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Abstract	 Screening Tests for Inducible Beta-Iactamases in Gram-negative Bacilli 
Charuruks N, Lulitanont A, Jayanetra P. 
Division of Clinical Pathology, Department of Pathology, Faculty of Medicine, Ramathibodi Hospi­
tal, Mahidol University, Bangkok, Thailand. 
J Infect Dis Antimicrob Agents 1990; 7:4-9. 

The purpose of this communication is to study the prevalence of inducible B­
lactamase among certain Gram-negative bacteria which present medical problems. The 
studied bacteria were recent clinical isolates at Ramathibodi Hospital includingE. cloacae, En­
terobacter spp. and P. aeruginosa. The susceptibility test was done by Kirby-Bauer disc 
diffusion method. The detection of inducible B-Iactamase was done by disc approximation test, 
using cefoxitin as an inducer. The determination of isoelectric points of the enzyme were 
determined by polyacrylamide gel electrophoresis. The organisms were susceptible to third 
generation cephalosporins as follows: E. cloacae 80%,Enterobacterspp. 65-81 %,P. aeruginosa 
27-81 %. All strains were sensitive to imipenem. From these susceptible strains, the inducible B­
lactamase were detected as follows: E. cloacae 71-74%, Enterobacter spp. 29-60%, P. aerugi­
nosa 20-52%. Imipenem was not effected by this enzyme. The inducible B-Iactamase from E. 
cloacae was found to focus at pi 7.7-8.1. We suggested that, disc approximation test may be used 
as the screening test for inducible B-Iactamase enzyme among the Gram-negative bacteria 
known to produce R & S type I B-Iactamase enzyme. 
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blJ 0/11 bb 6'l fI bb Gl;l,J dhun 0/11 "j,'~ 6'l if yj Y1 £l £l mrv!if 'Vll m tJ 

bblJfI.yh~ tJlrJi'~ bb6'l~S:hJiln1tJlon1'l b~ tJ'IlUfI'UU£l tJ bb~'il1nm1;l,J 

'il1'1~Wjil'U~":h b~£l'il6'l:ayjd")(9\md~£l~£lmG11'U'il6'l:ayjmi;l,Ju"M 
cUi 'I q 'I 

I IV.c!I. i.I "" cu t: 0 i.I

£l tJ1'lmWlrm b'Ufl'l'il1nmd6'l'dl'l b£lWlltJ;l,J;l,J1'Yl1m tJ m blJGl-1 bb6'lfl bbGl;l,J 

'Y111Vf~md~<m'U11Vi1.rJi' m~'Ulvl6J~~m1;l,JfI'I'Yl'U~m~wifm1~£l, 
bfT'Y'Jl16'l6'l''iJ£l1'U~~'U~ 3 ~~m1;l,JfI'I'Yl'U~m~wifm1~'Y11m tJblJG11, 
bb6'lfl bbGl;l,J mJ1'lldnGl1;l,J b~£l~md"bmG11'U'il6'l:ayjbVl~ld;l,J1l-if, 
nb1J 'Uyf 'iJd~~ n141' 1 bb lJ fI Yi b~ ~I bb nd;l,J 6'llJVl6'll tJ'lf'U (9\ 1'U~ 'IX6'l' 

Enterobacter, Pseudomonas. Serratia, Proteus, Providencia, 

Citrobacter bb6'lm~;l,J non-fermenters G'l'l;l,J1dbl'Yl'U'Yl1'U~mfT'Y'J1-, 
16'l6'l''iJ£l~~~'U~ 3 d1.#I[(9\tJmd6'l'~l'lblJG11bb6'lflGllb;l,J6'l''lfii,(9\ Rich­, 
mond and Sykes type I ~'1mlJ'l;l,Jmd6'l'~1'l1(9\tJ1m1~1'lf;l,Jl l'U 

[m~'iJn~ bblJflYi b~tJ bVl~ld6'l'~1'lb~wiftJ;l,J1 'U'iJ1;l,J1ru,U£l tJ'l bb~ 
b~£lmJl'U6'l'myju1(9\~£l~~~<ihm~G1'U 'il~~md6'l'~l'lb~wiftJ~'U" , 
m~1ru,;l,J1 n m ciil'U'il6'l:ayj blJ cii1 bb6'lfl bbGl;l,JVlm tJ'lfii,(9\ dJ'U<ibm~cii'U, , 
bb~~bY;tJ'IlJ1'l'lfii,(9\~dJ'U<ibm~cii'U~~'iJd~~'YlITmyj b'li'U cefoxitin, 
bb6'l~ imipenem blJcii1bb6'lflGllb;l,J6'l' type I ~m1;l,J6'l'1;l,J1dbll'Umd 
~lJnlJmbfTyhh6'l''iJ£l1'U~h'U~ 31rJi'mh'lb'\:l,yj1~b'il1~'il'l md~(9\,

