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2]3F Phoenix

Hi & : A A A Eeld S E DS 44 2 = BD Phoenix Automated Microbiology system
(Phoenix; Becton Dickinson Diagnostic Systems, Sparks, MD, USA)2] Methicillin WAl 320 3 = &
(MRSA)S] A& %< g 32X T MicroScan WalkAway 96 System (MicroScan; Dade-Behring,
Sacramento, CA, USA)Z} v] w dlof 3 7}-8} %

4o sl ooty el #RST L2 BAGA PelE BAEEIR 10RTD)G 12 7
F% Aol e FEZE 83} 207 Fol oFET fabe] W Ruo] A BelY PN TR AT BEFE
03l 587 T2 E Ao 2 3T & 2087 ol th & PMIC/ID-53 panel (Becton Dickinson Diagnostic
Systems, Sparks, MD, USA)S- A}-8-3}o] Phoenix2 A AALS Al 333 oo, v] A (partial)Ql 23} +=
A 73} 179 tsl A & Clinical and Laboratory Standards Institude (CLSI)2] 3+ 3|2 o 7
oxacillin MICZ T35t EFZ2 32 3} 11, 2779l o3l 4] = MicroScan Positive Combo TypelA (Dade-
Behring, Sacramento, CA, USA) 2 2 7}5A A AL S Al 8131 2.1, mecA PCRE 891 5}3 T} .

A 1} 1F T3 MRSAE 1007 2(58.8%)% .1, CLSI 821 3] 41 7} 1] w3)-S ), Phoenix®] %
== 100%0] 4 o, 2u o] ] & X]&©] 994%S T}, 2ol 4] 281 F+(48.3%) 7} mecA FA]
-5 Phoenix 9} MicroScan. 2 FA|ol] AALE AA| S 23 F A 2" 25 1739
mecA ¥ dFE AESHA] XL, o] #Fol 3l MicroScanol| A= 23] HAMA] H a5 % 2 pg
/mL, Phoenixol| A = 33] A AFA] 2 pug/mL 23], >2 pg/mL 13| 2 B 235 H3lvh. F 71719 At
L BEYR L 100%, 28] 5] U X & 98.3%% TF. Phoenix @ A nlA 9] BT E 55%9 o0, v 24 <
A e ek 2Fd AL A QA H T 12.8A] H(10.2-16A] F) o] YT

2 = : Phoenix= MRSAE A &sl=d %9 Eo| w7} $438}9 31, MicroScan A A2 1} 9} & X]
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Methicillin YA 3 I & 2k (Methicillin-resistant

. ] 71= Becton Dickinson Korea®] -3 4 710] 2 =3 =] 91 -&-.
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Staphylococcus aureus, MRSA)-& M| Al A o & Wl =7}
sta =, Tl = SFHE A A el = &
=49 70%7F MRSA©]t}H4, 5]. Methicillin ]/ 2
A4 © 2 imipenemS ¥ 3F3F L E f-lactam 3}
7} 77} gl o1, non-p-lactam A &= =& v}
S Hol7]d|[3] dFHAME A= MRSAE 4l
B &atA A& Folof gt

MRSA £ penicillin-binding protein 2a (PBP 2a)E A}
3t mecA §-7A2] & 5o ot E 2[6] mecA FHAE
BAN B 02 P EaE o] MRSAZ %3k 7}
& G g ol AN, QI I Al Zte] g HT ¥ Y
A9l &% © 2 Clinical and Laboratory Standards
Institude (CLST)ol| A = 8] A3 o] o] gk 7Hd Z Abe} 13t
T 7} =& Oxacillin - g+ A 8 7 A} (Oxacillin-salt agar-
screening test, OSA)S ¥ &3l 1 2 [7] CLSI 34
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|8t Phoenix B7}

S A A DFA & 0] &35l = o H AL, OSA
= A8A|ZE7A] vl el o Star, Hoarel whet o W= 5
o] =7} "ol th8]. I A oA E el AgstE
2~ 3321 2 methicillin WA & 74 23 =1) 244 749 u))
oFo] g @ &l3 B A3 MRSALE |tz 7d ujet A
312 E3te Aol B4l 7 B, 91 AHsstE &
oA A AuE o] &3 320 -2 methicillin WA &
A esta 214 5H H &3t} vhekdt 7l d o] o] Fol Al
o FEFWHRF A EE Holx] Eovte A+t
ATHS, 10-14]. WEtA] AFH A A MRSAE % &9
HE3l= A2 3 A oF & A o]t}

