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Use of Boronic Acid Disks for the Detection of Extended-spec-
trum B-lactamase and AmpC B -lactamase in Escherichia coli,
Klebsiella pneumoniae, Klebsiella oxytoca and Proteus mirabilis

Soon Deok Park’, Young Uh', In Ho Jang1, Ohgun Kwon', Kap Jun Yoon', Hyo Youl Kim®
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Background: Accurate detection of organisms produc-
ing extended-spectrum [-lactamase (ESBL) and AmpC
B-lactamase is very important for treatment of pa-
tients. However, unlike the ESBL confirmatory test,
there are no guidelines for detection of organisms
producing AmpC B-lactamase. We evaluated a de-
tection method using boronic acid (BA) for ESBL and
AmpC B-lactamase.

Methods: Clinical isolates of Escherichia coli, Kleb-
siella pneumoniae, Klebsiella oxytoca, and Proteus
mirabilis showing intermediate resistance or resist-
ance to cefoxitin (FOX) or positive for ESBL were
tested. A =5 mm increase in zone diameter of cefta-
zidime/clavulanic acid/BA (CAZ/CA/BA) and/or cefo-
taxime/clavulanic acid/BA (CTX/CA/BA) versus CAZ/BA
and/or CTX /BA was considered positive for ESBL.
Likewise, a =5 mm increase in zone diameter of
FOX/BA and/or cefotetan/BA (CTT/BA) versus FOX
and/or CTT alone was considered positive for AmpC
B -lactamase.
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Results: Among 622 clinical isolates, ESBL positive
rates by the CLSI ESBL confirmatory test or by the
BA method were 18.1% or 18.4% for E. coli, 38.3%
or 40.4% for K. pneumoniae, 8.7% or 8.7% for K.
oxytoca, and 14.8% or 14.8% for P. mirabilis, re-
spectively. AmpC B-lactamase positive rates using
the BA method were 3.7% for E. coli, 33.3% for K.
pneumoniae, 0% for K. oxytoca, and 7.4% for P.
mirabilis. The detection rates of coproducing ESBL
and AmpC B-lactamase were 2.4% in E. coli 27.1%
in K. pneumoniae, and 3.7% in P. mirabilis.
Conclusion: The ESBL confirmatory method using BA
was found to enhance the detection of ESBLs, even
when potentially masked by AmpC ZB-lactamase.
(Korean J Clin Microbiol 2009;12:24-29)
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Fig. 1. Representative results using the Clinical and Laboratory Standards Institute extended-spectrum [ -lactamase (ESBL) confirmatory test and
AmpC disk test without and with boronic acid (two disks positioned in right side on media). Abbreviations: FOX, cefoxitin; CAZ, ceftazidime;
CV, clavulanic acid; CTX, cefotaxime; CTX, cefotaxime. Left media shows AmpC positive, center media shows ESBL positive, and right media
shows that isolate is negative in CLSI method and positive in boronic acid disk.
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< HQl 200755 o2 ESBLIF AmpC S-lactamase 713
<= $1sted Boronic acid2 37} ZAsEIEE L 3ERbol|A] vt
o] Leld F= Aleslel

ZAAIEE] 72 microplate 578 (8] ©1-8-81%1.o™ ESBL
RG-S E g A7AT4 7 A= Clinical and Laborato-
ry Standards Institute (CLSD)[9]9] tl&= A& AH83t9)
t}. g#AE]A~=3+= BBL AHBBL Microbiology Systems, Co-
ckeysville, MD, USA) == Oxoid AHOxoid Ltd., UK)2] A%
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Boronic acidg ©]-$-8F ESBL¥} AmpC A -lactamase 715
Coudron 5{4]2] ¥hHell wkrl. &, boronic acid (Sigma, St.
Louis, MO, USA) €2 120 mg phenylboronic acidE 3 mL
dimethyl sulfoxideZ %21 & oJ7]o]] 3 mL B ZF5S Yol
Alzskg AL, o] £ 20 L& ceftazidime (30 g, CAZ), cefo-
taxime (30 #g, CTX), cefoxitin (FOX), cefotetan (CTT), cefta-
zidime/clavulanic acid (30/10 #g, CAZ/CA)2} cefotaxime/clav-
ulanic acid (30/10 #g, CTX/CA) H]&=0l] BF3te] 602 A=
el 3 SA] AL 4°C WAkl 3717F Sol7kA Al
B39t Boronic acid A3 ZAAE CLSI HHHUE
£ Mueller-Hinton agar plateol] 4<%+ % boronic acid (BA)7}

Table 1. Comparison of CLSI ESBL confirmatory tests in Esche-
richia coli, Klebsiella pneumoniae, Klebsiella oxytoca, and Proteus
mirabilis

