .... .. . .. . . . ... . . L . 

. ... .... . . . . . . . . s . . . ... . . . . s . 

(]l 
~ 



3. OXA-Sl GROUP 

1 120 
OXA - 51 MNI KTLLLIT SAlt ISACSP YIVTANPNHS ASKSDEKAEK IKNLtNEVHT TGVLV I QQGQ TQQSYGNDLA RASTEYVPAS TtKMLNAL I G LEHH KATTTE VtKWDGQKRL tP EW EKDMTL 
OXA- 64 ... . A . ... . . . ........... . ...... . .... . . G ........ . A ..... . ... . . ...................... .. ..... . ... . . .. .. .. . . . .. . . . .. .. ....... . 
OXA- 71 

OXA- ll1 
OXA - 67 

OXA- 100 
OXA - 86 
OXA- 87 
OXA- 65 
OXA- 88 
OXA- 66 
OXA - 82 
OXA - 76 
OXA - 80 

OXA-1 09 
OXA- 79 
OXA - 95 

OXA- 108 
OXA94 

OXA- 69 
OXA -11 0 
OXA - 107 
OXA-1l 2 

OXA - 68 
OXA - 77 
OXA- 91 

OXA- 104 
OXA - 78 
OXA- 93 
OXA- 70 

OXA- 106 
OXA- 75 

Cons ensus 

... . A .•... 

· .• . A ...... T . ..... . . 

.. . • A ...... T . ..•••.. 

•.. . A •..•. 

... . A .... . 

.. . . A .... . 

... . A .... . 

. .. . A . . . . . 

. .. . A . . . . . 

... . A ... . . 

... . A •.... 

· .. . A . F .. . 
... • A ...•. 
... QA ..... 
.. . • A ...•. 

... • A .... • 

. . . . A .. . .• 

.•. . A .... . 

... . A . .. . . 

... . A .... . 

... . A .. .. . 

... . A . ... . 

.•. . A .. . . . 

. T ... .... . 

. T .....••. 

... . A ... . . . T •..... . . 

.•• . A ...... . ....... . 

... . A ... . . 

. .. QA . . .. . 
· .. ka .... . . a . . ... . . . 

· . . s ..... . 

· .. . T .... . 
· . . s .. ... . 

· .. s .. . .. . 
· .. s .. ... . 
· .. s ..... . 

. .. s ..... . 

• . • • • ... Y . 

· .. t ..... . 

. ...... A . . 

. .... . . A .. 
T •... . . .... . ... .. A .. 

T .... • . . . . ... ... . A . . 

T •••. . ........... A . . 

T .... . , ... ...... . A .. 

. ...... A .. 

• .... K .... ..... . . A .. 

. .. .. v .... . ..... . A .. 

. .... v . ... . .. .. .. A .. 

. .... v .... .. . .. . . A .. 

. ... . v ... . . ...... A .. 

. .. .. v .... ....... A .. 

. ... . v .... ....... A .. 

. ... . • ••••..• .. .. A .. 
. .••.•• A .. 
. ...... A .. 

. , ... D .. . . •• .• ••• A ....... . H .. . 

. , . . . D ...• • •. .. • . A ...... .. H .. . 

. , ... D ....•...... A •••.•... H .. . 

. , .. . D .. ..•.. ..•• A .... .. .. H .. . 
. ...... A .. 

. ..• .. . A • • 

. . . .... A .. 

• ••• .•. A .. 
. ...... A .. 
. ..• .. . A .. 

. • . .. K ...• ... .... A .. 

• .... K ...••..... . A .. 
. ..•. • •••• .. . ... . A . . 

a .... e ........... A .. 

. .... T .... 

. .. 1. .... . 

. . . 1. .... . 

..... . .. . A 
. .. . ..... S 

1. .. . . . .. . 
I .... . . .. . 
1. .... . .. . 
I ... .. . .. . 
· .... . K .. . 

. . . ... K .. . 

. ... . . K .. . 

. ..... K .. . 

. ... .. K . . . 

. ..... K .. . 

. .. ... K .. . 
· ..... K .. . 

· .••.. K .. . 

· .. . .. K •.. 

• ••••• K • .• 

· ..... E .....•••• N . . . 
. . •••• E ••...... . N .. . 
. ..... E ........• N .. . 
. ....• E ••• •...•. N . . . 