, 1 i.I c:; QJ ftdi """ X I 

d~V111'l ;l,J b6'ln,6'l'lJ£l'l blJGl1 bb6'lfl bbGl;l,J bb6'l~b£l'U'lftJ;l,J 'il'l m (9\'11 'U£l tJl'l 

bb'U'UbbVi'Ubb6'l::;16J bVl~£l1;l,J b6'lfJ6'l'lJ£l'l blJcii1 bb6'lfl bbGl;l,J1Vi1.'iJ~lJnlJ pe­

nicillin binding proteins (PBPs) 'lJ£l'lbblJfI.yh~tJ bU£l'l'il1nn6'l 

lndb~wiftJ;l,J'16JlrJi''Y11mtJ 1;l,J b6'ln6'l'lJ£l'l blJG11 bb6'lfl bbGl~ ~'1b~tJnl1, 
4non-hydrolytic barrier V1~£l trapping2- bblJfll1b~tJ~6'l'~1'lblJcii1 

bb6'lflGl1b;l,J6'l' type I dyjlJl\9iL'U 2 ~n'jjru,::;~£l 1) b~£l~6'l:ayj1(9\tJ 
rf11'iJ (wild-type) blnm::;G1'U'il1n<ihm::;cii'U b'li'U tJlcii1'U'il6'l:ayj

'\I q 'I 'I 

n~;l,J blJG11bb6'lfi bbGl;l,J b£l'l 'Y111Vf~'U~mlJfI~md~lJ ~'1md6'l'~-I'I blJG11, , 
bb6'lflGl1b;l,J6'l'blm::;~lJmJ1'l'ihm11 (reversible derepression of 

" 
beta-Iactamase) bb6'l::;bblJ fll1 b~tJ~6'l'l~ldbl6'l'fl'l blJo/1l bb6'lflGl1 b;l,J 6'l'1rJi' 

b~tJnl1 "inducible beta-Iactamase organism" 2) b~£l'il6'l:ayj 
bn(9\md~lbVl~l~'Ub£l'l (spontaneous mutation of Wild:type 

organisms) 'Vh1Vfbn(9\6'l'ltJ~'U~~6'l'1;l,J1dbl6'l'-¥1'l blJG11bb6'lflGl1 b;l,J6'l' 

mh'lbll1d (constitutive producing) eJm1mdbn(9\~lbVl~ld yjlJ 

1'U8Gld1~fi£l'Uon1'l~1~£l 10-6 _10-7 
1.5.6 

~'11rJi'n~11on1'lo/1'Ul1 m1'Un~;l,J blJciilbb6'lmbGl;l,J bb~6'l::;(ih~, 
ml;l,Jmmdbl1'Umdm::;G1'UblJo/1lbb6'lflGll b;l,J6'l' type Il6Jb'Vhn'U, 
<if1~nd::;G1'U;l,Jln b'li'U imipenem bb6'l::; cefoxitin 1.5.7-10 md\.1n'jjld,

" ,
-=t "I t: .c!I."'" -=t i.I 6'] .... i.I 
~'il (9\Ud::;6'l''1f1 Gld1 'ilVi1b'lf£l'il6'l'lfyjbbnd;l,J6'llJ'Yl blnnd::;Gl 'U bVl6'l'dl'l 

'I 'I 'U 'I 

blJG1lbb6'lflGllb;l,J6'l' type IlrJi'rJi'1tJ cefoxitin 

1iI ili/W: 'il6'lifyj~'U l;l,Jl $1 n'jj1 b1J'Ub~£l~ bbtJnlrJi''illn~ '1~'1, ,, , 
A= d 0 AA V o::t, ""'" ""'" 

Gld1'il'Yll'l fl6'l'Un'lf'l'Yl1mdbyjl::;bbtJ n bb6'l::;1'U'il'\:l,tJ'YlVl'U1 tJ'il6'l'lf11'Yl m, 
11lfll'lflyj tJlIT1'Yl tJl flru,::;bbyj'Yl tJfTl6'l'Gl-nd'lyj tJllJlml~lTIlJ~ 

A A" " v 6""""d,"o::t v .do

'If'U(9\'lJ£l'lb'lfmb6'l::;'ill'U1'UG'l'ltJyj'U1iYIfTn'jjl;l,J(9\'1'U Acinetobacter 68, 
G'l'ltJ~'UTI., Citrobacter 8 G'l'ltJ~'U'IT., E. cloacae 102 6'l'ltJ~'U'IT,, E. 

