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tJ~~U'UiJlltJ'Il'Uf111'W'UL;fftl A. boumonnii ~~vvltltJl1'Un~lJ carbapenems L~lJlJ1n~'U.x')l{ln 

~'1iJ n111itJ1l'1l'U~(;1~'WVI(;1l tJ'lJlj(iJ~llJ n'U1'Un l1-rn~111fl~(iJL~m1 n11Pin~ldiJll'1~tll~?!'1r1Lvl vPif1~l'1Vlt 
'!JeJ'ltJ1l'1l'U~{I~'Wvhi~llJn'Uvlm:Btl A. boumonnii ~~vtJ1V1{1lt1'!J'UltJLL{I~Pif1~lmllJ~lJ~'U5'!Jtl'l'1VlB'Uv'l 
tJll'1l'U'l{l~'Wvhi~llJn'Un'Uf1(;11f1f111~eJ Ell'!JeJ'lL~eJ l(iJtJvhnl"JPim~/11tJL;ffeJ A. boumonnii ~''Ul'U 200, 

" ?!ltJ~'U5~LLtJf11~'l1 f1~thtJ1 'Uti 'W. Pl. 2553-2558 'W'Ull ermlf1l1~mJ1 imipenem, meropenem, , " 
cefotaxime, ceftriaxone, ceftazidime, cefepime amikacin, gentamicin, ciprofloxacin LL{I~ 

colistin ~v 86.5%, 87.5%, 87.5%, 87%, 85.5%, 91%, 78%, 80.5%, 85.5% LL{I~ 1.5% mlJ~'~'U 

colistin Lij'UtJ1~iJflVl5?!'1"'(iJvlm;ffeJ A. boumonnii ~(;1Pif1~1f1~1f1f)11~m.J11t.l~lLLVl'UL:Bv A. boumonnii
"I '" 

Y'lLr:h fl'U blooXA-23 , bloVEB-1 , oph3! um: ormA 'W'UlJln~~(iJl'UL~tl~tltJltJ1n~lJ carbapenems, 

• cephalosporins u,(;1::; aminoglycosides V1'lJ~'~'U l(iJm:Be)'yj~eJvlm.J11'Un~lJ carbapenems 'W'Ufl'U~ 
?!h~ carbapenemase 'lJ\J(iJ OXA-23 L~tJ'I'1f\J(iJL~m (100%) n11~eJtJln~lJ fluoroquinolones 'W'U 

f111nmtJ~'U~LL'U'U amino acid substitution 1'U GyrA ~Yh1~Lil(iJn11Ltl~tJ'UU,tl{l'l~v\'ILLVlU'l Ser83Leu 

LL{I~ Pare 'W'UViilLLVltJ'I Ser80Leu or Ser80Tyr ~'V1-r'Un11Pim/1 antibiotic resistance island 'Utl'l 

L:Btl A. boumonnii 5 mtJ~'U5 'W'U'hdJ'U'1f\J(iJ AbaR4 l'UL~e)VJn?!ltJ~'U5 ~'1iJfl'U~?!~l'l, , , 

carbapenemase 'lJ\J(iJ blooXA-23 eJ~'U'U Tn2006 n11pfn~1'1Vlt'Utl':!E.J1l'1l'U~(;1~'Vfvni~,)lJn'U'!Jtl'ltJln~lJ 
carbapenems ~,)lJn'U amikacin VI~tl colistin VI~tl fosfomycin (;]m;fftl A. boumonnii ~~tltJ1n~lJ, 

.J del .J 1.1 .Q 11 .<:It.CIiI 

carbapenems '1f'llJtJ'UVl?!ll'l carbapenemase '1f'U(iJ OXA-23 (iJ,)tJ15 checkerboard u.{I~ time-kill 

'W'Ullf1111i imipenem ~,)lJn'U fosfomycin 1~~(;1~~~(iJ 
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• 

Carbapenem-restant A boumonnii has been increasingly reported worldwide. The 

combination of antimicrobial agents is commonly used to treat A boumonnii infections. The 

objective of this study was to investigate octivities of antibiotic combination combination 

against multidrug--resistant Aboumonnii isolates and the association with resistance 

mechanisms. A total of 200 A boumonnii isolated from patients during 2010-2015 were 

included in this study .The resistance rates to imipenem, meropenem, cefotaxime, 

ceftriaxone, ceftazidime, cefepime amikacin, gentamicin, ciprofloxacin and colistin were 

86.5%, 87.5%, 87.5%, 87%, 85.5%, 91%, 78%, 80.5%, 85.5% LL~~ 1.5%, respectively. Colistin 

is the most active antimicrobial agent. The blooxA23 , blovEB-1, oph3/ and ormA were the most 

common antimicrobial resistance determinants in representative A boumonnii isolates for 

carbapenem, cephalosporin and aminoglycoside resistance, respectively. Only blooxA-23 

carbapenemase gene (100%) was detected in carbapenem-resistant A boumonni isolates. 

Fluoroquinolone-resistance was mainly caused by amino acid substitutions at S83L in GyrA 

and S80Lor S80Y in Pare. Five isolates were investigated for antibotic resistance island. All 

isolates carried AbaR4 with the blooxA-23 carbapenemase gene in Tn2006. The in vitro 

activities of carbapenems in combination with amikacin, colistin or fosfomycin were 

determined in carbapeem-resistant Aboumonnii isolates carring blooXA-23 carbapenemase 

gene by checkerboard and time-kill methods. The results demonstrated that the most 

effective combination was imipenem with fosfomycin 
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Acinetobocter boumonnii b~'U~lb'\tW1~lrlru'1leJ~b'Jfl~Vlb~eJ1'Ub'J.:!Yml'U1"~'J'Ubb 'J.:! b'l1'U , v , 

nl'J~Vlb~eJ1'lm'J~ll~1"~Iil , tJeJvH)m~tJ\J1nnl'J1-tibfl~eJ.:!·lhtl'v'lltih, b~eJ~lJ?llJeJ':n)m~'U bb"~nl'J~Vl 
l~el1'U'J~'U'U'Vl1.:!l~'UU?l?l11~ L~'U~'U nl'J~VlL;mJ~i1fldlm'UbL 'J ~lJln1'U~tJ1t1~~eJ'ULLeJ'v'I~e:Ji1fm~ , " 
J)ij~lJI1'U'UnydeJ':! nwrm~ll'Jfl~VlL~el A boumonnii i1-rrmhnVllJln~'U L~el.:!~lm~e:J~m.Jllne:J'U" , 

'Vln'llU~Lb~~nl'Je.J~liltJl~l'U~,,:aYl·Ij'UVl1v'llji1iieJtllJln bVltltJllu ncilJ carbapenems 1~Lbri 


i~ipenem ll"~ merope'nem UtJlJ1-tiL~'Utillunl'J~n~lbfl~Vll~el A boumonnii ~~e:Jvimn 
'v'Imtl'lJ1.Jl'U u~~,r1.JYl'U'"hi1'JltJ\ll1.Jnl'JYl'Ul~e:J'1lUVlif~e:J()]e:JtJl11.Jn~lJ carbapenems L~lJ~\l~'U1 'LI 

'v'I"ltJtJ'J~l'Vli'1~1l"n 'JllJ~\lnl'J~eJ()] €ItJl'llUVl~'U1 ~llJ~ltJ ~\li1nl'JHtJl~1'U~~:aYl'v'lmtJ'llUVl~1lJtl'LI 
(antimicrobial combinations) 1'LInl'J~n~l mh\lhnlilllJnl'l~mll'l'Vlt'lJ€I\ltJl~l'U~G1~Ylmif 

11lJtl'LI()]m;€1 A boumonnii ~~mn'v'l"ltJ'lJ'LI11.J1~e.J"llJ~€IVlfl~el\ltl'U ~\l€ll~lnVl~lmm'v'l(;)tJ'J~nl'J 
L'1l1.J fldllJ'v'I"ln'v'lmtJ'lJeJ\l?ll t1~'U6 fllllJLlliln()]1\l'1leJ\l15m-&1'LInl'J~n~lll"'~rnllJLLliln()]l\l'1leJ\ln'"1.f1 

nl'J~eJtJl'lJ eJ\l L;eJ~t!llJl ~f1~1 '~\l n",1nf1l'J~eltJl'v'ltlltJ'lJ'U1'LIYlU11il~'U~eJ tJl~.:J~eJ ~'U1.Jlfl'JblJl'1llJ 
" 

LL"'~Ylm?lijVl il'JltJ.:Jl'L1f1l'JYl'U A boumonnii resistance islands 'v'I~eJ AbaRs el~'U'Ulfl'JllJl'1llJ 
" 

'lJ€I\lL;el ~\li1~\l 26 'llUVl u~~,r'LI8'1llJil-rrellJm~tJ1tlUfl11lJ'\tmln'v'lnltJ'lJeJ\l AbaRs 1'L1l~el~~e:JtJl , " 
'v'I"'ltl'lJ1.Jl'U~lLtin1.vi'~l ntJ'J~l 'Vlf'l1'VltJ ~\lJ1.Jf1l 'J~n~l fldllJ ~lJ~'U6'lJtJ.:! 'l'Vlt'lJ tJ.:! tJl~l'U~",:aYlmif 

~llJn'LI (antimicrobial combinations) lVltl15lJllil'l211.J A€I Checkerboard assay Lln~ Time kill 

assay nun",1nf1l'J~mn'lJtJ\lL~tJ 'l1lJ~il~n~l LlU'U lLe.J'U'Vll~~1.J~f1'l'JlJ'lJtJil L ;e:J?lllJl'Jtl1 ifL~'ULL'U1'Vl1il 

1'LIf11'JL~eln1iftJl~11.J~n;gYl1'LIf11'J-rn~ll'lfl~VlL;eJ A boumonnii ~~tJtJl'v'lmtl'lJ'LI1'LI~tJ1.tJ, 

1~O~~~~\lR~B\llR~\lnl~ 

• 

1. ~YleJ1~'Vl'J1U~\lC]'Vlt'lJeJiltJ11ii'1'U~tl~Ylvhif~1lJn'LI()]m;€1 A boumonnii ~~e:JtJlt-l"lfJ'lJ'LI1'L1 

2. ~n~1f111lJ~lJ~1.J6'lJ €I.:! 'l'VlB'tI €Iil tJllii'l1.J~ ",~wmcff~1lJ n1.J tluntl1n f1l'l~tJ t11'lJtJ\l L;mYlmU'LILL'LI1 'Vl 1'1 

~l'v'1~U f11'JL~€If1EJlv11'U ~",;sYl1'LI f11'J~f1~1, 

f11~'VI\J'VI1'L11~~rum~lJ/al~a'LIL'VIA (information) ~Lfi~.l1,j'eN 
Acinetobocter boumonnii LU'LILLL'UflViL~tIlLf1'llJ"'mtJLLvl\li1.J ?lllJl'lflYlU1.~IilllJ 

" 
~'1 LLlVl~ellJ~11tJ~\l1'LI~1.JLL"~11.JtJ,LU'U?llL'v'I{il~lrlru'1l tJ\l f11'l~Vll~tJ1'LIl'J\lYl fJ1U1"'v'I~tJnosocomia l , ~ 

infection L~e:mlm;eJ?lllJl'Jrl'Vl'UeJEJ1'LI~'ILL1Vl~ellJ1~1.Jl'U lVltJlTn~~riel1'Jfl1'LI~thEJ~ih~uu 
" " 

J)ij~lJ n'U~l'v'1~tl~~-ru f11'J-rf1~11 'Ub 'l'lYlEJ1Ul mL"'~1vi'-runl'l~f1~1 ~lEJEJ1~l'U~",:aYl L~'UL 1,,1'U l'U 
" , 'U , 