. . .. .. N .. . 

. . .... N .. . 

. ..... N .. . 

· . .... K ......... N .. . 

· ..... • ......... N .. . 

· .. . N . . ... 

· . .. N . • .. . 
. .•• .. N .. . 

! . .. . . q ... • ...•. # .. . 

(J1 

co 



121 240 
OXA - 51 GDAMKASAIP VYQDLARRIG LELMS KEVKR VGYGNADIGT QVDNFWLVGP LKITPQQEAQ FAYKLANKTL PFS PKVQDEV QSMLFIEEKN GNKIYAKSGW GWDVDPQVGW LTGWVVQPQG 
OXA - 64 
OXA- 71 

OXA- 111 
OXA- 67 

OXA- 100 
OXA- 86 
OXA-87 
OXA-65 
OXA - 88 
OXA- 66 
OXA- 82 
OXA- 76 
OXA- 80 

OXA-109 
OXA- 79 
OXA- 95 

OXA- I08 
OXA94 

OXA- 69 
OXA- 110 
OXA- I07 
OXA- 1l2 

OXA - 68 
OXA - 77 
OXA - 91 

OXA - I04 
OXA- 78 
OXA- 93 
OXA - 70 

OXA - I06 
OXA- 75 

Consensus 

.. . . .... . L 

.•..... . . Q 

. . . . . . . . L . 

• .. . . P .. . . 

••.... V ... 

.... . T .......•.. V ... 

.... .. v ... 

. . . . . N ... . 

.• . . . N ... . 
•. . . . N ... . 

.. . . . N .. . . 

.... . N .. .. 

..... N .. .. 

.... . N .. .. 

.. .. . N ....... .. .. .. . 

.... . N .... I ....... .. 

.. ... k . .. ......... .. 

· . . L ... .. . 
... Q .... . • 

· .. L . .. .. . 
... L . A ... . 
.. . Q ....• . 

... Q .... . . 

. . . Q ..... . 

... Q ..... . 

.. . Q ...••• 

... Q ..... . 

.. . Q ... .. . 

.. . Q .. . . . . 

. .. Q .. . . . • 

. . . Q •. . .. . 

.. . Q ... .. . 

.. . Q ... . . . 

. .. Q . .. . . . 

.. . Q ..... . 

.. . Q . . ...• 

. . . QE .... . 

. . . Q ..... . 

... Q .. .• •• 

.. . Q ..... . 

.. . Q ... .. . 

.. . Q .. .. . . 

· . . Q .• . H .. 

" . Q ... .. . 

.. . Q ..... . 

' " q . . ... . 

.. .. .... M. 

... . N .... . 

. . . . N .. .. . 

... . N . ... . 

.. .. N .... . 

.... N .... . 

.... N ... .. 

.... N .... . 

. G .. N . .. .. 

.... N ..... .... .... H . 

.... N .... . 

.. .. N .. .. . 

.. .. N .. .. . 

.... N .... . 

.... N . .. .. 

.. .. N ... .. 

.. .. N ... .. 

.... N .... . 

.... N ... .. 

.. .. # ... .. 

(J1 
<.0 



241 274 
OXA- 51 NIVAFSLNLE MKKGIPSSVR KEITYKSLEQ LGIL 
OXA- 64 
OXA- 71 

OXA- ll1 
OXA- 67 

OXA- 100 
OXA- 86 
OXA- 87 
OXA- 65 
OXA- 88 
OXA- 66 
OXA- 82 
OXA- 76 
OXA- 80 

OXA- 109 
OXA - 79 
OXA- 95 

OXA- 108 
OXA94 

OXA - 69 
OXA- 110 
OXA - 107 
OXA- 1l2 

OXA- 68 
OXA- 77 
OXA- 91 

OXA- 104 
OXA- 78 
OXA - 93 
OXA- 70 

OXA-1 06 
OXA- 75 

Consensus 

......... K 

.. . . . P . . .. . .' ... 

.... T . . . . . 

... .. S ... . . . . . . RG .. . 

