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Abstract

Background: Blood culture (BC) systems have evolved to increase sensitivity and reduce
turnaround times. This study compared the performance of a 4-day versus a 5-day BC
incubation period using the BD BACTEC™ FX (Becton, Dickinson and Company, USA).
Methods: A total of 37,379 consecutive sets of BC were evaluated over a 3-month period in a
2,700-bed tertiary care hospital. Positive BC results were reviewed to assess time-to-positivity
(TTP) and species identification of the isolates. The BCs were performed in pairs of vials,
utilizing either BD BACTEC Plus Aerobic/F or Peds Plus/F with BD BACTEC Lytic Anaerobic
media.

Results: A total of 14,899 episodes, averaging 2.51 sets per episode, were analyzed. Of these,
1,398 (9.38%) were positive, yielding 1,465 isolates. TTP (hours) were < 12 in 48.87%, 12-24
in 31.40%, 24-48 in 13.38%, 48-72 in 3.28%, 72-96 in 1.43%, and >96 in 1.64%. The two most
prevalent organisms, Escherichia coli and Klebsiella spp. were detected within 12 hours in
88.75% and 78.90%, respectively. The respective median TTP (T50) values for E. coli, Klebsiella
spp., Enterococcus faecalis/E. faecium, and Staphylococcus aureus were 9.24, 9.60, 13.75,
and 14.20. T50 values for these species were significantly shorter in anaerobic bottles than in
aerobic bottles. Of 24 BCs with TTP > 96, only 4 containing anaerobic bacteria or molds were
first detected after 96 hours.

Conclusion: A 4-day incubation has demonstrated excellent sensitivity. However, a 5-day
incubation may be beneficial for hospitals caring for patients at high risk for infections with
slow-growing fungi or fastidious bacteria.
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Introduction
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Materials and methods

1. AAChd

20208 92 RE 11€702] 3712t AgobatgoilA] AR 37,379%82] F ol HAol o
A ZhR S S o MGG, A7t o] Fof R 7|2 2,700 o)L, Skt
A 205 HAeh 3 Y o2, F ) HEA|R 2 g Rl0llA 2]2] 13] F BD BACTEC plus
Aerobic/F (Becton, Dickinson and Company, Sparks, MD, USA)2} BD BACTEC Lytic Anaerobic B %5
S 40 2 38 A AL, A0k= BD BACTEC Peds Plus/F 2} BD BACTEC plus Anaerobic/F B %
HE oz 184S AAlohe AS WAk

BE ol 77U 24A13F Bt g AE AP0l 4 4~5te] BD BATEC FX blood
culture systemOl| Z2F5FI L 36 1°CollA] 120A17H7FA] Bl FSIQATE ] oA A Al 27t HEE]
H Aiko & 2pERlE|H|o|Ak|o] AAZte &= o lE HEAINL SAlo EuFit #F 574
3} A ZH4/d A= MicroScan Pos Breakpoint Combo Panel Type 28 (PBC28) (Beckman Couilter,
Brea, CA, USA)2} MicroScan NC72 panel (Beckman Coulter)& AF&3510] AAZY, 7|+ S LB
THFE-E 7% 572 matrix-assisted laser desorption Ionization-time of flight (MALDI-TOF) 2 &
7| (Bruker, Billerica, MA, USA) S AF&-51A T}

a2 A

2. SiOHHHOF OFMZZA|7}

A7 F BE GG FEIE A EAI AR T2 E STt Al A~
HofA vt o] o] A2 dEshetl Ale AlRbe A E A time-to positivity, TTP). 2.2
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3. 84
TZHZ 57193 7|9 9] 1502 o]+ Mann-Whitney U testZ, 71 5 §7]tgr+ {7 BT
oflA /<1 ol thgk T502] 2Fo]+= Wilcoxon signed-rank test® 3-2]/3 Asielch nE =4

202 SPSS (SPSS Statistics 21, IBM, NY, USA)Z A3, = 7 z4_§ So|xze Wrlsio]
Pgro] 005 ]2 ) A2 0 2 §ojat A o 2 75

Results
1. EHHiY AME

13] 9] & 1#440] 2 E A= 18897 (12.68%), 2242 4,40271(29.55%), 342 8,053
(54.05%), 44 01/ 55571(3.73%) 2=, 24 o]/o] 87.32%5 AHAIFCE. 178 22| H 1,889 F
1,64371(86.98%)°] AoFkate] Folujofollet. Auta o & A417|3t 51t 37,379/ A7}
14,899 ] 2] ZHuljFol| A 2] 2]x|o] 2] o < 2.51%80] 2J=| =Tt