Phoenix Automated Microbiology system (Phoenix;
Becton Dickinson Diagnostic Systems, Sparks, MD, USA)2
A2 Fol 208 A5 Pul 2 G ohe)
AEtghd &S HEte] BT E AT e R
A&E R B REA BRI FFAPAE FAS 5 Ak
a1 3FH[15, 16], MRSA &9l oA = 100%2] W=
9 Solme] $43 42 & Bytkn Hus 1 iG]
ofe] AAEL dGAAANN Eejd SN EELdToR
Phoenix2] MRSA A &% < %718t 4 &ttt

CHAF 2l dp

o x od

1. 25

F 2080 FE At E 5T

12 2005\ 3L ol A 8L 71A] 871 2] ol 818 ¢l of] A
W39} L2 PGBRAN A el @ FALEST 1707
= PAsgon, 4 FFE 4 gl At
©2 BY7 FFYUAE AN 4G

27E 12 BF F Agolrg el #EZHA A
2= 207 F 9} 200413 69 o] A] 2005 3L 7R A &o}
elo) obiEs) 3R Feldel A o2 e o )k A
A 2ed SNxT=Ldd BEFEZ FASAL,
MicroScan WalkAway 96 (MicroScan; Dade-Behring,
Sacramento, CA, USA)S Al-&-3le] 431} 7H-A HAL S
A8 T

T TFEL -10CAAN WFEAstA Tt Al v st
At o, =) & 98l S aureus ATCC 292132}
ATCC 43300 A3
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2. SF U FEHATHZA
1) 8 SIMHE 0|88 HAAMSE 57

TEF 2 24A A A] B2lE 1707 Fo i3l
CLSI9] b s AW [7]90] wpet A ARt NaCl 2%w/v
7} oxacilling 0.06-128 ug/mLe] H | A 2uj<+ 3] A3}
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o] ¥ 3FA17] Muller-Hinton agar (BBL, USA) ¥ Huj x| &
Az A Tt 8o%FsA, N FFE A A o o}
24k wjj oksle] A& R 22 Muller-Hinton brothel] 0.5
McFarland®] B =2 HFA]71 & MAST (MAST Group
Ltd., Bootle, Merseyside, UK)Z 0.3 uLA A 53} t}. 35
T, 7124 Wl F7Iel A e &, HL9A 5%
(Minimal inhibitory concentration, MIC)Z =&} t}.
Oxacillin MIC7} 2 pg/mLEt} 2 73 % methicillin WA &
= gkl

2) Phoenix &At

2087t ol thall PMIC/ID-53 panel (Becton Dickinson
Diagnostic Systems, Sparks, MD, USA)& A} -&38}of A &=}
7t AAsts W ol wheba Al seltt. ©] paneldl & 5
=¥ 9] 0.25-2 pg/mL2] oxacillin®} 5= 9] 2-8 ug/mL2]
cefoxitine] ¥ 3F% o] ¢l 1, oxacillin >2 ug/mLo] 7 1}
cefoxitin >8 pug/mLY W] methicillin A 2.2 =53
=] o] glt}. ®E 3 oxacillino] 1} cefoxitine] 744 YA 2=
aminoglycoside, quinolone, macrolide, chloramphenicol,
clindamycin, tetracycline, sulfonamide 59| 334l 37}
Al o] WA S Hole thekAl WAt disiAl= OSA
S AL T Phoenixe AFA| ] Fol
uhe} gt A welloll A 48 & Bg sta, Ul 2@ o] A
Ax = dF A 2ol o w FAZHE A st
of MICS} /8o -5 A 53t =5 =] ATt #=50]
E7Fs @ 230 & W= A (partial) 2 #5 %], par-
tialo] 1} W A7 3H 3 ot

3) MicroScan ZAl

2 58 FE Al AP AAdske Wl whet 54 %
A AALE A 38 T}, MicroScan Positive Combo
Panel Type 1A (Dade-Behring, Sacramento, CA, USA)S A}
43t 21, oxacillin®] F=H 9 & 0.25-2 pg/mLo| ]t}
MicroScanol| 4] &= 16-20A] 7+ vl &kl A oxacillinel] 7F+43
Q1 7§ 24A1 2174 A] v F& AFaA] AT o] =olA
£ MRSAE H Z3t =5 = of 3t}