O"l 
o 



4. OXA-58 GROUP 

1 120 
OXA- 58 MKLLKILSLV CLSISIGACA EHSMSRAKTS TIPQVNNSII DQNVQALFNE IS ADAVFVTY DGQNIKKYGT HLDRAKTAYI PASTFKIANA LIGLENHKAT STEIFKWDGK PRFFKAWDKD 
OXA- 96 
OXA - 97 . ........ . . . . .. .. .. . ... . . .. .. . . ..... . . . . . .... .. .. . . . G . 

Consensus .. . ... .. . . . . ....... . . . . . ..... . . . . ... .... . ......... . . a . 

121 240 
OXA - 58 FTLGEAMQAS TVPVYQELAR RIGPSLMQSE LQRIGYGNMQ I GTEVDQFWL KGPLTITPIQ EVKFVYDLAQ GQLPFKPEVQ QQVKEMLYVE RRGENRLYAK SGWGMAVDPQ VGWYVGFVEK 
OXA- 96 . . .. . . ... . . .. .. . . .. . ... .. . . . . . ......... . M . 

OXA- 97 
Consensus . ......... . ..... .. . . . . .... . .. . . . ..... . .. i. 

241 280 
OXA- 58 ADGQVVAFAL NMQMKAGDDI ALRKQLSLDV LDKLGV FHYL 
OXA- 96 
OXA- 97 

Consensus 

Ol 



OXA- 23 
OXA24 

OXA -51 
OXA - 58 

Consensus 

OXA - 23 
OXA24 

OXA-51 
OXA- 58 

Consensus 

OXA- 23 
OXA24 

OXA- 51 
OXA- 58 

Consensus 

AMINO ACID SEQUENCES ALIGNMENT OF 4 SUBGROUPS IN OXA-TYPE CARBAPENEMASE 

1 120 
MNKYFTCY VVASLFLSGC TVQHNLINET PSQI- VQGH- - NQVI HQY FD EKN TSGVLVI QTDKK I NLYG NALSRA NTEY VPASTFKMLN ALIGLE NQKT DINEIFKW KG EKRSFTAWEK 

MKKFILPIFS I SILVS LSAC SSIKTKSEDN FH I S-SQQH- -EKAI KSY FD EAQTQGVI I I KEGKNLST YG NALARA NKEY VPASTFKML N ALIGLE NH KA TTNEIFKW DG KK RTYPMW EK 
MNI KTLLL I TSA I FISAC SPYIVTANPN HSASKS DEK - - AEKI KN LFN EVHTTGVLVI QQGQTQQS YG NDLARA STEY VPASTFKML N ALIGLE HHKA TTTEVFKW DG QKRLFPEWEK 

MKLLKI LSL VCLSISI GAC AEHSMSRAKT ST I PQVNNSI IDQNVQALFN EISADAVFVT YDGQNI KK YG THLDRA KTAY IPASTFK IAN ALIGLE NH KA TSTEIFKW DG KPRFFKAWDK 
.. k .. k . 1.1 I .. sisisaC ...... ... t .. i .. v # ... . . q . I .. 1 F# E . . t.gV. I i .. gqni .. YG n . L . RA . te Y ' PASTFKm1 N ALIGLEnh Ka t . t E'FKWd G kkR . %. a W#K 

121 240 
DMTLGEAMKL SAVPVYQELA RR I GLDLM QK EVK RI GFGNA EIGQQVDNFW LVGPL KVTP I QEVEFVSQLA HTQLPF SEKV QANV KNML LL EESNG YKI FG KTGWAM DI KP QVGW LTGWVE 
DMTLGEAMAL SAVPVYQELA RRTGLELM QK EVK RV NFGN T NIGTQVDNFW LVGPL KITPV QEVNFAD DLA HNRLPF KLET QEEV KKM LLI KEVNGSKI YA KSGW GM GVTP QVGW LTGWVE 
DMTLGDAM KA SAIPVYQDLA RR I GLELM SK EVK RV GYGN A DIG TQVDNFW LVGPL KITPQ QEAQ FAYKLA NKTLPF SPKV QDEVQS ML FI EEKNGNKI YA KSGW GWDVDP QVGW LTGWVV 
DFT LGEAMQA STVPVYQELA RR I GPS LMQS ELQRI GYGN M QIG TEVDQFW LKGPLTITP I QEVKFVYD LA QGQLPFKPEV QQQVKEML YV ERRGENRL YA KSGW GMAVDP QVGW YVGFVE 
DmTLG#AM . a Sa 'PVYQ#LA RRi G1 . LMqk Evk R ' g %GN . #IG t #VD#FW LvGPL k 'TP i QEv . FvydLA .. qLPF kpev Q. #V k . ML .. ee . ngnki %a Ks GWgm . ' d P QVGW1tGwVe 

