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14 to 34% [1, 2]. Early and accurate diagnosis of sepsis is crucial 

for appropriate patient management. Currently, the most reliable 

approach to confirm sepsis is blood culture. Resin media have 

been recently applied to the BacT/Alert 3D System (bioMérieux 

Inc., Durham, NC, USA). Resin may adsorb antibiotics and other 

host immune factors in the bottles and therefore enhance the 

growth of microorganisms. Although these BacT/Alert 3D resin 

media have been utilized in the clinical laboratory for a few years, 

prospective clinical evaluation is not yet sufficient. 

Blood volume is the most important parameter for successful 

blood culture [1, 3]. Although 20-30 mL of blood is recommended 

for each puncture, a survey revealed the mean blood volume to 

be only 7.7 mL per set in nine university-affiliated hospitals [4]. 

Other studies also showed under-filled blood volumes for blood 

cultures, especially for seriously ill patients [5]. Another study re-
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Background: We prospectively evaluated the performance of blood culture resin media, FA Plus and FN Plus, of the BacT/Alert 3D System (bio-
Mérieux Inc., USA) in a tertiary university-affiliated hospital. 
Methods: We obtained 2,994 blood culture sets. The positivity and time to detection (TTD) were compared between FA Plus and FN Plus for clini-
cally significant microorganisms. We then categorized patients into two groups based on antibiotic treatment before blood culture to observe the 
difference of positivity between two groups.
Results: Among 2,994 sets received, 371 (12.4%) yielded 385 clinically significant pathogens. Comparing FA Plus to FN Plus media, lactose non-
fermenters (18 vs. 1; P <0.001) and yeasts (15 vs. 0; P <0.001) were recovered at a significantly higher rate using FA Plus, whereas gram-positive 
cocci (10 vs. 26; P =0.011) and gram-negative anaerobes (0 vs. 10 P =0.002) were isolated at a higher rate using FN Plus. In terms of detection 
time in FA Plus compared to that in FN Plus, Staphylococcus aureus (13.8 hr vs. 18.1 hr) and gram-positive cocci (14.1 hr vs. 20.3 hr) were detected 
significantly earlier in FA Plus (each, P <0.001). There was no statistically significant difference in positivity based on prior antibiotic use (13.1%, 
65/498) compared to antibiotic naïve patients (12.3%, 306/2,496) (P >0.05).
Conclusions: Complementary detection of microorganisms was observed between FA Plus and FN Plus. Gram-positive cocci including S. aureus 
grew faster in FA Plus. In addition, the rate of positivity was not affected by prior antibiotic therapy in BacT/Alert 3D resin media. 
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ported that many laboratories were using a 10-mL protocol for 

one set of blood culture [13]. 

Although blood cultures should be performed before antibiotic 

treatment, there have been many cases of prior antibiotic use, es-

pecially for those who are admitted to intensive care units [6, 7]. 

We hypothesized that the rate of positivity (for microorganisms) 

would be equal for patients with or without prior antibiotic treat-

ment due to the effect of resin. The necessity of terminal subcul-

ture has not been clearly documented for the resin bottles with-

out a positive signal after 5 days of incubation. Early detection of 

microorganisms is a highlight of the automated continuous blood 

culture systems. Rapid detection and early reports of blood cul-

ture are crucial for treating sepsis patients and for reducing hospi-

tal stays [1, 8, 9]. Therefore, detection time is an important indica-

tor of performance in the evaluation of blood culture systems. 

The aim of this study was to evaluate the clinical performance 

of the blood culture resin media FA Plus (aerobic) and FN Plus 

(anaerobic) of the BacT/Alert 3D System. Positivity rate and time 

to detection (TTD) were analyzed for clinically relevant microor-

ganisms. All signal-negative bottles were subcultured to evaluate 

false negatives in the blood culture system. In addition, a history 

of prior antibiotic use was investigated to determine if this influ-

ences the effect of resin in blood cultures.