'lllJ~'1~tJ1EJ~lii'eJ\l1cfftltJmru L'lf1.J ?lltl?l1'L1 lVltll~tl?lllJl'Jflritlhfl1.vl1'U'v'I"ltJ'l~UU'tltl'l~l'lf11EJ (1)" , 
L'li'LI nl~~VlL;tl11.J'J~'UUvn'lL~hJ'v'lltih nl'J~~L~eJ1'Uf1'J~LLm~ eJVl f11'l~VlL~tl1'LI'J~UU'Vll'1L~1.J 
U?l?l11~ dJ'UIii'1.J lVlEJtJn~iL;eJ A boumonnii ~~~eJtJlf1~lJ aminopenicillins (L'If'LI ampicillin 

lLm~ amoxycillin), n~lJ first Utl~ second generation cephalosporins (l'lf'LI cefazolin LL"~ 

cefuroxime) ll"~tJl chloramphenical (2) 
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luu~~,j'Ufl1'J-rf1'\~lfl1'J~(i)b~eJ A boumonnii iHimhn(i)lJ1m~v'l'llm~eJ~mJ1'\l1(l1tJn~~. . 
L'liu n~~ aminoslycosides (L'llU amikacin bL~~ sentamicin), n~~ third LL(I~ fourth 

seneration cephalosporins (L'tiU ceftriaxone, ceftazidime, cefotaxime LL(I~ cefipime), 

n~lJ fluoroquinolones (L'ti'U ciprofloxacin) 'Jl~~"n~~ carbapenems (L'ti'U imipenem LL(I~ 

meropenem) l(i)tJtIl1un~lJ carbapenems Dtl~HLiJutlll'Ufl1'J-rm~nhfl~(i)L~eJ A boumonnii 

~~eJl?!eJtl1"'(l1tl'lJ'U1U U~'l,j''U'vi'lj'hih1 tl,nu fl1TV'lUL~eJ'1lD(i)d~vI?! tJ tillun~~ carbapenem s . , 
LV;lJ~.:I~u1uVl~ltJth~LVlf'1~ll(lf) 'Jl~ii"fl1'J~eJl?!vtll·t!'U(i)~U '1 ~1~1i11tl u~~mhr1'1l1Ufl1'J~L~eJ A 

boumonnii ~vl?!tJtIlluf)~~ ffili1LLrl fl1'J~L~m"~l.:lLvUL'11:W beta-lactamase '1lD(i)~l.:l1 lJ1 '. 
vl1~ltltll fI11~i.'I'llJ1'lfilUfl1'l-lfUtl1tJtJn'll nL'11(1~ (efflux pump) LL(I~~(i)fl1'J111tl1~lUL-1J1 

mEllUL'11(1~LLUflViL~tJ 'Jl~Ci.:lnTHU~tJULLU(I'I penicillin-bindins protein ~'lLiJUL{h'VIlJ1tJ'lJeJ.:ItIl 

vl11~EJ1hj~llJ1'JfI~ULIi1 

nWrm~lfl1'J~(i)L~tJ A boumonnii ,xu ,n1L~miJ'U~ltl~U5vtbl?!tJtJ1 fl1'J-rmntJ1'l~~l.u 
EJl'lJD(i)L~tll (monotherapy) El1~Dtl~H L'1f'U amino~lycosides , third LL(I~ fourth seneration 

cephalosporins, carbapenems, beta-lactam ~llJnU beta-lactamase inhibitors, 

polymyxin LL~~ tiseclycline (3) 1uu~~,j''UeJ(Pl'l1fl1'J~tJEJ1LVI~ld'!JtJ-:JL~tJ A boumonnii L~lJ 
~.:J~'Umn LL(I~l1n~~LiJufl1'J~tJEJ11uVl~ltJ'lJU1U \ii'.:JJUfl1'l-rfn~lL~eJ Aboumonnii ~~tJtl1Vl~ltJ 
\I 

'IJU1U~.:IiJtl~1-1JtJ1~lU~(I~Yf\lfmtl'lJiJ(i)~lWl'U (combination therapy)(4) L vltJ 1~Ln(i)m'JL~~lJ 
~Vl~nulun1'Jfh~(i)L~tJ tJ1~iJtl~1.uAeJ carbapenems l(i)tJ1i~1~n'UEJ1n~lJ~u(4) L'liu 

aminoslycosides, polymyxins '\If~tJ beta-ladam ~?l~nu beta-lactamase inhibitors 

m'lPlm~l~~m'lL~~~~Vl~nU'lJtl.:JtIll1i'lU~(I~V'l~m~v A boumonnii V'l'\Jl1~fI11lJVI~ln'\lf~ltJ 
L'1ium'iHtl1n~lJ carbapenems ~llJnUtJ1n~lJ aminoslycosides V'lu"hiJ.x.:Jm'JL?l~~'lVl~U1;1~ 
hiiJfl1'JL?l~lJ'lVlinu~m"tl~mn (5) L'liuL~tllnUfl1'iHtl1n~~ carbapenems ~l~nUEJ1n~~ 
polymyxins ~V'lU11iJ.x.:J~iJ (6-8) LL~~hjiJfl1'JL~~~'lVl~nu (9) ~l'\lf-r'Ufl1'iHEJ1n~~ 
carbapenems ~llJnUtJ1n~lJ beta-lactam "'~tl beta-lactamase inhibitors m~~m?l~~'lVl~ 
(8, 10) L'Ii'UL~tJlnU tJ~1~hf1(Pl1lJfl1'JPlf1'\~1'lVli'lJtJ~tIll1i'lU~(I:UV'lm.u~1~nu~m~tJ A boumonnii 

~~tJEJ1'V1(11tl'lJU1U1~~1;1Ll.i?ltJ(i)f1~tl.:lnu ~.:Jtl1~Ln(i)~1f)?llm(PlU'i~fl1'i L 'liu fI11~'\II1;11n"'1;11tJ'lJtJ.:I 
, , 
~ 1tl~'U6 fI11~ LL(Pl n~l.:l'lJ tl~i6vi1-litum'iPln'l!t1LL1;1~fI11lJ LL!i1nl?!l.:J'lJtl.:J n1;1Ln n1'J~tltJ1'lJ tl.:lL "tl~111lJ1. 
Pin'l!t1 ~.:I n(lLn fl1'J~vEJ1'\111;11 El'lJU1UV'lU11iJ~u~vEJ1.x'l~v~UULfI'iLlJL'11lJ LL1;1~V'l 1;11?lij(ij

\I 

Genomic islands Atln~lJ'!Jtl~EjU'lJU1(ij1'\IIClhJ'J~mru 10-200 kb ~iifl1'JL~tl.:J~"leJtl1'U 
'U~Llru1mi'tAtl.:lnu'Uu lf1'i 1~L'11lJ'lJtJ~LLuflVib~tJ ~ ~"EjuL'VI~ldLtffeJLIi1-r'UlJ1~lnm~tJlU~l'i 
horizontal oene transfer l(i)tln~lJEjudl1f)~~iJu'J~lEl'lJt1~m"v(11) L'liu n~lJ8U~L~tJl-1Jv-lnU:>. • 

fI11lJ~'ULL 'i.:l'IJ eJ"L~eJlufl1'JrltJ1'ifl (pathosenicity islands) '\II~tJn~lJEju~L~tn-1JtJ"num~tJlufl1'i 
~ 

UJ'Yl1UeJ~~:U (metabolic islands) Vf~tlfl~lJ~'U~€l~l (antibiotic resistance islands), 

antibiotic resistance LiJUf)~lJ'lJtJ-lEju~tJtIl~.:I~lU1'\1f(lhh~ntJ'U~ltln~lJEju~~11J1'iC1
islands , ~, 

LfI~€lU~LIi1 (mobile ~enetic elements) L'liU intesrons LL1;1~ transposons ~"l1niiEju~eJEJ1mJ
\I, 

vl1l~Eju~eJtJ1?lllJ1'Jmfl~m..l~ml~~'I~.h'ULuv.muflViL~tl~Uhi'U~~L~v.:l~lnL~v?l~?llJEju~vEJ1Ln'U 

island vi'-ln~11~.:Jvl11~L~v~mJ1'\11(11tl'IJ'Ul'U (multiple antibiotic-resistance traits) !i1llJ 

~n'l!tru~Eju~tJtIl~iJ (12) ii'J1tl.:l1UV'lU antibiotic resistance islands 1UL~eJUUflViL~tl"'mtl'1liJ(i) 
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L'lItJ Staphylococcus aureus, Vibrio cholerae ll!;1:; Salmonella ~lV1-¥Ul~B A. baumannii 

ii~lt1~ltJnl'r~U antibiotic resistance island l~t/nll . A baumannii resistance islands VI~B 

AbaRs LI1lt/ AbaRs 'J:;LlVl~n~1B~lu ATPase gene (VI~m~tJf111 comM gene) tl'J~uuii 

~lm1U~U AbaRs 26 'llUI1l ~B AbaRI-AbaR26 (13-23) Ll1ltl AbaR1(13) dJu resistance 

island ~~Uf1~~ll~ml!;1:;~'1JU111l1V1ru~G'111l 86 kb tb:;nBuvi":H.JVtJ~mJ1 24 VU ~~LMm'li'B-lnUn1~. 
.% d I 0 

~ 

dl':/l a d ~ ciIII -=I 

VlBtI1lJ1fl(l~ 7 nmJ G'11V1~U AbaR VllJ'llU1Vll!;1nVlG'1I1lf1B AbaR2 (14) 'lI~lJ'UU111l 17 kb. . 
tb:;nBuvi'''WVU~Btll 4 VU ';h1~lnl1lf11~~BtI1vl1tJ'J!;1~~ 3 fl~lJ 

'JlnCJ!;1n1~~n~1~~lUlJ1~UllCJ!;1'1JB~n1~l~~lJ'lVlBn\;'llB~tl1vlTU~!;1~~n~lJv11'1'lv1Bl~B 
A. baumannii ~~BtI1 1~CJ(lhJG'1BVlf1~B-lnU ~'1dEll'JLnl1l'JlflG'11lVl(i1th:;n1~ l'llU f111lJ. 

.J.J'" ., , 1 Jf JI Q 4 odI I 

Vim nVl(ll tI'1JB~'i11t1~Uli m llJLL(i1 n(i11~'1JEl-l n!;1 n n1~VlEltl1'1JEl~L'lfElVlVlUllJ1 f'l fl~l VI~B f111lJ LL(i1n(i11'1 

'llB~16vi1-li1Ufl1~~n~lLdB~'J1 fl~VI(l1t/16L'lIU E-test dJtJi6~G'1:;VllmlVll~1 LL(;11 ~CJ(lLL(i1nv11'1~lfl 
16~LtJUlJ1m.ll1tJ (24) ~B Checkerboard assay ll(l:; Time kill assay ~,1tTULm'lrn~i~tld~~ii 
l(i1flth:;I'I'lflL~m;hfl1~V1I1lG'1BUf1V1~'llB'ItI1vl1t1'J!;1:e~vi1otl~llJnUv1m~El A. baumannii ~~BtI1vlTU• "I. 

