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We studied the ability of the BACTEC 9240 automated blood culture system to detect simulated candidemia,
including both Candida albicans and non-albicans Candida species. Simulated blood cultures were produced
using 50 Candida isolates and BACTEC Plus Aerobic/F and Anaerobic/F blood culture bottles. Ten milliliters
of blood and a suspension of each isolate containing 1,000 CFU were introduced into each bottle and then
incubated at 35°C in the BACTEC 9240 system. The system detected growth in 56 of 100 bottles. Four isolates
did not have growth detected in either bottle after 21 days of incubation, resulting in four missed episodes of
candidemia. If the blood culture bottles had been incubated for 5 days, an additional episode of candidemia
would have remained undetected. If the bottles had been incubated for only 3 days, another episode would have
been missed, resulting in up to six missed episodes of candidemia (four Candida glabrata isolates, one C.
albicans isolate, and one Candida rugosa isolate). Terminal subculture of bottles without detected growth
recovered yeast in 93% (41 of 44) of the bottles, representing 41 false negatives. In bottles where growth was
detected, the time to detection was �24 h. However, the mean time to growth detection for C. glabrata isolates
in anaerobic medium was 22.14 � 2.47 h, but it was 120.89 � 35.33 h in aerobic medium (P < 0.001). The
BACTEC 9240 system detected growth of most Candida isolates; however, the delayed time to detection of C.
glabrata is clinically significant. Given the high rate of false negatives, terminal subcultures may be helpful in
certain situations.

Candidemia is an increasingly common problem in hospital-
ized patients, with epidemiologic surveys revealing that Can-
dida spp. are now the fourth most common pathogen isolated
from the blood of hospitalized patients, most commonly in
intensive-care unit settings (4, 10). Unfortunately, candidemia
also carries the highest associated mortality (40%) of all nos-
ocomial bloodstream infections (4). Candida albicans used to
be the predominant cause of candidemia, accounting for
�80% of all candidal isolates recovered from nosocomial yeast
infections in the 1980s (1), but non-albicans Candida (NAC)
species are now recovered with increasing frequency. C. albi-
cans currently accounts for only about one-half of all nosoco-
mial bloodstream Candida isolates in the United States and is
even less commonly isolated in surgical and neonatal intensive-
care unit settings (4, 10).

Episodes of candidemia are most commonly detected by
standard blood culture media in automated blood culture sys-
tems. Multiple studies have demonstrated effective recovery of
Candida spp. by use of the BACTEC 9240 automated blood
culture systems (6, 8, 9, 11, 14). However, these earlier studies
generally addressed C. albicans recovery; few NAC were re-
covered, and the performance of the system specifically for
these species has not been well defined. Additionally, earlier
studies were all conducted on clinical specimens, many without
terminal subculture, and therefore the number of false nega-
tives may not have been fully examined. In the course of
performing a study of simulated candidemia, we noted some

interesting observations in the overall detection of growth and
time to detection among various Candida spp. We report our
observations of the performance characteristics of the
BACTEC 9240 system in the detection of growth, the time to
detection, and the utility of terminal subcultures for a broad
range of Candida spp., using a simulated candidemia model.

MATERIALS AND METHODS

Fifty clinical isolates of Candida were utilized in our study, including C.
albicans (n � 12), Candida tropicalis (n � 12), Candida glabrata (n � 9), Candida
krusei (n � 5), Candida lusitaniae (n � 3), Candida parapsilosis (n � 3), Candida
guilliermondii (n � 2), Candida kefyr (n � 2), Candida firmetaria (n � 1), and
Candida rugosa (n � 1). Frozen yeast isolates, originally isolated from clinical
specimens, were subcultured twice onto solid medium to ensure the isolation of
pure colonies. A suspension of each specimen was made in 5 ml of normal saline
and adjusted by transmittance at 530 nm (Spectronic 20D; Milton Roy, Roch-
ester, N.Y.) to 0.5 McFarland standard (Becton Dickinson, Sparks, Md.). The
resulting suspension contained �1 � 106 to 5 � 106 yeasts/ml (7). A 1:100
dilution of each yeast suspension was then performed to produce a density of 1 �
104 to 5 � 104 yeasts/ml. A 0.1-ml aliquot of this suspension was introduced into
each set of blood cultures, one aerobic and one anaerobic bottle, to produce a
final inoculum of �1,000 yeast cells. Inoculum densities were verified by colony
counts of serial dilutions on solid medium.