MATERIALS AND METHODS

Patients and Sample Collection 

The study was conducted at the Gyeongsang National Univer-

sity Hospital in Korea from June to December 2014 and was ap-

proved by the IRB (GNUH 2015-03-015). Among the adult pa-

tients (≥  18 yr of age) who visited the emergency department 

(ED) and were admitted to the medical and surgical intensive care 

units (MICU, SICU), those patients with blood culture tests based 

on the suspicion of sepsis were included in this study. We ob-

tained 2,994 sets of blood cultures, 2,516 sets from the ED, 366 

sets from the MICU, and 112 sets from the SICU. Well-trained and 

educated medical technicians collected blood samples in the ED, 

whereas intern physicians collected samples in the intensive care 

units. Two sets of blood cultures were collected for most of epi-

sodes. Chlorhexidine-alcohol (0.5%) was used for scrubbing and 

disinfecting the venipuncture sites and blood culture bottle 

heads. Venous blood (10 mL) was withdrawn from the peripheral 

vein using sterile syringes. One set of blood culture tests con-

sisted of two bottles, an aerobic resin bottle (FA Plus) and an an-

aerobic resin bottle (FN Plus), of the BacT/Alert 3D System. An ali-

quot of approximately 5 mL of blood was directly inoculated into 

each bottle. The blood culture bottle weight was measured upon 

receipt, after blood collection. The obtained weight was divided 

by the blood density (1.055 g/mL) to determine the blood volume. 

Laboratory Procedures 

The received bottles were quickly inserted into the automated 

blood culture system. Bottles that arrived outside of routine busi-

ness hours were stored at room temperature and were processed 

the following morning. The bottles were incubated for 5 days un-

less they were flagged as positive. Bottles with a positive signal 

were removed from the automated blood culture system. Aliquots 

(100 μL) were withdrawn to perform gram staining and to inocu-

late blood agar plates (BAP), MacConkey agar plates, and choco-

late agar plates. The agar plates were incubated for 48 hr at 37°C 

with 5% CO2. Anaerobic culturing was selectively conducted 

when no growth was observed in aerobic culture but when the 

presence of organisms was confirmed by gram stain. The colo-

nies were identified with the Vitek II System (bioMérieux Inc.). All 

signal-negative bottles were subjected to terminal subculture after 

5 days of incubation. Broth and blood mixture (100 μL) was inoc-

ulated onto BAP and incubated for 2 days at 37°C with 5% CO2. 

When more than two microorganisms were recovered from one 

bottle, it was considered a polymicrobial infection. The positive 

rate was defined as the number of sets with growth of clinically 

significant pathogens in either FA Plus or FN Plus, among the re-

quested sets. The positive rate was compared between FA Plus 

and FN Plus. The contamination rate was defined as the growth 

of skin contaminants among the requested sets. Growth of Bacil-

lus spp., Corynebacterium spp., Propionibacterium spp., and 

Micrococcus spp. was regarded as skin contamination, regardless 

of a positive result [1, 9]. TTD was defined as the time interval be-

tween the entry of the bottles and a positive signal in the BacT/

Alert 3D system.

Assessment of Clinical Significance

Upon microorganism identification, the corresponding case 

was reviewed for medical history, laboratory findings, and sus-

pected diagnosis using an electronic medical record system. The 
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identified microorganisms were categorized as either a pathogen 

or a contaminant, based on medical history, vital signs, disease 

progression, treatment response, and laboratory tests such as leu-

kocyte counts, C-reactive protein, lactate dehydrogenase, blood 

gas analysis, and microbiological culture results from other speci-

mens [2].

Effect of Prior Antibiotic Use

Medical records were reviewed to determine antibiotic use 

within 3 days of blood culture tests. If needed, an experienced 

nurse from the ED called the referred clinic for the history of anti-

biotic use. The pathogen detection rate and the TTD were com-

pared between prior antibiotic users and antibiotic naïve patients.

Statistical Analysis 

The statistical significance regarding positive rates was exam-

ined by χ2-test using exact binomial probability calculations as 

described by McNemar. The normality of the distribution of TTD 

was assumed by the Kolmogorov-Smirnov test. When TTD data 

presented the assumption of normality, we used a paired t-test to 

compare differences in mean TTD between two conditions. Oth-

erwise, the Wilcoxon signed-rank test was applied. All statistical 

analyses were performed using SPSS, version 21 (IBM Corp., Ar-

monk, NY, USA), and statistical significance was defined as a P 

value less than 0.05. 

