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The BACTEC high-blood-volume fungal medium (HBV-FM) (Becton Dickinson Diagnostic Instrument
Systems, Sparks, Md.) was compared with the Isolator (IS) tube and the BACTEC Plus 26 (BP26) blood culture
bottle for the ability to recover fungi from the blood of adult patients suspected of having fungemia. A total of
6,836 blood culture sets that fulfilled criteria for inclusion in the study were received. Three separate
comparisons were performed: 4,907 HBV-FM versus IS, 4,886 BP26 versus HBV-FM, and 4,949 BP26 versus
IS. For the HBV-FM versus IS comparison, 218 isolates were recovered: 125 (57.3%) were bacteria and 93
(42.7%) were fungi. HBV-FM was comparable to IS for recovery of yeasts, but IS was superior for recovery
of Histoplasma capsulatum (25 versus 0 isolates recovered [P < 0.001]). Growth of Torulopsis glabrata was
detected earlier (P < 0.05) in HBV-FM bottles. For the BP26 versus HBV-FM comparison, 229 isolates were
recovered: 161 (70.3%) were bacteria, and 68 (29.7%) were fungi. HBV-FM was superior for recovery of T.
glabrata (P < 0.025) and all fungi combined (P < 0.025). There were no statistically significant differences in
the speed of detection of microbial growth. For the BP26 versus IS comparison, 251 isolates were recovered:
165 (65.7%) were bacteria, and 86 (34.2%) were fungi. IS was superior for recovery of H. capsulatum (P <
0.001), T. glabrata (P < 0.05), and fungi other than H. capsulatum (P < 0.025). BP26 was superior for recovery
of all bacteria combined (P < 0.001) and viridans group streptococci (P < 0.01). Growth of T. glabrata (P <
0.05) was detected earlier in IS tubes. Growth of Staphylococcus aureus (P < 0.01), viridans group streptococci
(P < 0.01), Pseudomonas aeruginosa (P < 0.05), and all microorganisms combined (P < 0.05) was detected
earlier in BP26 bottles. For yeasts, 57 of 59 (96.6%), 79 of 80 (98.7%), and 64 of 67 (95.5%) were recovered
from BP26 bottles, HBV-FM bottles, and IS tubes, respectively, by day 14; for H. capsulatum, 14 of 36(38.9%o)
isolates were recovered from IS tubes by day 14. Mean times of recovery were similar for BACTEC bottles and
IS. We conclude that (i) for recovery of fungi from blood cultures, HBV-FM is equivalent to IS (with the
exception of H. capsulatum); (ii) for recovery of bacteria, BP26 is superior to IS; (iii) BP26 bottles are inferior
to both HBV-FM bottles and IS tubes for recovery of T. glabrata; and (iv) HBV-FM bottles must be paired with
another blood culture bottle or system to optimize detection of bacteremia.

Although laboratory detection of bacteremia has long been
one of the most important roles of the clinical microbiology
laboratory, laboratory detection of fungemia has become
increasingly important in modern medical care. Dissemi-
nated fungal infections are common among patients with
natural or acquired immunosuppression, particularly pa-
tients with AIDS and patients who are receiving exogenous
steroid therapy and/or antineoplastic agents, and can occa-
sionally occur even in patients without factors known to
predispose them to disseminated fungal infections.
Fungemia usually is caused by common pathogenic yeasts,
such as Candida spp., but may also be caused by environ-
mental molds, such as Aspergillus spp. (12, 21, 24, 26, 32).
Disseminated infection caused by Histoplasma capsulatum
is not uncommon among immunosuppressed patients in
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certain geographic areas. Moreover, the levels of morbidity
and mortality associated with fungemia are high (8, 12, 21,
24) but may be improved with rapid diagnosis and adminis-
tration of antifungal therapy early in infection (24).
Becton Dickinson Diagnostic Instrument Systems (Sparks,

Md.) recently introduced a selective high-blood-volume fun-
gal medium (HBV-FM) for use with their BACTEC nonra-
diometric 660, 730, and 860 blood culture instruments. This
medium was formulated to enhance recovery of fungi and
contains chloramphenicol and tobramycin to suppress bac-
terial growth. It also contains a lysing agent to release
phagocytized fungi.