241 281 
QPDG KI VAFA LNMEM RSEMP AS I RNELLMK SLKQLNI I 
QANG KK I PFS LNLEM KEGMS GS I RNEITY K SLENLGI I 
QPQGNI VAFS LNLEMKKGIP SSVRKEITY K SLEQLGI L 
KADG QVVAFA LNMQMKAGDD IALRKQLSLD VLDKLGVFHY L 
qa #G .. ' a Fa LN$#M k . g .. . s . Rk #l. . k s L .. Lg l ... 

OJ 
~ 



METALLO (3-LACTAMASES 

IMP-TYPE CARBAPENEMASES 

IMP-1 
IMP-6 
IMP-4 
IMP-5 
IMP-2 

1MP-ll 
Consensus 

IMP-1 
IMP - 6 
IMP-4 
IMP - 5 
IMP-2 

IMP-ll 
Consensus 

IMP-l 
1MP-6 
1MP- 4 
IMP-5 
1MP-2 

1MP-ll 
Consensus 

1 
MSKL SVFFIF LFCSI ATAAE SLPDLKIEKL DEGVY VHTSF EEVNGWGVV P KHGLVVLVNA EAYLIDTPFT AK DTEKLV TW 

120 
FV ERGY K1KG S1SSHFHSDS TGG1EWLNS R S1PTYASELT 

. . .. . . . . . . ... .. . . . . . P .... ... .. . . .. . . .. . . . . . . . . . .. . 

.... F .. . M . .. .. . TA .. . . . . . ... ... ..... . ... . . .. . . .. .. . 

. K .. F . LCVC FL . .. TA . GA R . . . ... . .. E .... .. .. . .. .. .. .. . s 

. K .. F . LC .. · .L . . TASG. V ........ . E .... L .... .. . S ..... T 

. k . . f . 1cif lfc .. taage . . . .. . . . .. # .... v .. .. .. . n .... .. 

121 

.. . . . ... D. 

.. ....... T 

.. ....... T D ......... . T ...... N. 

.. ....... N D ......... N .. ..... A. 

........ # . # ......... ak . 

T .... .. .. . 

. . G . . FT .. . . V ... . . .. . 

.. e .. %k ... s ' . .... 

.. ....... Q 

......... Q 

.. ....... Q 

.. ....... Q 

.. ....... q 

240 
NELLKKDGKV QATNSFSGVN YWLVK NK1EV FYPGPGHT PD NVVVWLPERK ILFGGCF1KP YGLGNLGDAN 1 EAWPKSAK L LKSKY GKAKL VV PSHSEVGD ASLLK LTLEQ AVKGL NESKK 
........ .. .. .... .. .. .... .. ............ .. .. ...... .. .......... .. .... .. .. .. ...... .... .. .. ...... . G .. .. ...... .... ...... .. .. .. 

.. K .. . G .. . . L ...... .. L .. ...... . . 1 .. .. ...... .. .. . A .. 
· . K .. . . . AS .. .. . K . .. . .. ...... NR V ...... V .. .. .... .. .. V .. ...... . • M .. .. ...... .. .. .. ....... R .. .. 
.. K .. .... S .... .. ............ Q . .. .. .. .. K . ...... . V .. D .... .. ... L .. ...... I . M .. . V .... .. S .. .. I ....... R. W .. 

.. .. .. N .. . .. .. .. .. . S .... .. .. . 1 .. ...... Q . . . .. .. .. N . ... ... . V . . D ..... D ... LK ...... . I . M ... . ..... . SG ... I .N . ... . . . W .. .... • K .. .. 

.... .. # .. . · . k ... s . vs ..... n ... ' ..... . .. q . . v ...... . k , .. .. .. , .. d ..... g .. . le .. .. ... i . m .. . g ...... ss ... i . # .. ... low .. .. .. . n .. .. 

241 
PSKPSN 

.. . L .. 

.. Q .. . 

. LL . .. 

. s . p .. 