~(I;~Vlmtl'llUlutibtli6 Checkerboard assay LL(I~ Time kill assay ~'1ltJui6lJ1m.lllU ll!;1~ 
~n~lm1lJ~lJ~tJl5'1JB~qVl~'lJ El~tI1vl1U ~(I:e~vhotl~llJnUf1Ufl (Ilfln1~~B tI1'll El~ L~B ~llJ ~'1 ~n~l 
lLUUlLCJUVl1~~U~m~lJ'lJB"L:ffB l~El1otlL tJ'ULlU1Vl1~1Ufl1~l~Bn1otltl1vllU~(I~~1Ufl1~-rn~lL~f1~11l 
l~B A baumannii ~~mJ1V1~ltJ'1J'UltJv1BhJ UBn'Jlnd'li'EllJ(I~hi'G'11lJ1~mb~tJn(i11-li1tJn1~" . 
~l'lJtJlrn~(i1~1'JVl1L~B A. baumannii ~~Elv1EltJ1Ll1ltJi6V11~~lLlJL~ n!;1LL~:atJ'ULLtJ'JVl1'11Uf11~. 
'" d 1!:'l '" 'i Q X ~ 
~1'lJ'U1tJ1L'I'm 'If ~Uf11~~fl~l b~f1(i1I1lL'lfBU b'UBUlf1(i1 

'UtlUL'U(+l'tltl.:JLfl'a.:JnTi1:ij'fj 

~lmh'lL:ffEl A. baumannii th~lJ1ru 200 "1t1~tJ5 ~'1LLtlfllvi'~ln~thtl1utb:;LVlI'11V1tJ Ll1ltJVlfl. " . 
I'IltJ~'U5'J~tlllJ1V1I1lG'1ElUmllJ11-¥U'lJB'IL:ffBv1 BtI1vl1UIiJ!;1~'WLL(I~~n~ln(llnnl'l~mn '.11 fl1rUL~B n . . 
x dX d.,. 'do? 

l 'lJBVlVl Eltl1V1(1 1tJ'll'U1UVllJ lLUU LLCJ'UV11'1~U~m~lJlL(i1 fl(i11'1 fltJ lJl~fl~1'lVl5'lJB~tJlvllU ~(I';'fjVl Lotl 

~llJn'U (Antibiotic synergy) ~1lJ~'1Pin~lmllJ~lJ~'U5'l:;'\..dl'1'lVlB'lJB'ItI1vllU~!;1;'fjmotl~'JlJnU 
ti'ufl(llnrn'l~mn 
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Conceptaulframeworks 

Antibiotic resistance ~enes 

~ .----- L_Chromosome 

Porin loss overexpression 

Eff\ux pump 

Antibiotic resistance Islan 1/ 
~\...•....... 

... 

••.....•..•...•.•,....\ .\...\ 

~mid 

multidru~-resistant A. baumannii. 

Syner~istic activities of antibiotic 

combinations a~ainst multidru~-resistant 

A. boumonnii. 

Genetic relationship amon~ 

multidru~-resistant 

A. boumonnii. 

t1'l::1f1't1t1~"'11'111~::1~~u 
Vf'!iJtI~lU~L~moiJ€J~l~LLri f1'J:;Vl'Jl~?llul'H1J?I'1J ?I llJl'H1uloiJm.m1tI L[:.J tILL~~L~€J1mUfn~. " 

-rm~l-rm~l f11'J~~L~€J A. baumannii ?llt1~U5~~€JtIlVfmtl'1JU1ULL(;'l:;LiJULLUlvm1Unl'JVlUVllU. 
f11'J1itiltliJ~hu:;1Uf11'J-rn~1~t11 tI ?l1lJ1'JC1U1L?lU€J[:.J~'llU1U'J:; ~tJU1Ul'1fl~ LL~ :;~VilJ~[:.J~~lU1U 

11'J'"1'lVll'l nl'Ju.~Vl EJ1U'l:;~tJU1Ul'1fl ~ 

u.m.Jn1'Hh f1Vl€J1'I bVl ",1'U1"~'lII~€J[:.J~ f11'l1~tI(;i mhm'1'l11lJlf1" . 
r1ru:;m ~tI~:;U1L"'U€J[:.J~~lU1U'J:;~tJ'1fl~LL~:;U1Ul'1fl~LL~ :;~VilJ~[:.J~nu1Ull'l?ll 'lVll~ n 1'l 

" 
u.~Vl6 1U'l:;~tJ'1fl~U.~:;U1Ul'1fl~ 'JllJ~~L[:.JtlLL~~mllJ~LL~:;~ltlVl€J~LVlr11Ul~m~ntJVI'l11tl~lU~ 

" 
L~moiJ€J~l~LLri f1'J:;Vl'll~"'ltll'Jru",'1J, dJu~'U 
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1. nl'H'lVlL~a n ~1mhrvftm'Unl'lPi m~n 
lii'1mh~L~B A boumonnii tJ'l~lJlru 200 (;lltl~'U5 1!il~lneJthtl1'UtJ'l:::LVlP11V1tl 1'Uti 2553, " 

2558 ~~1!il-r'UA11lJ B'ULml:::~~lnmlJ1VltllP11MI ~nl'lLLvm6LLfl:::L'l~'W tll'Ulfl~Wlfl~mru, , 
2. nl'lVlVl(;ltJ'UA11lJb-r'U'UB.,:jL~BI'iBtll!ihU~fl.y;'W, 
VlVlG'HJ'Uf'l11lJ11-r'UEJ1'UtJ.,:jL~€J Aboumonnii ~€Jtlln~lJ cephalosporins (ceftriaxone, 

• 

ceftazidime, cefotaxime LL(;1::: cefepime) !J1n~lJ aminoslycoside (amikacin LL(;1::: sentamicin) tllf1 

~lJ carbapenems (imipenem I.L(;1::: meropenem) !J1 n~lJ fluoroquinolones (ciprofloxacin) LL(;1:::tll 

colistin !il1tll5 Asar dilution ~l'Ufh MIC !illlJlJ1(il'l!l'U'UtJ.,:j Clinical and Laboratory Standard 

Institute (CLSI, 20161) 

3. ~n~l antibiotic resistance island 

f11'l~n~l antibiotic resistance island 1'UL~a A boumonnii 1oUf11'l!il'l1~Vll~'U~aEJ1'U 
" 

island !il1tllfi PCR LL(;1:::~n~lLm.,:j(;l~l~'Ua.,:j island ~~iJ'UtJ1V1 17-84 kb !il1tllfi PCR mappins 

4. ~n~l antibiotic resistance determinants 

!iI'l1~VnEJtJ~Btll 1!ilLl.n carbapenemase senes (b'll'U blooxa5l> blooxa23, blooxa24, blooxa58, 

blo,MP I.L(;1::: ) , ESBL (extended-spectrum beta-lactamases) LL(;1~ AmpC senes,blov'M 

aminoslycoside-modifyins enzyme senes 1.1.(;1::: 16S rRNA methylase senes (il'l1~Vl1f11'ln(;11tl 

~tJ~'UtJ.,:j8tJ gyrA LL(;1::: pore LVltJ1oU15 PCR LL(;1::: DNA sequencins 

5. 'VI ~ (;lB'U f11 ')L(;l~lJ Q'VI5 
< 
r1'U 'U €J.,:j!J1 ~1'U~fl.y;'WVlfl1 tJ'UiJ VI ~ €J I.~ 

" 
alii'1 a~1'l 

Checkerboard assay 

VlVl(;lB'Uf11'lL(;l~lJ'l'VI~r1tJ'Ua~!J1~ltJ~(;1~'WVlmtJ'UiJVI!ilm~B A boumonnii LdB'I~tJ!il1tJl5 
checkerboard assay LVltlVllr11 MIC 'UB~tJ1!ill'U~(;1.y;'WLL!ilfl:::'UiJVI (L'lI'U imipenem, meropenem, 

colistin, ami kacin) 1'U.fl11~~iJ tJ1~1'U~fl.y;'WLY1tJ~'UiJ~b~tJ1LLfl:::ii!J1!il1tJ~(;1;'W~'U~1lJ!il1 EJ LL(;1::: filmruLtJ'U, , 

I'll FICI (Fractional Inhibitory Concentration Index) 

Time kill assay 
< " 

VlVl(;l€J'U~UeJunl'lL(;l~mlVl5r1U'U€J'ltll~ltJ~(;1:S'WVI(;11tJ'UiJl1I!ilm~B A boumonnii !il1tl15 Time 

kill assay Il11m~tJ~L~B1u Meuller-Hinton broth ~ii!J1~lU~fl:S'W'!liJI1IL~tJ1Lb(;1:::VI(;11tJ'Ui1VlLLfl:::fi'ltJ1ruVl1, 
.I~ J' ..I""",,~ ..I ~ 'i
u'llJlruL'UB'VIlJ'U1!i1'V1L'lfll 0, 2, 4, 6, 12 LL(;1::: 24 '111 blJ.,:j 

" 
6. f11'l~n~lLL'U'ULLt:J'U'VI1'loW'U5m'llJ'UB'lL~B, 

~n~lLL'U'UI.Lt:JUVI1'loWuqm'llJ'UB~I.~a Il11tJlfi Pulsed-field sel electrophoresis (PFGE)L!iI~tJlJ 
A boumonnii DNA Il11tJ,j11..:ffBlJ1L!iI~tJlJl.tJtJ asarose pluS LLfl~vhf11'l~BtJ!il1CJ Apo I ~lmrU,jl DNA 

frasments 1tJLLEJnl111tJ Pulsed-field sel electrophoresis Il11tlH 1% asarose LL(;1::: O.SX Tris-borate

EDTA buffer LLfl:::cJBlJ!il'"W ethidium bromide ~1'Ut:J(;1mtJ1~Lb(;l~ UV ~ln,ru,jl PFGE pattern lJ1 

lLml:::~ 
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1. 	Bacterial strains 

(;]ltJcil~L~tJ A. baumannii 200 ~lEJ~W5 Hl~lfl~tht.J1'UtJ'i::;LVlPl1vlEJ ~~1~-r'UmllJtJ'ULA'il~'"" 	 . 
~lflfl'ilJ1VlEJ1PllMlifl1'iu.'WVl~LL~~h~'WEJ1'Uln~'Wl~~fl'iru lVlm~tJ 1 ~lEJ~'UfiLLEJflM~lfl~thEJ 1 'ilCJ. 	 ." 
~-lUllJl(?l'il~lLA'il~"'L~tJlVlEJ15cJtllJ~LLfl'ilJ, VlVl~tl'UtJlFl~t.J1Vll~:alLAlj I1i'~LLi.'1Vl~1'U\il1dl~~ 1 fl1Wll1\] 

lVlEJ1Bvm:al1lJLnflflVil1Vltl(?ldl\]'Y11 blaoxa-Sl ~~LU'U intrinsic resistance gene 'lJtJ~L~tl A baumannii 

\]lflfl1d~mnd'W'U~lL~tlVlfl~lt1~'U(jlj~'Ud L~mff~'Y1lJVlLn'UH~ -80°C. . 

n1'a'VIVlae3'Utllin~Vl'V11,:j111LRij e.J61n1'a'VIVlae3'U 

fl11fltllJ~U fl'ilJ Gram-negative coccobacilli 

Triple Sugar Iron agar Alkaline slant Ineutral butt 

Oxidase test Negative 

Motility Non motile 

OF glucose Oxidation 

Urease test Negative 

Growth at 42°C Growth 

Growth at 44°C Growth 

Nitrate Reduction Negative 

2_ fl1'aVlVli.'1tl'UA11lJhru'lJ tl~L~tll'i tlEJ11'11'U~fi:U'W. 
'VlVli.'1tJumllJ11-rU'tltJ~L~tJ A.baumannii I'itltJ1fl~lJ cephalosporins (ceftriaxone, ceftazidime, 

, 
cefotaxime LLfi~ cefepime) tllfl~lJ aminoglycoside (amikacin LLfi~ gentamicin) tJ1 fl fi lJ. 
carbapenems (imipenem Ufl~ meropenem) til fl~lJ fluoroquinolones (ciprofloxacin) LLfl~tll 

colistin ~1t115 Aoar dilution method L~e)'m'1i'VlVl~tl'Ut1fltJ-r'U1~ljmllJ'll'U 0.5 McFarland 1'U 0.85% 
:, 	 -u' 

NaCl Lu~::;~m~tl~l~fl-l 10 LVl1 ~lm~€lfl~'U'U Mueller-Hinton agar 1VltlH multi-inoculator ~ljtll 

I'il.:J'lil~~'U lVlEJtJ11~~m~tJn.:m'U'U two-fold dilution 1mvi'1~I1i''UmllJLilJ.ff'U'1Jtl'ltJ1~.:m1ii 0.016 n'l 

256 jJo/ml UlJL'Wl~L~tJ~~ruVlJJiJ 35-37°C LU'ULlfl1 18-24 il1lJ~ LL~~eh'U~h MIC (Minimal 

