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Evaluation of the Phoenix Automated Microbiology System for Detecting Extended-Spectrum
B-Lactamase in Escherichia coli, Klebsiella species and Proteus mirabilis

Kyo Kwan Lee, M.D.!, Sung Tae Kim, M.T.!, Ki Suk Hong, M.D.2, Hee Jin Huh, M.D.}, and Seok-Lae Chae, M.D.!
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School of Medicine, Ewha Womans University, Seoul, Korea

Background : The aim of this study was to compare the BD Phoenix (Beckton Dickinson Diag-
nostic Systems, USA) extended-spectrum S-lactamase (ESBL) test with the Clinical and Laboratory
Standards Institute (CLSI) ESBL phenotypic confirmatory test by disk diffusion (CLSI ESBL test) in
Escherichia coli, Klebsiella pneumoniae, Klebsiella oxytoca and Proteus mirabilis.

Methods : We tested 224 clinical isolates of E. coli, K. pneumoniae, K. oxytoca and P. mirabilis
during May 2006 to March 2007. These isolates were examined by the Phoenix and the CLSI ESBL
tests simultaneously. For the isolates showing discordant results between the two tests, boronic
acid disk test was performed to differentiate AmpC (-lactamase and ESBL.

Results : Among the 224 clinical isolates, 75 and 79 isolates were positive for ESBL by CLSI ESBL
test and Phoenix test, respectively. Having detected 4 more isolates as ESBL-producers, Phoenix
test showed a 98.2% agreement with a 100% sensitivity and 97.3% specificity compared with CLSI
ESBL test. Among the four false positive isolates, three were AmpC-positive but ESBL-negative.

Conclusions : The BD Phoenix ESBL test was sensitive and specific, and can be used as a rapid
and reliable method to detect ESBL production in E. coli, Klebsiella species, and P. mirabilis. (Kore-
an J Lab Med 2008;28:185-90)

Key Words : Extended-spectrum fB-lactamase, BD Phoenix ESBL test, CLSI ESBL phenotypic

confirmatory test
M E
kS 2120079 12¢ 299 HMaHE 1 KJLM2101
SHEHS 20080 39 49 )
ARSI : 20088 39 24D Enterobacteriaceae®l| ¥ extended—spectrum f-lacta—
oA R A A _
* o ,1—10,773 ANE ACFA] dabeE AAE 814 mase (ESBL) ’%“é% f—lactam %ﬂ‘xﬂg F8 LH*&‘7] Hoz
TR drhE Y A ARe et FESBI, MATF-S B-lactam SrFAIE 23S o )5 Al
213} : 031-961-7890, Fax : 031-961-7902 8= 6 FutAR A2hs ) A= el
E-mail : rocky @duih.org 5 Bz} Qi) BESBLE 7]&9] f—lactam Shot-A| 8wt of

185



186

Yz} oxyimino—cephalosporins (ceftazidime, cefotaxime)
I monobactam®ll W& YeRH™ clavulanic acid (CA)©]
sl A== Aol rt2l. tirtr2] ESBL2 71E2| TEM-
1, TEM-2 % SHV-12 Hdshe Akl Edol7 470 A
O 2 vt atAlel e UerATH3], sWellA= Esche-
richia coli®} Klebsiella pneumoniae®4 TEM-52, SHV-
2a, SHV-12% ESBLe| &5}% 21H4] 20019 CTX-M-145
3= K. pneumonia, E, coli ¥ Shigella sonnei7} B.il
g o]% CTX-M-15, CTX-M-14, CTX-M-3 5 CTX-M3 <]
ESBL #2|81%=2} f-3o] S7FskaL glew[s, 6] £3t VEB-1,
GES-5, PER-1, OXA-30% & A& ESBLe| ®ILE9tt
[7, 8]. Clinical and Laboratory Standards Institute (CLSI)
oAl E. coli, K. pneumoniae, Klebsiella oxytoca ¥ Pro—
teus mirabilis®] ESBL A&= $13F t]&= bz HAuj
A AR 2o w2 ESBL AAw2 X penicillins,
cephalosporins¥} aztreonamol| WALZ HISCHI) 18

A5 ESBL Aol Al AmpC—type B-lactamase (AmpC)
S Bl AASAUIO, 11] porin #S}e] oot upEnHg o] 7}
4 5o Sl o Y AAIA f1eAde] 3l 4 et &,
TEM-13} SHV-1 f-lactamases AJ43h= K. pneumoniae
O] oJupehal AAo] FHEE Z-9-olli= ESBL A+t o= =5t
of Q1M A7 U 4= QUeH12].