. v G v t: 
cob 104 6'l'ltJyj'U~, Enterobacter spp. 57 6'l'ltJyj'U~, K. pneu­

cv t: v t: 
moniae 87 6'l'ltJyj'U~, P. aeruginosa 110 6'l'-ltJyj'Ui); bb6'l~ P. 

mirabilis 46 G'l'ltJ~'UIT, 
Antibiotics discs: l.ifl'Umdm1'ilmll;l,J11'lJ£l'lbblJfll1b~tJ 

1(9\tJ1TI Kerby-Bauer disc diffusion test 11 'iJ,-::;n£llJrJi'1tJ'llii,(9\'lJ£l'l 

disc bb6'l::;m;l,Jlru,m1'Ubb~6'l::; disc Wf'l~£ll'iJd cefoxitin (30 mcg/ 

disc), cefoperazone (75 meg/disc), cefotaxime (30 meg/disc), 

ceftriaxone (30 meg/disc), bb6'l::; imipenem (10 meg/disc) 'lJ£l'l 

BBL, Becton Dickinson and Co" USA, ceftazidime (30 mcg/ 

disc) 'lJ£l'l Oxoid, Oxoid Ltd., England, cefsulodin (30 mcg/ 

disc 'lJ£l'l Wako, Wako Pure Chemical Industries Ltd., Japan. 

Disc approximation tests for antagonism7 l-ifb1J'U 
. v 1S'0=I i,.I • 

screemng test Gld1'ilVllG'l'ltJyj'Urrn6'l'dl'l mducible beta-lactamase 

1'U~'UG1'U\'1(9\b~£lnG'l'l tJ~'UIT~'il::;'Ull'iJ\.1n'jjl(9\ inducible beta-lac­, " 
tamaseenzyme 1(9\tJ'Ulb~£l'il6'l:ayj'Yln<if1~1'Y1ldisc diffusion test , ,

" ,"
rJi'1tJcefoxitin rl£l'U b~£lm'\:l,yjl::;b:a£l'il6'l:ayjl1$i£l~£l cefoxitin ;l,Jl, 
m1'ilml;l,J11~£ltJl bfT'Y'Jl16'l6'l''iJ£l1'U~'lfii,(9\~1'l'l b~£ln b~£l~6'l:ayj~ 
11~£lmbfT'Y'Jl16'l6'l''iJ£lm~,x'U'l ;l,J1Gld1'il inducible beta-Iactamase 

~£ltJ-lblJciilbb6'lflbbGl;l,J~n~11~1 1(9\tJdl'l cefoxitin disc bb6'l::; cepha­

losporins disc ~o/1£l'lmd'Yl(9\6'l'£llJ1Vf'VhJb'VhnlJ~fT~~bn(9\'illntJl 

bfT'Y'J116'l6'l''iJ£l~~~lJ~'1b~£l~'Yl(9\6'l'£llJbb~1(radius of zone of inhi­

bition) 'Ul'ill'Ub~tJ'Ib~£l;l,Jl£llJfll'l~'U~35 £l'lfTlbfTm~tJ6'l' €l1'U 

[:..lG'l1(9\m'iJ~tJlJbVitJlJml;l,Jnll'l'lJ£l'l~fT~rJi'1'U~ m.h::;WJ1'l disc
, , " 

nlJrJi'l'Ul1mJm'lonl;l,J disc fllfi1'lJ£l'l~fT~rJi'1'Uf1m.h::;V11l'l disc ~ 
" " 

'lJ'Ul(9\b'VhnlJVI~£lii:£ltJnll 4 ;l,J;l,J. 'lJ£l'lJll'U~mJGld'l-ifl;l,J 1Vfn£lll~ 
'lJ 

antagonism bn(9\~'U bb6'l'(9\'11l cefoxitin 6'l'l;l,Jldblm::;~'U1Vfb~£l 
'il6'l:ayj6'l'-¥l'l blJo/11bb6'l flGll b;l,J6'l'£l£ln;l,J1Vilm tJ bfT'Y'J116'l6'l''iJ£l1'U~Y1, 
'Yl(9\6'l'£llJbb6'l::;/V1~£l cefoxitin lrJi'8 polyacrylamide gel electro­

phoresis (PAGE)12 Hlbml::;~V1l isoelectric point (pI) b~£l 

Gld1'il6'l'£llJ bb6'l::; identify blJG1l bb6'l flGll b;l,J6'l'1(9\ tJm4t'tJVI~nmd~ll 