03 Z2610% (6.98%), 1,3985](9.38%)7 ¥/ olSith /4 JF & 5 14ollA Tt g2 51470
(36.77%), 24 F/d-2 35071(25.04%), 3% °14F Y/d2 53471(38.20%) 22, 63.23%01|A] 2% ©] /o]
HIFEI AT 1,33671(95.57%)01A 1= -E0] 1577 S A A, 5871(4.15%)2 25, 371(021%) =

<, 171 (0.07%)2 40 5785 0] 5 1,465F7H 573 =Tt

2.TTP

14655 % 12A17F o|Uof] 71655(48.87%)7 AAZE AL, 12Kl A 24A1Z17EA] 46055(31.40%),
24A|ZHol|A] 48AIZIEA] 19655(13.38%), 48410l AT T2AIZW7EA] 485F (3.28%), T2A1 Nl A 96A1ZF
TRA] 213 (1.43%), 96A17E 0] 50l 2455(1.64%)7F AE= Ak wheka] 48A17F o] Lol 93.65%7t
ZE|3, 96A17F o]ufjol] 98.36%2] w7+ A EE] U ThFig. 1). 48A1%F o|Uol] /do] AEH =]
S Z 120l AT /0] 31.88%, 248 G 23.55%, 3% o] /0] 38.23%%i Tt

Z P2 3916802, fyltﬂi 2,109%8(53.86%)°] 1L 7152 1,807"8(46.14%)°1 AT} &

/41 2,610 F S|l ATk o] HEH A2 80371(30.76%), B71H oA AEH 42 50171
(1920%), 27192 7|9 & ot 4 %ﬂ A2 1,30671(50.04%)°1 AT 2719 2] T502 13.38A1F
(interquartile range [IQR], 9.75-20.61A1Zh), 71 9] T50-2> 1047A17HIQR, 8.40-16.12A17H 0.2 57]
/grgol| vl & 7185 2] T500] -2l oHA] ZHETHP < 0.0001)(Fig. 2).

Annals of Clinical Microbiology 2023 December Vol.26(4) 127



Jiyeon Kim, et al.

Cumulative percentages (%)

1600

1400

1200

1000

800

600

400

200

n=1372 n=1420 n=1441
(93.65%) (96.93%) (98.36%)

n=1176

0 12 24 36 48 60 72 84 96 108 120

Time-to-positivity (hour)

Fig. 1. Cumulative percentages of positive blood cultures according to time-to-positivity.

160

140

120

100

80

No. of isolates

60

40

20

Dayl

Day2 Day3 Day4 Day5
Aerobic
B Anaerobic
[P A T A it el hnd nLuy T 1} ! | P PP '
24 30 36 42 48 54 60 66 72 78 84 920 96 102 108 114 120

Time-to-positivity (hour)

Fig. 2. Number of isolates by time to positivity in acrobic and anacrobic bottles. The white, black, and gray arrow head denoted T50 of acrobic
bottles, anaerobic bottles, both bottles, respectively. TS50, median time-to-positivity.

3. LIz #ES9| TTP

o] 34 o oI #F-2 Escherichia coli”} 31171(21.23%), Klebsiella spp. 23771(16.18%),
coagulase-negative staphylococci (CNS) 17171(11.67%), Enterococcus faccalis 2 E. faecium 16771
(11.40%), Pseudomonas aeruginosa 7871(5.32%), Staphylococcus aureus 7171(4.85%) <=°] it} o] & T}
H1 % 6Z0] MA Ba] 7F5 429] 70.65%= XA 5F THTable 1).
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Table 1. Cumulative incidence of twelve most frequent species according to time-to-positivity of blood cultures

Cumulative incidence (%) of isolates at time-to-positivity (h)