4) mecA XS] PCR 5% ¥ AE

27 TFEL mecA A PCR AALE A A8 T
DNA = GeneElute™ Bacterial Genomic DNA kit (Sigma-A-
ldrich, St. Luice, MO, USA)E o] &3}o] F=3}% .
Primer:= MECA P4 (5 -TCC AGA TTA CAA CTT CAC
CAG G-3")9} MECA P7 (5 -CCA CTT CAT ATC TTG
TAA CG-3') [17]15 A}43}9 21, 162 bpe] PCR A<
A7 9502 g9l
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9 Oﬂ‘:ﬂE,% 1%, F Azt A5Yx 8
TR A =E FIstaAnt. 23 tﬂﬂmh Phoenix
¢} MicroScan®] oW1 %, Eolx

WY X =5 H sk
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ME| ML Phoenix®Q| Z1iH|m

I BEE G ow CLS DAL A9 )
MRSA7} 100 © 1, oxacillin®] MICE 64-128 pg/mL
o HY = ES’&D}. methicillin 24 340 X &= & (Me-
thicillin-susceptible Staphylicoccus aureus, MSSA)2 & 70
TFH o, MIC <025-1.0 gg/mLe] 5%=5 Kt} (Ta-
ble 1).

1ol o) 3} Phoenix 2 2} & 3+ 3] A8 2} 100% L %] 3F
o] 100%9] W= EO] = E 2% 2™, Phoenix®} CLSI
o MIC A48 M m# S u), 20 1T 2 Zfo] & Hal

FL | TF2 2] —,—LH 2 x]&©°] 99.4%9) T} (Table 1)

Phoenix S ©] &3t AAFSl &= 2087l sl A A
Egste] & 2353] 1o, o] 5 partial 237} F 139 ‘?z}

A TS 5%). AHA Z AL patial 2 3= 1320l 4 10
T3, 270 A 17F YEs oW, o] F T+ MSSA, 4

FE MRSAC|QITh o] &2 AA S 53 222 4
912 2, oxacillin MIC7} 64 ug/mLQl 17+ partial
7} 33] WhERE o] 434 >2 pg/mlLe] AHE A& F
21 t}. Phoenix 2] ] o] ] u] o] A4} partiale] Y2l o &=
/\1 o] B E% 57t 93)(69.2%)01 A 1L, A E

A X7} 23], @33 o] 15], 578“417P 18] o]}

e
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;ﬁﬁﬁm%m

2. Phoenix?2 MicroScan9| ZujH|m

Phoenix ¢} MicroScan % T} oxacillin MICS ATCC
292132 <0.25 pg/mL, ATCC 43300 >2 pug/mL=Z 7% &t
3l AAkae

27 587 F 5 mecA & T 287353 TF. Phoenix
9} MicroScan®] #5U 2| &2 100%% 2.1, MIC H] 1 A|
2| H Tt & Aol /b b A ST 17102 8 A e
&2 98.3%°]| 2 tHTable 2). F AH] 5 mecA A MR-
SA 1T FE AR Ao 96.7%2 AW =
100%2] Eo|= = H T} mecA FAo|HA F AA &
T WA S AE5HA] EP Y 1 FE MicroScan’d 23] 2]
ZAAA] 23] BE MIC 2 pug/mLZ =30t} Phoenixol] A]
13] &= oxacillin®} cefoxitin®] MIC7} 2 ug/mL2} 8 ug/mL 2.
2 ZFrAolen, 33 A e Al A = oxacillin >2 ug

/mL, cefoxitin >8 p#g/mLC 2 WA, oxacillin 2 ug/mL,

Table 1. Comparison of oxacillin MICs determined by CLSI agar dilution and Phoenix