Inhibitory Concentrations) ~Al1lJLiJlJiJ'U'lJtJ~tll~UtJ tI~~Vl ~fJ'U8.:l fll'H~~f1!L~Ul(?l'1Jtl.:JL~tl LLfl~LLtJm·m 

\il1lJlJlm~l'U'tI€l'l CLSI1VlEJL~tl Escherichia coli ATCC 25922 LLn~ Pseudomonas aeruginosa ATCC 

27853 H~lV1-rudJ'U(;]lAl'U'1lJmllJ~fll'1tl~'1Jtl.:Jfl1'i'VlVli.'1€lU L~tl~~tJ~tlEJl imipenem, meropenem, 

amikacin ,gentamicin, cefotaxime, ceftriaxone, ceftazidime, cefepime, ciprofloxacin, colistin 

\]~ij~h MIC ~8, ~8, ~64, ~16 , ~64, ~64, ~32, ~32, ~4,~4 ~l1mhl1i'u 
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3. Plfl~l antibiotic resistance island 

nl'.lPln~l antibiotic resistance island 1'UL~fJ A. boumonnii Hnld(;\d'J~'VIlfj,.J~fJ~l'U 
island (9)'JtJ15 PCR Lb61~Plfl~llf1d-:)~~wUfJ-:) island ;-:)ii'U'UlVi 17-84 kb (9)'JtJ15 PCR mapping (25-26) 

H Primer ~-:)bb~V1-:)1'U(;\ldl-:)~ 2 

.J 
~1'i1"1'V1 2 Primer mmUm'iAm~J1 antibiotic resistance island 1'Ub~tl A. baumonnii (25,26) 

Product 
Region Primer Sequence ( 5'-3') 

size (bp) 

Tn6020 RH601 GATGGAGCTGCACATGAACC 2114 

aphAI-F AAACGTCTTGCTCGAGGC 

Tn6020 aphAI-R CAAACCGTTATTCATTCGTGA 1212 

IS26F ACCTTTGATGGTGGCGTAAG 

Tn6020-intll aphAI-R CAAACCGTTATTCATTCGTGA 2443 

intl1-RV GGGCATGGTGGCTGAAGG 

Tn6020-Tn5393 aphAI-F AAACGTCTTGCTCGAGGC 2267 

RH520 CATGGCCCAGCGCGATACTTCAG 

comM RH791 TGCTGCAATGAGCTGAAAGT 982 

RH913 GCCTCTCATTGAGGTTGAGG 

comM-AbaR RH927 CAACCCTGTCTTTGCATTTG 846 

RH792 TTCGAGCTTGAAAACTGCAC 

AbaR-comM RH916 CCCAAATACTGCCATGTTGA 796 

RH928 GCCAGCAAGCTCAGCATAA 

uspA-Tn6018 RH793 CCCAAGAGAGCTGATTTTGC 1620 

RH767 CCTCCCGATGTTTGGATATG 

Tn6018-uspA RH770 CGATGCCCTAGAGAGAGTGCGC 1615 

RH771 TGTAAAATCTGGTGGTCGTAC 

Tn6018-L-MARR RH770 CGATGCCCTAGAGAGAGTGCGC 1526 

RH901 GCGGCTCTATCCCTAGTTCC 

Tn6018-R-MARR RH766 TCCTGCGTCAAAATCTGCTGTG 1435 

RH767 CCTCCCGATGTTTGGATATG 

orsC RH799 GCCACAAAGACACGCTAACT 984 

RH800 GATCGTAACCTCACGCTATGG 

uspA RH919 TGTCAAAAATTATTGCATGT 632 
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Region Primer 

RH793 

top RH903 

RH904 

Tn6018 
RH768 

(cadA-tnpA) 

RH769 

Tn6019 (left end) RH791 

RH909 

Tn6019 (left end) RH910 

RH911 

Tn6019 (left end) RH912 

RHBOO 

Tn6019 (left end) RH799 

RH767 

Tn60l9 (right end) RH772 

RH913 

Sequence ( 5'-3') 

CCCAAGAGAGCTGATTTTGC 

GGGCAAGGTGAAGAAGATCA 

GTCTGATAGCTGGCGTCACA 

GAATCGCTGGTGATGATGGC 

GGTCTGAGACTTCGTGAGCGC 

TGCTGCAATGAGCTGAAAGT 

GCGATTCAAAATATCGGTCAA 

GCGATAGTGAACGGATTGAGA 

GCGATTCAAAATATCGGTCAA 

GGGGGAGAGTATGAATAGCACTT 

GATCGTAACCTCACGCTATGG 

GCCACAAAGACACGCTAACT 

CCTCCCGATGTTTGGATATG 

GCAGCCATAGGAATGACTTTTA 

GCCTCTCATTGAGGTTGAGG 

Product 

size (bp) 

1935 

1630 

3120 

3607 

3945 

4350 

3949 

4, Pif)'I!Il antibiotic resistance determinants 

1i111~VllEj'UimJ11~EJiIT PCR LL~~ DNA sequencing L'lI'U carbapenemase genes (Liu 
blooxas!J blooxa2}' blooxa2<lJ blooxa s8, blolMP LLGl~ blovlM ) , E5BLs LL~~ AmpC genes, 

aminoglycoside-modifying enzyme genes LL~~ 165 rRNA methylase genesl~LLri aphA6, 

oodAl, oodB, oocCi, oocC2, oph31, ormA, rmtB, rmtC, ooc6'lb, oph3VI, LL~~ ooc6'Ih LL~~ 

(;l~l~Vllf)1~f)GllEJ~'Uq'!J€l.:lEj'U gyrA LL~~ parC Primer vtl.ut'Uf)1~Pif)'I!Il~.:lLL~~.:l1'Um~1.:l~ 3-6 



16 

oJ
mnlVl 3 Primer G11'VI-runl'~~,)1~'VI1 Carbapenemase ~enes (27-35) 

Gene Primer Primer sequence (5' - 3 ') Product 

size 
(bp) 

bloOXA23 OXA23-F GATCGGATTGGAGAACCAGA 501 
OXA23-R ATTTCTGACCGCATTTCCAT 

blooXA2a OXA24-F GGTTAGTTGGCCCCCTTAAA 249 

OXA24-R AGTTGAGCGAAAAGGGGATT 

blooXA-51 OXA51-F TAATGCTTTGATCGGCCTTG 353 
OXA51-R TGGATTGCACTTCATCTTGG 

bloOXA58 OXA58-F AAGTATTGGGGCTTGTGCTG 599 

OXA58-R CCCCTCTGCGCTCTACATAC 

blo/MP IMP-F GGAATAGAGTGGCTTAAYTCTC 188 

IMP-R CCAAACYACTASGTTATC 

bloV1M VIM-F GATGGTGTTTGGTCG CATA 390 

VIM-R CGAATGCGCAGCACCAG 

bloKPC KPC-F 5'-CGTCTAGTTCTGCTGTCTTG-3' 798 

KPC-R 5'-CTTGTCATCCTTGTTAGGCG-3' 

bloNDM NDM-F GGTTTGGCGATCTGGTTTTC 621 

NDM-R CGGAATGGCTCATCACGATC 

bloOXA-48 OXA-48-F GCGTGGTTAAGGATGAACAC 438 

OXA-48-R CATCAAGTTCAACCCAACCG 

blo OXA-la3 OXA143-F TGGCACTTTCAGCAGTTCCT 149 

OXA143-R TAATCTTGAGGGGGCCAACC 

blo OXA-235 OXA235-F TTGTTGCCTTTACTTAGTTGC 768 

OXA235-R CAAAATTTTAAGACGGATCG 

entire bloOXA23-1ike OXA23-likeF GATGTGTCATAGTATTCGTCG 1065 

OXA23-like R TCACAACAACTAAAAGCACTG 

entire blooXA2a-like OXA24-like F GTACTAATCAAAGTTGTGAA 1021 

OXA24-like R TTCCCCTAACATGAATTTGT 

entire bloOXA51-like OXA51-like F TACGCCAATCCATACAGCAA 1416 
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cl 
U11'J1'lVl 4 Primers ~1V11Unl'J(i)'Jl'lVil ESBL.U~~ AmpC ~enes 06-39) 

Gene Primer Primer sequence (5'- 3') Product size (bp) 

name 

bloSHV SHV-F AGGATTGACTGCCI I I I IG 392 

SHV-R ATTTGCTGATTTCGCTCG 

bloTEM TEM-C ATCAGCAATAAACCAGC 516 

TEM-H CCCCGAAGAACGTTTTC 

bloVEB VEB-A CCTTTTGCCTAAAACGTGGA 216 

VEB-B TGCATTTGTTCTTCGTTTGC 

bloCTX-M CTXM-A CGCTTTGCGATGTGCAG 550 

CTXM-B ACCGCGATATCGTTGGT 

bloOXA OXA-F ATATCTCTAACTGTTGCATCTCC 619 

OXA-R AAACCCTTCAAACCATCC 

bloMOX MOXMF GCTGCTCAAGGAGCACAGGAT 520 

MOXMR CACATTGACATAGGTGTGGTGC 

bloCIT CITMF TGGCCAGAACTGACAGGCAAA 462 

ClTMR TTTCTCCTGAACGTGGCTGGC 

bloDHA DHAMF AACTTTCACAGGTGTGCTGGGT 405 

DHAMR CCGTACGCATACTGGCTTTGC 

bloACC ACCMF AACAGCCTCAGCAGCCGGTTA 346 

ACCMR TTCGCCGCAATCATCCCTAGC 

bioEBC EBCMF CTTCCACTGCGGCTGCCAGTT 302 

EBCMR TCACAACAACTAAAAGCACTG 

bloFOX FOXMF AACATGGGGTATCAGGGAGATG 190 

FOXMR CAAAGCGCGTAACCGGATTGG 

Gene Primer name Primer Sequences (5' - 3') Product size (bp) 

gyrA 

porC 

~yrAJ 

~yrA_R 

parC F 

parC R 

AAATCTGCCCGTGTCGTTGGT 

GCCATACCTACGGCGATACC 
ATGAGCGAGCTAGGCTTAAA 

TTAAGTTGTCCTTGCCATTCA 

344 

300 
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~1'i1.:J~ 6 Primers ~1V1-r'lJnl'l~'l1~Vl1fhj~mJ1n~lJ aminoglycoside (41-45) 

Target Primer sequence (5 ' - 3') Product size (bp) 

aac6'lh F : TGCCGATATCTGAATC 407 

R: ACACCACACGTTCAG 

aac6'lb F : TATGAGTGGCTAAATCGAT 395 

R:CCCGCTTTCTCGTAGCA 

aph3VI F : CGGAAACAGCGTTTTAGA 716 

R: TTCCTTTTGTCAGGTC 

aadB F : ATCTGCCGCTCTGGAT 404 

R: CGAGCCTGTAGGACT 

aadAl F:ATGAGGGAAGCGGTGATCG 792 

R: TTATTTGCCGACTACCTTGGTG 

aph31 F:ATGTGCCATATTCAACGGGAAACG 816 

R: TCAGAAAAACTCATCGAGCATCAA 

armA F :ATTCTGCCTATCCTAATTGG 315 

R:ACCTATACTTTATCGTCGTC 

rmtB F:GCTTTCTGCGGGCGATGTAA 173 

R:ATGCAATGCCGCGCTCGTAT 

rmtC F:CGAAGAAGTAACAGCCAAAG 711 

R:ATCCCAACATCTCTCCCACT 

aphA6 F:CGGAAACAGCGTTTTAGA 716 

R: TTCCTTTTGTCAGGTC 

aacC1 F:GACATAAGCCTGTTCGGTT 372 

R: CTCCGAACTCACGACCGA 

aacC2 F:ATGCATACGCGGAAGGC 822 

R:TGCTGGCACGATCGGAG 
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< ~ 

5. V1~(l mJ tll'H(l~lJ ~V15tl'W'1J eJ'i 81 Ji'1'W ~ fI~'Vi'vjfl18'1lU~~m~eJ~lmh'i 

Checkerboard assay 
< v ~ 

V1~~eJUfl1'lbl'\~lJ~Vl5n'W'1JeJ'im!?l1'W~fI~'W'vjfllV'1lu~vim~El A. boumonnii LUEl'lJi''WJi'lV15 

checkerboard assay 1'U 96-well plate L~V'vI1fh MIC '1JElilV1Ji'l'U~fI~'Viuvim:;'1lu~ lJi'LLr1 imipenem, 

meropenem, colistin, amikacin L~vlcr broth microdilution L~mHuL~El1'vj1~i'111lJ~'U 0.5 