CLSI ESBL test

Organisms CTX/CLA
(No. of isolates) CTX/CLA CAZ/CLA vs. CTX and/or

vs. CTX  vs. CAZ CAZ/CLA

vs. CAZ

E. coli (332) 58 (96.7) 35 (58.3) 60 (18.1)
K. pneumoniae (240) 90 (97.8) 57 (62.0) 92 (38.3)
K. oxytoca (23) 2 (100) 1 (50) 2 (8.7)
P. mirabilis (27) 4 (100) 1 (33.3) 4 (14.8)
Total (622) 154 (24.8) 94 (15.1) 158 (25.4)

Abbreviations: CLSI, Clinical Laboratory Standards Institute; ESBL,
extended-spectrum 8 -lactamase; CTX, cefotaxime; CLA, clavulanic
acid; CAZ, ceftazidime.
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Table 2. Comparative results in E. coli, K. pneumoniae, K. oxytoca and P. mirabilis by combination with the boronic acid

No. (%) of positive results in AmpC test

with boronic acid

No. (%) of positive results in ESBL test
with boronic acid

Organisms (No.)

FOX/BA vs. CTX/CLA/BA vs.

FOX/BA CTT/BA FOX and/or CTX/CLA/BA  CAZ/CLA/BA CTX/BA and/or

vs. FOX vs. CTT CTT/BA vs. CTX/BA vs. CAZ/BA CAZ/CLA/BA vs
vs. CTT CAZ/BA
E. coli (332) 5 11 12 3.7) 55 35 61 (18.4)
K. pneumoniae (240) 59 77 80 (33.3) 94 86 97 (40.4)
K. oxytoca (23) 0 0 2 1 2 (8.7)
P. mirabilis (27) 1 2 2 (7.4) 4 1 4 (14.8)
Total (622) 65 90 94 (15.1) 155 123 164 (26.4)

Abbreviations: FOX, cefoxitin; BA, boronic acid; CTT, cefotetan; others, see Table 1.

Table 3. Prevalence of AmpC and ESBL in E. coli, K. pneumoniae,
K. oxytoca and P. mirabilis by combination with the boronic acid

No. of isolates with

Organisms AmpC  ESBL AmpC No AmpC
and no and no and and no
ESBL  AmpC ESBL ESBL

E. coli (332) 4 53 8 267
K. pneumoniae (240) 15 32 65 128
K. oxytoca (23) 0 2 0 21
P. mirabilis (27) 1 3 1 22
Total (622) 20 90 74 438

Abbreviation: ESBL, extended-spectrum [ -lactamase.

W ESBL YA EL E coli 18.1%, K. pneumoniae 38.3%, K.
oxytoca 8.7%, P mirabilis 14.8%F3 AAF o Z = 158FF
(254%)7F < Hlew, CTX H&a s o &7t Whe]
CAZ Y235 of &3 Wkl FdEe] E3htk(Table 1).
Boronic acidE 7}t ESBL 7AZEH oA+ E. coli 18.4%, K.
pneumoniae 40.4%, K. oxytoca 8.7%, P. mirabilis 14.8%9] °FA
S Holow CAZETE CTX H2zolA] A Eol =3t
Boronic acidE ©]-83 AmpC ZAblA AmpC A ELS 5
W2 E coli 3.7%, K. pneumoniae 33.3%, K. oxytoca 0%, P,
mirabilis 7.4%333 FOXEt} CTTollA A Eo] =9ktKTable
2). ¥FHE AmpCe ESBLE] FA A FE9] Hl&2 E
coli 2.4%, K. pneumoniae 27.1%, K. oxytoca 0%, P. mirabilis
3.7%AtHTable 3). Al 2544 Ald-S A Em AmpCrt
A= E coli®t K. pneumoniae= FOXol| B5 WAlol9x
cefepime (FEPE Fjholls B Aol 9l o, CTX, CAZ,
aztreonam (ATM), cefoperazone/sulbactam, piperacillin/tazobac-
tamelli= 20~100%2] #7455 Hlvk. ESBLYF A4sh= E.
coli$} K. pneumoniae= CTToll= 5 A o]9)3L, FOXoll

gt A ES A EH E coliv 60.4%, K. pneumoniae=
75.0%332H, FEPOll o3t ZrAEs AHEW E coliv
39.6%, K. pneumoniaes= 56.3%33t}. AmpCe} ESBLS 5A] |
RBAsH= E. colic FOX8t FEPOll 4% #5771 9l
AmpC¢} ESBLS FA] WA s= K. preumoniaes FOX$} FEP
ol 3.1%%} 36.9%7} Aol e ATM, CTX®F CAZ 3+
Alell B WA o]k A1§dt 62275 R imipenemel] 7
4Jo]9itH(Table 4).
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ESBLS A48l 752 extended-spectrum cephalosporins
2 Bz 3AItHe) 441t cephalosporins$} monobactam 55
ZrEalslez o]E| st FFE2 carbapenemA|L}t cephamycin
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HollA] clavulanic acid®] 7}ol| 23l AN = FH A9 Al
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AmpC f-lactamase 2848752 AR o] F7kelaL Sledl o]
+ ESBLI= 22| B-lactamase A Aol HA7} H]A] ¢ko
Sk EollA] 719138 A WAL AR Al
Aol¥]7| = sla[10-12] o]#fdt FAAE 7HARL Qe Feks
v == o g AHAIF R i = dem[13-15] WY
Zozw A F 9lrhl6,17]. 53] shte] FEollA
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Table 4. Antimicrobial susceptibilities of E. coli, K. pneumoniae, K. oxytoca, and P. mirabilis according to the presence of AmpC and/or ESBL

% susceptible to antimicrobial agents

Organisms (No.)