RESULTS

Blood Volume 

During the study period, 2,994 blood culture sets were submit-

ted to the laboratory. The mean (±SD) blood volume of the re-

ceived bottles was 4.76 (±1.39) mL in FA Plus and 4.90 (±1.26) 

mL in FN Plus. 

Positivity 

Among 2,994 sets received, 371 sets (12.4%) yielded 385 clini-

cally significant pathogens. Using FA Plus and FN Plus, 306 

(10.2%) and 305 (10.1%) bottles, respectively, were positive 

(P >0.05). Polymicrobial infections were observed in 34 cases 

(0.1%). When comparing FA Plus to FN Plus, gram-negative lac-

tose non-fermenters (18 vs. 1) and yeasts (15 vs. 0) were isolated at 

a significantly higher proportion in FA Plus (P<0.001), whereas 

gram-positive bacteria (10 vs. 26; P =0.011) and anaerobes (0 vs. 

10; P<0.01) were more commonly isolated in FN Plus. Gram-neg-

ative bacilli were isolated equally (41 in FA Plus vs. 40 in FN Plus) 

(Table 1).

Time to Detection

The mean TTD of all pathogens was slightly shorter in FA plus 

than in FN Plus (11.12 hr vs. 11.88 hr; P =0.009) (Table 2). FA Plus 

resulted in earlier detection of gram-positive cocci and Staphylo-

coccus aureus compared to its anaerobic counterpart (P<0.001). 

FN Plus resulted in an earlier mean TTD in the detection of en-

terococci, gram-negative bacilli, Escherichia coli, Klebsiella 

pneumoniae, other family members of Enterobacteriaceae, and 

Table 1. Comparison of positivity of clinically significant microorgan-
isms isolated from FA Plus and FN Plus 

Microorganisms Both FA Plus only FN Plus only P value

Gram-positive 74 10 26 0.011

   Staphylococcus aureus 36 2 5 0.453

   CoNS 0 2 1 1

   Streptococcia 9 2 5 0.453

   Enterococcib 22 3 4 1

   Anaerobesc 1 0 5 0.063

   Other gram-positived 6 1 6 0.125

Gram-negative 171 41 40 1

   Escherichia coli 101 15 17 0.860

   Klebsiella pneumoniae 43 5 8 0.581

   Other Enterobacteriaceaee 18 3 4 1

   Lactose non-fermentersf 2 18 1 <0.001

   Anaerobesg 0 0 10 0.002

   Other gram-negativeh 7 3 0 -

Fungi 8 15 0 <0.001

   Candida albicans 6 8 0 0.008

   Candida non-albicansi 2 7 0 0.015

Total 253 66 66 1

aIncludes 6 Streptococcus agalactiae, 2 Streptococcus alactolyticus, 1 Streptococ-
cus anginosus, 2 Streptococcus mitis/Streptococcus oralis, 2 Streptococcus con-
stellatus, 2 Streptococcus pneumoniae, and 1 viridans group streptococci; bIn-
cludes 4 Enterococcus casseliflavus, 6 Enterococcus faecalis, 13 Enterococcus fae-
cium, 4 Enterococcus gallinarum, and 2 Enterococcus hirae; cIncludes 1 Clostridi-
um bifermentans, 1 Clostridium perfringens, 1 Collinsella aerofaciens, and 2 Par-
vimonas micra; dIncludes 4 Granulicatella adiacens, 2 Rothia mucilaginosa, and 2 
Listeria monocytogenes; eIncludes 2 Citrobacter braakii, 3 Enterobacter cloacae, 3 
Enterobacter aerogenes, 4 Klebsiella oxytoca, 1 Moraxella group, 2 Proteus mirabi-
lis, 2 Raoultella planticola, 1 Salmonella group C, 2 Salmonella Group D, 2 Salmo-
nella ser. Typhi, and 3 Serratia marcescens; fIncludes 4 Acinetobacter baumannii, 1 
Acinetobacter lwoffii, 1 Acinetobacter parvus, 4 Burkholderia cepacia, 3 Sphin-
gomonas paucimobilis, and 8 Pseudomonas aeruginosa; gIncludes 2 Bacteroides 
fragilis, 2 Bacteroides stercoris, 1 Bacteroides vulgatus, 1 Fusobacterium nuclea-
tum, 1 Prevotella bivia, 2 Prevotella melaninogenica, and 1 Prevotella oralis; hIn-
cludes 1 Aeromonas hydrophila/caviae, 2 Eikenella corrodens, and 4 Vibrio vulnifi-
cus; iIncludes 2 Candida glabrata, 4 Candida parapsilosis, and 3 Candida tropicalis.
Abbreviation: CoNS, coagulase-negative staphylococci.
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yeasts, compared to FA Plus; however, the differences were not 