The blood culture bottles utilized in this study were the BACTEC Plus Aer-
obic/F and Anaerobic/F (Becton Dickinson). All bottles were inoculated with 10
ml of fresh, whole blood from healthy volunteers. The protocol was approved by
the Brooke Army Medical Center institutional review board, and informed
consent was obtained from all volunteers. After the addition of 0.1 ml of yeast
suspension, the inoculated bottles were immediately placed in the BACTEC
9240 automated blood culture system (Becton Dickinson) for up to 21 days. This
system incubates specimens at 35°C with continuous agitation and uses a fluo-
rescence technology to indicate the quantity and rate of CO2 production, indic-
ative of microbial growth.

Individual blood culture bottles were removed from the automated system
when growth was detected, and the time to detection was recorded. A 0.1-ml
aliquot was withdrawn from each positive bottle, plated on solid medium, incu-
bated at 30°C, and read after 24 h.

* Corresponding author. Mailing address: Infectious Disease Ser-
vice (MCHE-MDI), Brooke Army Medical Center, 3851 Roger
Brooke Dr., Fort Sam Houston, TX 78234. Phone: (210) 916-4355.
Fax: (210) 916-0388. E-mail: Lynn.Horvath@amedd.army.mil.

4714



Blood culture bottles in which no growth was detected were removed from the
automated system after 21 days of incubation. Terminal subculture was per-
formed; a 0.1-ml aliquot was removed from each bottle and then plated on solid
medium. Each plate was incubated at 30°C and read daily for up to 72 h.

Statistical analysis of data was performed using SPSS software. One-way anal-
ysis of variance was followed by Student-Newman-Keuls tests. Additional tests
included Fisher’s exact test, McNemar tests, and Cohen’s kappa test when nec-
essary.

RESULTS

Fifty-six of the 100 bottles in this study had growth detected
by the BACTEC 9240 automated blood culture system (Table
1). All C. albicans, C. parapsilosis, C. guilliermondii, C. kefyr,
and C. firmetaria isolates had growth detected exclusively in the
aerobic medium. Four Candida spp. had growth detected in
both aerobic and anaerobic media: C. tropicalis, C. glabrata,
C. krusei, and C. lusitaniae.

Forty-four bottles had no growth detected despite 21 days of
incubation. These included 5 of 50 (10%) aerobic and 39 of 50
(78%) anaerobic blood culture bottles. Though 44 bottles had
no growth detected, only 4 of 50 (8%) Candida isolates did not

have growth detected in either bottle. The four isolates were
one C. albicans, one C. rugosa, and two C. glabrata.

Terminal subculture was performed on all 100 bottles. A
comparison of growth detection by the BACTEC 9240 to ter-
minal subculture is presented in Table 2. Forty-five of 50
(90%) aerobic bottles had growth detected by the BACTEC
9240, while 49 of 50 (98%) had positive terminal subcultures.
In contrast, only 11 of 50 (22%) anaerobic bottles had growth
detected by the BACTEC 9240, while 48 of 50 (96%) had
positive terminal subcultures (P � 0.001). All 56 bottles with
growth detected by the BACTEC 9240 also had positive ter-
minal subcultures. Of the 44 bottles with no growth detected by
the BACTEC 9240, 41 of 44 (93%) had positive terminal
subcultures. Four of five “negative” aerobic bottles (three
C. glabrata and one C. rugosa) were subculture positive; one
C. albicans bottle was subculture negative. Thirty-seven of 39
anaerobic bottles with no growth detected by the BACTEC
9240 were subculture positive (11 C. albicans isolates, 8
C. tropicalis isolates, 4 C. glabrata isolates, 4 C. krusei iso-
lates, 3 C. parapsilosis isolates, 2 C. lusitaniae isolates, 2
C. guilliermondii isolates, 2 C. kefyr isolates, and 1 C. rugosa
isolate); 1 C. albicans isolate and the C. firmetaria isolate were
subculture negative. A total of three of the bottles were there-
fore true negatives, with no growth in the anaerobic bottle of
the C. firmetaria isolate and both the aerobic and anaerobic
bottles of one C. albicans isolate.