SXT CIP AMK GM TOB MAN CFS PPT ATM CTX CAZ FEP FOX CIT IPM

AmpC and non-ESBL

E. coli (4) 50 75 75 50 50 25 100 75 50 50 75 100 0 50 100

K. pneumoniae (15) 533 333 20 40 20 20 66.7 667 733 60 20 100 0 26.7 100
ESBL and non-AmpC

E. coli (53) 34 189 818 509 377 1.9 604 660 302 19 585 396 604 100 100

K. pneumoniae (32) 344 188 469 563 28.1 0 531 438 94 0 125 563 750 100 100
AmpC and ESBL

E. coli (8) 125 0 750 125 125 0 750  75.0 0 0 12.5 0 0 25.0 100

K. pneumoniae (65) 277 46 169 77 154 0 40.0 185 0 0 0 369 3.1 154 100
Non-AmpC and non-ESBL

E. coli (267) 100 742 97.8 82.0 850 973 978 959 981 974 981 981 978 NT 100

K. pneumoniae (128) 100 953 96.1 100 938 977 992 100 100 100 100 100 984 NT 100

K. oxytoca (21) 100 952 100 97.7 952 952 952 952 100 952 952 952 952 NT 100

P. mirabilis (22) 54.5 81.8 100 81.8 955 955 100 100 100  95.5 100 100 955 NT 100

Abbreviations: ESBL, extended-spectrum A -lactamase; SXT, cotrimoxazole; CIP, ciprofloxacin; AMK, amikacin, GM, gentamicin, TOB,
tobramycin; MAN, cefamandole; CFS, cefoperazone/sulbactam; PPT, piperacillin/tazobactam; ATM, aztreonam; CTX, cefotaxime; CAZ,
ceftazidime; FEP, cefepime; FOX, cefoxitin; CTT, cefotetan, IPM, imipenem.
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Escherichia coli, Klebsiella pneumoniae, Klebsiella oxytoca?
Proteus mirabilis®|N Boronic Acid DiskE ©|&%t
Extended-spectrum /S-lactamase2 AmpC S-lactamase HZE

=]
HHA: Extended spectrum A-lactamase (ESBL)2} AmpC B-lactamaseS Aol &2 Aekst 7132 3hxle] X 5ol nil-$-
Z o3l a8y ESBL AEW A= 28] AmpC B-lactamase= ¥ 73 vbHo] gl B o6l A= boronic acidE
o]-23F ESBLY} AmpC B-lactamase 7135 7}tk
HHH: Cefoxitin 5 7H Al o] AW WAl == ESBL Al&ollA] kA& R QI Escherichia coli, Klebsiella pneumoniae, Klebsiella
oxytoca®} Proteus mirabilis 7752 o2 319l ESBL A4S ceftazidime/clavulanic acid/boronic acid (CAZ/CA/BA)2]
AAN A FollA CAZBAS] AAN AE& W Zko] 5 mm o]Fo] AL} cefotaxime/clavulanic acid/boronic acid
(CTX/CA/BA)S] AAIt] A FollA CTX/BAS] AAIU A5-E wl Fke] 5 mm oo ESBLE FH43}3L, cefoxitin/boronic
acid (FOX/BA)2] A A EollA] FOXe A AEE "l Zro] 5 mm o] o] A} cefotetan/boronic acid (CTT/BA)S]
AAIN A FollA CTTY AAIN A5 ¥l 7kol 5 mm o]dol™ AmpC B-lactamase B4 TFE HF3|Ach
Hu} E 622 ¥FZ CLSI ESBL R HAE A8t Ay} 758 ESBL UAES E coli 18.1%, K. pneumoniae 38.3%,
K. oxytoca 8.7%, P. mirabilis 14.8%3)3L, boronic acidS ©]-&3F ESBL 73 o2 243} ESBL YA ES E coli 18.4%,
K. pneumoniae 40.4%, K. oxytoca 8.7%, P. mirabilis 14.8%t}. Boronic acidE o]-&3F AmpC H3 SFAES E coli 3.7%,
K. pneumoniae 33.3%, K. oxytoca 0%, P. mirabilis 7.4%3.3 7FEHZE ESBLY AmpCE FAoll A= T2 vl &S E
coli 2.4%, K. pneumoniae 27.1%, P. mirabilis 3.7%3 k.
ZE: Boronic acidE ©|-&-¢+ ESBL #7142 ESBLs AE3S =2 4 I3 AmpCell I3l 7} 4 9= ESBLs® H&%
T Adeh [HErANEESIS|X] 2009;12:24-29]
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