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Background: Blood culture for diagnosis of bacter-
emia and fungemia comprises aerobic and anaerobic
cultures. The clinical utility of routine anaerobic blood
culture has been questioned for a long time and was
evaluated in this study.

Methods: A total of 9,028 positive blood cultures
were collected from adults at four university-affiliated
hospitals. We recorded the species distribution ac-
cording to growth in aerobic or anaerobic culture.
Results: Among the 9,028 positive results, 3,239 cas-
es (35.9%) occurred in aerobic culture, 1,543 cases
(17.1%) in anaerobic culture and 4,246 cases (47.0%)
in both cultures. The species grown only in the ana-
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erobic cultures consisted of 81.4% facultative anae-
robes, 2.0% strict anaerobes, 8.5% strict aerobes,
and 8.1% yeasts.

Conclusion: Routine use of paired aerobic/anaerobic
blood culture is essential because a considerable
number of facultative anaerobes and yeasts grow on-
ly in anaerobic blood culture. Strict aerobes and fun-
gi were more commonly isolated in the anaerobic
bottles than were strict anaerobes. (Ann Clin Microbiol
2014;17:35-41)
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MATERIALS AND METHODS
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BACTEC Plus Aerobic/F€} BACTEC Lytic Anaerobic/F bottle
(Becton Dickinson Microbiology Systems, Sparks, MD, USA)<
o]-glo] BACTEC 9240 system (Becton Dickinson Microbiology
Systems)ol] A #ljokslr, VA A WflollA+= BacT/Alert
3D system (bioMerieux Inc., Durham, NC, USA)& A&+
dl, B2 BacT/Alert FAN aerobic/anaerobic bottle (bioMer-
ieux Inc.)s, WA & WAL BacT/Alert SA/SN bottle
(bioMerieux Inc.)S AR&3}3ich
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RESULTS

o O

g AL 3 23874(35 9%) AL A=A
1,54371(17.1%), + 7HA 25 2k 71 4,24671(47.0%)°191
ol Wl g2 AwE AWl FARE A2 7t
36.6% (730/1,992), 34.7% (964/2,779), 29.8% (583/1,958),
41.8% (962/2,299)%.07 Ak AW ol ARE o] FAIRE A9
= 27 15.6% (311/1,992), 20.9% (581/2,779), 15.1% (295/
1,958), 15.5% (356/2,299)%AtH(Table 1). F 7FA] HWollA B+
Ak A W) HE 27 44.7% (951/1,992), 44.4% (1,234/
2,779), 55.2% (1,080/1,958), 42.7% (981/2,299)%]t}t. & Hujjok
7]l wlkA= BACTEC 9240 system¥} BacT/Alert 3D system
o] A9 AzAHAr 243 A7t 2 34.7% (964/
2,779), 36.4% (2,275/6,249)9.07 FAZA ol At 22k 7
= 20.9% (581/2,779), 15.4% (962/6,249), S+ 7}A R0l
ek AL 44.4% (1,234/2,779), 48.2% (3,012/6,249)Z 7]7] ¥
2 7] Aol & Hdrk msk HeHujhy Fol webA e
ol SA% Hlgell Azke] AolE Hgl=tl BACTEC Plus
Aerobic/F&} Lytic Anaerobic/F bottles AH-g-3F W1 Ah4A]
ol Aut ek 735, AR oA RE 28k 735, 7Rl B
FollA A=E ZA7b 2 34.7% (964/2,779), 20.9% (581/
2,779), 44.4% (1234/2,779)3.2™ BacT/Alert FAN aero-
bic/anaerobic bottle®] 73-$-oll= 2 39.4% (1,692/4,291),
15.6% (667/4,291), 45.0% (1,932/4,291), BacT/Alert SA/SN
bottleollAl= 22 29.8% (583/1,958), 15.1% (295/1,958),
55.2% (1,080/1,958)5 RS}