statistically significant. The TTD of gram-negative bacilli was the 

shortest followed by gram-positive cocci and yeasts. The differ-

ences in TTD values were significant among these groups 

(P<0.05). The distribution of the TTD values was noteworthy 

(Fig. 1). Over 88% of positive signals were observed in the first 24 

hr. More than 97% were detected in both FA and FN bottles 

within 48 hr. Within 72 h, 99.7% were detected in FA Plus and 

99.0% in FN Plus. 

Terminal Subculture 

After terminal subculture, growth was observed in only nine 

sets (0.34%) among the 2,623 sets that showed a negative signal 

for 5 days. They consisted of one (0.04%) FA Plus and eight (0.3%) 

FN Plus cultures (data not shown). An isolate of Pseudomonas 

aeruginosa demonstrated growth from the FN Plus bottle, 

whereas the corresponding FA Plus bottle showed no growth. 

The other isolates grown by terminal subculture were identical to 

those of the companion bottle from the same sets.

Contamination Rate

Isolates recovered from 63 sets (2.11%) were assessed as skin 

contaminants. Skin contaminants were isolated 48 (1.61%) times 

in FA Plus and 36 (1.21%) times in FN Plus. Coagulase-negative 

staphylococci (CoNS) were most common (71.4%), followed by 

Bacillus spp. (20.2%), and Micrococcus spp. (4.8%) (data not 

shown). Based on chart review and the results of other laboratory 

tests, we determined eight cases of CoNS to be pathogenic. Given 

that all CoNS were included as contaminants, the contamination 

rate rose to 1.71 % in FA Plus, 1.44% in FN Plus, and 2.38% in total.

Effect of Prior Antibiotic Therapy 

In total, 249 patients (498 of 2,994 sets, 33.2%) received antibiot-

ics before blood collection. Prior antibiotic therapy was observed 

in 43.9% (160/364 sets) of MICU cases, 48.2% (54/112 sets) of 

SICU cases, and 11.2% (284/2,518 sets) of ED cases. The positive 

rates in prior antibiotic users were 16.3% (26/160) in the MICU, 

14.8% (8/54) in the SICU, and 10.9% (65/498) in the ED. The posi-

tive rates of antibiotic naïve patients were 16.2% (33/204) in the 

MICU, 17.2% (10/58) in the SICU, and 11.8% (263/2,234) in the ED. 

There was no statistically significant difference in the positivity 

between prior antibiotic users (13.1%, 65/498) and antibiotic naïve 

Table 2. Comparison of time to detection (hour) of microorganisms grown in FA Plus and FN Plus 

Microorganisms (N of isolates)
FA Plus FN Plus

P value
Mean 95 % CI Median Mean 95 % CI Median

Gram-positive cocci (59) 13.81 11.7-15.9 12.10 18.12 14.6-21.7 14.82 <0.001

   Staphylococcus aureus (36) 14.09 11.1-17.1 12.61 20.32 14.9-25.7 15.60 <0.001

   Streptococci (7) 14.02 9.6-18.4 14.95 17.01 9.1-24.9 13.47 0.128

   Enterococci (12) 14.08 12.9-21.2 11.76 13.55 9.8-17.3 11.39 0.878

Gram-negative bacilli (152) 9.24 8.4-10.1 9.41 8.91 8.2-9.6 9.17 0.414

   Escherichia coli (96) 8.80 7.9-9.7 8.61 8.69 8.7-10.7 8.27 0.505

   Klebsiella pneumoniae (41) 10.09 8.0-12.1 10.25 9.10 8.0-10.2 10.22 0.891

   Other Enterobacteriaceae (12) 9.74 7.1-12.4 11.16 9.24 7.0-11.4 10.74 0.169

   Lactose non-fermenters (2) 9.19 3.2-15.1 9.19 13.35 11.1-15.6 13.35 0.317

Yeasts (8) 25.73 14.8-36.6 23.20 21.52 15.9-27.1 22.90 0.866

All microorganisms (227) 11.12 10.2-12.1 10.47 11.88 10.7-13.1 10.65 0.009

The P value was calculated by comparing the mean time to detection. Other gram-positive and gram-negative species are not shown.
Abbreviation: CI, confidence interval.