blJG1l bb6'lflGllb;l,J6'l'~ flru,6'l'~ll~ dJ'U1'iJd~'U bb6'l::;1'iJd~'UG'l'l~ldm::;, 
bbtJn1(9\tJ1-ifmnb6'l'1'Y'Jvh 1(9\tJ1-if polyacrylamide gel b1J'U~h 

nm'llVfm::;bb6'l'l'Y'Jvhr--h'U 'Vil1V11rJi'~(9\ pI ~l'l'l n'UGll;l,Jml~ 
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bbtiln<ih~nu'lJe:l-.:llLh~u bb~'dl-ii nitrocefin iJm.Jtil1'd"ilVll<illbVl~'IJe:l-.:l 

b~W1f~~ bbG'l::;1(jl pH til1-.:1<illbbVl~YbJdln{}m1U'lJe:l-.:lb~W1f~~ btlUf11 
c; v 6"t 

pI 'IJe:l-.:l be:lWIl~:l-.JU U'l 

d ~~C; I ~ I '" 
til111-.:l'YI 1 bbG'l'(jl-.:l bVlbVlU'dl P. aeruginosa (jle:ltile:lm cefo­

, '" 
xitin G'l'-.:IYiG'l'(jlfJe:l1e:l~G'l::; 98 till:l-.JJi''d~b:;re:l E.cloacae,Citrobacter,

'II , 
'",.......
 

Acinetobacter bbG'l::; Enterobacterspp. </l-.:l(jle:l1e:l~G'l::; 91. 88. 84 

bbG'l::; 49 till:l-.J6'i'l~U ~'dUb:ffe:l P. mirabilis, E. coli bbG'l::; K. 

pneumoniae s:lif1,'dl:l-.Jl'dliie:l cefox,i~n ~-.:IfJe:l 1e:l~G'l::; 98. 97 bbG'l::; 
o CV .c!I 0 Q..I 6..:i.,::!l, I • • .,::!I, 

86 till:l-.Jm(jljJ b:l-.Je:lU1G'l'lm'"m1'l 'YI(jle:ltile:lm cefoxltm mn'l if1e:l 

G'l'l~'0ufi~l~s:l inhibition zone bG'l~ ~-.:Ilhme:ljJJi''d~ Acineto­, 
bacter 55 G'l'l~'0U{, Citrobacter 7 G'l'l~'0u{, E. cloacae 91 

Table 1 Cefoxitin susceptibility of Gram-negative bacilli, 

Microbiology Laboratory, Ramathibodi Hospital, Bangkok 

1988-1989. 

Total number Cefoxitin susceptibility 

Organisms tested No. (Percent) 

R IS S 

Acinetohacter 68 57 (84) 3 (4) 8 (12) 

Citrobacter spp. 8 7 (88) 0 1 (12) 

E. cloacae 102 93 (91) 1 (1) 8 (8) 

E. coli 140 1 (l) 2 (2) 101 (97) 

Enterobacter spp. 57 28 (49) 9 (16) 20 (35) 

K. pneumoniae 87 4 (5) 8 (9) 75 (86) 

P. aeruginosa 110 108 (98) 0 2 (2) 

P. mirabilis 46 0 1 (2) 45 (98) 

Abbreviations: R =resistant, IS =intermediate susceptible, 

S =susceptible 

11,.1 6" Q..I ,; 

G'l'l~V1U1'l. Enterohacter spp. 26 G'l'l~V1U1'l. K. pneumoniae 4 
cut: v6 v.c!l '-'6 

G'l'l~V1U~ bbG'l::; P. aeruginosa 108 G'l'l~V1U~ :l-.Jlif1(jlbG'le:lnG'l'l~V1U~ 

~s:lml:l-.J l'dloie:Jmbfl'V.Jllm'llle:l~~fu,~ 3 c-.JG'l~lJi'bbG'l'(jl-.:llUtil111.,j~, 
2 $1e:l b~e:l~e:lliie:l cefoxitin s:lml:l-.Jl'dliie:lmluml:l-.JbflvhlG'lG'l'­, 
1Ie:l~~~ 3 m-.:l'l fu b'lfu E. cloacae s:lml:l-.Jl'dliie:l ceftazidime 

bbG'l::; ceftriaxone 1e:l~G'l::; 80, b~e:l Enterohacter spp.l'dliie:l 

cefotaxime 1e:l~G'l::; 77. cefoperazone 1e:l~G'l::; 65. ceftazidime 

bbG'l::; ceftriaxone 1e:l~G'l::; 81 btlUG1U (;{'dU imipenem ,xuV1u:h 

b;e:l"ilG'l*w~VI:l-.J(jl~~m/'ll'dliie:l imipenem G'l'-.:I:l-.JlnfJe:l -ID~G'l::; 98 n-.:l 
, 'II 