McFarland 1~"t'U cation-adjusted Mueller-Hinton broth ~ilm!?l1'U~fI~'WLY;V'l'lJU~L~tl1LLfI~ilmJi'1'U 
~fI~'W~'U~1lJ~':wlc;i'LLr1 carbapenems (imipenem and meropenem) ~llJtlU amikacin 'vj~eJ colistin 

L\1lmJlJL~eJ~eJru'VIlliJ 35-37°C LiJ'UL1fll 18-24 .ff1LlJ'l ~'1~l'Ut:JfI ~1 MIC AeJ~1i'1l1lJL-illJ-iI'U'1JeJ'Im~1~~11l 
,II ' \J 1.1 ~ 

ViEJUEJilfl1'lL~~'1J'1JEl\!L~El bLfI~t11lJlr11'U1ru~1 FICI (Fractional Inhibitory Concentration Index) ~\!ii 

FIC indexcombination = MICdrug A in combination MI~dru~ B in combination 

MICdru~ A alone I MICdru~ B alone 

L~mLLJflt:JfI~'l'd 
Synergy: FIC index s 0.5 

Additive : 0.5 > FIC index s 1 

Indifference : 1 > FIC index s 4 

Antagonism: FIC index> 4 

Time kill assay 
< v 

V1~~eJU~'UEJ'Ufl1'lL~~lJ~V15tl'U'1JeJ\!V1Ji'1'U~fI~'Vi'1I1f11t1'llu~vim:;Jtl A.boumonnii ~ltllcr Time kill 

assay L~m~tI\!L~eJ 106 cfu/ml 1'U Mueller-Hinton broth ~ilV1Ji'1'U~fI~'W'!jU~L~tl1ml~'vjmtl'llUVl UlJ 

L~tl~~ru'vj1Jij 35-3lC dJ'UL1m 18-24 -a-1LlJ\! LLfI~vh colony count ~'li1\!LJfl1vil\!1 r11'U1ru'vj1LJ~lJlru 
L~tl~il~11il~L1fll 0, 2, 4, 6, 12 LLfI~ 24 -a-1LlJ\! vi1fl1'lVl~~eJU.ffl 3 f1~'l 

LVlmLtJflt:JfI~.:J~ 

Synergistic activity : iltl1'lfl~fI\!'1Jtl\!L~tl ~ 2log10 (cfu/ml) 


Bactericidal activity: iltl1'l"'~fI\!'1JeJ\!L~eJ ~ 3log10 (cfu/mL) 


6. fl1'lPim~l LL UU LLt:J'UV11.:J~'W~tl'l'llJ'1JeNL~El 
Pim~lLLUULLt:J'WV11\!~'W~m'llJ'1JEl\!L~eJ L~tl15 Pulsed-field gel electrophoresis (PFGE) vilL~tI 

LIil~VlJ DNA L~tlt1-IL~eJmblil~8lJLU'U agarose plug Llfl~~eJ8~lmeJ'Wl"/Jl1 Apal 50 Unit ~ 37°C LU'WLJfll 

5 .ff1LlJ\! ~lmr'W't11 DNA fragments lLJLLtJtlL~tI Pulsed-field gel electrophoresis 1l1ltlH 1% agarose 

LLfI~ 0.5X Tris-borate-EDTA buffer ~m1~vtt.;n'Wtl1'l run AEl initial pulse 5 s, final pulse 35 s, 

6V1cm 1'1i'LU'WL1m 24 .ff11lJ.:J VeJlJ~ltl ethidium bromide ~1'Ut:Jflmtl1Ji'LL~':) UV ~lmr'Wt11 PFGE 

pattern lJl1LfI'll~~~ltl FPquest software (BIO-Rad) 1~1tJ1off Dice coefficient clustering Ufl~ 

unweighted-pair group method with arithmetic averages 
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~... .!:, " "" 1. n1~'VI\il~H)tJfl111./L'J'.itJ'tlij.:jL'tfij~ijV1\ill'U~&l'tf'W. 
L~eJ Acinetobocter boumonnii ~l'Ul'U 200 ~lEj'WtJ~ UllJlVl~~tltJfl11lJb~'U'1JeJ'lL~eJ~mJl 

tJD,hu::: lt1ltJvilf1l':iV1'.i1~~lfh minimal inhibitory concentration (MIC) ~'Wi5 agar dilution tJl 

tJD~htJ:::~Vlt1l~E1'Ul~LLri tJlfl~lJ cephalosporins (ceftriaxone, ceftazidime, cefotaxime LLi;l::: 

cefepime) tJln~lJ aminoglycoside (amikacin LLi;l::: gentamicin) tJlfl~lJ carbapenems (imipenem 

LLi;l::: meropenem) tll n~lJ fluoroquinolones (ciprofloxacin) Ui;l:::tJl colistin 

e.Ji;lfll'l~fl'\oflY'l'U'h L~eJ Aboumonnii ~mJ1 carbapenems (imipenem LL~::: meropenem), 

aminoglycosides (amikacin LLi;l::: gentamicin), cephalosporins (cefotaxime, ceftriaxone, 

ceftazidime Ui;l::: cefepime), LLi;l::: fluoroquinolone (ciprofloxac'in) ltJei'(ll':il~~'1fi.:J 78-91 % tJflLltJ 

tJl colistin ~Y'l'Uei'~':ilf1l'l~eJtJ1~~llJlnAeJ 1.5% e.Ji;lfll':iVlt1l~eJ'U~'lLL~t1l'll'U m':il'l~ 7 

.d lv.f QJ~
(;ll'll'lVl 7 e.Ji;lf1l'lVlt1l~eJ'UmllJ 1'l'Utll'1JeJWlleJ Aboumonnii 200 ~ltJVfU5. 

Antibiotics MIC range 

(mg/l) 

No. of isolates 

(% Resistance) 

Imipenem 0.125 - 256 173 (86.5) 

Meropenem 0.125 - 256 175 (87.5) 

Amikacin 0.5 - >256 156 (78) 

Gentamicin 0.125 - >256 161 (80.5) 

Cefotaxime 2 - >256 175 (87.5) 

Ceftriaxone 2 - >256 174 (87) 

Ceftazidime 1 - >256 171 (85.5) 

Cefepime 1 - >256 182 (91) 

Ciprofloxacin 0.06 - >256 171 (85.5) 

Colistin 0.5 - >256 3 (1.5) 

2. ftm~1u.tJtJu.~'U'VI1..:j~'U~n'.i"j1l1\iltl Pulsed-field gel electrophoresis (PFGE) 

~f1'\oflLL'U'ULLe.J'UVll-:j~tJ~m'llJ~1tJi5 PFGE 1~tJf1l':i~t1l~lLY'l1:::~1meJ'Ul'1!l1 Apall'U~1LLVl'UL~eJ A 

boumonnii 20 ~ltJ~'U5 e.Ji;lfll'l~f1'\oflLL'U'ULLc.J'U'V11-:j~'U5m'llJ lt1ltJ PFGE Y'l'UL~eJ A boumonnii iifl11lJ. . 
Vli;llflVli;lltJ LLU'll~dJ'U 13 PFGE type (90% similarity) ~'lLL~t1l.:rh ~'lLL~~-:jl'U~tJ~ 1 ~.:J';;eJl;Ji;lm~~::: 
~'W1'LIf11'lr1~L~eJflL;ffeJ~iiLL'U'ULLc.JtJVll\l~'LIqm'llJ'1JU~~l.:J 11tJP1f1'\ofl~E11tJ 
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AB-Apal-SET2-20 (20 entries) 

Ob.«()pt:l.00"!f.)(I'oI,m..l.0'4)~.01I.S>(j ·~)I(Ul"""'OO~1 

AINI-PFGE Apa~FGE 

No of isolate PFOf type 

4 

OM37 

OM 58 

AC40 

AC44 

AC18 

AC28 

OMS 

OM13 

OM22 

58 

97 

29 

3 

AC3 

I 

2 
2 

7 

8 

10 

10 

10 

11 

12 

13 

d X ,
aU'Vl 1 Dendro~ram 'UeJ-.lL'1leJ A boumonnii 20 G'lltJ~'Uq ~lfl Apal PFGE pattern 

3. n1'IAmn antibiotic resistance determinants 

~fl·l.nfl~1flfll'j~mnfl~l.J carbapenems 1~bbn imipenem bbl:1~ meropenem 1'U~1bb'V1'UL~a A 

boumonnii ~ih~!ilu MIC ~1-.l'l -;il'U1'U l20 G'lltJ~'U~ Ll'lmtJ'UG'lltJ~'U~~~mnfl~lJ carbapenems 102 

G'lltJ~'U~ bL~~b~eJtJl 18 G'lltJ~'U~) Ll'ltJm1~V11~'U~G'lfl-.lbeJ'U1'1l11 carbapenemases 1~bbn blooxa-Sl , 

blooxa-23, blooxa-24, blooxa-S8, blooxa-143 ,blooxa-23s, blooxa-48 , blo,MP, bloVlM, bloNDM hW16 Multiplex 

PCR ~Ul1 b~eJ A boumonnii 120 G'lltJ~'U6 iJv'U blooxa-Sl 'V1fl~ltJ~'U5 ~-.lbtJ'U intrinsic resistance , " 
gene LVltJ OXA-51 il weak hydrolytic activity ~eJtJlfl~lJ carbapenems ~U1~'UL~eJ A boumonnii 

YlflG'lltJ~'U~ b~eJ~il blo OXA51 L~tJ-l'U{jVlL~tJ1 LtJ'UL~eJm1vlmJ1~eJtJlfl~lJ carbapenems ill'll MIC 1'U 

'j~!ilU~l (MIC ran~e 0.125-2 mo/'U G'ilV1-rUL~eJ A boumonnii ~~eJtJlfl~lJ carbapenems ~.:J'VIlJl'l 
102 G'lltJ~'U6, ~Ul1Vlfl~ltJ~'U6ijEi'U, blooxa-23 ~1lJfi'U blooxa-sl bLM1.:Jl1 blooxa-23 LtJ'UV'U~tltJlfl~lJ,, 

carbapenems ~~UlJ1fl~~l'l1'UL~eJ A boumonnii ~bbtJfl1~'<illfl~tJ1tJ1VltJ ml'<ilhi~uv'U~G'lfl-.lLeJ'U1'1l11 
carbapenemases '/j{jl'l~'U 'l 1~LLn blooxa-24 , blooxa-S8, blooxa-143 ,blooxa-23s, blooxa-48, blo,MP, bloViM 

LL~~ bloNDM ~~!il'lLLMI'I1'U\illn:J~ 8 
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1il1~1'1~ 8 m'j(;)'jl\lvn~h.J~"hm:11.J1'/111 carbapenemases 1'UL~eJ A. boumonnii 

v 

Carbapenemase senes ~l'UllJL~B (%) Imipenem Meropenem 

MIC (ms/U MIC (ms/U 

bloOXA-51 alone 18 (15) 0 .125-1 0.125-2 

bloOXA-51 and blooXA-23 102 (85) 8-256 16-128 

f11'j~m-f1n~1nf11'j~mJln~:!J aminoslycosides 

Vl1f11'j(;)'jl\lV11 aminoslycoside-modifyins enzyme senes LL~~ 165 rRNA methylase 

senes l~LLri ophA6, oodAl, oadB, oacCl, aacC2, aph3/, ormA, rmtB, rmtC, aac6'/b, aph3V/, 

