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Background: The false positive signals of a con-
tinuous monitoring blood culture system (CMBCS) in-
crease the reporting time and laboratory cost. This
study aimed to determine the highly relevant varia-
bles that discriminate false positive signals from true
positive signals in a CMBCS.

Methods: Among 184,363 blood culture sets (aerobic
and anaerobic), the signal-positive samples according
to a BACTEC FX system (Plus Aerobic/F, BDA; Plus
Anaerobic/F, BDN) and BacT/Alert 3D system (Stan-
dard Aerobic, BSA; Standard Anaerobic, BSN) be-
tween April 2010 and November 2013 were classi-
fied into two groups: false positive or true positive
signals. The data of 15 parameters between the two
groups were then statistically compared.

Results: Among total blood cultures, the positive
rates of CMBCS signals according to BDA, BDN,
BSA, and BSN were 4.9%, 2.8%, 3.8%, and 3.2%,
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respectively. The false positive rates of CMBCS sig-
nals according to BDA, BDN, BSA, and BSN were
0.6%, 0.1%, 0.1%, and 0.1%, respectively. The blood
volume, detection time, time interval between admis-
sion and test, C-reactive protein concentration, leuko-
cyte count, delta neutrophil index, and mean perox-
idase index showed statistically significant differences
between the two groups.

Conclusion: There were no variables with diagnostic
sensitivity and specificity for discriminating the two
groups. Therefore, analysis of bacterial growth curves
produced by CMBCS is needed for early and effec-
tive detection of false positive signals. (Ann Clin
Microbiol 2014;17:58-64)
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20100 495E] 20139 119742 EHuledo] oj=l=l 71A|
% CMBCS?] BACTEC FX system (Becton Dickinson, Sparks,
MD, USA)3} BacT/Alert 3D system (bioMérieux, Durham, NC,
USA)ellA] Peluliek gk AEQ] 371433 @714 iy F <
A Ald S A Bl dulok AAE os AE 24
313t} BACTEC FX systemol] ARS8 37143 &7]4 wljA]
+ BACTEC Plus Aerobic/F (BDA)2} Lytic/10 Anaerobic/F
(BDN) HiA|E AL851993, BacT/Alert 3D system<= Standard
Aerobic (BSA)®} Standard Anaerobic (BSN) HoF-&- AL-83}9)
th F CMBCS®] dHulol 2 3l 7H4 o8 adzE A
of] v]X|skgirt.

CMBCS 7| A FollA f1ekoll Hofsle S H7}
37] Slste] CMBCS AHH] 44 ZAAIE 483 Ao
vhrol A, ode, dollulok Rk CMBCS M = ¢ 7%
A7k, AL FRulek ookl A7 714, AAL A Al
7F, C-HH-gEH(C-reactive protein, CRP), W& 47, I57 F,
large unstained cell (LUC), delta neutrophil index (DNI), mean
peroxidase index (MPXI), ™2 pH, Ak4s}t 2 o]Aks}lek4
o AHE vlaskgick. CMBCS ] 9194432 8= CMBCS
oAl FAolglort agkdMellA o] WAF A ok FHg-
FullA](Becton Dickinson), MacConkey --54lZ]2} chocolate
iRl o] Akl Fete] PAEA ¢k= A= 39l
o, Z1FA Aokl A ol FA1H 752 B ofsiich
ook HFFS Yary]= Ay o] vz eel A&
2 248 TAE QoA TS o] gsto] HAAAA
HAJ 2] Foluljok 2tg el Alglel] AA3E & 215 Tl
sk, AEH FAueko] A s PRulek
W R ES sk IS SAste] B A9 Hoduok
#o| A Aol & El WEE Wiyt Fu] o2 A3ksto]
ZA8eH5]. CMBCS w3 7 A5 A7 CMBCSellA
FAE HRl AR 7R sisivh AAA A AR A
T 3 308 7PA2E CMBCSol| widsl= o 8AIRE oF
SAEA 9] At SR R 3 34417 7HH 28 CMBCS
of| wiefsle B2 SFAIZEe R Ei3lsich. @4 CRP 55
Modular DPE system (Roche, Basel, Switzerland)Z Z743}%)
th AN AR E A ARl ADVIA2120 (Siemens
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Healthcare Diagnostics, Sacramento, CA, USA)& o]-&3}} 1
DNIE 7|E9] w[6]lea AXkslgdch Sudrladds
RAPIDLab 1200 System (Siemens Healthcare Diagnostics)< ©]
Selgieh. A5t ¥4l ol §3F S-S Holule} olg] Azko
EHE] 2447 o9 AIE e E 3T
FAIEAL IBM SPSS Statistics Version 205 o] 831t}
o] SA4of| whe} o] ¥l 7-Foll= chi-squares #-8-3f
At A4 HEE ttestS H 2819921, Levene test®] SEAF
A7 F9] gEo] P>0.0501H GAte] 78 ttest®]
o] 55 H L3N, Levene 1+9] FEo] P<0.050]H &
Ako] ZHREA] ek ttest®] Fo] FES ALk SAA
FOE F2UAE AT, P<005% 1) I3 A2
g3t 48] Fulgell A $FA T Ak Alad
o] A5 grol BAFE o8t Xho]7} Qe HgEoll tislod
Ag-385 4l (relative operating characteristic curve, ROC
curve) &2 rAlolefH & (area under the ROC curve, AUC)S
AR kel Ha Aol wheh fFA T Ak o] el gk
< AAsle] EAsIgich. CMBCS AulH F19kAda) 9)ok4d 9l
B A AAF o2 A S1ofA] o] ZlkAell vlsl 2
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RESULTS