(j) 
w 



VIM-TYPE CARBAPENEMASES 

120 
VIM- 1 MLKVI SSLLV YMTASVMAVA SPLAHSGEPS GEYPTVNEIP VGEVRLYQIA DGVWSHIATQ SFDGAVYPSN GLIVRDGDEL LLIDTAWGAK NTAALLAEIE KQIGLPVTRA VSTHFHDDRV 
VIM- 2 . F . LL . K ... . L ... 1. .1. . . . . F . VDS . . ... . . S . 

Consensus . 1. 1 i. k ... . $ ... I •• I • . . .. h . g #p . . . . . . . n . 

121 240 
VIM- 1 GGVDVLRAAG VATYASPSTR RLAEAEGNEI PTHSLEGLSS SGDAVRFGPV ELFYPGAAHS TDNLVVYVPS ANVLYGGCAV HELS STSAGN VADADLAEWP TSVERIQKHY PEAEVVIPGH 
VIM- 2 .. . . . .. .. . .... ..... . .... V ..... . ......... ....... . . . ......... . ......... . . S ....... I Y ... R .. ... . ... . . .... .. I .... Q .. .. . QF . 

Consensus ..... .... . ......... . ... . a . . ... . .. ..... . . ..... ... . . . .. ...... . ......... . . n . ... .. . ! h . .. r . ... . . ....... .. .. ! .... q . . . . . # f . 

241 266 
VIM- 1 GLPGGLDLLQ HT ANVVKAH K NRSVAE 
VIM- 2 ... . ..... K .. T ...... T .... V. 

Consensus .... . ... . q .. a ...... k .... a . 

CJl 
.1>0 



IMP-1 
SIM- 1 
GIM- 1 
VIM-1 
SPM-1 

Consensus 

IMP-1 
SIM- 1 
GIM-1 
VIM- 1 
SPM- 1 

Cons ensus 

IMP-1 
SIM- 1 
GIM-1 
VIM-1 
SPM- 1 

Consensus 

AMINO ACID SEQUENCES ALIGNMENT OF METALLO ~-LACTAMASES 

1 120 
MSKLSV FFIFLFCS I A --TAAESL P- - --------- --DLKIEKLD EGVYV HT SFE EVNGWGVVPK HGLVVLVNAE AYL I DTP FTA KDTEKLVTWF VER-GYK I KG SI SSHFHSDS 
MRTLLI LCLFGTLNTA -- FAEEAQP- - --------- -- DLKIEKI E EGI YL HT SFQ EYKGFGI VKK QGLVVLDNHK AYL I DTPASA GDTEKLVNWL EKN- DFTVNG SI STHFHDDS 
MKNVLV FLI LLVALPA --LAQGHKP- -- -------- --- LEVI KI E DGVYLHTSFK NIEGYG LV DS NGLVVLDNNQ AY I I DTPWSE EDTKLLLSWA TDR- GYQVMA SI STHSHEDR 

MLKVIS SLLV YMTASVMAVA SPLAHSGEPS GEYPTVNEIP VGEVRLYQI A DGVWS HIATQ SFDG-AVYPS NGL I VRDG DE LLL I DT AWGA KNTAALLAEI EKQI GLPVTR AVSTHFHDDR 
MNS PKS RALLGFMGAF CLLLVAGAPL SAKSSDHVDL PYN LTAT KI D SDVFVVTDRD FYSSNVLVAK ----MLDGT- VV I VSS PFEN LGTQT LMDWV AKTMKPKKVV AI NTHFHLDG 

.... rn . s . lv .. . 1 .. rn .. a . . la . . g . P . . . ....... . . . . 1. .. ki . . g I . . ht . .. .. . g .. l v . k . g1. vldg .. . . i I dtp ... . . T .. L . . w . . k . . g . . v .. a l stHf H. D . 

