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Using Direct Inoculation from Positive BACTEC Blood Culture Bottles

Jae-Woo Chung, M.D., Hong-Seon Jeon, M.S., Heungsup Sung, M.D., and Mi-Na Kim, M.D.

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

Background : Procedures for rapid identification and susceptibility testing by direct inoculation
(D) from positive blood culture bottles into an automated system have not been standardized. This
study was purposed to evaluate DI from BACTEC 9240 blood culture system (BD, USA) into MicroScan
(Dade Behring, USA) or Phoenix (BD, USA).

Methods : From May to June 2006, bacterial pellets from positive aerobic bottles showing gram-
positive cocci (GPC) or gram-negative rods (GNR) of single morphology were directly inoculated to
MicroScan PosCombo1A and NegCombo32 and to Phoenix PMIC/ID-107 and NMIC/ID-53. In addi-
tion, the automated instruments were also inoculated from subcultures (standard inoculations, SI).
Species identification and susceptibilities were compared between DI and Sl and between MicroScan
and Phoenix.

Results : A total of 108, 104, and 78 specimens were tested with MicroScan, Phoenix, and both,
respectively. When DI and Sl were matched, 94.8% of GPC were correctly identified with MicroScan,
compared to 80.7% with Phoenix, and 93.9% of GNR were correctly identified with MicroScan, com-
pared to 95.7% with Phoenix. DI with MicroScan and Phoenix showed correct susceptibilities in
94.6% of 1,150 and 96.5% of 660 tests (with very major error [VME] of 1.1% and 1.1%), respective-
ly, among GPC and in 94.4% of 942 and 96.3% of 781 tests (with VME of 0.6% and 0%), respec-
tively, of GNR. Correlation of identification/susceptibilities between MicroScan and Phoenix using DI
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were 81.8%/98.0% for Staphylococcus aureus and 100.0%/95.6% for Escherichia coll.
Conclusions : DI warrants a reliable method for identification and susceptibility testing of both GPC
and GNR in MicroScan, and those of only GNR in Phoenix. (Korean J Lab Med 2009;29:25-34)
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Hou At e A2 St AE ASITH7-110,
olF =EEollA AHFTHY s¥sol e e 58 2 A
AR ARG ZFol7} 7]gS A o8 FHE YA, 77

E Aol & v|iL F7RRE =2 gl
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1. 97 Y

20064 59 295 69 21974 AlgomhEd A=
HAP oA d Hufoked/dupels 10070 o4& MicroScan}
Phoenix A|A8] 02 w5743} A3 A ARE B,
7t AAl= 3l 71710 AFASHEAER Y 22 HES
)] A2 9 vl HARE AAJSEE

43919} %$- BACTEC PLUS Aerobic/F2} BACTEC LYTIC
Anaerobic/F Bactec PlusE MERZ, 4o} 739 BACTEC
PEDS PLUS/F€} BACTEC LYTIC Anaerobic/F Bactec Plus
S AER stof DoAuljofE AAISHATE. BACTEC 9240 AJ&~H
oAl vieFSHAA o Al Aot HEEW NS =Tste] 9
HAZ AlFYstaict TR ddatolu aE AT et TUE
o] TEE WA H7]/d+to] oheial wekd o vk 5 mLE
FalA 2 HFol AR, Sl Bl A]9F Mac—
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A Aot pke goaujelolA A= A 5 mL
= #3}9] serum separator tube (SST; BD, Sparks, MD,
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ZAFSFS AL, enterococci®] 79 gentamicin AFe2E-
streptomycin &8 HAM] TELAEE F7IE 216k
o, AR} A AR AL S Ag

1) Rl WAdolar A3/l A /dold S eF(very
major error, VME), 2 ﬁ—zr‘ﬂoﬂ/ﬁ Z:L /golar ARl
Aol th & F(major error, ME), 3) I —i—‘ﬂﬂ M = 5 st
w7t s7kelaL, v st WA 5 3%l &2 F(minor
error, mE) 5 Al 7HA 2 & 0}0“‘1:}