Phoenix No. of strains
oxacillin MIC CLSI oxacillin MIC (ug/mL)
(¢g/mL) <0.25 0.5 1 2 64 128 >128 total
<0.25 3 11 1 0 0 0 0 15
0.5 3 36 14 0 0 0 0 53
0 0 1 1 0 0 0 2
2 0 0 0 0 0 0 0 0
>2 0 0 0 0 4 13 83 100
Total 6 47 16 1 4 13 83 170
Table 2. Comparison of oxacillin MICs determined by MicroScan and Phoenix
Phoenix No. of strains
oxacillin MIC MicroScan oxacillin MIC (u#g/mL)
(#g/mL) <0.25 0.5 1 2 >2 total
<0.25 9 0 0 1 0 10
0.5 15 3 1 0 0 19
0 1 0 0 0 1
2 0 0 0 1 0 1
>2 0 0 0 0 27 27
Total 24 4 1 2 27 58

* This strain was mecA gene positive.
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cefoxitin >8 ug/mLE Phoenix®] &=71%
© 2 oxacillin WA o2 53 Zo] 7zt 13
T3+ oxacillin-salt agar screen 73 A}l A A o
%3, v A3 oxacillin T 23 A ) <tol]
/g o] #EE = E7d 2 MRSAS
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Phoenix©l| A panel& #u]of #AzHelt & 7+4=3 74 A7}
d5d W7hA] A AJZFE partial & A 9] g 2353] 9 A
ol A 3t 12.8A17H10.2-16A] ZHo] 9 2.1, MSSA 5

o] AZd] Za A|7FT MRSA T3¢ 73] Ad A7t
© 127473 12,84 7o 2 2po] = ¢l 9t}

]

il

PMIC/ID-53 panel-g- ©] &3+ ¥ o F-oj| 4] Phoenix2] 3+
A 7+ A AbE MRSAS] 7 Zof sl CLSI -3 7 AL
A3 v WA 100% LX) 8ted 100% AN = Eo| =5 B
o] 1 t}. 3+ MicroScan conventional panel®} ¥-% < x]
€o] 100%% 3L, MIC2] 2uj =3 AW X &L
98.3% % F WH Lo =2 AT Z B¢t} Phoenixd
MRSAHE 5o dd G2 ATES AHEA vjwd §
3 AL Basta o} 27775 3N EEdTFS
Fez /\1 &) gk Fahr 52| A 7-[15]°l] 2|5} major error
2.3%2} very major error 2.0% = X It} 3}, Spanu S
[16]9] X310 ost, & Al ol A 2] d 223759
AT = A2 A o 2 PMIC/D-14 panel 2 74 ALY
= W, mecA F2F FEZA 72} 100% LA skt g
o, el 2 gl B bsokn o E A 2 T2 panel
o[} card® AFal A}, Z2glo] BebAw 53 ol
wpE 7] W ol Fel & 2 aths]. ® 7ol AHEH
PMIC/ID-53-& PMIC/ID-149}+= 2] cefoxiting L33}
1 o)A oxacillin MIC7} <2 pg/mLe]| T 2= cefoxitin
MIC7} >8 pg/mLo| ™ oxacillin WA o2 #=317] u) &

o] PMIC/ID-14H. t} = ©] W1 7}18}A] methicillin WA S 73
=g 5 A aLstol F»]Oi At

E AFoAM I+ FFEQ MIC EE7} MSSAS
MRSAC| A 1 ug/mLo] O]—Q' 64 pg/mLo] Ao 2 F8] 31|
TEHAL, 2 Ate] o] Bl w4 Y& MICE Hol&
MRSA #F& L3k 23 T;P A stE A Al E
oA A EE Lol B2 3 methicillin WA & very
major error®] 713 5 Q 3k Y 0] = t}8, 16]. Swenson =
o] 19 F9 E4 & MRSA%— 3} 3lo] MicroScan
conventional panel, rapid panel, Vitek= 3 7}3} 31 & wj
MRSAE HZ3tE AR ZE 74%, 90%, 95%] &2}
TH8]. o] ATl A B3t MRSA 3¢l ATCC 43300
T o g ge] AEPAR 27 2FEHAE B4
MRSA 133+ MicroScanol| A &= 23] 7] Alol] =5 MIC7}
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2 pg/mLg] 3, Phoenixol] Al & 33] o] AALSE 13wt
oxacillin MIC >2 pg/mL2 2 HE3}9] 11, 13]+= cefoxitin
>8 ug/mLel A2 S HE3 . o] A+ MIC
TEF BAAAE Bole g7l e 72 e T34
Tk cefoxitin®] methicillin WA A& <€ & A¥E