In a collaborative multicenter study performed at four
university-affiliated hospitals, the HBV-FM was compared
with the Isolator (IS) centrifugation-lysis blood culture sys-
tem (Wampole Laboratories, Cranbury, N.J.) and the BAC-
TEC Plus 26 (BP26) nonradiometric bottle for the ability to
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recover fungi from blood and for relative speed of detection
of fungal growth in an adult patient population with an
incidence of fungemia higher than that of a general adult
inpatient population. The IS system was chosen as a refer-
ence method because it had previously been shown to be a
superior method for recovering fungi relative to biphasic
manual blood culture bottles (2, 3, 9, 11), BACTEC radio-
metric bottles (4-6, 13), and low-volume nonradiometric (14,
28) bottles. In addition, the IS system has been shown to be
superior for recovering specific fungal pathogens, such as
Histoplasma capsulatum (3), Cryptococcus neoformans (5),
and Coccidioides immitis (29). Finally, the IS tube, like the
HBV-FM bottle, accepts inocula of up to 10 ml of blood. The
BP26 bottle, which previously has been shown to be an
acceptable method for recovering common yeasts and bac-
teria (16, 19, 30), was included in the evaluation to (i) ensure
that each patient in the study had an adequate blood culture
for bacterial pathogens and (ii) assess the ability of the BP26
bottle to recover fungi in a timely manner. In addition, the
BP26 bottle, like the HBV-FM bottle and IS tube, accepts
inocula of up to 10 ml of blood.

MATERIALS AND METHODS

Patient selection. The study was performed at Duke Uni-
versity Medical Center, Durham, N.C.; Wishard Memorial
Hospital and Indiana University Hospital, Indianapolis; and
the University of Iowa Hospital and Clinics, Iowa City. At
each study site, BACTEC HBV-FM bottles were made
available only to those wards and/or clinics caring for
patients with a higher probability of fungemia than would be
expected in a general patient population.

Blood culture collection. Skin was disinfected by a stan-
dard technique (25). Following venipuncture, 30 ml of blood
was withdrawn into a sterile syringe and 10 ml was randomly
and aseptically transferred to the following three study
bottles: one BP26 bottle, one HBV-FM bottle, and one IS
tube. The two BACTEC bottles and the IS tube were gently
rocked back and forth to mix the contents of each with the
inoculated blood. The two BACTEC bottles and the IS tube
were then transported to the clinical microbiology laborato-
ries, where they were compared against standards filled with
known volumes of fluid, and filling was recorded as inade-
quate (<8 ml), adequate (8 to 12 ml), or overfilled (>12 ml).

Blood culture processing. All blood culture sets were
processed for purposes of patient care, but only those
cultures received with at least two of the three bottles or
tubes adequately filled and within 8 h of collection (10, 27)
were included in the study. HBV-FM and BP26 bottles were
processed on BACTEC 660 blood culture instruments. The
bottles were left in a 35°C incubator throughout the 4-week
incubation period. They were shaken at approximately 280
rpm during the first 24 to 48 h of incubation. Each bottle was
tested twice on days 1 and 2 of incubation, once per day on
days 3 to 7 of incubation, and twice weekly thereafter during
the final 3 weeks of incubation. IS tubes were processed with
an Isostat in accordance with the manufacturer's recommen-
dations. The centrifuged pellet was transferred directly to
four plates as follows: (i) one chocolate agar plate incubated
at 35°C in an atmosphere containing 5 to 10% CO2; (ii) two
brain heart infusion agar plates containing 10% sheep eryth-
rocytes, of which one was incubated at 35°C in an atmo-
sphere containing 5 to 10% CO2 and the other was incubated
at 25°C in room air; and (iii) a Sabouraud dextrose agar plate
incubated at 25°C in room air. All fungal media were
incubated for 4 weeks and examined on days 1 to 4 and 7 and

then twice weekly for 3 additional weeks on the same days
that the BACTEC bottles were tested. All bacterial media
were incubated in accordance with each laboratory's routine
and standard microbiological techniques (1).