% 184,863 FHullok 74| A|E % BDA, BDN, BSAS} BSN
o] Houljok AH] kA E-2 27 4.9% (3,078/63,344), 2.8%
(1,760/63,344), 3.8% (4,591/121,519) & 3.2% (3,854/121,519)
k. A Feujokoll o] 7] 94435 BDASH BDN
0.6%2} 0.1%132, BSA2} BSN 5 0.1%t}F. Ffuljok =+
] kAol 7A| ZFollA] BDA, BDN, BSA%} BSN2| #AHH] 9ok
AES 11.0%, 4.8%, 3.4% 2 4.1%3]tKTable 1).

BDAS] A] 9ok R0l vlsl FN df=ko] Har
A% A7ro] 7 QlaYdzt FHulek o] de] ZHA o] ok,
AR Azt FollAe CabeEh Fx, P o5 9
DNIT Y9k3 MPXI+= =94thP<0.05) (Table 2). BDNS| &
H] 91442 ZokAoll vl oJ 2ol A BSEAL, DNIE Woke
9] o] Ag}ekigto] =9heHP<0.05) (Table 2). BSA2
7] 1A AFAlell vlel o] YUgkar, PN adgkol
goron C-HkSehl F291 DNIZ} Y9kl (P<0.05) (Table 2).
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Table 1. Number (%) of signal positive blood cultures by continuous monitoring blood culture systems

No. (%) of blood culture bottle

Blood culture results BACTEC FX system

BacT/Alert 3D system

Aerobic Anaerobic Aerobic Anaerobic

Total number 63,344 (100) 63,344 (100) 121,519 (100) 121,519 (100)
Signal negative 60,266 (95.1) 61,584 (97.2) 116,928 (96.2) 117,665 (96.8)
Signal positive 3,078 (4.9) 1,760 (2.8) 4,591 (3.8) 3,854 (3.2)
True positive 2,739 (4.3) 1,675 (2.7) 4,437 (3.7) 3,697 (3.1)
False positive 339 (0.6) 85 (0.1) 154 (0.1) 157 (0.1)

CRP, 537 %, MPXI, 8T %, ¥o A

o MK
o =
o
o 2

el

%, ouljok o]] 7HA2] FoZ 0.660014 0.5304
0|3t} BDNO| AH| 9479 AUCE ol4kshghash, Ah4
ol 3l DNI9] =224 ZH2F 0.649, 0.6303} 0.5330]%At}. BSA
o] A fkATe] AUCE 1%, CRP, 8 A&k, DNIC
Fo g E=gtom 0.615904 0.54840]4tl BSN2| Au] ok

2
44 fo

9791 AUCE LUC, W8+ <7, oIF, g gk, AEA7L

MPXI, 4197 FAujok 2g[de] 7HA 9] o7 0.5770114]
0.51340])tTable 2).