Growth detection occurred primarily within the first 3 days
of incubation, with 50 bottles detected as positive by day 3. Of
the six remaining bottles with growth detected, three were
detected on day 5, two were detected on day 6, and one was
detected on day 8. Two of these “late” cultures represented the
only bottle of the blood culture set with growth detected. Both
were C. glabrata isolates in aerobic media with growth detected
on day 5 and day 8.

The mean time to growth detection for each Candida spp. is
listed in Table 3. The mean time to growth detection for most
Candida spp., including C. albicans, C. tropicalis, and C. para
psilosis, was �24 h. C. glabrata was the only species that re-
quired a substantially longer incubation period in aerobic me-
dium for growth detection, with a mean time to growth detec-

TABLE 1. Detection of growth in simulated candidemia by the
BACTEC 9240 using Aerobic Plus/F and Anaerobic

Plus/F blood culture bottles

Candida sp.
(no. of isolates)

No. of isolates recovered

Both
bottles

Aerobic
bottle only

Anaerobic
bottle only

Neither
bottle

C. albicans (12) 0 11 0 1
C. tropicalis (12) 4 8 0 0
C. glabrata (9) 4 2 1 2
C. krusei (5) 1 4 0 0
C. lusitaniae (3) 1 2 0 0
C. parapsilosis (3) 0 3 0 0
C. guilliermondii (2) 0 2 0 0
C. kefyr (2) 0 2 0 0
C. firmetaria (1) 0 1 0 0
C. rugosa (1) 0 0 0 1

Total (50) 10 35 1 4

TABLE 2. Candida growth detection in the BACTEC 9240 automated blood culture system compared to
growth detection by terminal subculture

Candida sp.

No./n (%) positive

Aerobic bottles Anaerobic bottles

BACTEC Subculture BACTEC Subculture

C. albicans 11/12 (92) 11/12 (92) 0/12 (0) 11/12 (92)
C. tropicalis 12/12 (100) 12/12 (100) 4/12 (33) 12/12 (100)
C. glabrata 6/9 (67) 9/9 (100) 5/9 (56) 9/9 (100)
C. krusei 5/5 (100) 5/5 (100) 1/5 (20) 5/5 (100)
C. lusitaniae 3/3 (100) 3/3 (100) 1/3 (33) 3/3 (100)
C. parapsilosis 3/3 (100) 3/3 (100) 0/3 (0) 3/3 (100)
C. guilliermondii 2/2 (100) 2/2 (100) 0/2 (0) 2/2 (100)
C. kefyr 2/2 (100) 2/2 (100) 0/2 (0) 2/2 (100)
C. firmetaria 1/1 (100) 1/1 (100) 0/1 (0) 0/1 (0)
C. rugosa 0/1 (0) 1/1 (100) 0/1 (0) 1/1 (100)

Total 45/50 (90) 49/50 (98) (NS)a 11/50 (22) 48/50 (96) (P � 0.001)

a NS, not significant.
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tion of just over 5 days and a range of 3 to 8 days (69 to 178 h).
The mean time to growth detection of C. glabrata in aerobic
bottles was significantly longer than in the corresponding an-
aerobic bottles (121 versus 22 h; P � 0.001). Additionally, the
mean time to growth detection of C. glabrata in aerobic bottles
was significantly longer than the mean time to growth detec-
tion of all other Candida spp. in aerobic media (121 versus
18 h; P � 0.001).