Fig. 1. Cumulative curves of time to detection (TTD) in blood culture 
bottles. FA Plus and FN Plus of the BacT/Alert 3D System.  
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patients (12.3%, 306/2,496) (P >0.05). In antibiotic users, TTD 

was 11.70±6.74 hr in FA Plus and 11.98±5.71 hr in FN Plus. In the 

antibiotic naïve patients, TTD was 10.96±7.56 hr in FA Plus and 

11.84±9.85 hr in FN Plus. The differences in TTD values be-

tween these two groups were not statistically significant 

(P =0.420 for FA Plus, P =0.166 for FN Plus). 

DISCUSSION

The recently introduced BacT/Alert 3D resin media were re-

ported to be superior to conventional media. The resin media 

showed improved detection of gram-negative bacilli compared to 

standard non-resin containing media [10]. S. aureus and CoNS 

were isolated at a higher frequency in the resin media compared 

to the charcoal media [11]. In addition, BACTEC Plus resin media 

showed superiority to BacT/Alert charcoal media for the isolation 

of organisms [6, 12]. There have been many clinical studies com-

paring other blood culture systems (bioMerieux BacT/Alert 3D, 

Becton Dickinson FX or BACTEC 9600, and Thermo Fisher Versa-

TREK) or different media (standard media, charcoal media, resin 

media, and lysis media) [6, 10, 11]. As expected, lactose non-fer-

menters and fungi grew predominantly in FA Plus because these 

organisms are absolute aerobes. In contrast, gram-positive organ-

isms and anaerobes grew significantly more in FN Plus. In this 

study, there was no difference in the isolation of gram-negative 

organisms between the two media. 

Blood volume is a key parameter of blood cultures. Although 

20-30 mL of venous blood is recommended for each venipunc-

ture [1, 3], the currently available commercial blood culture manu-

facturers recommend inoculating up to 10 mL for each bottle. 

That recommendation might be due to reduced broth volume and 

a desirable blood:broth ratio (5-10:1). Therefore, the required 

blood collection guidelines need to be reviewed by experts. In 

contrast, many studies have determined that the average blood 

volume inoculated per bottle is less than 5 mL [4, 5, 13]. Thus, we 

adopted a 5-mL protocol for each bottle. The positive rate in our 

study was 12.4%, excluding skin contaminants, which was 

deemed to be satisfactory considering that a desirable positive 

rate is 6% to 12% [3]. However, severity of illness in the patient 

groups needs to be considered to interpret this result. Our study 

groups (from the ED and ICUs) might include patients with rela-

tively severe conditions compared to those of other patient 

groups. Positivity was not affected by prior antibiotic use. This re-

sult could be explained by the function of the resin, which may 

adsorb antibiotics effectively. 

Although there have been several reports advocating selective 

use of anaerobic bottles by clinical indications [14], the results of 

this protocol are inconclusive. Although bacteremia due to abso-

lute anaerobes has decreased recently [1, 15], our data showed an 

equivalent recovery of organisms in anaerobic bottles. Instead of 

an aerobic/aerobic or aerobic/selective anaerobic combination, 

we recommend an aerobic/anaerobic set for blood cultures as a 

standard protocol [1, 4, 16, 17].

Gram-positive cocci including S. aureus grew significantly 

faster in FA Plus than in FN Plus. Although there were statistically 

significant differences in TTD values for these microorganisms 

between FA Plus and FN Plus, the mean TTD values for all micro-

organisms were very similar (11.1 hr for FA Plus, 11.9 hr for FN 

Plus). Since more than 97.0% of positives were detected within 48 

hr and more than 99.0% within 72 hr, laboratories with limited re-

sources could apply a 3-day incubation protocol instead of a 

5-day incubation. This was consistent with a previous study using 

a different instrument [18].