100 

brim.tlb~e:l~~e:l cefoxitin bbliil'dliimflvhlG'lG'l'lIe:l~U~~-.:I 
bbG'l'(jl-.:llUtil111-.:l~ 2 :l-.J1Vll~lU'dUb~e:l~fln cefoxitin m::;G1U1~

'II , 

G'l'11-.:lbUG11bbG'lif1tillb:l-.JG'l' type I lUm:l-.Jllli:l-.JlnV1e:l~G'l'l:l-.J11f1Yhm~ 
A.61d A X~ IX

bflvh1G'lG'l'1Ie:lduG'l'1U'YI 3 "ilUm(jlnl1(jle:l'IJU V1U'dlb'lfe:l E. cloacae , 
\)nm::;~ulVlG'l'-n-.:lbUG11bbG'lif1tilllJ.JG'l' type I bbG'l:::~e:lliie:l ceftriaxone 

bbG'l::; ceftazidime -ID~G'l::; 74 bbG'l::; 71 till:l-.J~l~Ub;e:l Enterobacter 

spp. \]nn1::;~ul~~e:lliie:l cefotaxime, cefoperazone, ceftriaxone 

bm::; ceftazidirne ~e:l~G'l::; 60. 47. 43 bbG'l::; 29 fl'dU imipenem ,xu 

V1u:hb~wifm5~bn(jl"illnnl1m::;G1ul(jltJ cefoxitin 1~m:l-.J11f1'Yil, 
l~b~e:l~e:lliie:lm imipenem l~ b~e:l P. aeruginosa flnn1::;<ii'u

,'II 

bbG'l::;~e:lliie:l ceftriaxone, ceftazidime, cefoperazone bbG'l::; cef­

sulodin 1e:l~G'l::; 52. 37. 23 bm::; 20 m:l-.J~l~U (;{'dU imipenem 

,xulJi'c-.Jm'liub~mntlb~e:l Enterobacter spp. b~e:l Citrohacter 

flnm::;G1uJi''d~ cefoxitin lVl~e:lliie:l cefotaxime, ceftazidime bbG'l::;
'II , 

ceftriaxone 1e:l~G'l::; 25. 25 bbG'l::; 20 till:l-.Jcil(9]U cefoxitin l~ 

m:l-.J11f1m::;G1ul~Citrohacter G'l'11-.:lb~wif~~~'Yill~b~e:l~e:lliie:l, 
cefoperazone bbG'l::; imipenem l~ b'liub~mntJ Acinetohacter 

bbG'l::;K. pneumoniae ~-.:IV11.I':h cefoxitin 1~m:l-.J11f1m::;G1u, 1~ 

Table 2 Pattern of cephalosporins susceptibility test of Gram-negative bacilli highly resistant to cefoxitin. 

Number Strains sensitive to indicated antimicrobial agents 

Organisms tested No. (Percent) 

CTX CFP CAZ CRO CFS IMP 

Acinetohacter 55 2 (4) NS 41 (76) 19 (34) NS 54 (98) 

Citrobacter 7 4 (57) 3 (43) 4 (57) 5 (71) NS 7 (100) 

E. cloacae 91 ND ND 73 (80) 73 (80) ND ND 

Enterohacter spp. 26 20 (77) 17 (65) 21 (81) 21 (81) NS 26 (l00) \ 
K. pneumoniae 4 2 (50) 2 (50) 2 (50) 2 (50) NS 4 (100) 

P. aeruginosa 108 ND 78 (72) 84'(78) 29 (27) 88 (81) 108 (l00) 

Abb~eviations: CTX =cefotaxime, CFP =cefoperazone, CAZ =ceftazidime, CRO =ceftriaxone, 
CFS =cefsulodin, IMP =imipenem, ND =not done, NS =no susceptible strain 
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Table 3 Result of inducible beta-lactamase in cefoxitin-resistant Gram- negative bacilli 

Percent inducible to indicated cephalosporins 

Organisms (Number tested) 

CTX CFP CAZ CRO CFS IMP 

Acinetobacter 0(2) ND 0(42) 0(19) ND 0(54) 

Citrobacter 25 (4) 0(3) 25 (4) 20 (5) ND 0(7) 

E. cloacae ND ND 71 (73) 74 (73) ND ND 
Enterohacter spp. 60 (20) 47 (17) 29 (21) 43 (21) ND 0(26) 

K. pneumoniae 0(2) 0(2) 0(2) 0(2) ND 0(4) 

P. aeruginosa ND 23 (78) 37 (84) 52 (29) 20 (88) 0(108) 

Abbreviations: CTX =cefotaxime, CFP =cefoperazone, CAZ =ceftazidime, CRO =ceftriaxone, 
CFS =cefsulodin, IMP =imipenem, ND =not done 

Table 4 The isoelectric focusing patterns of inducible 

beta-lactamases. 