5 EEE FAT Ay dlujofollA] 71 Hol HelE
= Escherichia colig. o]+ 47 WY 25 £Y3 AvE 1

Table 1. Proportion (No.) of isolates grown in the aerobic and anaerobic blood culture bottles analyzed by hospital, equipment, and blood culture

bottles

Hospital A

C D

Only in aerobic bottles 36.6% (730/1992)
Only in anaerobic bottles 15.6% (311/1992)
Both 44.7% (951/1992)

34.7% (964/2779)
20.9% (581/2779)
44.4% (1234/2779)

29.8% (583/1958)
15.1% (295/1958)
55.2% (1080/1958)

41.8% (962/2299)
15.5% (356/2299)
42.7% (981/2299)

Equipment BACTEC9240 system

BacT/Alert 3D system

Only in aerobic bottles 34.7% (964/2779)
Only in anaerobic bottles 20.9% (581/2779)
Both 44.4% (1234/2779)

36.4% (2275/6249)
15.4% (962/6249)
48.2% (3012/6249)

BACTEC Plus Aecrobic/F+ BacT/Alert FAN aerobict+
FAN anaerobic

Blood culture bottles Lytic Anacrobic/F

BacT/Alert SA+SN

Only in aerobic bottles 34.7% (964/2779)
Only in anaerobic bottles 20.9% (581/2779)
Both 44.4% (1234/2719)

39.4% (1692/4291)
15.6% (667/4291)
45.0% (1932/4291)

29.8% (583/1958)
15.1% (295/1958)
55.2% (1080/1958)
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Qo A F FF F 17.9% (1,612/9,028)2] v]&o|Yr}.
I ohgeg ol Bl FF= Staphylococcus aureus
(11.4%), Staphylococcus epidermidis (9.8%), Klebsiella pneu-
moniae (10.3%), Enterococcus faecium (5.4%), Pseudomonas
aeroginosa (3.6%) oItk At FAAEAD AlTFe] 735 2.0%
(183/9,028)9] Hl&S Hglom wWdHE: 27t 3.1% (86/
2,779), 1.3% (25/1,958), 1.0% (23/2,299), 2.5% (49/1,992)E. 3
ul] o]49] Xo| & K} F8 Hel FFE2F Bacteroides fia-
gilis (23.5%), Propionibacterium acnes (13.7%), Clostridium
perfiingens (8.2%) s=o|lct. A FALA AlFoz B
© TF T 5AQ %) Alglstal 2 kA el 4
sFiet.

:La"j)- oolz/l'] 0‘__,1-%, gk ,Q_/Kg zl-q.] x{]«\.—'_{-, :LE":’)- %/lé :fL7‘l.‘_ )
$ 50% o] 4ol AbaAW ul FALAW BollA] uijokE]g)
v FEHE Zo|7} 7 shAIRE oF 15-20%0l4 F-AkaA
Ak ol FAslgict. Add} £ vkE agk g4 7
2 2 90.1% (657/729), 89.9% (692/770)01 4] AkA=AIHdof| 4]
vl o] EE|E9a 7 1.8% (13/729), 2.1% (16/770)2] B]&
2 kel A Fol BelEge,

Rjepy SFE % 391957} Relslglon] £ mEoq
aljokEl HlE2 50.9% (1,996/3,919)%1.07, F-AFAAIH ol ARk
ZA18F 7495 19.7% (773/3,919)9EH(Table 2). S. epidermidis,
Streptococcus anginosus, E. faecium, E. faecalis, Enterococcus
spp.© ARl LElEE vEo] 247 27.9% (246/