ESBL A/d+t& A&k AFsahe Al A4/ AAbd]
& VITEK System (bioMérieux, Marcy I'Etoile, France
[Vitek])¥} MicroScan WalkAway—96 System (Dade Behr—
ing, Inc., West Sacramento, CA, USA [Microscan])©] ¢4}
Ao A AREE o] HAF AITES TE3FA AL 2ol Phoe—
nix Automated Microbiology System (Beckton Dickinson
Diagnostic Systems, Sparks, MD, USA [Phoenix])o] =+tfo]]
EE o] o] gL ok, AsEbE Al A HAPHIE
ol-§st= A 7 IRET 411 A58 ESBL At HE
o 4= AT, CLSI ESBL SHRIHo A H 21573 /194 &
o] 91 4= JItH13-16]. ESBLE A AU 9143 2o v

a3t u) o] et o} Alghof tisiA] dar glojof gt
olof|, B AL M= E coli, Klebsiella spp. 2 P. mirabilis

£ diitez A2 7fEE Phoenix system®| ESBL Al

CLSI ESBL &1y} B]ws}to] Phoenix system®] ESBL 7
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20064 5E5E 20079 397HA] F=Thetal Ak oA
Phoenix NMIC/ID-108 combo panel (Beckton Dickinson
Diagnostic Systems)|A 3% E. coli 1035, K. pneumo—
nia 615, K. oxytoca 135, P, mirabilis 175 & 194wt52}
o|gtoiztestal S Vitek 1 ZH|oll A ESBLZ 2lH
E. coli 85+%} K, pneumonia 245 5 % 226575 o2 s}
k. welE o] 58S AEA 2 Astekd wrjo s 2l
T o5 T4 A3 AR Wi oE A ARSI
T+ B9l FA A Citrobacter brackii®t Enterobacter
aerogenes= 3% F 55 A Q$k 2245 2FF Phoenix
ESBL A3 CLSI ESBL #IHE sAl ol AJ3ste] ESBL A
datE AESIAL, F AARIA EYAE H2l w5 boron—
ic acid H&aMS 712 Attt

2. Phoenix ESBL ZAt LU &+A| ZM AIE

A53HE ESBL A¥/d+t9] %2 Phoenix (software ver—
sion 5.15A/V4.11B)9ll Phoenix NMIC/ID-108 combo panel
2 A3k 0.5-0.6 McFarland EF=2] ID brotholl4 25
L= F3}9] antimicrobial susceptibility test (AST) indica—
torg SIS A7F8E AST broth® &% & NMIC/ID combo
panelof] 525131 o] Z2s13Ie}, Cefepime, cefpodoxime,
ceftazidime (CAZ), CAZ plus CA, cefotaxime (CTX) plus
CA ¥ ceftriaxone plus CA2] 6719 FaAI7} S35 wellol
A 1o A 75 AET $ darelsel wet ESBL A4 o
HE Ax5eiqrt, ¥agsel et E coli, K. pneumoniae,
K. oxytoca®llX ESBL #=7]50) sl ‘rule No.1505
of oJ3) ESBL A3+t o= W45}, rule No.1505° ¥l
Eof 20| A9t, carbapenem #Ad0]IL piperacillinel] W
Aol 3AIH cephems®]L} cefpodoxime T+ aztreonamoll
WAL 4% rule No.1502 ol <]l ESBL Y02 #HEa}g
t}, E coli®] AmpCLt K. oxytoca] |24 ti7iAd S—-lacta—
mase (K12} Zo] ESBLY} AR WA 7148 7143 glowd
oFgoE wEE 4 gt} Heiz oz CLSIO| ESBL AMAAL
7|0 s Y A% rule No106 ol 2sf ESBL A4+
7Fs/dol Jleng ERIHAE stes 383t ESBL A%
o= oF 8.5A17H6-11417Do] 48E|9{t}. Phoenix ESBL Al
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S} CLSI ESBL &eIH o] AulofA] 2jo]& B 7§ HiE 7
A+ 9 boronic acid YA S B8t

3. CLSI |23 EHkHoil 2/st ESBL ol

McFarland 0.58%9] Al FH48 #5322 Mueller—
Hinton gHujA]o]l 2124 &5t S CTX (BBL Microbiology
Systems, Cockeysville, MD, USA, 30 xg), CTX-CA (30/10
1g), CAZ (30 ug)¥+ CAZ—CA (30/10 pg) tATE 11 35°C
oA 16-18A17F #iYf & JANE SH5t] CTX-CA E=
CAZ-CA®| A7} CTX¥} CAZEEF 5 mm oV 2 4%
ESBL ¥/do=2 ssiltt. 2|1 Frete]E flste]
%2 K. pneumoniae ATCC 700603, 2HNZZ E, coli ATCC
259225 AHE-8H3ITE.