71712 St A A k) vlal= Staphylococeus aureus

o AL T 71719 35222 3 ampicillin, amoxicillin/

oL
7(;)]‘1—1:

clavulanate, chloramphenicol, clindamycin, cefazolin,
ciprofloxacin, erythromycin, fusidic acid, nitrofurantoin,
gentamicin, oxacillin, penicillin, rifampin, quinupristin/
dalfopristin, trimethoprim/sulfamethoxazole, teicoplanin,
vancomycin o 177X @=tAlo] el Escherichia colix
amikacin, ampicillin, aztreonam, ceftazidime, cefotaxime,
Table 1. Concordance rate of species identification between

direct inoculation and standard inoculation methods in Micro-
Scan and Phoenix

MicroScan Phoenix
Organisms N of N (%) of N of N (%) of
. concordant . concordant
isolates isolates
results results
Gram positive cocci
Staphylococcus 12 12 (100.0) 11 9(81.8)
acureus
CoNS 29 29/25* 29 28/18*
(100.0/86.2%) (96.6/62.1%)
Streptococci 9 8(88.9) 7 3(42.9)
Enterococci 6 5(83.3) 7 5(71.4)
Others 2! 1(50.0) 3 1(33.3)
Total 58 55/51* 57 46/36*
(94.8/87.9%) (80.7/63.2%)
Gram negative rods
Escherichia coli 16 16 (100.0) 18 18(100.0)
Klebsiella spp. 15 15 (100.0) 14 14 (100.0)
Acinectobacterspp. 7 5(71.4) 5 5(100.0)
Pseudomonas spp. 4 4(100.0) 4 4(100.0)
Stenotrophomonas 2 2(100.0) 1 1(100.0)
maltophilia
Others 5% 4(80.0) 4! 2(50.0)
Total 49 46 (93.9) 46 44 (95.7)

*Based on species level; including Leuconostoc spp. and Micrococ-
cus spp.; fincluding Leuconostoc spp., Kocuria spp. and Micrococcus
spp.; tincluding Salmonella Typhi, Citrobacter freundii, Burkholderia
cepacia, Vibrio cholerae, Achromobacter spp.; 'including Achromobac-
ter spp, Ochrobactrum anthropi, Burkholderia cepacia, Aeromonas
sobria.

Abbreviation: CoNS, coagulase negative staphylococci.
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ciprofloxacin, cefepime, cefuroxime, gentamicin, imipen—
em, levofloxacin, piperacillin, piperacillin/tazobactam,
trimethoprim/sulfamethoxazole, tobramycin & 1574 &
TAIE Lz silon, Auke] A= deke: 717 W
BANE H7rS wjol FUsHA WasteiaL, CLSI Aol

710l Aol QA ¢ fusidic acid®] B¢ 544%11%5
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S. aureus 125, CoNS 295, streptococci 955, entero—
cocci 655 EFHA A Leuconostoc spp.2t Micrococcus
spp. & SAE 252 x3ste] aHSAAYT & 5859 E. coli
165, Klebsiella pneumoniae 15, Acinetobacter spp. T,
Pseudomonas spp. 4, Stenotrophomonas maltophilia 2
= 9 Salmonella serotype Typhi, Citrobacter freundii, Bur—
kholderia cepacia, Vibrio cho]erae, Achromobacter spp.

IS AU & 4922 o s xl;gmz} I

==l |

EWo= $4o] o|Folzr, za*oot Jore] A 52

pavA BN}
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&2 93.9%%, C freundii®} S,
serotype Typhi& 333t Enterobacteriaceae 335+ 55
U2 s ATE VERSL o, Bl A 16529 A
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3. Phoenixe| Z&H1 EFHo| SHZAD} UAT

S. aureus 1157, CoNS 295, streptococci 75, enterococei
7% 4 Leuconostoc spp., Kocuria spp. 2@ Micrococcus spp.
S & 5758} E, coli 1955, K. pneu—

moniae 14, Acinetobacter spp. 55, Pseudomonas spp.

2717 5



2. S. maltophilia 15 ¥ Achromobacter spp, Ochrobac— A3 LA
2 1F 5
T 4739 T duierel vigk AE 9 2o R A4S
arolt}, TErepAerol el B4 A El 80.7%= CoNS

&L 86.7%= eI,
trum anthropi, B, cepacia, Aeromonas sobria

4.717] 2t AEY SEEL LR

TIE YAEE 7180 R T Aol 63.2%01 % tHTable 1),
SFESAhol ) A B2 B UXRS 05.7%
o|1aL, Enterobacteriaceae 327A+= B AAH w5574 rococeus spp. ZFZ- 13 5 IR &