4570l GHuleF o] ok 7|7kl ubE FAEollA A
Z1FA2 455r<] i B57t ek 7]7ke] Zaksbad A wot
A= FAIR ] A BDAE AlLlshE vk 494
7HA] oAbzt 594 Fobdek. wiF Al AEEollA
BDN¢- #HF 1A17F o]l ] ks H3l Z1A19] 90.9%
(10/11)7} #8] 219k 0190, BSAS} BSN uljof 44]7F o]u))
o] | kA HQl A9 54.2% (45/83)2F 59.1% (36/61)7}F
1] 9]k o]k Table 3).

4%-72] FAuodr o] Mg o] ul-E k4] EollA] BDAT
W& 711,000/ 2 Lol ske] ALt 100,000/ 2 L 2348 w9} %
T 52l 4,000-10,000/ L Aol uwlf A 9]ekAe] A
v Zekgd Bl oA vlgo] =9k, BSAS BSNY #iE
7} 50,000/ L5 W& wfl AH] fjekgo] R Kt s
Hlgo] Zgtout thd 7 Y5 Aol B3t AL &

ci(Table 4).
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DISCUSSION

CMBCSE sl el wlAE Aol o) o] dsfeiel
Z7b me Az gaz A7 Hel wWiE ZHen
VersaTREK system, =715 o] ASFehAE A S o] &3}o] H|
AH o Z 243 BacT/Alert system¥} 33F2] Z71E o] &
3= BACTEC A7} thE#o|th1]. BacT/Alert system2- 2|
22 7kl CMBCSEA] vl whehe] 51 AIAE ok
9] o|A3}erL: =57} olxm HE o] o g w3}
S| F=d), AnloAe wiA Y vlEe 108 Ao g HlS

gropA] WAkl Wl e ok Hskeo g Al Zle date]
Fo g EA3%H1,2]. BacT/Alert systemoll4] u]Az Aj7ke
I daelES A FAR Askake] AAH A (threshold)
Hop Zoufl, oA W o] dstgkako] AEH o8 FIHS uf
S} oitstea A &) F7HE o] &3eH1]. CMBCSY
BACTEC AlY & miA] W o] 4kstghirt wiAs npete]
A X2 Gkl AlA ol E3kx]o] I Foll S3llle]
ol &5 Al =L, grdmole] wobA pH7F ol
A A 9| §sgo] Frtu, Z7hE YFg AVINEE A3ty
3L, AZbel] whE ek gkl 2ZE PEeAlE A=A

RS FaelEs o83kl LAR1]. oldt Farelgel
© A B4, olistes AR A% Wdke] A, E
ufedry o] il o)t olabstela Futet wl Y E o3t
ojsteks FUHE sl chkt 24 Z2ade] ity
o] glrkar 3heh(s).

CMBCS®] g ] v] 4% A% FHEH} LelHE 75
o] Fe Agels Angl wiAe] FFol wet Gkl 4 9l

orl[12), AR LE), wied A GFFA A4S ST 7
o g aqsh FE A, AN AAAsk 35 AL, A
¥ CMBCS W7IA8] A7k St e A58 wjopriA 2]
e} A 2.1l wehAE BebArh1-3). CMBCSE Au]M e
AhAo] glov], sluiet A4H oz Bl Bkl wix)
o 7158 s 7] el 37 54 Aol el Al
a3 A3t A vlehe] AkE el 94 <mlsiA]
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aztel] whebA = FoHufel An] QR &S AHdske BAT
HEE A Gk o 2 s s ] oA AAE A
S8tz A S| E Aol Akt Ao| & HolA Hct
19921 Wilson {1012 5918708} 5,99270] 37143 714
ujeke] v]sL ool 4] BACTEC 660/730 system®] 7|43} &
714 7] A ELS 11.8% (700/5,918)2F 8.1% (483/5,992) =
=9ko1} 19931 o]l Nolte S[8]& BACTEC 9240 system}
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Table 3. Number (%) of false positive and true positive signals obtained from BACTEC FX system and BacT/Alert 3D system according to
blood volume and detection time