Organisms 

(number tested) 

E. cloacae 

(N =33) 

Enterohacter spp. 

(N = 13) 

P. aeruginosa 

(N = 22) 

No. of 

Strains 

20 

6 

2 

2 

1 

1 

1 

9 

3 

1 

9 

9 

2 

1 

1 

pI 

7.9
 

7.7
 

8.1,7.9
 

8.1
 

8.1,5.4
 

7.9,5.4
 

7.7,5.4
 

7.9 

8 

7.9,5.4 

7.9 

7.7 

7.4 

8.1 

7.7,5.4 

b~€l~.::I~€l.::l~€lliim.mf1Y'h1i.1~tJ€l~'U~i'U~ 3 bbi.1::: imipenem ~ 
ul&Jlli''Yl<Pl~mJ 

, , ... 
<mdl.::lYi 4 b!i€lUlb:n€l E. cloacae -oil'U1'U 33 mtJ~'Utf, 

~~~l.::l inducible beta-lactamase &Jl1bq.'1dl:::~'V1l isoelectric 

points1<PltJ PAGEY'ny;h~.::I 33 ~ltJ~'UtfiJ pIfocus~ 7.7-8.1, 
I ...... '" 6" ...... c:; IV 6" ..=0. ~ ~ ...... 

bbi.1:::~lJ1l&J 3 ~ltJ~'U~ &Jb€l'U'lftJ&J'lI''U<Pl€lWli'.::I&J pI 5.4 d1&J 

mHbtJ ri1'Ub~€l Enterohacter spp. -oil'Ud'U 13 mtJ~'UTI ~ 
'lJ , 

0=/, ...... cv6" ...... G"'6
pI f0 cu s 'Yl 7. 9 - 8 bb i.1 ::: &J 1 ~ l tJ ~ 'U 1\ &J b€l 'U'If tJ &J pI 5. 4 

d1&Jmj~1tJ ri1'U P. aeruginosa -oil'U1'U 22 ~ltJW'UTI~ pI focus 
'lJ , 

.0:::1, v6.o:::1oGcv': 15LI 

7.4-8.1 bbi.1:::&J 1 ~ltJ~'U~ &Jb€l'U'lftJ&J pI 5.4 d1&J€l~mtJ 

mbf1Y'h1i.1~tJ€l~'U~~'U~ 2 b'li'U cefoxitin bbi.1:::bf1Y'h1i.1­, 
~tJ€l~'U~i'U~ 3 b'li'U cefotaxime, cefoperazone, ceftazidime 

dJw;('U dJ'Um~~ml&Jq.'1.::1'Yl'Ulii€lblJr;(lbbi.1q.'1(P)lb&Jmbi.1:::~mdmm 

bl'Yltl~nlw1l1~.::I~€lJi.1;-~ 1<Pl tJ b%~l:::mh.::l ri.::l b;€l bblJq.'1,yib1tJ bbm&J 
~ "" ..i.1lJ md\'lm~l'U~lJb'lf€l E. coli, P. mirabilis bbi.1::: K. pneumoniae 

dJ'Umi&J~~ml&J11~€lm cefoxitin ~.::I ri1'Ub;€l E. cloacae,Ente­
, 'lJ 

robacter spp., P. aeruginosa, Citrobacter bbi.1::: Acinetobacter 

~ml&J~€llii€l cefoxitin ~'1&Jln ~.::Ibii€l.::l~lm~€ll'Umi&J'VIi\'.::I-d 
'lJ , 

~'lrn~&Ju&1m&JTH1~fl.::lblJr;(lbbi.1q.'1(P)lb&J~ type I 'YhlV1~€l(P)'€l 
, , ... 

bf1Y'h1i.1~tJ€l~'U~~'UYi 3 1~,x'Ub€l.::lI.3.5·7.8,13.14,18 'U€ln~ln'U~.::I~lJ1l, 
b~f)'fil.::l~,x~'VI~€lliil.::l~t1~Mn'U nnm:::r;('U1Vi'~-rl.::lblJr;(l bbi.1q.'1(P)l­

'lJ , 

b"ml~'fil.::ln'U b'lf'U b~€l E. cloacae nnm:::r;('U1Vi'~~l.::lblJr;(lbbi.1q.'1-
'lJ , 

mlJ-l~ type Il~&Jlnn1l Enterobacter spp., P. aeruginosa bbi.1::: 

Citrobacter dJw;f'U bbi.1:::bbd!bblii~i.1;-~ 1'U~t1$1~b~ mn'Unnn 
, 'lJ 