Terminal subculture was performed for all signal-negative bot-

tles. Microorganism growth by terminal subculture was more 

common from anaerobic bottles. From terminal subculture, nine 

cases were positive. Among them, three samples were processed 

during the night shift. The specimens were stored at room tem-

perature until the next morning (for 5, 9, 15 hr, respectively). This 

delayed entry might have affected growth after subculture. In 

eight cases, microorganisms had already been detected from 

companion bottles. Only one isolate of P. aeruginosa grew from 

a set showing a negative signal. This patient was diagnosed as 

having a urinary tract infection, and P. aeruginosa was isolated 

from the urine culture. She survived after optimal management. 

Taken together, we conclude that terminal subculture would not 

be necessary for resin media of BacT/Alert 3D.

A desirable skin contamination rate is <3% [3]. Sometimes clas-

sification of the isolate as a true pathogen or a contaminant is dif-

ficult, especially with CoNS [1, 9, 15]. An experienced ED physi-

cian reviewed the medical records and categorized the isolates 

into two groups, clinically significant or contaminant. The skin 

contamination rate was 2.1%, and there was no significant differ-

ence in the contamination rate between FA Plus and FN Plus. 
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Serious limitations of our study are the small inoculum of blood 

and delay of entry into the machine during the night shift hours. 

The differentiation of pathogens and skin contaminants was 

rather subjective. The order of inoculation occurred most often 

as, FA Plus first, followed by FN Plus. This order may affect the 

positive rate and contamination rate of each bottle. However, 

many experts recommend inoculating the aerobic bottle first [3, 

9]. Although blood culture bottles should enter the blood culture 

machine within 2 hr of collection [3], occasional delayed entry is 

inevitable. The clinical microbiology laboratory is closed during 

the night at our hospital and is a significant distance from the stat 

laboratory. Therefore, we placed the bottles that arrived during 

the night at room temperature until the following morning. Many 

studies on delayed entry argued that a harmful effect would be 

minimal for up to 24 hr of storage at room temperature [9, 17, 19]. 

We found that only one-third (3/9) of growth by terminal subcul-

ture was from sets that arrived during the night shift. This sug-

gests that delayed entry might not be the major reason for false 

negatives in the resin media of the BacT/Alert 3D system. 

In conclusion, clinical performance of the BacT/Alert 3D resin 

media showed an excellent positive rate and low contamination 

rate. Detection of microorganisms was complementary between 

FA Plus and FN Plus. Positive rates were the same between these 

two media, and were not affected by prior antibiotic treatment. In 

addition, terminal subculture does not seem necessary, because 

the false-negative rate was negligible. Gram-positive cocci includ-

ing S. aureus grew significantly earlier in FA Plus than in FN Plus. 

요  약

배경: 저자들은 한 대학병원에서 BacT/Alert 3D System (bioMéri-

eux Inc., USA)의 혈액배양 레진 배지인 FA Plus와 FN Plus의 성능

을 전향적으로 평가하였다.

방법: 총 2,994세트에 대해서 임상적으로 의의가 있는 세균의 양

성률과 균 검출시간을 두 배지 간에 비교하였다. 또한 항균제 사용 

유무에 따라 환자를 분류하고 두 군 간에 양성률을 비교하였다.

결과: 총 371세트(12.4%)에서 385개의 병원균이 배양되었다. 유당 

비발효균과 효모균은 FA Plus에서 유의하게 높게 배양된 반면, 그

람양성 알균과 그람음성 무산소성 간균은 FN Plus에서 유의하게 

높게 배양되었다(P<0.001). 황색포도알균과 그람양성 알균은 FA 

Plus에서 유의하게 빠르게 배양되었다. 이미 항균제가 투여된 경우

와 투여되지 않은 경우 양성률은 통계적으로 유의한 차이가 없었

다(13.1%와 12.3%, P>0.05).

결론: 호기병인 FA Plus와 혐기병인 FN Plus는 상호 보완적으로 균

이 검출되었다. FA Plus에서는 황색포도알균을 포함한 그람양성 알

균이 신속하게 배양되었다. 레진 배지를 사용할 경우 BacT/Alert 3D 

System에서는 항균제 사용 유무에 의해 양성률은 차이가 없었다.
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