AT Uehioln, vPRER 15%9) YHHY BEHS §Y Scand} Phoenix®] $327} B

MicroScan A|HH .2 543 S, aureus 1157, CoNS 30,

streptococci 755, enterococci 75+ 2 Leuconostoc spp., Mic—

57 %, Micro—

FEIA QABE AL

Table 2. 36 discrepant results of species identification between direct inoculation and standard inoculation methods in MicroScan

and Phoenix
MicroScan Phoenix
Species
Direct Standard Direct Standard
Gram positive cocci
Staphylococus aureus S. aureus S. aureus Alloiococcus otitidis S. aureus
S. aureus S. aureus A. otitidis S. aureus
CoNS Staphylococus auricularis  Staphylococus lugdunensis  Staphylococus haemolyticus S. haemolyticus
Staphylococus capitis S. capitis Staphylococus hominis Staphylococus warneri
S. capitis S. capitis Staphylococus kloosii S. capitis
S. capitis S. capitis S. capitis Staphylococus cohnii
Staphylococus epidermidis NT Bacillus cereus S. epidermidis
S. epidermidis S. epidermidis NT NT
S. epidermidis Staphylococus simulans NT NT
S. epidermidis S. epidermidis S. hominis S. hominis
S. epidermidis NT S. hominis S. hominis
S. epidermidis S. epidermidis Staphylococus saprophyticus S. epidermidis
S. epidermidis S. epidermidis S. saprophyticus S. epidermidis
S. epidermidis S. epidermidis S. saprophyticus S. epidermidis
S. epidermidis NT S. saprophyticus S. saprophyticus
S. haemolyticus S. haemolyticus S. haemolyticus S. lugdunensis
S. hominis S. hominis S. epidermidis S. epidermidis
S. hominis S. hominis S. saprophyticus S. hominis
S. hominis S. hominis S. saprophyticus S. hominis
S. warneri S. capitis S. warneri S. lugdunensis
Streptococcus Streptococcus anginosus group S. pneumoniae NT NT
pneumoniae S. pneumoniae S. pneumoniae Streptococcus mitis group S. pneumoniae
Group C streptococci Streptococcus agalactiae S. agalactiae Streptococcus pyogenes S. pyogenes
Viridans streptococci S. viridans group S. viridans group S. acidominimus S. mitis group

Streptococcus mutans group  S. mutans group S. mutans group Streptococcus chromogenes

Streptococcus anginosus S. anginosus group NT S. pyogenes
group

Enterococcus faecium E. faecium Enterococcus gallinarum Aerococcus spp.

E. faecium E. faecium Aerococcus spp.
Leuconostoc spp. Leuconostoc spp. Leuconostoc spp. Bacillus circulans
Micrococcus spp. Staphylococcus sciuri Micrococcus spp. S. capitis

Gram negative rods

Klebsiella spp. Klebsiella oxytoca NT Klebsiella pneumoniae
Acinetobacter spp. Acinetobacter baumannii Acinetobacter Iwoffii NT

K. oxytoca A. baumannii/haemolyticus Acinetobacter spp.
Achromobacter spp. Achromobacter xylosoxidans A. xylosoxidans Moraxella spp.
Ochrobactrum spp. Ochrobactrum anthropi NT Pasteurella pneumotropica
Unidentified Aeromonas hydrophila group Vibrio cholerae Aeromonas sobria

S. mutans group

Streptococcus dysgalactiae

subsp. equisimilis
E. faecium
E. faecium
Leuconostoc spp.
Kocuria spp.

K. pneumoniae
NT
Acinetobacter spp.
Achromobacter spp.
O. anthropi
A. sobria

Abbreviations: CoNS, coagulase negative staphylococci; NT, not tested.
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335(59.79%)°1%13L, CoNSE & 7179 YA =& B 46
F80.7%)°1%}. 2+ H+EE 5 =5 Hd S aureus
81.8% (9/11), CoNS 53.3% (16/30), streptococci 28.6% (2/7),
enterococci 71.4% (5/7)01%13L, MicroScan©lAl S, aureus®
5% 115 5 25+ Phoenix®| A Alloiococcus otitidis= &
X—]E] 043]-

IR/ thetS MicroScan 2AWHolA E. coliz 4

185, K. pneumoniae 127¢, Klebsiella oxytoca 35 Acine—

4 dA

tobacter spp. 45, Pseudomonas spp. 45 2 S, maltophi—
lia, B, cepacia, Aeromonas spp Achromobacter spp., Och—
robactrum spp. 24424 13 & & 465 5 T 7171 429
U E YElY= F$= E, coli 185(100.0%), K. pneumoni—
ae 125(100.0%), K. oxytoca 15+(33.3%), Acinetobacter spp
45+(100.0%), Pseudomonas spp 45(100.0%)2} S. malto—
philia, B, cepacia®, & 415(89.1%)°1t}. Aeromonas spp.
1529} K. oxytoca 15+ F=WHol|l A ZV2E V. cholerae®t Aci—
netobacter baumannii= 573% o 47|81} API NE (bio—
Merieux, Marcy I'Etoile, France), API E (bioMerieux, Marcy
I'Etoile, France) 528 A3ste] g1kl
spp.= 4% w2 V. cholerae= oM {2\ Vibrio spp.2F
Aeks] A ER] koo K oxytocars A. baumanniiZt 2
554 Aol