BACTEC FX system

BacT/Alert 3D system

Aerobic Anaerobic Aerobic Anaerobic
Parameters
False True False True False True False True
positive positive positive positive positive positive positive positive
Blood volume (mL)
<0.5 126 (7.7) 382 (14.1) 13 (15.3) 342 (20.5) 38 (24.7) 1,440 (32.6) 48 (30.6) 1,295 (35.0)
>0.5-10 310 (91.7) 2,295 (84.4) 71 (83.5) 1,293 (77.6) 111 (72.1) 2,947 (66.7) 106 (67.5) 2,370 (64.2)
>10 2 (0.6) 41 (1.5) 1(1.2) 32 (1.9) 532 30 (0.7) 3 (1.9 29 (0.8)
Total 338 (100) 2,718 (100) 85 (100) 1,667 (100) 154 (100) 4,417 (100) 157 (100) 3,694 (100)
Detection time

Day (s) 1 115 (33.9) 1,706 (62.3) 46 (54.1) 985 (58.8) 93 (60.4) 2,750 (62.0) 83 (52.9) 2,404 (65.0)
2 120 (35.4) 732 (26.7) 14 (16.5) 395 (23.6) 26 (16.9) 1,223 (27.6) 30 (19.1) 947 (25.6)
3 52 (15.3) 198 (7.2) 7 (8.2) 113 (6.7) 13 (84) 308 (6.9) 23 (14.6) 185 (5.0)
4 31 9.2) 61 (2.2) 9 (10.6) 104 (6.2) 8 (5.2) 109 (2.4) 6 (3.8) 90 (2.5)
5 21 (6.2) 42 (1.6) 9 (10.6) 78 (4.7) 14 (9.1) 47 (1.1) 15 (9.6) 71 (1.9)
Total 339 (100) 2,739 (100) 85 (100) 1,675 (100) 154 (100) 4,437 (100) 157 (100) 3,697 (100)

Hour (s) <1 0 (0) 2 (0.1) 10 (11.8) 1 (0.1) 1 (0.6) 0 (0) 0 (0) 0 (0)

>1-2 0 (0) 14 (0.5) 2 (24) 26 (1.6) 1 (0.6) 1 (0) 4 (2.5) 0 (0)
>2-4 5 (1.5) 58 (2.1) 4 (4.7) 41 (2.4) 43 (28.0) 37 (0.8) 32 (20.4) 25 (0.7)
>4-8 1 (0.3) 24 (0.9) 8 (94) 17 (1.0) 1 (0.6) 30 (0.7) 0 (0) 34 (0.9)
>8-16 46 (13.6) 910 (33.2) 9 (10.6) 598 (35.7) 32 (20.8) 1,283 (28.9) 35 (22.3) 1,455 (39.4)
>16-32 108 (31.8) 1,072 (39.1) 16 (18.8) 509 (30.4) 22 (14.3) 2,035 (45.9) 24 (15.3) 1,473 (39.8)
>32-64 116 (34.2) 506 (18.5) 16 (18.8) 272 (16.2) 28 (18.2) 826 (18.6) 37 (23.6) 497 (13.4)
>64 63 (18.6) 153 (5.6) 20 (23.5) 211 (12.6) 26 (16.9) 225 (5.1) 25 (15.9) 213 (5.8)
Total 339 (100) 2,739 (100) 85 (100) 1,675 (100) 154 (100) 4,437 (100) 157 (100) 3,697 (100)

Table 4. Number (%) of false positive and true positive signals obtained from BACTEC FX system and BacT/Alert 3D system according to