4. Boronic acid C|23H0l| 2|5 AmpCet ESBL ZHEH

CLSI ESBL gel# o] 4] ESBL /4¢3 2.4 Phoenix ESBL
Agoflxs FPo2 BUAE Hel 443 il AmpCet
ESBL A4 o8& &13}7] #1814 boronic acid (BA) T4
M o]-8-sk%ItH17, 18],
zeneboronic acid: Sigma—Aldrich, St. Louis, MO, USA)&
3 mL2| dimethyl sulfoxide (DMSO)°]l %291 Fof| 3 mLe| &

120 mg®] phenylboronic acid (ben—

Table 1. Overall agreement of the Phoenix ESBL automated
test and the CLSI ESBL phenotypic confirmatory test

Phoenix ESBL test
CLSI ESBL test — -
N positive N negative
ESBL-positive* 75 0
ESBL-negative* 4 145

*, The result of CLSI phenotypic confirmatory test for ESBL by disk dif-
fusion methods.

Abbreviations: ESBL, extended-spectrum [-lactamase; CLSI, Clinical
and Laboratory Standards Institute.
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FE 9ok o] 89 20 ulE cefoxitin (FOX), cefotetan
(CTT), CAZ, CTX, CAZ-CA¥} CTX-CA tj2=9] Yil 37|
Foll 601 HEAIZ - SA] ARESIAY 4°Coll B Hytst
et /\]34 M-S Mueller—Hinton HjA]o]] H&3111 | AT S
FE 3 35°CollA s uiefshitt. BARZE FOX, CTT U
239} FOX, CTTS] A 240]7} 5 mm o]4Fo]H AmpC %
Aoz BAHMZ} CAZ-CA, CTX-CAT2A8} BAEZF CAZ,
CTX9] AA Zo]7} 3 mm o]Folw ESBL Y02 Hetst
AcH18.

g 1

1. Phoenix ESBL Al&2| 7}

Z 2245259 ESBL A4 A& {13 AANIA CLSI
ESBL &Il A 75457} ESBL %4031 Phoenix ESBL
AFelals = AAR BRoA] A1 155 o] Ljof| 4atol| A
F7HR FE 2ol 9154 0o, 1Y *é 494}, CLSI ESBL
ghola} H]WA] Phoenix ESBL Al ol9lE 100%, Eo]%=
97.3%% 1, A== 98, Z%ME}(Tablel F AN £Y
A 5= E, coli 358t K. pneumoniae 15732 ™ K, oxy—
toca®} P, mirabilis= 25 42|51t} Phoenix ESBL A&
FAQl 79% % 155 ‘rule No,1502 o] &J8 ESBLE W45}

om rule No.106 #3= $1lch

2. Boronic acid CI23#H0| 2/t AmpC2} ESBL A&

CLSI ESBL &<¢1#¥} Phoenix ESBL A8 A EUA|E &
o] 4t3o] s AmpCet ESBL A& ¢4l BA t23¥S
AR AW B coli 395 5 2938t K. pneumoniae 155
oA} AmpC Aol oLt ESBLS BF 2402 AmpCe
ESBLZ FAloll A/d8k= = AZEA] g3tth(Table 2).

Table 2. Characteristics of 4 false positive isolates in Phoenix ESBL test compared to CLSI ESBL test

Minimum inhibitory
concentrations (.g/mL)

Difference in zone diameter (mm)

Strain No. Species
Ceftazidime Cefotaxime FOX-BA CTT-BA CAZ-BA-CA CTX-BA-CA
vs FOX vs CTT vs CAZ-BA vs CTX-BA
25 E. coli 1 <2 5 3 0 0
120 E. coli 1 <2 1 0 -1 0
124 E. coli 1 2 6 3 1 1
128 K. pneumoniae >16 4 3 5 -3 0