DISCUSSION

Our group was concerned to find that only 56 of 100 bottles
had growth detected by the BACTEC 9240, which resulted in
four episodes of missed simulated candidemia. Forty-four bot-
tles had no growth detected despite the fact that each bottle
was seeded with �1,000 yeast cells and incubated for up to 21
days. The majority of bottles with no growth detected were
anaerobic; more troubling was the fact that a full 10% of
aerobic bottles had no growth detected despite a relatively high
yeast inoculum and a prolonged incubation period. Forty-one
of the 44 (93%) “negative” bottles demonstrated heavy growth
of yeast when terminally subcultured, representing 41 false-
negative cultures. A review of the literature revealed that other
authors have described a similar phenomenon with regard to
recovery of Candida spp. with clinical use of the BACTEC
9240 (8, 12, 14). Shigei et al. terminally subcultured Plus Aer-
obic/F and Anaerobic/F clinical blood culture specimens in
which growth was not detected after 5 days of incubation in the
BACTEC 9240. Forty-four Candida spp. were detected by the
system, 42 in aerobic and 2 in anaerobic media. Terminal
subculture detected an additional 21 Candida spp., 4 in aerobic
and 17 in anaerobic media, all representing false negatives
(12). Pohlman et al. and Ziegler et al. also performed terminal
subculture on “negative” Plus Aerobic/F and Anaerobic/F bot-
tles. Although both studies evaluated only a limited number of
Candida spp., one-third of all false negatives recovered were
Candida spp. (8, 14). Though terminal subculture of negative
blood cultures is not routinely performed by most clinical mi-

crobiology laboratories, product labels from the manufacturer
of the BACTEC 9240 and the Plus/F media do recommend
terminal subculture of negative bottles for maximum yield of
pathogens. Difficulties with the detection of Candida patho-
gens in automated blood culture systems do not seem to be
limited to this system. Borst et al. also noted that terminal
subculture of negative bottles from the BacT/ALERT (Bi-
omérieux, Durham, N.C.) automated blood culture system may
be helpful for the recovery of Candida spp. (2).

The reason for the high rate of false negatives continues to
be poorly defined. Thirty-nine of the 44 negative bottles were
in anaerobic medium, with 37 of the 39 being false negatives.
It is possible that the growth rate, and hence CO2 production,
under anaerobic conditions might not exceed the threshold
necessary for detection in the BACTEC 9240 automated blood
culture system. However, this does not explain why growth was
not detected in 5 of 50 aerobic bottles when Candida spp.
are generally considered obligate aerobes (13). In this study,
C. albicans does appear to be an obligate aerobe, with the
BACTEC 9240 detecting no anaerobic growth of C. albicans.
However, in contrast to C. albicans, some NAC clearly grow
and are active enough in anaerobic media to be detected by the
BACTEC 9240 system. Five of 9 (56%) C. glabrata and 4 of 12
(33%) C. tropicalis isolates in this study had growth detected in
the Plus Anaerobic/F medium by the BACTEC 9240. Addi-
tionally, all “negative” bottles had growth detected on terminal
subculture, except for one C. albicans and one C. firmetaria
isolate, revealing that the yeasts remain viable in the anaerobic
medium but are not detected by the BACTEC 9240.

Most clinical laboratories using automated blood culture
systems incubate routine blood cultures for only 5 days and
regard any organisms that do not grow fast enough to be
detected before that time as likely contaminants. This may not
be true for pathogens that possess slower growth characteris-
tics or lower metabolic activity, such as yeasts. Debate contin-
ues over the required duration of incubation for yeasts. Pre-
vost-Smith and Hutton evaluated the recovery of yeast from an
older version of the BACTEC system in 1992 and concluded
that 5 days of incubation should be sufficient for recovery of
yeast pathogens (9). Sixty-one Candida spp. were isolated, usu-
ally within 48 h. Only two C. glabrata isolates were isolated, and
these were recovered after an average of 96 h. Interestingly,
this group continued incubation for up to 21 days and subcul-
tured on days 7 and 21 but isolated no further Candida spp.
Reisner and Woods looked at 88 Candida spp. recovered in the
BACTEC 9240 Plus Aerobic/F medium (11). Most were de-
tected within 48 h, except for two C. glabrata isolates on day 5
and one C. albicans isolate on day 6. These investigators ulti-
mately recommended 6 days of incubation for optimal recov-
ery of yeast, influenced somewhat by the delayed recovery of
other yeasts, including Cryptococcus neoformans and His-
toplasma capsulatum. More recently Bourbeau and Pohlman
have suggested that only 3 days of incubation are required to
isolate clinically relevant blood pathogens, including Candida
spp. (3). Thirty-seven Candida spp. were isolated from BacT/
ALERT FAN aerobic medium, and all were detected within
72 h, though no terminal subcultures were performed. An
increasing number of clinical microbiology laboratories are
now adopting this shorter incubation period.