ARl ofjt wtEAollA] 71717t Aol S vehd IR Y
at 2479t IS/t 45 R 229 7171 Woll A AR R

2 1, Aeromonas
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5. MicroScanOllA 2} AMMO| SHAAZTA At

20| YRz

gkl dtell ik & 1,150+ F-F AR 5, 1,088
T94.6%)0014 LAH A FS ERSLR, B9 2
o] Ao VMEZ} 1370(1.1%), ME7} 1371(1.1%), mE7} 3671
(3.1%) %}, CLSI A 7)ol == 7]=o] HAIE =tAlofl thafiA
gentamicin® Y& 82.9% (34/41)E H]E35IY] cefazolin
85.4% (35/41), ampicillin 89.4% (42/47), teicoplanin 89.4%
(42/47) 501 90% nvte] |85 Ht) ZF FF5Ha U=
= S, aureust= 95.5% (298/312), CoNS+= 95.0% (716/754),
Enterococcus spp.+= 88.1% (81/96)°]%1tt. Enterococcus spp.
ol A W& ARE-L glycopeptides AD Q] aFtAlo gt <=
QA @57 Bk Wi, 1529] vancomycin WATS
£2]= VMES} teicoplanin®] tiet mE7} 65 5 450 23},

R Auttiato] that & 949700 HE-AA| 23 = &

82 94.4% (889/942)°11L, VME, ME ¥ mE+ 2+t 0.6%
(6/942), 1.9% (18/942), 3.1% (29/942)°13ct, tiHF-=2] 3=t
Ao 90% o]/4+e] dAE&E YEPH L ampicillin 75.8%,
tlcarcﬂhn/clavulamc acid 89.4%, cefuroxime 87.9% 5ol 4]

90% nvke] U282 2 th. Enterobacteriaceae® 3%, E,

Table 3. Results for antimicrobial susceptibilities with low correlation (<95%) between direct inoculation and standard inoculation

method in MicroScan and Phoenix

MicroScan Phoenix
N of strains  Correct VME ME mE N of strains Correct VME ME mE
tested (%) (%) (%) (%) tested (%) (%) (%) (%)
Gram positive cocci
Teicoplanin 47 42(89.4) 0(00) 0(00 5(10.6) 36 33(91.7) 0(00) 1(28) 2(5.6)
Gentamicin 41 34(829) 1(24) 0(0.0) 6(14.6) 34 33(97.1)  0(0.0) 0(0.0) 1(29)
Ciprofloxacin 47 46(979) 0(0.0) 0(00 1(2.1) 38 36(947) 0(0.0) 0(00) 2(5.3)
Levofloxacin 37 35(946) 0(00) 000 254
Trimethoprim/sulfamethoxazole 41 38(92.7) 9) (2.4) 0(0.0) 33 32(97.0) 0(.0 1(30) 0(0.0)
Rifampin 47 44(936) 1(21) (2.1) 1(2.1) 33 31(939) 0(0.0) 1(30) 1(3.0)
Gram negative rods
Ampicillin 33 25(758) 0(00) 7(2 1(3.0) 33 33(100.0) 0(0.0) 0(0.0) 0(0.0)
Piperacillin 44 40(909) 1(23) 0(0. 3(6.8)
Piperacillin/tazobactam 38 35(921) 1(2.6) 1(2. 1(2.6) 4 39(95.1) 0(00) 0(0.0) 249
Cefazolin 33 30(90.9) 0(0.0) 0(0. 3(9.1)
Cefepime 44 40(90.9) 1(2.3) 1(2. 2(4.5) 41 38(92.7) 0(0.0) 0(0.0) 3(7.3)
Aztreonam 38 36(94.7) 0(0.0) 0(0. 2(5.3) 36 33(91.7) 0(0.0) 0(0.0) 3(83)
Levofloxacin 47 44(936) 0(0.0) 0(0. 3(6.4) 42 40(952) 0(00) 2(48) 0(00)

Abbreviations: VME, very major error; ME, major error; mE, minor error.
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coli 96.5%, K. pneumoniae 96,0%, -1 €] C. freundii®} Sal—
monella Typhi 91.3% & 95.9%2] YA|-&-& YERHLL, tiFiE
o] ghtAlof tial 90% o14e] A& E&"‘iﬁ‘/} cefuroxime
£ 87.9%, ampicillin 75.8%% YR} ™ £3] ampicillin
A2 EYAS 2> MESH Bl ALt
Acinectobacter spp. 91. 1%, Pseudomonas spp. 79.7%<
B 5 88.0%9) W AAEe HltHTable 3).
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6. Phoenix0OllA EFEHu XM shRm AT AAL
AIlo| AUX|=