LL(;l~ ooc6'/h 1'UL~eJ A.baumannii ~.:lV1:!J~ 20 ~ltJ~lJ5 (l~tJLU'U6'11tJ~'U5~~eJtJ1n~:!J aminoolycosides, ,,::, 

18 6'11tJ~'U~ LLm~11~eJtJ1n~:!J aminoslycosides 2 ~ltJ~'U~) ~ltJi5 PCR c.J(;lf11WI~~eJUv1.:lLL6'1~.:l1'U (9I1n~ 

~ 9 l~tJ aminoslycoside-modifyins enzyme senes ~'WU:!J1n~~~~eJ aph3/ 'WU 12 "ltJ~'U~(fi~ 
LUt! 66.67%) 'jtJ'I(;l'l:!Jl~eJ aodAl 7 ~1t1~'U~ (38.89%), aodB 5 ~1t1~'U~ (27.78%), aph3V/ 5 6'11t1 

~'U~(27 . 78%), aphA6 5 ~ltJ~lJq (27 .78%) , aocC2 4 6'11tJ~'Uq (22.22%), LL(;l~ ooc6'/b 3 ~ltJ~t!q 
d CLI ~cJd""11

(16.67%) '/1-1 :!J'WU~ltJ'W'U5V11JtJ'U aacCl LL(;l~ aoc6' Ih L(;ltJ. 
~lV1~U 165 rRNA methylase senes 'WULtl'W1~~t! armA l~tI'WULUlJ'ih'Ul'U:!J1n(i.:l 12 ~ltJ~t!q 

(fi~LU'U 66.67%) l~tJhJ'Wu~'U rmtB LL(;l~ rmtC 1'UL:5eJ~~eJtJln~:!J aminoslycosides ~.:l 18 ~lt1~lJq 
.0::4 OJ I Jf.JJ' I ell d I Jt 1'" ~I

L:!JeJ\l~n~:!JL'1leJVI~BtJ1n~:!J aminoslycosides 1il11JtJt!V1'WU~1:!J1'j(1LLUW1H) ~Lut! 6 
I..., 1

n~:!J ~.:lLL6'1~-1 'U 
d 

lJm1.:l'Vl1O 

http:U~(27.78
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m'i1'1vi 9 j;.Jflf11'iI'l'JT'lVil amino~lycoside-modifyin~ enzyme llfl:: 165 rRNA methylase ~enes 

Isolate AKMIC 

(m~/L) 

GN 

MIC 

(mo/l) 

.., 
~ 
0 
0 

iV') 
-c 
Q 
0 

<:( 

§ 
0 

~ 
0 
0 

93 
§ 

~ 
§ 

\Q 

1 
Q 
0 

.., 
~ 
\J 
0 
0 

tl 
\J 
0 
0 

-P
\Q 
\J 
0 
0 

::; 
\Y) 
-c 
Q 
0 

f: 
\Q 
\J 
0 
0 

1 >4096 >256 + + + - - - - - - + - -

2 >4096 >256 - + + - - - - - - - - -

3 0.5 2 - - - - - - - - - - - -

4 >4096 >256 - + + - - - - - - - - -

5 >4096 >256 - + + - - - - - - - - -

6 >4096 >256 - + + - - - - - - - - -

9 0.5 2 - - - - - - - - - - - -

29 512 256 + - - + - - + - + - + -

58 32 32 + - - + - - + - + - + -

97 16 64 + - - + - - + - + - + -

AC3 4096 >256 - + + - - - - - - - - -

AC18 >4096 >256 + + + - - - - - - + - -

AC28 >4096 >256 + + + - - - - - - + - -

AC40 1 >256 - + - - - - - - - - - -

AC44 >4096 >256 - + + - - - - - - - - -

DM6 128 >256 + - - + - - + - + - + -

DM13 4096 >256 - - + - - - - - - - - -

DM22 16 >256 - - - + - - + - - - + -

DM37 >4096 >256 - + + - - - - - - - - -

DM58 >4096 >256 - + + - - - - - - - - -
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d Q.J I ~ clJ' I d % .J 
1il1'.i1.:!'V1 10 e-Ji:1f1l'J~~fl~:Ub'IHl A. boumonnii VI~e:JtJlfl'1:U aminoglycosides \il1:UV'U~€lV1V1~U 

~l'Ul'U~lVi'Uq 

(%) 

Amikacin MIC range 

(mg/l) 

Gentamicin MIC range 

(mg/U 

oodAl, oph3/, ormA, 

ooc6'/b 

3 (16.67%) >4096 - >4096 >256 - >256 

oph3/, ormA 8 (44.44%) 4096 - >4096 >256 - >256 

oodAl, oodB, ophA6, 

oocC2, oph3V/ 

4 (22.22%) 16  512 32 - >256 

oph3/ 1 (5.56%) 1 >256 

ormA 1 (5 .56%) 4096 >256 

ood~ ophA~oph3~ 1 (5 .56%) 16 >256 

f1l'l~fl'\.nfli:11nf1l'J~eJtJln~lJ extended-spectrum cephalosporins 

vi1fl1'.i\il'fHVll~'U~~1-lb€l'U1'1l11 ESBLs bbi:1:; plasmid-mediated AmpC 1'U Aboumonnii 1'U 

L~eJ Aboumonnii .x-lVl:U~ 20 ~ltJitJq 1'Uf1l'.i~n~lflf-ld~ULtJ~l~~'U~~~1-l ESBL '1lU~ VEB-l 4 ~ltJ 
i'Uq (20%) bbl'i1:w~u plasmid-mediated AmpC (m'.il-l~ 11) 

fl1'i~n~lfli:11flfl1'.i~eJtJlfl~:U fluoroquinolones 

vilfl1'.i!l1'.il~Vll mutation 1'U~'U gyrA LLi:1:; porC 1'Ub~€l Aboumonnii ~~mJ1 ciprofloxacin 

(MIC>4mg/L) ~Uf1l'.iLii~ mutation 1'U~'U gyrA LLi:1:; porC t~tJ gyrA ~u~vhuVl'tl-l Serine 83 -> 

Leucine (S83L) I'ilVl~U porC ~U~vilLLVI,j-l Serine 80 t~tJ~Ufl1'.i mutation 1~~eN~tJLLUufieJ Serine 

80 -> Leucine (S80L) Lbi:1~ Serine 80 -> Tyrosine (S80Y) (mn:J~ 11) 
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isolate CTX 

MIC 

(mg/l) 

CRO 

MIC 

(mg/l) 

CAZ 

MIC 

(mg/l) 

FEP 

MIC 

(mg/l) 

ClP 

MIC 
I

(mg/l) 

mutation 

of gyrA 

mutation 

of pore 

ESBL 

genes 

AmpC 

genes 

1 256 >256 256 64 32 S83L S80L - -

2 >256 >256 >256 >256 64 S83L S80L - -

3 32 64 16 64 0.5 NO NO - -

4 >256 >256 >256 >256 128 S83L S80L - -

5 >256 >256 >256 256 64 S83L S80L - -

6 >256 >256 >256 128 128 S83L S80L - -

9 32 32 16 128 1 NO NO - -

29 256 256 >256 256 64 S83L S80Y VEB-1 -

58 256 256 >256 256 64 S83L S80Y VEB-l -

97 256 256 >256 256 32 S83L S80Y VEB-l -

AC3 >256 >256 >256 >256 64 S83L S80L - -

ACl8 256 >256 64 >256 128 S83L S80L - -

AC28 >256 >256 256 >256 64 S83L S80L - -

AC40 >256 >256 >256 >256 64 S83L S80L - -

AC44 >256 >256 >256 >256 64 S83L S80L - -

OM6 >256 >256 >256 >256 32 S83L S80Y VEB-1 -

OM 13 >256 >256 >256 >256 64 S83L S80L - -

OM22 >256 >256 >256 >256 64 S83L S80Y - -

OM37 >256 >256 >256 >256 64 S83L S80L - -

OM 58 >256 >256 >256 >256 32 S83L S80L - -

CTX=cefotaxime, CRO=ceftriaxone, CAZ=ceftazidime, FEP=cefepime, CIP=ciprofloxacin 

4. nTaAmil antibiotic resistance island 

'illflf)1'.iPim~l antibiotic resistance island 1tH~tJ A. boumonnii ~~tJmfl~lJ carbapenem 5 

~1~~'l.1t~· ~lEJ16 PCR mapping 1~tJ~v1-3LLM)-llu~oJ~ 2 llilEJ antibiotic resistance island dLLV1'.ifltJ~lu 
~'U comM ~-lmjtJ'Ulfl'.illJl'ijlJ'lJe.J-3L~e.J llilEJVitJ"h£j'U~~11-l carbapenemase '1lUlil OXA-23 mJ'U'U 

" \J 

antibiotic resistance island 'lJe.J-3L~mff-3 5 (11~~'U~ jj~fl~ru~fl~lWltJ AbaR4 type oJ'.i~fle.JtJ1oJ 

http:1~~'l.1t
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~lEJ transposon Tn6022 ~'lh~fleJ'U~lEJ~'U tniC, tniA, tniB, tniO, tniE, uspA, sup LL~~ orf4 LL~~:W 
~l'Utl'J~neJ'U'!J€l.:J carbapenemase ~ene LLVI'Jfl€l~mEJ1'U transposon Tn6022 ~.:J bloOXA-23 €l~lU 
transposon Tn2006 'Lh~fl€l'U~"lEJ ISAbal, yeeA, orf, ATPase, bloOXA-23, LL~~ ISAbal eJ~l.:Jhil{ll1lJ1'U 

isolate No.4 LL~~ 29 ~1'U'!J€l'l Tn6022 'W'U';h:Wfl1'J'!Jl~VllEJ1tl'!J€l'l~'U tniO 

Isolate No.1 

uspA 

Isolate NO.3 

uspA 
• ~ - _.-. '-- $ --_ • • 

Isolate No.4 

Isolate NO.5 

uspA • . -

•uspA 

-

" 

- -

o 

--... _

J. _ 

-

4 

- - ....-

-' 
____"._..'_ _ 

- -•
'.

__ • 

Isolate No.29 

uspA • . .. - -.. _ .... --'-- _.• 
':itl~ 2 Li'I'J.:Ji;1~l.:J'!J€l'l antibiotic resistance island 
" 

5. fl1'J~m~lfl1'JLi;1~mlV1~n'U'!J€l.:iEJll1i'l'U~~~'W~m~€l A. boumonnii ~~€lEJlfl~l.J carbapenems 
.Q .c! OJ lJ q Jt .J.J' J J'I i.I 

VI(i1~eJ'Ufll'JL~'JlJ'lViLifl'U'1l€l.:JEJl(;ll1.J~~'lJ'W (;leJL'lJ€l A. boumonnii VI(i1eJ(;l€lEJlVlmEJ'!J'Ul'U L'U€l.:J~'U 

~lEJi5 checkerboard assay L(i1EJVllAl MIC '!JeJ.:iEJll1i'l'U~~~'WLL~~~'Vij(i1 (imipenem, meropenem, 

colistin, amikacin) 1'U.Illl ~~:WEJlI1i'l'U~ ~~'WL~m'lJij(i1 L~EJ1 LL~~:WEJlv1l'U ~~:u'W ~'U~llJ ~1 EJ LL~ ~ rll'Ul ru, , 
dJ'Urh FICI (Fractional Inhibitory Concentration Index) 

t:-J~fl1'J~m~l'W'Ull:WL~EJ.:ifl1'J1iEJl imipenem ~llJn'U amikacin Lvh,!'Um'lXt:-J~fl1'JL~~lJ'lVlEn'U 
1'UL~eJ 2 ~lEJ~'U5 A€l No.29 LL~~ DM13 LL~~ meropenem n'U amikacin 3 i;1lEJ~'U5 A€l No.3, 29 LL~~ 
58 eJ~l.:ihil~llJ~l fl fl1 'J~fl~ld1lJ'W'U fl1'JLL~(i1.:J€leJmL'U'Uv1l'U'lVl~n'U (anta~onism) 'I1l.:JLLli1(i1.:J1'U~l1l.:i~ 
12-15 
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d q Q ~~ I v 