Organism Tl ™R 24mn 36h 48h _ 72h_ 9%h _ >%h T304QR)
Escherichia coli 311 276(89)  307(99) 309(99) 309(99) 311(100) 9.24(7.90-10.80)
Klebsiella spp. 237 187(79) 226(95) 232(98) 234(99) 236(99) 237(100) 9.60 (8.30-11.48)
Coagulase negative staphylococci’ 171 1509) 104(61) 156(91) 166(97) 169(99) 171(100) 22.67 (18.23-29.28)
Enterococcus faecalis/E. faecium 167 5935) 150(90) 160(96) 164(98) 166(99) 166(99) 167(100) 13.75(11.32-16.90)
Pseudomonas aeruginosa 78 70) 68 (87) 74 (95) 76 (97) 78 (100) 17.57 (14.63-21.85)
Staphylococcus aureus 71 28(39)  57(80)  67(%4) 71 (100) 14.20 (10.33-19.70)
Citrobacter freundii 26 23(88)  26(100) 9.75 (7.02-10.76)
Bacillus spp.” 29 1034 2379 24@3) 26090) 28(97) 28(97)  29(100) 15.58(11.98-22.19)
Bacillus cereus 4 4(100) 8.30(5.97-10.38)
Streptococcus anginosus group 20 2(10) 14 (70) 19(95) 19(95) 19(95) 20 (100) 18.26 (16.28-25.74)
Enterobacter cloacae 17 13 (76) 17 (100) 8.90 (4.54-11.58)
Stenotrophomonas maltophilia 16 4(25) 15(94) 16 (100) 15.53 (11.52-19.73)
Corynebacterium spp.” 21 0 3(14) 10 (48) 13(62) 17 (81) 18(86)  21(100) 42.27(31.09-72.00)

"Skin normal flora were often detected at > 48 h as contaminants of blood cultures.
Abbreviation: T50, median time-to-positivity; IQR, interquartile range.

CHI T #35-2 HiS 71421 P aeruginosaS A2l5tal 25 S 7]/ 3wl sd=tirt. 2=
314 o TTPE THIE 1, 2 £9]9) E. coli®} Klebsiella spp.7} 12217 oW 22k 27671(88.75%), 187
Z1(78.90%), 24417t ©|U 30771(98.71%), 22671(95.36%), 48417+ oI Z}Z} 30971(99.36%), 23271
(98.73%), 96417 Wl = TF 100% AZE Atk th& Bl 755 5 E. faecalis ¥ E. faecium 12
A7 o|U] 5974(35.33%), 24417t o]U] 15071(89.82%), 4841 7F o 16471(98.20%)°] ZAZE] AT},
P, acruginosa= 12, 24, 48A17F o]ulof] 771(8.97%), 6871(87.18%), 7671(97.44%)°] A==,
S. aureus= 2871(39.44%), 5771(80.28%), 7171(100%)°] A= o] 37}A] #ZEE-2 96AI7F Ulo]|
E. faecium®l| A} 1732 A Qlota = HE 5|l

T50-2 E. coli7} 9.24X1ZHIQR, 7.90-10.80A|7H), Klebsiella spp.”} 9.60A17HIQR, 8.30-11.48A]7H.2.
2 AL UL E. faccalis L E. faecium, S. aureus, P, acruginosa= 212} 13.75A1ZHIQR, 11.32-16.90A]
7h), 1420A17HIQR, 10.33-19.70A17F), 17.57A1ZHIQR, 14.63-21.85A17H°] AT} E. coli 2} Klebsiella
spp= 22 T2 Tl = F20]] B3] -§-2l5HA] T500] AP < 0.0001, P < 0.0001, respectively),
P, aeruginosa®] T50-2 2] 5HA] Z TP <0.0001).

4. CHIE #Z20| 7|4 3 e7[Ho| TTP

E. coli, Klebsiella spp., E. faecalis 2. E. faecium, CNS, S. aureus, P aeruginosa”} A&H 2,019% 5, &
7ol AR HEH 797} 58471(28.93%), 7 Holl AR A= 4971 3717(18.38%) 01 + 1
oA AEH 7427} 1,06471(52.70%)°) A TH Table 2).

Table 2. Number (%) of six most frequent organisms isolated from only aerobic bottles, only anaerobic bottles and both bottles

Organism Total Only in aerobic Only in anaerobic Both
Escherichia coli 649 80(12.3) 141 (21.7) 428 (65.9)
Klebsiella spp. 475 86 (18.1) 101 (21.3) 288 (60.6)
Coagulase negative staphylococci 235 92(39.1) 48(204) 95 (40.4)
Enterococcus faecalis/E. faecium 326 100 (30.7) 65(19.9) 161 (49.4)
Staphylococcus aureus 168 69 (41.1) 12(7.1) 87(51.8)
Pseudomonas aeruginosa 166 157 (94.6) 424 5@3.1)
Total 2,019 584 (28.93) 371 (18.38) 1,064 (52.70)
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E. coli®} Klebsiella spp.i= ZYZ} 428, 288430 5+ ¥ RSl A HEE] 0, 80, 8622 7|90l
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161, 87 -2 5 ¥ o)A, 92, 100, 69582 7|5 ollAIRE, 48, 65, 12432 7ol A9t
. A3 7]3%] P aeruginosa= 27| olTF 15740] HEE AL, F7 ol ATt 44, =
A %ol AEE ULt