All bottles and plates were treated independently. That is,
when any bottle or plate became positive (grew a microor-
ganism), the other bottles or plates from that blood culture
set continued to be processed as specified above for the
remainder of the 4 weeks or until they became positive (i.e.,
Gram staining and subculturing were not performed on the
other bottle and/or the IS tube unless evidence of growth
was present). BACTEC bottles that became positive by any
criterion (visual evidence of growth, growth value, or delta
growth value) but were negative by Gram staining and/or
subculturing were returned for additional incubation and
testing until they became positive or until the end of the
4-week incubation period. At the end of the 4-week incuba-
tion period, terminal subculturing was performed on nega-
tive BACTEC bottles from those blood culture sets in which
the IS tube and/or the other BACTEC bottle was positive.
For each positive culture, the following were recorded: time
to positivity, the means by which BACTEC bottles were
determined to be positive, identity of any microorganisms
recovered and from which bottle or plate they were recov-
ered, the clinical significance of each microorganism (record-
ed as contaminant, indeterminate, or significant), and the
presence of antimicrobial therapy at the time the blood
culture was drawn.

Clinical assessment. When possible, patients with positive
blood cultures were evaluated by an infectious disease
consultant or pathologist to determine whether the microor-
ganisms isolated from the blood culture(s) were clinically
important (true-positive isolates), were indeterminate as the
cause of sepsis, or were contaminants. This clinical assess-
ment was made in accordance with published criteria (31).
Data analysis. Patient and culture data were collected at

each study site and forwarded to the Clinical Microbiology
Laboratory at Duke University Medical Center. The data
were then collated and analyzed for three separate compar-
isons: HBV-FM versus BP26, BP26 versus IS, and HBV-FM
versus IS. The two BACIEC bottles and the IS tube were
compared for the ability to recover microorganisms (yield)
and the time required for detection of microbial growth
(speed of detection). Only adequately filled blood culture
sets that were processed within 8 h of collection and grew
clinically significant microorganisms were included in the
comparisons. All comparisons were analyzed statistically
with McNemar's chi-square test, modified, when necessary,
with Yates' correction for small numbers (18). Differences in
yield or speed of detection were considered statistically
significant if the chi-square value was 23.84 (i.e., theP value
was <0.05).

RESULTS

Of the 6,386 blood culture sets received during the study,
4,458 were received with both BACTEC bottles and the IS
tube adequately filled, 428 were received with the two
BACITEC bottles adequately filled, 491 were received with
the BP26 bottle and the IS tube adequately filled, and 449
were received with the HBV-FM bottle and the IS tube
adequately filled (Table 1). Therefore, a total of 4,886 BP26
versus HBV-FM comparisons were possible, as were 4,949
BP26 versus IS comparisons and 4,907 HBV-FM versus IS
adequate comparisons.
Of the 251 isolates recovered from the BP26 versus IS
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TABLE 1. Number of blood culture sets received for
each two-bottle comparison

No. of bottles No. of comparisons for:

in set BP26 vs HBV-FM BP26 vs IS HBV-FM vs IS

3a 4,458 4,458 4,458
2" 428 491 449

Total 4,886 4,949 4,907
a All of the sets in this row were received with both BACTEC bottles and

the IS tube adequately filled with blood.
" All of the sets in this row were received with the BACITEC bottle(s) and/or

IS tube shown in each column adequately filled with blood.