Our microbiology laboratory currently employs a 5-day in-

TABLE 3. Incubation time to growth detection by the BACTEC
9240 using Aerobic Plus/F and Anaerobic Plus/F

blood culture bottles

Species (total no.
of isolates)

Mean time to growth detection (h)
(avg � SD)

Aerobic bottles
(no. of isolates)

Anaerobic bottles
(no. of isolates)

C. albicans (12) 20.63 � 1.57 (11) NDa

C. tropicalis (12) 14.28 � 1.45 (12) 48.36 � 80.27 (4)
C. glabrata (9) 120.89 � 35.33 (6)b 22.14 � 2.47 (5)
Other Candida spp. (17) 19.64 � 5.66 (16) 20.41 � 4.29 (2)

C. krusei (5) 16.26 � 1.35 (5) 23.44 (1)
C. lusitaniae (3) 17.21 � 1.35 (3) 17.37 (1)
C. parapsilosis (3) 25.01 � 0.51 (3) ND
C. guilliermondii (2) 21.34 � 0.53 (2) ND
C. kefyr (2) 14.19 (2) ND
C. firmetaria (1) 35.19 (1) ND
C. rugosa (1) ND ND

a ND, no growth detected by BACTEC 9240 automated system.
b Time to growth detection of C. glabrata isolates in aerobic medium was

significantly longer (P � 0.001) than that of C. glabrata isolates in anaerobic
medium, as well as those of all other Candida spp. in aerobic medium.
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cubation period for all routine blood cultures; longer durations
can be requested by the physician when clinically indicated.
The delay in detection of C. glabrata growth in the aerobic
media is of some concern even with 5 days of incubation. Six of
the nine isolates had detectable growth in the aerobic medium,
but the average time to positive was 120.89 h, just slightly
longer than the time after which these specimens would have
been flagged as negative. This would have led to one additional
missed episode of C. glabrata candidemia, or two additional
missed episodes if we employed a 3-day incubation period.
This delayed time to recovery for C. glabrata isolates in the
BACTEC 9240 system using Plus Aerobic/F bottles was also
noted by Fricker-Hildago et al., who demonstrated a mean
time to detection of 125.92 � 48.87 h (5). One study did report
a shorter time to detection; four C. glabrata isolates had a
mean time to detection of 21.8 h using the same medium and
system (6). In our own study, C. glabrata growth was detected
on average 4 days faster in the anaerobic medium than in the
aerobic medium, a difference that is both statistically and clin-
ically significant. Thus, even with use of both aerobic and
anaerobic blood culture media and a 5-day incubation period,
three of nine episodes of simulated C. glabrata candidemia
would have been missed.

The BACTEC 9240 automated blood culture system detects
the majority of Candida pathogens in at least one bottle of a
blood culture set. We demonstrate that this system, using a
simulated candidemia model, is effective for the recovery of
most C. albicans and NAC. The BACTEC 9240 automated
blood culture system alone did not detect 4 of 50 episodes of
simulated candidemia. However, it would not have detected
five (10%) episodes of simulated candidemia if we had fol-
lowed our standard protocol of incubating aerobic and anaer-
obic bottles for only 5 days; six episodes of simulated candi-
demia would have been missed with a 3-day incubation
protocol. Overall, there continues to be difficulty with the de-
tection of Candida spp. in Plus Anaerobic/F medium and a
delay in C. glabrata recovery in Plus Aerobic/F medium using
the BACTEC 9240 system. With the increasing prevalence of
candidemia, more study is needed to optimize the recovery of
Candida spp. from automated blood culture systems.
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