E. coli, Klebsiella spp., E. faecalis 2! E. faecium, CNS, S. aureus®] 37192t & 718 2] TTPL] 2}0]
£ v|wal] QsiA, S719 3 719 & o A1 Aol thial] T502 43513 thFig. 3). E. coli®t
Klebsiella spp.2] T50-2 22} 7180l A 9.52A1ZHIQR, 8.25-11.26A17H), 9.78A1ZHIQR, 8.66-11.94A]
75, &71/33 oA 8 4241 7HIQR, 7.16-9.58417), 8. 73A1ZHIQR, 7.67-9.75A17H 02 & 7|Hof| A T50
o] -oJ5HA| &UTHP < 0.0001, P < 0.0001, respectively). E. faccalis 2 E. faecium} S. aureus2] T50
o] Z}z} E7|Hol| A 13.28A17HIQR, 11.45-15.39A17h), 12.52A17HIQR, 9.42-15.45A17h), & 71 0llA]
12.58A17HIQR, 10.29-15.57A171), 11.10A17HIQR, 8.80-14.78A17h 0.2 & 7]Hof|A] T500] 8-2J51]
ZATHP = 0.009, P = 0,005, respectively). CNS2] T50-2 750l A 202417k @750l A 227417k
O & F7Hol| A AAA|T SAH o 2 f-2)3k2tol= gi’lthP=0.131).
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Fig. 3. The time to positivity (TTP) of aerobic and anaerobic bottles among six most frequent organisms. Each of the white and black arrow
heads denoted TS50 of aerobic bottles and anaerobic bottles, respectively. The TTP for P aeruginosa displayed only for aerobic bottles. CNS,
coagulase-negative staphylococci; T50, median time-to-positivity.
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5. EAlQd

LSYEHe Fel Ui

CNS, Bacillus spp., viridans streptococei, Corynebacterium spp., Cutibacterium spp., Micrococcus spp.i=
171,29,42,13,21,4719] ©]glojlA] Eej=]o] 5 280710 Rej=|glom, XA E2] #52] 1843%S
Ak 12412 o] ulell HEE #5522 15,10, 7,0, 0,0 2.2 5 3371(11.79%), 48A1ZF o] Wl
AEH 75 247466, 26,41, 1, 0,371 0.2 F 23771(84.64%) ©| AT} 2% o]/gol|A] 48412t o]y
AEH 712 9071(32.60%)° ALE.

96|} o] Zof|= Cutibacterium spp., Corynebacterium spp., Bacillus spp.7} 22} 10,3, 17102 Z 14
71(5.00%)°] AE=UA L, 1 5 9710] 1480l ATt AZ = ATHTable 1,3).

Table 3. Cumulative incidence of anaerobic and microaerophilic bacteria, acrobic Actinomycetes, fastidious bacteria and fungus by