white blood cell count

BACTEC FX system

BacT/Alert 3D system

WBC count (10°L) Aerobic Anaerobic Aerobic Anaerobic
False True False True False True False True
positive positive positive positive positive positive positive positive
TLC <1,000 15 (4.5) 92 (3.5) 2 (24) 58 (3.6) 0 (0) 112 (2.6) 4 (2.6) 106 (2.9)
>1,000-4,000 23 (7.0) 196 (7.4) 7 (84) 107 (6.6) 11 (7.2) 316 (7.2) 11 (7.1) 246 (6.7)
>4,000-10,000 163 (49.2) 1,059 (39.8) 38 (45.8) 665 (40.7) 65 (43.0) 1,674 (38.4) 51 (329) 1,410 (38.7)
>10,000-30,000 125 (37.8) 1,238 (46.5) 35 (42.2) 764 (46.8) 72 (47.7) 2,170 (49.8) 81 (52.2) 1,802 (49.4)
>30,000-50,000 3 (0.9) 64 (2.4) 1 (1.2) 35 (2.1) 1 (0.7) 79 (1.8) 4 (2.6) 79 (2.2)
>50,000-100,000 0 (0) 10 (0.4) 0 (0) 2 (0.1) 1 (0.7) 8 (0.2) 2 (1.3) 1 (0.0)
>100,000 2 (0.6) 1 (0.0) 0 (0) 1 (0.1) 1 (0.7) 2 (0.0) 2 (1.3) 4 (0.1)
Total 331 (100) 2,660 (100) 83 (100) 1,632 (100) 151 (100) 4,361 (100) 155 (100) 3,648 (100)
TNC <1,000 22 (7.3) 133 (5.4) 3 4.1) 72 (4.7) 2 (1.5) 176 (4.3) 7 (5.0) 159 (4.6)
>1,000-4,000 55 (18.4) 392 (15.8) 14 (18.9) 259 (17.0) 29 (21.3) 624 (15.3) 27 (19.3) 558 (16.3)
>4,000-10,000 141 (47.2) 1,098 (44.4) 35 (47.3) 693 (45.6) 52 (382) 1,823 (44.8) 51 (36.4) 1,510 (44.0)
>10,000-30,000 78 (26.1) 804 (32.5) 22 (29.7) 479 (31.5) 53 (39.0) 1,393 (34.2) 53 (37.9) 1,164 (33.9)
>30,000-50,000 2 (0.7) 43 (1.7) 0 (0) 18 (1.2) 0 (0) 52 (1.3) 2 (14) 37 (1.1)
>50,000-100,000 0 (0) 4 (0.2) 0 (0) 0 (0) 0 (0) 6 (0.1) 0 (0) 3 (0.1)
>100,000 1 (0.3) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total 299 (100) 2,474 (100) 74 (100) 1,521 (100) 136 (100) 4,074 (100) 140 (100) 3,431 (100)

Abbreviations: WBC, white blood cell; TLC, total leukocyte count; TNC, total neutrophil count.
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HiE: 52 PoHulof ZHA] Aule] 9842 A 7ke] At A v &9 S7HE 2lE o vk & dFollAe
A& Foluok ZhA] A9l Qg HFAd e AT F Jde Ik 3k Wi g Zopaa} s
diH: 20104 495E] 2013 1197-A] BACTEC FX systeme] ¥7]4d(Plus Aerobic/F, BDA)¥} & 7]4](Plus Anaerobic/F,
BDN) #loF¥ 7} BacT/ALERT 3D system®] ¥ 7]4)(Standard Aerobic, BSA)Z} & 7]4](Standard Anaerobic, BSN) #l %+ of| 4]
A FdE Bl mid g AT AgA e 7 o2 BRI, 7 wollA 15709 Wi 37k 5AE Aol &
H| a3}k

A3} A 184,363709] Fulek AEZ 7| 714 w0l 4] BDA, BDN, BSAF BSNO| #HH] FAdE2 4.9%,
2.8%, 3.8%2}F 3.2%%31, 1] SIFAAE-S 27 0.6%, 0.1%, 0.1%}F 0.1%Ach. A] 1okAla} Aokl o] EAIZ o7 F9
gk xpol7t gl FEAR Wige B AP AE A7 9L AA g9k A7 74, CRb Y F e, wiE
<, delta neutrophil index®} mean peroxidase index$3th.

ZE: CMBCS ] 1847 kS sl o] ikl 2t oRl e} So| =& 71X Wre glddch &5 JoH
uljok A] QJokAl-S =)o &H o g &3] S84 = CMBCS Al AA419] BHo] o Zlo g AZxE|Qic)
[Ann Clin Microbiol 2014;17:58-64]
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