2 jo ol

883), 28.6% (10/35), 21.1% (103/485), 22.6% (44/195), 34.0%
(18/53)2 thg 25k oA dfoll vlste] FaAdrolx 9] <k
AEo] =t 18 oA 7 274710] EElE gl o, miok
FA vl AA ol ARk At 7-9= 58.4% (160/274)E W]
2 FokAL, AR AR 2R 9= 26.3% (72/274),
T 712 BERollA] Ae ASE 153% (42274)E JEbskeh
5 ZF Zpo|7} <kzk Qlont, FelH gk ofA e <k 25%7F
AR ol Ak FA sk s 34 AWAITS & 3,024
o] viekE|glom, 7 712 BFollA FBlEE HlEo] 66.6%
(2,013/3,024)90 o] A=A ol A et 22t 79+ 18.1% (548/
3,024), FAkAIH oA Ak 7392 15.3% (463/3,024)3A 0}
(Table 3). FAAEAIW oA 22| B]Eo] 20% o] 4o & H|%
9 F= Klebsiella oxytoca (21.2%), Citrobacter freundii
(21.1%), Proteus mirabilis (23.1%), Morganella morganii
(55.6%) ‘5ol H, 53| M. morganii® 73-F- FAHAA3vg ol A
gk BelE] = nlgo] 55.6%2 19 o4 AUATF T b =2
HEE5 Helvh 22 v a3k 34 7 S R
o] AkaAlWollAnt FelE ek A A Al H
97% o]0l FALAH AN Eel= ot P acnes®] 7%
271(8.0%)0] A=A ellAnt B2]=| gtk Table 4).

RS & 729730 wikE|Q o™, 21 F Candida albicans7}
2757102 7P =& HIE R Eel= 9l Table 4). A7) 735
90.1% (657/729)7}F AH&Ad ol At ZAlskl om F uljx] B
ol ZA13F 95 8.1% (59/729), FAEA W ol A ut Z2]8)

Table 2. Number (%) of gram-positive bacteria grown in the aerobic and anaerobic blood culture bottles

Microorganisms Only in aerobic bottles Only in anaerobic bottles Both Total
Gram-positive cocci
Stapylococcus aureus 218 (21.2) 167 (16.2) 644 (62.6) 1,029
Stapylococcus epidermidis 215 (24.3) 246 (27.9) 422 (47.8) 883
Stapylococcus hominis 148 (78.3) 9 4.8) 32 (16.9) 189
Stapylococcus captis 70 (46.7) 29 (19.3) 51 (34.0) 150
Stapylococcus haemolyticus 52 (55.3) 6 (6.4) 36 (38.3) 94
Stapylococcus, others 154 (44.0) 71 (20.3) 125 (35.7) 350
Streptococcus pneumoniae 16 (24.2) 8 (12.1) 42 (63.6) 66
Streptococcus mitis 17 (26.6) 8 (12.5) 39 (60.9) 64
Streptococcus agalactiae 11 (18.3) 7 (11.7) 42 (70.0) 60
Streptococcus anginosus 3 (8.6) 10 (28.6) 22 (62.9) 35
Streptococcus pyogenes 5 (27.8) 0 0.0 13 (72.2) 18
Streptococcus, others 37 (22.4) 34 (20.6) 94 (57.0) 165
Enterococcus faecium 109 (22.5) 103 (21.2) 273 (56.3) 485
Enterococcus faecalis 31 (15.9) 44 (22.6) 120 (61.5) 195
Enterococcus, others 9 (17.0) 18 (34.0) 26 (49.1) 53
Micrococcus spp. 40 (93.0) 3 (7.0 0 (0.0) 43
Others 15 (37.5) 10 (25.0) 15 (37.5) 40
Subtotal 1,150 (29.3) 773 (19.7) 1,996 (50.9) 3,919
Gram-positive bacilli

Bacillus spp. 106 (54.9) 52 (26.9) 35 (18.1) 193
Corynebacterium spp. 32 (78.0) 6 (14.6) 3 (7.3) 41
Others 22 (55.0) 14 (35.0) 4 (10.0) 40
Subtotal 160 (58.4) 72 (26.3) 42 (15.3) 274




38 Ann Clin Microbiol 2014;17(2):35—41

Table 3. Number (%) of gram-negative bacteria grown in the aerobic and anaerobic blood culture bottles