m:::r;('U1<PltJ cefoxitin lVi'~€ll11mf1Y'h1i.1~tJf)~~~~ 3 'lI'U<Pl'fil.::l61 , ,I 

rl'U ~.::I~:::b~'U 1~~lnml).Jul11nl11l.::l1'U1Jml~mm:::'lJ€l.::lb~f) Entero­

bacter spp. l11mf1'V'Jl1i.1~tJ€l~~ ~.::I~lJ1l Enterobacter spp. \In 

m:::~'U1Vi'~€ll11€l cefotaxime 1~~n1l cefoperazone, ceftriaxone 

m'l::: ceftazidime dJ'Ur;(~ ~.::I-du~<Pl.::llVi'b~'U1l 1J(P)dlnTmnm:::
'lJ 

~'UlVi'~~l.::lblJr;(lUi.1q.'1(p)lb&J~ type I !iml&Jbb(P)nliil.::ln'Ul'Uul11i.1::: 

~l tJW'U-IT'lJ€l.::lb ~€l~i.1;-~ Ui.1:::md€l€lnn'Ylt,x'U 1~V·Jj,1 bb(P)nl11l.::ln'Ul11€l
" '1 

mr;(l'U~i.1.:s~~ul&Jlli'~1&Jn'U#l1tJ3'U€lmlndv.Ji.1md~m~ld, 
~€l<Plq.'1~€l.::lrllJml&Jjl'Ud:::tJ:::'VI~ ~lb~wiftJ~blJ~lbbi.1q.'1l11lb&J~ type 

I dj'Un~&Jb~wlftJ~'VImtJ'lI'U<Pl~lJl'Ub~€l~i.1.:s~liil.::l61 n'U bbi.1:::~ , ,I 

isoelectric points (pI) l11l.::ln'U ~.::Iri1'U lml!~:::~ pI €l~l'U.rm:::~ 
dJ'U~l.::lI.l8.19 bbi.1:::\Jn~lJ5.::1tJ5n~ml~~'m isoxazolyl penicillins, 
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carbenicillin bb~::; halopenicilloates lJl-.l<if1 bbo/1'W\jniflJ 5-.l1<?1~ 
• •	 ~ c; IV 6' I

clavulamc aCid bb~::; sulbactam l8 md"flflmrVlTI'lJfl-.lbfluonm,Jll1fl 

m(;hUOJ~:a~bbo/1~::;'lfi1<?1if-.l€!lOJbbll1no/1l-.lnU~-.ldJu[:.JmnOJlnml~, 
bLll1no/1l-.llulm-.l~1l-.l'lJfl-.lmLf1~11~~'lJfl~u~ 'YhlVi' affinity lu 

IV IV I v.c:S<=i. •	 • I .....

md"OJlJnlJ PBPs ll1l-.lnuon-.l~[:.J~ll1fl rate of hydrolysIs ll1l-.lnU 

Jh~I,16-18 UflnOJln inducible beta-lactamase Lb~1 if-.l~lJL8U 

~m~ ~-.liJ pI SA lUVI~l~~l~'0U~'lJfl-.lb~mVl~l-nb8U~~~~i1 
pI SA ~flplasmid mediated beta-lactamase 'lfi1<?1 TEM 1 ~-.l 
fl~lJU transposon bb~::;~lJbb~~m::;OJ1~fl~1-.lnll-.l'lJ11-.llUbblJf1.y; 

b~~lun~~Enterobacteriaceae12,18, 
1i1'1U imipenem tiU~lJllb~fl~~~~~~m~liJml~110/1fl 

, '" .c:S	 !i.I d:I, 0 A.o=.l !i.I 6] i,I

imipenem \1-.lmd"fl ~~::; 98 -1 00 bL~::;~flU1b'lf€l~~'lf~~lm::;GlU bVl 

~1l-.lblJetflLb~f1ll1lb~~ type I lii'1~ cefoxitin b~fl~~:a~~~m~n 
m::;Gj'ulVi'~1l-.lbilU~~~bb0/116J~1~1d"n'!'ilm~ imipenem 11ii'. imi­

penem dJUmblJetflbb~f1bbll1~~~<?1fl~1un~~ carbapenemsl6-18,20 

~l~ld"nt6~ ~ lU[:.J,x-.l Iii'lUUfln'lJfl-.l b~ flOJ, ~~~~ -.l'lJd"::;nfllJIii'1 ~ 
lipopolysaccharides bb~::; proteins 1 Iii' ~ iJ f11l~f1-.l'Y1Ull1' fl 