Abbreviations: FOX, cefoxitin; CTT, cefotetan; BA, boronic acid; CAZ, ceftazidime; CTX, cefotaxime; CA, clavulanic acid.
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& AFolME F 224+t & 75771 ESBL AR &
Q1= 2T}. Phoenix ESBL Al@¥} CLSI ESBL 2142 &4l
Al35t= ol Phoenix ESBL Al&olA 913/ ilaL,
A 405 Bof qulEE= 100%, olEs 97.3%% ek T18ar
CLSI ESBL SRIH ¥} &2 98.2%c}. BYA] 5+ E,
coli 352} K. pneumonia 1559.2M K, oxytoca®t P. mira—
bilise 27 DA Filoll =9 o] o]8=aL ¢l= Pho-
enix®] ESBL A& cefepime, cefpodoxime, CAZ, CAZ
plus CA, ceftriaxone plus CA, CTX plus CA2] 6712] &t
A7t e welle ARESHe] datelgo] wet d=git £
oMz cefepimes A9t 5714 A well AHE-SEAL 9l
t}, Phoenix& ©]83ll Enterobacteriaceae 510452 ESBL
A oAto| A double—disk synergyAl® W Ex}G2skA] wf
A} Blwske] 100%2] A=l 98.9%2] Eo|=E HAIL
Ki& 3 Adshe 7+ 52 K. oxytoca®t ESBL= #1835t
A Zestelekar B auskeloh13], thAWA E. colit Klebsiella
spp. 9lwFoll A9 ESBL A& Bl A- oA E-test ¥
AR W) Bl wskelS ] Phoenix= <IRl%E 92%,
Eo|% 82%5 W I FT= 89%E Vitek 1 (83%), Vitek 2
(78%) 2t} 9=psirhal Harshgle=t] ol dtHeh o=t
W2 olfi= rule No.1502 ¢l w55 ESBL /422 HH3)
7] WlEoltH14]. Enterobacteriaceae 147w50ll4 ESBL A
At HES 9IeE AtollA EAAEHA W) v wgE o
Phoenix= 99%2] ¢l9l=2 2 o] VITEK 22} 86%%} Microscan
9] 84%R ) =UAT Eo)= 52%= VITEK 29 78%X th
k=t ol Kie 34 A48k K. oxytoca®t ESBLE
HokA] 35191 7] wfiZo]ITHA) 2 Atoll ALt 2ol 67F4] 3¢
A wello] )+ Phoenix NMIC/ID-108 combo panel At
23 Thomson S[16]& ESBL A 87} &elE E coli9}
Klebsiella species 10275 OS2 ESBL HE6S AB)
%S 1 Phoenix ESBL A8 96%2] o71=2} 81%2] Eol=
£ HYI1 Vitek 2= 89%2] AWE=9} 85%2] Eolx=& Kt}
I Bkt HAA =2 Phoenixs Vitek©|H Microscan
Hrop U7} =9rou K1E 3] AAsk= K oxytoca}
ESBLZ #88}A] ol= Z3Fe] Qit,

3ol A Pheonixe= 100%2] oHlES H Al $1SA]
U3t ESBL A+t A2 f1eh CLSI #9034
Aol fIRle 2= K. pneumoniael~] ESBLY &7 AmpCE
Aol AASHALHIO, 11, 16] E. coliollA] TEM-282 A48
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T[16] porin®HStof| oJg BHEIHY O] 24 Fo] QlrHi1], ESBL
I oA AmpCE FAlol AT o AmpC7t CAofl &fsf <A
2] 947] wioll EEP FAF fleAS Hole Aor AEH
TH10). & dAolA= ESBLY AmpCE FAl0 AAdshs o=
7F 3371 el 9124301 flks 7FsAdel itk &, TEM-
28& A8k E. colitt porintiste] ofsf uEuHo] Zhay
W R A9t whitel oflteol tidt AtRe S
S1A] otk oA = ESBLS A4ds= K. pneumonia 755
% 405(53.5%)° A plasmid "i7i4d AmpCE FAlel A4/dst
AL B cefoxitine]l WS BArka Rustiei19). whehA
ESBL¥ AmpCE §Aloll AAshe o571 W& AAM A=
Phoenix ESBL AZ°l #154d0] S7F& $13do] 171 wizell
S o] Fiol thgt At} o Fasie, ok AHsshE It
Al 424 AAPERIRL Vitek 12+ 29] ESBL Al ollA] S/4]aL
cefoxitinoll WAS 29l E coli®} K. pneumoniae®] 7-$-
ESBL¥ AmpCE §Alol Ashe 7Y 7ol slenz
5de Eol7] Slsl F7H4Q1 AAPE Fasihar HaEa
ATH20-22]. 3FARE, Phoenix NMIC/ID-108 combo panel
o= cephamycinZ] F=tAI7F 23] QLA] ¢hobA o]ef &
daelES A85H7] ofefE Hol qirk vhHol|, ESBLE A%
3= Tule No.1505 += cefepime, cefpodoxime, CAZ, CAZ
plus CA, CTX plus CA ¥ ceftriaxone plus CAS (EgFoH=
6719] wellollA 9] A F-75 S0 YLYEo=A
Vitekoltt Microscan®2t} -2 ESBL SRIHAME well& At
45131 211316, ‘Tule No.1505 ol 244 w| carbapen—
em 7HAJ0]al piperacillin®l] WAdol® 3AIH] cephemso|t
cefpodoxime E+ aztreonam®l] WAL 4% ‘rule No.1502
o] oJ8] ESBL o o& w=sl7] mhize] diles 9 4 A
o}, & AFNAE rule No.1502 o &J3)] 15457} ESBLZ
AEH AL, olF 1577 f1%/deloA rule No.1502' 7} o=l
=5 zolet 71oeE & 4= Atk