time-to-positivity

Cumulative incidence (%) of isolates by time-to-positivity

Organism Toal 12h 24h 36h 43h 72h 96h >96h
Anaerobes
Bacteroides spp. 25 0 10 (40) 24 (96) 25 (100)
Cutibacterium acnes 13 0 0 0 0 0 3(23) 13 (100)
Clostridium spp. 11 5(45) 9(82) 9(82) 10(91) 11 (100)
Parvimonas micra 3 0 0 1(33) 2(67) 3 (100)
Actinomyces spp. 2 0 0 0 1(50) 2(100)
Fusobacterium nucleatum 2 0 0 1(50) 1(50) 2(100)
Leptotrichia goodfellowii 2 0 0 0 2 (100)
Prevotella spp. 2 0 0 0 0 0 1(50) 2 (100)
Veillonella spp. 2 0 0 2 (100)
Bifidobacterium breve 1 0 0 0 0 0 1 (100)
Finegoldia magna 1 0 0 0 0 0 1(100)
Fusobacterium periodonticum 1 0 0 1(100)
Parabacteroides goldsteinii 1 0 0 0 0 0 0 1 (100)
Peptoniphilus spp. 1 0 0 0 1(100)
Propionimicrobium lymphophilum 1 0 0 0 0 1 (100)
Alistipes finegoldii 1 0 0 0 0 0 0 1(100)
Unknow anaerobic organism 1 0 0 0 0 0 0 1 (100)
HACEK
Aggregatibacter spp. 2 0 0 0 0 1(50) 2 (100)
Microaerophilic bacteria
Campylobacter helvet'icus. | 0 0 0 0 1(100)
Campylobacter upsaliensis
Fungus
Candida spp. 57 6(11) 13 (23) 30(53) 33(58) 48 (84) 54 (95) 57 (100)
Candida albicans 10 0 1(10) 4 (40) 4 (40) 8(80) 9(90) 10 (100)
Candida glabrata 27 1(4) 3(11) 8(30) 10(37) 20 (74) 25(93) 27 (100)
Candida tropicalis 11 327 7(64) 9(82) 10(91) 11 (100)
Candida parapsilosis 8 1(13) 1(13) 8 (100)
Candida krusei 1 1(100)
Fusarium spp. 1 0 0 0 0 0 0 1(100)
Aerobic actinomycetes
Mycobacterium fortuitum 1 0 0 0 0 0 1 (100)
Nocardia farcinica 1 0 0 0 0 0 1 (100)

Abbreviations: HACEK, Haemophilus spp., Aggregatibacter actinomycetemcomitans, Cardiobacterium hominis, Eikenella corrodens, Kingella spp.
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T50-> CNS 22.67A1ZHIQR, 18.23-29.28A17F), Bacillus spp. 15.58 A|ZHIQR, 11.98-22.19A]7F),
Corynebacterium spp. 42.27A1ZHIQR, 31.09-72.00A17H0] ATk, Bacillus spp=771(24.13%)°] 2% ©]
goll A agA1zto|Ujoll AE ==t B3l B. cereus=471 25 248 o) /goll A 124]7F o] Ujel] HEE] o]
T502 8 3A1ZHIQR, 5.97-10.38417h0] Atk

6. YHHAOM 4L 0|20l o= HEE ZnHE A

96417t o] F AEH = 2452 P BT 1.64%CI AL, 0| F T KA Cutibacterium
spp., Corynebacterium spp., Bacillus spp.”} 1452 48.3%% 2Fx|5}3tt. o]of H|af L-2]|A| z}=t
< Prevotella spp., Parabacteroides goldsteinii, Propionimicrobium lymphophilum, Alistipes finegoldii,
Fusarium spp.2+ E-573°] Aigh @71+t 2 17481} Candida spp. 3577+ ZF=QUT °lF F5
o] Alulist & 7]+ 15, Parabacteroides goldsteinii, Alistipes finegoldii, Fusarium spp.= 96X} 0]
ol 213 HEE|IthTable 3). Prevotella spp. Bifidobacterium breve, Finegoldia magna, Aggregatibacter
spp., Mycobacterium fortuitum, Nocardia farcinica -6 TH-2 72-92A17F Afojol] 2|5 &) =] it
Candida spp.= 2349} 22.8%7F 1241t 0] 22| =] 1AL, 96417} 0] & 2] Hl 355= 96A17F o] A
A2 35 & AE) A=A

Discussion

A A 12417 o|uel] B P/ 142 ARt A& 7F A UL, 24417 o] Ul 80.27%, 48
Azt oluelli= 93.65% 7t HEE] o] AHEse EHHUAI AR AFEE o] /g 9] e] T2
48A17F ool 90%0)/d AEH = o) B 53t AX|5kATH7.8,11,12]. HA| /3 227149
3740%1A 5% E. coli 2 Klebsiella spp.2] T502 212} 9.24A17F, 9.60A17FC. 2 ZHE o] 4} 10A]
2k olujoll AEE|SIAL, 24A17F o]U] 95% o)/ HEEIUT. o] A= bioMérieux AF2] X4l 7]E
1 Virtuo A AEo]| 4] FA Plus@} FN plus B A S AF&-SF Aol A] E. coli®] AEAIIE 5 F4k0] 9.54]
241 A} o9 FAFSHA[8], 2| Ale] ARseke A|&A A DA SA| AR S ARESH= 9
Z A et HEARME B 702 gk mhehba] 3 7Y 24A13F 2 5= AAMI2 E. coli
o} Klebsiella spp. 5 BF1He] F2 ARlate] A 2% A2 ol 2st Gdol 2=
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