\JI1~1.:j'Vl 12 c.J~fll'H'lm~lrn'lbi:1'llJ'l'VlliWL.J'U1J.:jtJl imipenem TJlJfl'IJ amikacin 

Isolates Imipenem 

MIC (m~/U 

Amikacin 

MIC (m~/U 

Imipenem + Amikacin 

(FICI) 

No.1 32 >4096 NO 

No. 29 ?2 512 0.313 (syner~y) 

No. 3 16 0.5 0.75 (additive) 

No. 9 16 0.5 0.75 (additive) 

No. AC44 128 >4096 NO 

NO. 5 64 >4096 NO 

No. 6 32 >4096 NO 

No. 58 32 32 0.516 (additive) 

No.OM13 64 4096 0.375 (Syner~y) 

No.OM37 64 >4096 NO 

\JI1~1.:j~ 13 c.J~fll'li'im~lrn'lbi:1~lJ'l'Vl~tlt.l'U1J.:jtJl meropenem ~llJti''IJ amikacin 

Isolates Meropenem 

MIC (m~/U 

Amikacin 

MIC (m~/U 

meropenem + Amikacin 

(FICI) 

No.1 64 >4096 NO 

No. 29 64 512 0375 (syner~y) 

No. 3 16 0.5 0.5 (5yner~y) 

No. 9 16 0.5 1 (additive) 

No. AC44 128 >4096 NO 

NO.5 128 >4096 NO 

NO.6 32 >4096 NO 

No. 58 64 32 0.375 (syner~y) 

No. OM13 64 4096 0.75 (additive) 

No. OM37 128 >4096 NO 
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Isolates Imipenem Colistin MIC imipenem + colistin 

MIC (mg/L) (mg/L) (FICI) 

No. 1 32 2 0.625 (additive) 

No. 29 32 1 2 (Indifference) 

No. 3 16 2 0.625 (additive) 

No. 9 16 2 0.625 (additive) 

No. AC44 128 2 2 (Indifference) 

NO.5 64 1 2 (Indifference) 

No. 6 32 1 2 (Indifference) 

No. 58 32 1 2 (Indifference) 

No. DM13 64 1 1 (additive) 

No. DM37 64 1 1 (additive) 

Isolates Meropenem Colistin MIC Checkerboard method 

MIC (mg/L) meropenem + colistin 

(mg/L) (FICI) 

No.1 64 2 0.75 (additive) 

No. 29 64 1 0.75 (additive) 

NO.3 16 2 2 (Indifference) 

NO. 9 16 2 0.75 (additive) 

No. AC44 128 2 1 (additive) 

NO.5 128 1 1 (additive) 

NO. 6 32 1 0.625 ((additive)) 

No. 58 64 1 0.625 (additive) 

No. DM13 64 1 1 (additive) 

No. DM37 128 1 0.75 (additive) 
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~lnm'J~n~lm'JL~~lJ~'Vlitl'tJ'1JtJ\lEJl imipenem LL~~ meropenem ~1lJtl'\.J amikacin 1i11CJifi 

Checkerboard assay ~\I'l11L~tJ Abaumannii isolate 29 m~ synergy lJ1V1~~tJ'\.J~'tJ8'tJm'JL~~lJqVli 
tl'tJ1i11CJifi Time kiLL assay l~EJhjyj'\.Jm'H~~lJ~V1itl'tJ'1JtJ\lEJ1 imipenem LL~~ meropenemA11lJL-rrlJ-rr.tJ 

1/4x MIC LntJ~1lJtl'\.J amikacin A11lJL-tilJ-rr'tJ 1/16x MIC ~lV!-r'\.JL~tJ Abaumannii isolate 29 ('JtJ~ 3 
" 

'3tJv1 3 Time kiLL curve '1J€l\lm imipenem ~1lJtl'\.Jm amikacin ~m~€l A baumannii isoLate 29 
" 

IMIPENEM PLUS AMIKACIN 

1E+16 
1E+15 
1E+14 

1E+13 
1E+12 

1E+11 
1E+10 

-' 1E+09
:2
:3" 100000000 ~Growth control 
u. 
u 10000000 

1000000 
100000 

_ 1/4xMIC of IMP 

10000 
1000 -'-1/16xMIC of AK 

100 
10 ~0. 25xMIC of IMP and 1/16xMIC of AK 

1 

0 5 10 15 20 25 30 
HOUR 

http:1lJtl'\.Jm
http:meropenemA11lJL-rrlJ-rr.tJ
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~tl~ 4 Time kill curve 'Utl.:J£J1 meropenem ~llJn'\.J£J1 amikacin ~m~tl A. baumannii isolate 29 

MEROPENEM PLUS AMIKACIN 

1E+16 

1E+1S 

1E+14 

1E+13 

1E+12 

1E+ll 

1E+10 
-' 1E+09 
~ 
:3" 100000000 
LL. 
u 10000000 

1000000 

100000 

_ 1/4xMIC of MEM 

10000 

1000 

100 

10 

1 

0 5 10 

--'-1/16xMIC of AK 

~0. 25xMIC of ME

15 20 

M and 1/16xMIC of AK 

25 30 

HOUR 

L~tl.:J~lnVj'\.Jrh £J1f1~lJ carbapenems ~'\.h:lJlH~llJn'\.J amikacin V!~tl colistin 1'UL~tl A. 

baumannii 1V1I:-J(l synergy titlE) ~.:JU1£J1 fosfomycin lJlvilf1l':iVl~"tl'\.J~llJn'\.J imipenem h.lL~tl A. 

baumannii 10 "lCJ~'Uq 'V1u:h1V1I:-J(l synergy 1'UL~tl 8 "lCJ~'Uq (80%) LL~~ additive (20%) l~CJhJ'V1'\.J 
f1l':iL"~lJ~Vltn'U'Utl.:J£J1 meropenem LL~~ fosfomycin 1'UL~tlvn.u'V1~"tl'\.J,x~VllJ~ 7 "lCJ~'Uq ~'lLL"~'l1'U 
m':il'lVi 16 LL~~ 17 

Isolates Imipenem 

MIC 

(mg/L) 

Fosfomycin MIC 

(mglL) 

Checkerboard method 

imipenem + fosfomycin 

(FICI) 

No. 1 32 128 0.56 (additive) 

No. 3 16 128 0.31 (synergy) 

No. 5 64 128 0.56 (additive) 

NO.6 32 128 0.50 (synergy) 

No. 9 16 128 0.31 (synergy) 

No. 29 32 128 0.31 (synergy) 

No. 58 32 256 0.38 (synergy) 

No. AC44 128 256 0.28 (synergy) 

No.DM13 64 128 0.28 (synergy) 

No.DM37 64 128 0.31 (synergy) 
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Isolates Meropenem MIC Fosfomycin Checkerboard method 

(mglL) MIC (mg/L) meropenem + fosfomycin 

(FICI) 

No. 1 64 128 0.75 (additive) 

No. 3 64 128 0.75 (additive) 

NO.5 16 128 1.00 (additive) 

No. 6 16 128 1.00 (additive) 

No. 9 128 128 0.53 (additive) 

No. 29 128 128 0.53 (additive) 

No. 58 32 256 2.00 (additive) 

'VI(;l{ieJ'U~'Ufi'Un1''H{i~1I'l'VI~n'U'!leJ.:Jf.J1~1t.Pi!a;j'Vi~1f.11~ Time kill assay 

~lf1nl':iPim~nf1l'H?l~lIt)V1~n'U'lJeJ'lt.ll imipenem ~111n'U fosfomycin 1ii'1E.Jifi Checkerboard 

assay ~~1.h~€l A. boumonnii isolate 29 u.(;l~ 3 ~'l1~e.J'" synergy 1I1V1V1?l€l'U~'UEl'Unl':iL?l~1It)V1En'U 
Iii"mifi Time kill assay (~tI~ 5 LL(;l~ 6) lV1E.J1i lXMIC 'tim imipenem LL"'~lXMIC 'lJ€l.:J meropenem 

~~h1~(;lnl':iL?l~1I~V1~n'U1'UL~eJ~'l 2 ?l1£J~'U~ 

ltlvi 5 Time kill CUNe 'tI€l'ltl1 imipenem ~111n'Ut.Il fosfomycin l'im~€l A. boumonnii isolate 3 

IMIPENEM PLUS FOSFOMYCIN 

lE+10 


lE+09 


100000000 
~Growth control

10000000 

~OOOOOO 
~ lX MIC of IPM 

-=>100000 


b 10000 

~lX MIC of FOS 

1000 


100 
 ~lX MIC of IPM + lX MIC of 
10 FOS 


1 


HOUR 

o 5 10 15 20 25 30 

http:111n'Ut.Il
http:lf1nl':iPim~nf1l'H?l~lIt)V1~n'U'lJeJ'lt.ll
http:VI(;l{ieJ'U~'Ufi'Un1''H{i~1I'l'VI~n'U'!leJ.:Jf.J1~1t.Pi!a;j'Vi~1f.11
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~'\J~ 6 Time kill curve 'UeJ.:JtJ1 imipenem ~l:lJn\J fosfomycin ~m~eJ A. baumannii isolate 29 

IMIPENEM PLUS FOSFOMYCIN 

IE+10 

1E+09 

100000000 

10000000 ~Growth control 

~OOOOOO 

::;-100000 

tJ 10000 

1000 

~ IX MIC of IPM 

~lX MIC of FOS 

100 

10 
~lX MIC of IPM + 1X 

MIC of FOS 

1 
0 5 10 15 20 25 30 

HOUR 
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A. boumonnii ~th.JL~e:JU.uflvh~8~i.J'1J'VI1~~1~'1J1'Unl'wh1~Ln~f11'j~~~~El1'Ut 'j'lYW1Ul~ 1'U 

i.J~~u'U ~~Eld~El~Elmvll'U~~;a~1'U'j:;vlU~'lLLmdjLL'U1t UlJ~L~lJ~'Ut~mtl~1:;8l n~lJ carbapenems ~m 
f11'jPin~11'Uflf'ld~u'h~El A. boumonnii ~~L(Jn1vl\11n~tJrw1vm ~elmlf11'j~Bmn~lJ cephalosporins, 

carbapenems, f1.uoroquinolones, LlI.':; aminoglycosides 1'Uelml~~'llJlfl(78-91%) ~l'V1fUtil 
colistin (i'm,j":h~:;~u'Um~i1elmlf11'j~Bm~l~~~ 0 .5%) LL~f11'jHmd~-rrmhti'~LdB'l~ln ~el'Ul'I'j18~El 
'j:;uu\.h:;,nYlLL~:;ll'1 

mn~lJ carbapenems LU'U81'V1;;rnmm'Uf11'jfn~1f11'j~~L~El A. boumonnii L~~ell'l'jlf11'j~El(Jl 
M~'l~'U1'Uil~~u'U ~1'V1fun~lnnl'j~El81n~lJ carbapenems D'j:;nBuvl18 nl'j?f11'lLEl'UhIlJ 

carbapenemases, f11'jLL;;'I~'lBEln'!JB'l porin proteins ~~~~'l LL~:;L~lJf11'jLL;;'I~'lBBn'1JEl'l efflux pumps 

L~El-tlU81B Eln ~ 'UB m'lHl;;l ~ In f11'jPi f1~lf1f'ld~u r.l1n ~1n'VI ~n'!J El 'l nl'j~El til n~lJdfi El nl'i?f11'l LEl'U1'lf11 
\J 

'i .. d.. .. " .. d 1'" d 1 J' 
• 

' .1carbapenemase b~88'U'YlWUflEl blooXA-23 'If'lLD'U8'U'YlWU ~ueW'Yl~~ 'UL'1lEl A. boumonnti \11nu'j:;L'Yl1'1 