blJ~lbb~f11l11L~~ i1 affinity ~lJnlJ lethal VI~€l essential PBP ~fl 

PBP21~~~ln. PBP2 i1O;)lU1u,zflmdmYi~lJnlJ PBPs 

5u'l lii'1mVlGl-n bb~i1 imipenemlu periplasmic space b~~-.l 
b~mtfl ~n~l~ld"n'!'illVi' b~eJOJ,~:a~ll1l~ 11ii'1-3,5,6,8,17 '!'illVi'b~fl~"b 

~l~m~lbb~OJ::;biju inducible strainS~-.lnnm::;etfulVi'~1l-.l blJ~l 
'lJ , 

bb~f1ll1lb~~ type I 1Iii'nl6J~1~1d"n'!'ilm~ imipenem 11ii' '!'illVi' 

b~flif-.lf1-.l110/1eJ imipenem 

lUd"::;~::;b1~lVlm~u~t:Jlu~liJd"1~-.llum:rGlmdmd"~fl'lJfl-.l, 
b~flOJ~~~o/1 fl m bft~ll~~'lJfl~u~U~l ~'0un.yj bf1 ~110/1fl mtiu,	 , 
1<?1~ susceptibility tests b'liU P. aeruginosa, E. cloacae, bb~::; 

Enterobacter spp. dJUetfU2,8,21-23,25.26 ~ -.l dJ UV-J mit fl-.l~lOJln 

nld"~{l-.linducibleenzyme dbfl-.l bb~(il-.llVi'b~m'lnld"li 

susceptibility test l(il ~~l~ -.lJU1~\~ ~-.l~€ll Unld""tl1'lJ 

lh::;nfllJmd"b~flnmb~flmd"~m/'l lu~U1~~~<?1b;€l.nn'i1~:a~ 
'lJ , 

lumi~~~1~ldnnnm::;~ulVi'~1l-.lblJetflbb~f1ll1lb~~ type I 1~ 
, 'lJ' 

fl~l-.li1t1"::~'Y1nm~ "eJn'i1ln-nmdlim-s1~nu~ b~fl11OJ::;lVi'[:.J~ 
&i~ulumnm/'l (synergistic effect) €!l'i1 'Wlh::;~lJml~ftlL~OJ 
ll1l~.yf m<?1V11-.llUlJl-.lnd"ru bb~::; €!l'i1i1 [:.JM'\ fl r,llUnUbfl-.l 

(antagonistic effect) e)udJu[:.Jm~~lumd"~n'tj-12,27,28 ~-.l11ii'i1 

md""b disc approximation test ~11.j(luVi'fl-.ltliiiJGlmd"~~:a11'Y1 

m bL~::;~lJll~l~ld"nUl~ll.j(lUmd"l11d1 OJ VI1bblJf1.y; b~~~nn m::;~u 
'lJ , 

lVi'~~l-.lblJ~lbb~f1ll1l~~ type F-8 b'liub&i~1nlJmd"fln'tj-l-n f1lli::; 

~1~~i1ml~b~ull disc approximation tests 'i1::;i1'lJdd~'lfU 

screening test b~flll1d"1OJ~fllJ~1~'0Un~~1~1d"n~11-.l inducible, 
beta-lactamase R & S type I ~-.lbtJu'lJd"::l~'lfuo/1flmd"b~flnli' 

metflUOJ~:a~1un~~ bf1VJ,l~~'lJfl~u~bmd"~n'tj-l md"Gl (il b~flOJln, , 
~~~~dllJllci1ulV1blJ~-n-.l inducible beta-lactamase enzyme 

l(ilm%~l::;fl~l-.lri-.llUnld"limetfluOJ~'lf~~1~nu e)uOJ::;yhlVi', 
md"1i'iJ'lJd"::;l~'lfuLb~::;iJml~'lJ~fl(ilii' ~ bbfl ~U1 ~ ri-.l~U 

'lJ 

i,I o.cS ~ i..I ""'" I <=i. .-. d
[:.J'Y1lmd"f1n'tj-l'lJfl'lJfllJf1llib'i11VlUl'Y1V1U1 ~OJ~'lf11'Y1 m 'Y1
'lJ	 , , 

mrnl'li1mnlJ<if1fl~1-.l bb~::;ellU1~ml~~::;\il1nfl~1-.l&iri-.llumd", 
~n'tj-l-n 
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