Microorganisms Only in aerobic bottles Only in anaerobic bottles Both Total
Gram-negative bacilli
Eeterobacteriaceae
Escherichia coli 294 (18.2) 264 (16.3) 1,061 (65.5) 1,619
Klebsiella penumoniae 159 (17.0) 136 (14.6) 638 (68.4) 933
Klebsiella oxytoca 10 (19.2) 11 (21.2) 31 (59.6) 52
Enterobacter cloacae 30 (20.7) 14 (9.7) 101 (69.7) 145
Enterobacter aerogenes 12 (17.4) 10 (14.5) 47 (68.1) 69
Serratia marcescens 13 (28.9) 4 (8.9) 28 (62.2) 45
Citrobacter freundii 8 (21.1) 8 (21.1) 22 (57.9) 38
Salmonella spp. 8 (28.6) 2 (7.1) 18 (64.3) 28
Salmonella Typhi 2 (18.2) 0 (0.0) 9 (81.8) 11
Proteus mirabilis 3 (11.5) 6 (23.1) 17 (65.4) 26
Morganella morganii 1 (11.1) 5 (55.6) 3 (33.3) 9
Others 8 (16.3) 3 (6.1) 38 (77.6) 49
Subtotal 548 (18.1) 463 (15.3) 2,013 (66.6) 3,024
Non-fermentative bacteria
Pseudomonas aeruginosa 292 (88.8) 9 (2.7) 28 (8.5) 329
Acinectobacter baumannii 174 (89.7) 1 (0.5) 19 (9.8) 194
Stehotrophomonas maltophilia 106 (97.2) 1 (0.9) 2 (1.8) 109
Achromobacter xylosoxidans 12 (92.3) 0 (0.0) 1 (7.7) 13
Chryseobacterium meningosepticum 12 (100.0) 0 (0.0) 0 (0.0) 12
Chryseobacterium indologenes 10 (100.0) 0 (0.0) 0 (0.0 10
Burkholderia cepacia 10 (100.0) 0 (0.0) 0 (0.0 10
Others 76 (81.7) 554 12 (12.9) 93
Subtotal 692 (89.9) 16 (2.1) 62 (8.1) 770
Other Gram-negative bacilli
Aeromonas hydrophila 5 (9.8) 7 (13.7) 39 (76.5) 51
Vibrio vulnificus 0 (0.0) 2 (16.7) 10 (83.3) 12
Others 21 (40.4) 16 (30.8) 15 (28.8) 52
Subtotal 26 (22.6) 25 (21.7) 64 (55.7) 115
Gram-negative coccobacilli
Haemophilus spp. 4 (28.6) 3 (21.4) 7 (50.0) 14
739 1.8% (13/729)%c}. E2l¥ A FolA Candida glab- of] A 2 eiEel ool grH2-6]. A 7
raa®) 75 5 71 BolA okl wlgel 38.2% @2110)  ©] elshe meld ] A FEEe] AAFeE WES v
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Table 4. Number (%) of anaerobic bacteria and fungi grown in the aerobic and anaerobic blood culture bottles