7be/d & Bl F3ln.
Phoenixol| A A 2 = k5t o] 2] AAME S 7]
7hA g AZEE et 12.84]7H(10.2-164]1 7H o] =

o, Spanue S[16]-& T 64 7H(3-15A] 71), Donay S[18]
2 1054 ZFe] @t B3t Aol Bl&) 71 Al 7ko] AL E Y
oh ¥ AR SAF uhR e o] § 1771 2E § Phoenix
o] Zr o] £AHE Ho| ¢ 7] wFEo| o a7
AL} panelo] T2 7] W EU 4= 91 S Fo
H7kA] @A 7te. 2 E ], Phoenix & igm_g B
TR A A A Hastke A&
A gt olel g A o= Yzt
Phoenix 2 AF Al @ A] partial®] A 37} 5.5% A 3+
=), o2 2o o]# 3 A Fo] glo] v e /‘E o
ATt 71 ¥ ) partial o] 91 Q1-& A A] 2kQ] oko] B2 H
ke A S B W, AA S ol = 74A}xu 751
il’,‘74_7]— 293 FedS & 59l
o wa} partiale] ¥l =7} E=olA 4 o]_‘E
43 AAL R IA 7] AT = S S
partial 2 YR A& A A2k L 3}3] wk3o]
AP = A& =2 partial 427 Ao} 9=
b, ol #5 S0l AH2AE et partial el 9
Ao 283 7he A& AAreh
AEH o7 AT gt tf g methicillin 1] 4 o 5
whol] 910l 4] PhoenixE ©] &3 A Al BE
Wl vl @ B A28 L wol e bt el
F& =1d MRSA 55 U £33 %7} partial 2 3}
o golfHol Aoz Aoz AAHET)
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Evaluation of the Phoenix System for the Detection of Methicillin-Resistent
Staphylococcus aureus

Kyung Ran Jun, Hong Seon Jeon, Heungsup Sung, and Mi-Na Kim

Department of Laboratory Medicine, University of Ulsan College of Medicine and Asan Medical Center,

Seoul, Korea

Background: We evaluated the BD Phoenix Automated Microbiology System (Phoenix) for its
ability to detect methicillin resistant Staphylococcus aureus (MRSA) and compared the results to
those obtained by the Clinical and Laboratory Standards Institute (CLSI) agar dilution method, a
mecA gene PCR method, and the MicroScan WalkAway 96 System (MicroScan).

Methods: One hundred seventy S. aureus strains (Group |) isolated from blood and urine cultures
were collected from eight university hospitals and 58 strains (Group 1l) including 20 blood isolates
among Group | and 38 isolates from skin lesions of atopic patients were collected from Asan
Medical Center. All 208 isolates were tested with Phoenix using PMIC/ID-53 panels, and the tests
were repeated when the results were indeterminate. The results by Phoenix were compared to the
susceptibility results obtained by reference methods: the CLSI method for oxacillin MIC for Group |
strains, and a PCR assay method for detection of the mecA gene and MicroScan tests for oxacillin
susceptibility for Group Il strains.

Results: One hundred strains (58.8%) in Group | were MRSA and 28 strains (48.3%) were mecA
positive in Group Il. Compared to the CLSI method, Phoenix showed the sensitivity and specificity
of 100% and MIC agreement of 99.4% for Group | strains. The level of agreement between Phoenix
and MicroScan for oxacillin MIC and their interpretation were 98.3% and 100%, respectively, for
Group Il strains. Both MicroScan and Phenix failed to detect one mecA-positive strain: its MIC was
shown as 2 pg/mL twice by MicroScan and 2 pxg/mL twice and >2 xg/mL once by Phoenix. The
frequency of the indeterminate results was 5.5% and the mean time to completion of the tests was
12.8 (10.2 - 16) hours in Phoenix.

Conclusion: Phoenix showed a high level of sensitivity and specificity for the detection of MRSA
with an excellent correlation with MicroScan. Further evaluation is required for detection of
heterogeneous MRSA. (Korean J Clin Microbiol 2006:9(1):58-63)

Keywords: Staphylococcus aureus, BD Phoenix, Microbial susceptibility tests, Methicillin
resistance
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