1'UL~()ULm1imL~:;,*1t~n 

n(!ln'VI;;rn'!JB'Inl'j~Elmn~lJ aminoglycosides fiB f11'j?f1l'1 aminoglycoside-modifying 
'i .. " 1'"d denzymes b~88'U'Yl?f'jl'l aminoglycoside O-phosphotransferases (APHs) 'Yl~U ~LLn aph3/, ophA6 

" d" d
LL~:; oph3V/ "I'lul'UL~€l'Yl~€lm gentamicin ~l'V1fu aminoglycoside N-acetyltransferases (AACs) 'Yl 

"I'lu1vlL~n aac6'/b LL~:; oocC2 , aminoglycoside O-nucleotidyltransferases (ANTs) ~"I'lU 1vlLLn 

oodAl LL(!:; oodB 'U€lf1\J1ndfJ'I~ methyltransferases 1vl~Ln ormA ~"I'lulvltiEl81'U A. boumonnii 

(46)t~8i1~~1,x~~El~€lmf1~lJ aminoglycosides l'U'j:;vlu~'l.x'l amikacin L~~:; gentamicin L~'UL~81ti''U 
f11'jPif1~11'Uflf'ld L~€l isolate DM13 ~UL-W8'l ormA L-W8'lElEh'lL~81LL~~€l81 amikacin LL(!:; 

gentamicin 1'U'j:;vlU~'I (MIC > 256 mg/U L~~:;~'j18'l1'Uf11'jL~ydm:;\1l8'!J€l'l~'Um'U A. boumonnii 

?f18~'Ulf\1ln'YllDL€lL ;a8lJl n~'Uvl18(47) 'U e)f1~ lf1dv'U~~u1'UL;mL~ (!:;?f18~'U~~1'U1'VIqj\1:;jj~'U~€lm 
lJlf1f11l1 v'U LL~:;~f11'j~Elm1'U'j:;vlU;;'I'Ivl18 (48)

" 
n(!1f1'V1~f1'!JEl'l f11'j~€l m f1 ~lJ f1.uoroquinolones f11'j~n~ f11'j f1(! lEJ~'U0'Uu~Llru Quinolone 

Resistance - Determining Region (QRDR) '1J€l'l~'U~El~u'UtmtlJt'lflJ~'1?f1l'1L€l'U1'll11 DNA gyrase LL~:; 
Topoisomerase IV jj'j18'11'Uf11'j"l'lUf11'jn~18~'U~~8'U gyrA LL~:; porC ~whl~Lii~f11'jLD~8'U~~Dm 
amino acid '!JEl'l GyrA 1vl~Ln S83L, G81V, G81C L~(!:; A84P LL~:; '!J€l'l ParC MLLnS80L, S80W, E84K, 

LL~:; G78C (49) 1'Uf11'jPif1~ld"l'lUf11'j mutation S83L '1J€l.:l GyrA l'UV!f1;;'118~'Uq~~am ciprofloxacin 

l'U'lJru:;~ mutation '!Ja'l ParC ~U?fa'l'SDLLuufiEl ~~lL~'VIU'l S80L LL~:; S80Y t~EJf11'jLn~mutation ~ 
" 

~lLL'VIU'l S80Y fJ.:IhW'SlEJ'l1'Ul1~fI11lJ~lJ~'Ui5ti'Uf11'j~El8ln~lJ fluoroquinolones 'VI~Elh.1 a~l'1hn\il1lJ 
f11'SPin~lf1f'ldl,x~(!?fEl~f1;;;-a'lti'Uf11'jPin~l'1JEl'l Park LL~:;f1ru:; (50) ~~Ul1f11'S mutation ~1lJti''U'!Ja'l 
gyrA LL(!:; porc vil1,xLii~f11'S~am n~lJ fluoroquinolones l'U'j:;vlU~'l (MIC ~ 32 mg/U 

;;1l".,.runTH1h~L€l'U1'lf11 ESBLs LLfl:; plasmid-mediated AmpC l'U A. boumonnii l'Uf11'Si'in~l 

f1f'ld~uwYn:;8'U~?f1l'1 ESBL '1lD~ VEB-l L'YhJ'U ~'1Lu'U~'UVil1f11'j'S:;U1~1'U A. boumonnii '*1t~nhjl1 
\1:;Lu'U~hD(51) €lUJ~f11(52) u.~:;Lm.:aEJ (50) (51) t~8 ESBLs ~~u1vlL1€lEJ1'U A. boumonnii vi'lt~n fiB 
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PER-1 (53,54) LL~hJ~'IJ1'Um')Plm~lf1.f'l'd ~lWr'IJ~'U~G'1~l-3 plasmid-mediated AmpC hh'l'ulu 
dO d ,m')Plf1~lf1.f.:JdL'11'Utl'U l'U"IJru:::~ ompC gene l'U A. boumonnii ~~'IJLJtJm-tl1~n I'1tJ ompC V1tJ~'IJ'U 

chromosome ~.:t\l:::'Vh1~Ln~m')~mJ1f1~lJ cephalosporins L~tJii insertion sequence 'IJ~Llru 
upstream \l:::LiJ'U(;]-lL'I-1~EJ1Ul1~Ln~ m'iLL~Vl.:tmJn"IJtJ.:t~'UL~lJlJlf1~'U ~'h-3LtJ'UhllJ AmpC tJtJnlJ1'Vh~l£J 
£JllvllJln~'U (55) 

~lnm')Pln~l resistance isLand 1'UL~tJ A. boumonnii 'W'IJ-;h comM LtJ'U~'U~LiJ'U hot spot 

~-3"rniim,)LLVI')n"IJtJ-3 transposable element ~-31'Um')Pln~ll'1.f-3d~'IJf11,)LLVI'in"IJtJ.:t Tn6022 ;-3LtJ'U 

backbone structure 'U'El-3 resistance island '1lUVl AbaR4 1m! AbaR4 ~~'IJ1'Um'iPln~ldLtJ'U 
antibiotic resistance island ~ihl£J·n'U1'U A. boumonnii LL~::: A. nosocomioiis ~LLEJnlvl\llneJthEJ 

" 
\llnth:::LVlI'11vwLL~:::Lm'l-1~lvl (56,57) 1VlEJ~'IJvr.:t~LtJ'U typical AbaR4 LL~::: variant 'llll-3 AbaR4;.:t 

~'IJ111'U~1'U"IJll-3 Tn2066 lim'i"1J1Vl'l-11£Jltl'UtJ..:I tniD \llnm'iPlf1~Td'~'IJ carbapenemase gene '1lUVl 

blooXA-23 tJ~'IJ'U resistance island 1'UL~ll~vilm'J~n~1'Vlmn£J~'U~ LL~Vl-31~Li1'Ul1 blooXA-23 ~'IJtJ~ 
antibiotic resistance island 'IJ'Ulf1'i1lJ1'1llJ ~.:ti:\1lJ1'it:1vil1~m'iLL~~n'i:::-;;]1£J'UtJ..:IL~tJ A. boumonnii ~~tJ 
EJln~lJ carbapenems LtJ'Uhnvl~lEJ~'U 1Vltlm:::'LJl'Uf11'i vertical gene transfer 

~1f1iJ'\l'l-11f11'i~tJEJ1n~lJ carbapenems 'UtJ-3L~tJ A. boumonnii 'Vh1~m'iL~llnH'EJ11'Um'i~n~1 
ii-ffmhnVlL u'Ullcil.:tlJlnL ~ ll.:t-;;]lf1 carbapenems LtJ'UEJl(;]'JL~ll nLL'in~uEJlJHn'U ~-3,r'Uf11'i~n~l~-3 
~lLtJ'UllltJ.:J1-fftll'l-1Clltl'1lUVl~llJn'U L~lll~f11'~~n~11vlem m'iPln~ldl~Pln~l[:.J~'U'El-3EJ1 n~lJ carbapenems 

~llJn'IJEJl n~lJ amino~lycosides ~tJ amikacin ~.:Jm'iH'EJ1~ll.:Jn~lJd~llJn'U~'IJ111~[:.Jmrl~lJ'lVlin'U~tJ 
L~ll P. oeruginoso ~~tJEJ1'1-1~lEJ'U'Ul'U (58,59) ii,)lEm'U1'U A. boumonnii ~'IJ11m'iH imipenem 

~llJn'IJ netilmicin l~[:.J~L~~lJ'l'VIiL.yjEJ.:J 1 1'U 5 G'lltl~'U~'UtJ-3 carbapenem-resistant A. boumonnii 

~l£JiG Etest (10) 'UtJn-;;]lndeJ.:Jiim'iPlmnm'iH' imipenem ~llJn'IJ amikacin ~-wiG checkerboard 

method ;.:J1~eJClL~~lJ'lVlin'U 46% 'lJll.:JL~tJ carbapenem-resistant A. boumonnii (60) ~.:J1~[:.J~ 
~tJVlf1~'El.:Jn'IJm'iPln~11'Uf1.f.:Jd ~ll imipenem + amikacin l~[:.J~L~~lJ'lVl~ 40% (21'U 5 ~ltl~'U~) LLCl::: 

meropenem + amikacin l~eJ~L~~lJ'lVl~ 60% (31'U 5 ~lEJ~'U~) 

~l'l-1~'IJm')H carbapenems ~llJn'IJ colistin ,r'IJLU'UBn'l-1~.:t~EJ1~uEJlJ1-fflJln LL~[:.J~m'iPln~ll'U 
A. boumonnii 1'U'I-1m EJ m'iPln~l eJ.:t1,x[:.J ~~hJ(I'ElVlf1~ll.:J n'U ~ 'Elli'i 1 tI.:t l'Um'iPlmn~~'IJ111~eJ m(l~lJ'lVl~n'U 

100% L~tJVlVl(lll'IJ~lt1i5 checkerboard (8) LL~dhlEJ.:Jl'U~hJ~'IJm'iL(I~lJ'l'VI~n'UL~tI(61) ~.:t1'U 
m'iPln~lf1.f.:Jdl~'W'lJm,)L(I~lJ'l'VIEn'U'UeN£Jl imipenem ~llJn'IJ colistin LL~::: meropenem ~llJn'IJ 
colistin L'11'Un'U 

L~tJ.:J-;;]ln1'Um'iPln~1f1f.:Jd m'iH' carbapenems ~llJn'IJ colistin 'I-11eJ amikacin l~[:.J~m'iL~~lJ 
'lVl~n'UutJEJ Flru:::~i:ijtJ~.:Jvilm')P1m~lL~lJL~lJ1Vltlm'iU1EJl fosfomycin lJlVl~(lll'IJ ~.:t~'IJ11f11'i1off 

, ~ " , 

imipenem ~llJn'IJ fosfomycin LLrlVl.:J[:.J~m'iL~~lJf\V15n'UVi~Vi~Vl LLCl:::Llill8'UEJ'U~lEJi5 time-kill n~'IJ11 

l~eJ~f11'iL(I~lJ'lVl~n'U 1VlEJFIlllJLofflJoff'U'UtJ.:JEJ1 imipenem LL~::: fosfomycin vhi liFhLVhn'IJAl MIC ~tJ 
32 LL~::: 256 m~/L l'IllJr;\'l~'IJ ~.:JFI11lJLofflJ-ff'UdEJ.:tu'ElEJnl1 'i:::~'IJtl11UL~'ElVl'IJtJ.:J~thEJ~lvl~'IJEJ1 (62-64) 

~.:J,r'Unl'iL(l~lJf\V1~n'UEJ1 imipenem LL~::: fosfomycin d~.:tth\l:::LtJ'U'lJ'i:::lEJ'1lu~tJ f11'iUlhJ1off1'Uf11'i~n~l 
eJthEJ1~ offtJ~lnVl'UeJ.:Jf11'i~n~ld~ll L~ll A. boumonnii ~~'ElEJ1n~lJ carbapenems m~\llnf11'iP1mfl" , 
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::,.;: d..d II <Qo. CII Q, q d ell I 4:;10, 
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