Microorganisms Only in aerobic bottles Only in anaerobic bottles Both Total
Strict anaerobes
Bacteroides fragilis 0 (0.0 46 (100.0) 0 (0.0) 46
Bacteroides spp. 0 (0.0 27 (96.4) 1 (3.6) 28
Propionibacterium acnes 2 (8.0) 21 (84.0) 2 (8.0) 25
Clostridium spp. 0 (0.0) 25 (100.0) 0 (0.0) 25
Clostridium perfrigens 0 (0.0 15 (100.0) 0 (0.0) 15
Prevotella spp. 0 (0.0) 17 (100.0) 0 (0.0) 17
Peptostreptococcus spp. 0 (0.0 14 (100.0) 0 (0.0) 14
Fusobacterium spp. 0 (0.0 13 (100.0) 0 (0.0) 13
Subtotal 2 (1.1 178 (97.3) 3 (1.6) 183
Fungi
Candida albicans 266 (96.7) 1 (0.4) 8 (2.9) 275
Candida tropicalis 134 (100.0) 0 (0.0) 0 (0.0) 134
Candida glabrata 57 (51.8) 11 (10.0) 42 (38.2) 110
Candida parapsilosis 102 (95.3) 0 (0.0 5 @47 107
Candida guilliermondii 13 (100.0) 0 (0.0) 0 (0.0) 13
Candida utilis 10 (100.0) 0 (0.0) 0 (0.0) 10
Candida pelliculosa 9 (100.0) 0 (0.0 0 (0.0) 9
Candida, other 44 (100.0) 0 (0.0) 0 (0.0) 44
Trichosporon ashahii 4 (100.0) 0 (0.0 0 (0.0) 4
Cryptococcus neoformans 4 (100.0) 0 (0.0 0 (0.0) 4
Others 14 (73.7) 1 (5.3) 4 (21.1) 19
Subtotal 657 (90.1) 13 (1.8) 59 (8.1) 729
Wzol AT A% ALE DHAR F Yk AE FAZ olel AR AT ZARIIAL, C glabraa
FAEAE S WAl Adsllof sikal FAslgich Park 5 o] A AA I S oA B A 7571 38.2%,
[16]< 54 Enterobacteriaceae®} Enterococcus spp.ollA A4 FAEA ol A uE A1 7971 10.0%E ElLer o]
gl nlste] FAkaAWellA FAHEAIZ ] gkl sk g AEEHA kS W ok 10%ollA= C. glabrata®l
o 1 QATolAE FEol WE WA FAEAC] g B AFel A 5 98 Aeich
A& AleBslA] Z3t A3 e] ek Grohs “5{4]9] HarellA] & A A Aol AA Dol ¢ T AAsh vl
SMle}A] ST Fo] ZABHE 4L HT 19.0% L 20% (1830092 FEZe =¥ ddFow 47hey]
2 B QIF(7.1%) 50k o) Fgkon] AL S & sk T4 A7) dele] AAHeE diZels] ofel e
& F59 oF 15%0] Aul FALA AT Ao Buslgl W ole) Qi P AlFe] A9 A el deo
o 8 Shoji S171& FARLAHOIAE Wik FAS BQl  AEo] B 4 glor[1s,19] HAMR AR A A7
Zlo] oF 18%% Ryl om, E3] Streptococcus agalactiae, Z5 ks 4= Qlrk B odtollA] W WZ A FARRA A
E. coli, Klebsiella spp., Serratia marcescens, Enterobacter spp. T Zelgo| 2-3u] o] Hol7} U= AL Felsll =, ol
£ 20% o) ol FALAMAT FAHE AoE Ueht § 9elol sk 444 AT 2ol el Bl FEs) 47
AW Aol Feshebar sl B Aol A Rl Aol ezl A AR F, ofE Aol 444

A HFo ux«l o:! 0 u]] ]-z}_khﬂﬂoﬂ/ﬂﬂ}- ;{-o] Z_xlg,].‘: H] +)
ZogukE agk $4 I A ALl &
£ 9] 15% olge] T FAI Sl S
epidermidis, S. anginosus, Enterococcus spp., K. oxytoca, C.
freundii, P. mirabilis, M. morganii®} 7x-S Q5 ollA= FAk
EAOIAR ZARE vl go] 20%E Witk FE wuk
a8 84 7] A giHEoe] AsAoAut Helxgl
31 P. aeruginosa 971 (2.7%), Acinetobacter baumannii 171 (0.5%),
Stenotrophomonas maltophilia 17 (0.9%)°] F-AFAAH Oﬂ/ﬂ ut
ZA5| 9t Txd vuly 7S AgiliAow BE ]_uq
Aol A Ake Bl 2.1% (16/770)34¢

ol5o] %

ol7h el HE g S&ZH 4Eﬂﬂr 71?4 ZAgholl whebA] et
A AR AR, & Aol olell gt 24 A%
sHA| Fskoiet

20110 =] <k Kol Sjspad A]lellA FRuled A] k4
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