Phoenix ESBL A% $joFAde] $oloz= K oxytocadllAl
Kl 7 A4 wj[13-16], E. coliol A FA4A] vi7id AmpC
o] woJAA 1] K. pneumoniae®l A SHV-1 2o} Aout
plasmid "i7Hd AmpCE 4T off 5ol HaEIeH1s, 16].
2 Aol A 4etF 5 BAANE AT 3754 AmpC
FHoE UK E, coliolA FAA vi7id AmpCE A4
Sl74 K. pneumoniae®ll 4] plasmid "7/ AmpCE A3t
o} Phoenixol|Al ESBL= 23t W4 7s/d0] Itk AmpC
Aol o3t 1S Adshe W 2 Phoenix ESBL Al

oFAol f= 2ol cefoxitin WAL Eelsks= vbHo] 9oLt
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Phoenix NMIC/ID-108 combo panel®ll+= cephamycinA &
AR cefoxtinoU cefotetan®] &= o] IA| Foba] o
20] Qltt, & A4 fule No,1502 1545 % 1577} AmpC
off o3k 91012 rule No.1505 5= 5 2577F AmpCell
I3t QA O 2 LebA] Phoenix®d ¢ 8]EHC2E AmpC
o 95t $FAS 9|=3 4= ¢l Phoenix ESBL Al¥ 949l
789~ AmpCell oJ3t 91d& HE37] flsiAl= CLSI ESBL
gelolut BA t2aH 55 F7h= Algisfiof qitt,

ZE2 0= BD Phoenix ESBL A]ai AEAZO] W=
CLSI ESBL 213} H]asto] 52 ofRleet Solm=g Ko
E. coli, Klebsiella species®} P, mirabj]jsﬂ]/\i ESBL H|AA
R BEEH RIEHAL §lo] gk 4= Ql& Zo|t} ESBL
TR BEEH AmpC /& el 18 CLSI ESBL
ZoIHolu BA t 23 s e 4= Qi)

(o]
i}

12

HiZE : 2 5rollA= Escherichia coli, Klebsiella pneu—
moniae, Klebsiella oxytoca, Proteus mirabilis®llA M= 7H
HhE BD Phoenix system (Beckton Dickinson Diagnostic
Systems, USA)2] extended—Spectrum S—Lactamase (ESBL)
AlSS tAaT 2ol oJsk BESBL 38 1A E (Clinical
and Laboratory Standards Institute ESBL 21 CLSI
ESBL &Felt) ¥} ¥]18}0] Phoenix system®] ESBL A&5<
7hsilet

i 1 2006 5Y5E 2007 397HA] AAFACIA £
H E. coli, K. pneumoniae, K. oxytoca®} P, mirabilis 224

5 dafo2 shock, 224350 th3) Phoenix ESBL A1 @
I} CLSI ESBL 2HIHE S Al3skicth. =94 o H
3] AmpC B-lactamase?} ESBL AJAJ o] 7E 2R01517] $l3}o]
boronic acid YA RHS ]85t

A1} 1 F 224415 5 CLSI ESBL ERIH A= 750l A
ESBLYg0I2itt. Phoenix ESBL Al 4504 712
= Bl ARE 100%, Eol= 97.3%% 3L CLSI ESBL 2
QlTh vl WA YA EE= 98 2%% Tk AW 44T F oﬂﬂi 3t

= AmpCE AASHIAT ESBLE A4 sk v ¢t

ZZ : BD Phoenix ESBL AH53} AJg> IUJ‘FSP 5ol
ol AAAAA EE|=+= E coli, Klebsiella species®} P,
mirabiliso| 4] ESBL A4S A&sh=t w21 §-88 Aog
AHEE Sl
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