121 2 40 
TGGI EWLNSR SIPTYASELT NELLKKDGKV Q--------- ----- - ---- -----ATNS F SGVNYW---L VKNKIEVFYP GPGHTP DN VV VWL PERKI LF GGC FI KP Y- - -GLGNLG DA N 
TAGI EWLNTK SIPTYASKLT NELLNKNGKT Q--------- -- - ------ - -----AKHSF DKESFW---L VKNKIE IFYP GPGHTQDN EV VWI PNKKI LF GGC FI KP N-- - GLGNLSDAN 
TAGIKLLNSK SIPTYTSELT KKLLAREGK P V--------- - - - - ------ -----PTH YF KDDEFT---L GNGLIELY YP GAGHTEDN I V AWL PKSKI LF GGC LVRS HEW EGLGYVGDAS 
VGGVDVLRAA GVATYAS PST RRLAEAEGNE 1--------- ------- --- -----PTHSL EGLSSSGDAV RFG PVE LFYP GAAHSTDN LV VYVPSANVLY GGC AVHELSS TSAGNVA DA D 
TGGNEIYKKM GAETWSSDLT KQLRLEENKK DRIKAAEFYK NEDLKRRILS SHPVPADNV F DLKQGKV FSF SNELVE VS FP GPAHSPDN VV VY FPKKKLLF GGC MI KP KE- --LGYLG DA N 
tgG. e . l ... g .. Ty . S . 1T k . L ... #gk . . ....... . . ...... . ... ..... ath . f .......... . n . l 'E . . %P GpaHs . DN . V v y . Pk . k . L% GGC . ' kp . e . . . 1Gylg DA n 

241 298 
IEAWPKSAKL LKS KYGKAK L VVP SHSEVGD ASLLKLTLEQ AVKGL NE SKK PSKPSN 
LEAWPGSAKK MIS KYSKAK L VIP SHSEI GD ASLLKLTWE Q AI KGL NE SKS KPPLIN 
ISSWADS IKN IVS KK YPIQM VVPGHGKVGS SDI LDHTI DL AESASNKLMQ PTAEASAD 
LAEWPTSVER IQKHYP EAEV VIPGHGLPGG LDLLQHTAN V VKAHKNRSVA E 
VKAWPDSARR L- - KK FDAK I VIPGHGEWGG PEMVNKTI KV AEKAVG EMRL 
. . a WpdSa . r .. . kk .. ak . V I Pg Hge . Gg . .. 1. . T i . v aeka . ne ... 

(j) 
(]"I 
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1. 64 codon 011 DNA 

First 

Position 

T 

C 

A 

G 

T c 

F S 

F S 

Second Position Third 

A G Position 

c T y 

y 
.-.. -..... -.. -- ... -.. -- ........ -. _ ..... _----_ .... __ .. -_ ...... 1-------1 

c C 
.. -------.--.. --.. ----... -- -----.------.. --.. --.-----.. ----... ----.--.--.--. -.... -.......... -.-.. --.---.-- -.--.- ........ -.-.----------.. -.. I-------l 

L S STOP CODON STOP CODON 
A 

--------_._--_. __ .. ---- ------------_._------ _. ---_._ .. __ ._._._-_._ .. --_._ .. _._._--_._------_. __ .. ---~ 
G L S 

STOP CODON 
w 

L P H R T 
-- -- .--.-----.-----.-.-t---.---.. --------.. -- .-- -.--- . 

L P H R C 
-------.. -.------.... ----.-- .-----.--------.. -.- .... -.. ----- .-.-.-.--.. --.--... -... -.... --.-... -.---.--.. --.. -... -... -.. -.. --.--... -----... -.-... ..------i 

L 

L 

I 

I 

I 

M 

v 

v 

P 

P 

T 
---- ----- .--. 

T 

T 

T 

A 

A 

Q 

Q 

N 

N 

K 

K 

D 

- ' 1-'" 

R 

R 

S 

S 

R 

A 

G 

T 

C 

A 
..... --.---.- ------. -.. -- .. ..------i 

R G 

G T 
.......... -- ....... -.---.- ... -.. --.-..... -.. ,,,.-,---,,--"---,, .--.---. ..------i 

D G C 
-,----.-----,,----- --------,-.-----,,--- --,--.--.-.------,,------,,- .--,-,--,-,,-,--,- ---,------ .-,,--,-..------i 

v 
v 

A 

A 

E 

E 

G 

G 

A 

G 

Abbrev iati on: A. alanine; C. cysteine; D. as partic ac id ; E, glutamic ac id; F. phenylalanine: 

G. glycine; H, hi stidine; I, isoleucin e: K, lysine; L, leucine; M, methi onine; N. asparagine; P. 

pro line: Q. glutamine; R. arginine; S. ser ine; T, threonine ; V. va line; W_ trytuphan: Y. 

tyros ine 
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