P
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ME7Z} 538 23, mE7F 11sfd 20| )lar, HAR7L o] #%l sid
£3 & CLSI A|Rle] w57]zo] BAIE atAlol thafjr] mw
90% o1’ge] &S Uepllet, ZF 58 R UA == S, aureus
+ 98.8%, CoNS+ 96.3%, Enterococcus spp.i= 90.3%°1%%
t}, Enterococcus spp.2 749~ vancomycin, teicoplanin®|
o3l Z- 1744 mE7}F Q1A eR]&e] 80.0% %L, fosfomycin
o thgt YA &2 40.0%= E3] Rkt

JE/d9thatol A= 96.3%2] sidxgto] ARt Al
VMEE $19le™ ME 9 mEE 2+ 0.9%, 2.8%°]%) .
e BtAl ol A 90% o] YAl e Ueil e Enter—
obacteriaceae®| 73%-, E. coli 98.1%, K. pneumoniae 97.1%

5 97.7%2] A& veplint, vjita ol Ae 92.2%2] dht
A4 40 dxes HAL, 78«5 dA&
tobacter spp. 100.0%, Pseudomonas spp. 79.5% & A4
°F 992.2%2 A8 HHTable 3).
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7. 7171 2t 21EY ShRMded 20 LR T
S. aureus 958} E, coli 185= MicroScan 218} Phoenix
A ] AR A IS v sttt S, aureuse 98.0%,
E. colix= 95.6%2] YA&S
zolin®) T8l MicroScan2> 744, Phoenix= WAL R #=
3k 19, chloramphenicol?} clindamycin®4 mEE sk 4=
Ql= Zpo7h el Wb E coli®] ¢ MicroScan WA,

Phoenix= {4422 #5351 6971 WA S 9=, cefepime

S B3 S aureus®| 3% cefa—

1912 A &Jsta= M= ampicillinoll A 2ko] 7} ¥H¥s1sITt

LAy

Ao o3t e AT ATt olA 1HFEY
ol Bl it A S Hloh, I3/ YthetS Micro—
Scan®lA4l 93.9%, PhoenixoIA4 95.7%7} &H1} L x5} -':r
A &E] R 9423190t} E3| Enterobacteriaceae®] UA|E:
MicroScan 97.1%, Phoenix 100%2, E. coli®} Klebsiella spp.
o] 7% 7 7171 EFolA 100%2] EAEe WERIEE ol
PhoenixE 37} 91704 Enterobacteriaceae %574 52
o] w3 =313, E, coli, Klebsiella spp., Enterobacter spp.
+100% A3} AA|skglehs Haret A|stal8], MicroScan
9] overnight o]l et Aol A= 99%2] T4 HS=E
Ho7] gl&ofl[11, 14] Enterobacteriaceae= ARl 25t 5
e T ALY BE AV 9l Ao ® st vt ALt
ol tfgt 574 UAL-S Phoenix Al2~Ho|A] 84.6%F, Micro—
Scan?] 86.7%= Enterobacteriaceae®tt QoK 1AL
P. aeruginosa, Acinectobacter spp.2} S. maltophilia & &
Hof|A] £-2] RIE7} =2 i Phoenixol| A= 100% %
o] A3}, MicroScanol|A = ¥5 oA A, bauman—
nii= §78E 177 AW K. oxytoca® FHE 75 2ol
= BF A o] EYA= At A Alcfuleret et
9] AT} oxidase HARRE EQlsk= A A K, oxytoca 57
o] 274E sty ANE AAsIAH A-dch dA7HA|
MicroScan®4l A, baumannii’t K. oxytoca® &3 4%
785 BT EelA, ef7E HHE BollA] A 5'—7F3}
A, 2900 ofsf WAstgle 7ol ekl wHskgle
ol& SHoIAl= F5teiet. 719 Halo| X% Phoenixe Z—Vd
of| ofgh vk A toll gt 5ol et 35S Helthe
B7F I3 3[8], MicroScan E3F P, aeruginosa 25+ A.
baumannii 1555 3Este] 85/d9tiwto] 100% 578 %31
o 2117} 2JeH14], NegCombo type 152 H713t A4L7} L3
0] 85%= olfl Aol vttt AvE HYlet 2579 A
baumannii, 15 P, aerugmosa 159 S, maltophilia?} %)
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