comparison, 136 were recovered from both BP26 bottles and
IS tubes, 54 were recovered from BP26 bottles only, and 61
were recovered from IS tubes only. Of these, 165 (65.7%)
were bacteria and 86 (34.3%) were fungi (Table 2). Overall

TABLE 2. Comparative yield of clinically important
microorganisms recovered from BP26 bottles and IS tubes

No. of isolates
recovered from:

Microorganism(s) P value
BP26 bottle BP26 IS
+ IS tube only only

Fungi
Torulopsis glabrata 6 1 8 <0.05
Candida parapsilosis 8 2 2 NSa
Candida tropicalis 3 4 3 NS
Cryptococcus neoformans 4 2 3 NS
Candida albicans 4 1 2 NS
Candida krusei 4 0 0 NS
Malassezia pachydermatis 0 0 2 NS
Histoplasma capsulatum 1 0 25 <0.001
Fusarium sp. 0 0 1 NS

Fungi other than H. capsulatum 29 10 21 <0.025

Aerobic + facultative bacteria
Gram positive
Staphylococcus aureus 25 5 2 NS
Coagulase-negative 11 9 3 NS

staphylococci
Enterococci 7 1 0 NS
Viridans group streptococci 18 9 0 <0.01
Other streptococci" 4 3 0 NS
Other gram-positive 4 3 1 NS

bacteriac
Gram negative
Enterobacteriaceaed 19 1 5 NS
Pseudomonas aeruginosa 10 3 0 NS
Other gram-negative 8 10 4 NS

bacteriae

All bacteria 106 44 15 <0.001

All microorganisms 136 54 61 NS
a NS, not significant (P > 0.05).
b Includes three group A and four group B streptococcus isolates.
c Includes five Corynebacterium group J-K, one Bacillus sp., one Lacto-

bacillus sp., and one Mycobacterium avium complex isolates.
d Includes 10 Enterobacter cloacae, eight Klebsiella pneumoniae, two

Escherichia coli, two Serratia marcescens, one Kiebsiella oxytoca, one
Proteus mirabilis, and one SalmoneUa sp. isolates.

I Includes nine Xanthomonas maltophiia, six Pseudomonas sp., four
Acinetobacter, two Campylobacterjejuni, and one Pseudomonasfluorescens
isolates.

TABLE 3. Comparative speed of detection of clinically
significant microorganisms recovered from

BP26 bottles and IS tubes

No. of isolates whose
growth was detected in:

Microorganism(s) BP26 bottle P value
+ IS tube BP26 IS
at same earlier earlier
time

Fungi
C. parapsilosis 1 4 3 NSa
T. glabrata 0 0 6 <0.05
C. albicans 0 1 3 NS
C. krusei 2 2 0 NS
C. neoformans 1 1 2 NS
C. tropicalis 1 0 2 NS
H. capsulatum 0 0 1 NS

All fungi 5 8 17 NS

Gram-positive bacteria
S. aureus 9 14 2 <0.01
Coagulase-negative 3 5 3 NS

staphylococci
Enterococci 0 5 2 NS
Viridans group streptococci 3 13 2 <0.01
Other streptococci" 0 2 0 NS
Corynebactenium group J-K 0 1 3 NS

Gram-negative bacteria
Enterobacteriaceaec 6 10 3 NS
P. aeruginosa 1 8 1 <0.05
Other gram-negative bacteriad 3 3 2 NS

All microorganisms 29 62 42 <0.05
a NS, not significant (P > 0.05).
b Includes two group B streptococcus isolates.
c Includes six E. cloacae, sixK pneumoniae, two S. marcescens, one P.

mirabilis, two E. coli, one K oxytoca, and one Salmonella sp. isolates.
d Includes four Pseudomonas sp., two Acinetobacter sp., one P. fluo-

rescens, and one X maltophilia isolates.

recovery of microorganisms was not significantly different
between the two methods. Recovery of Torulopsis glabrata
(P < 0.05), H. capsulatum (P < 0.001), and all fungi other
than H. capsulatum (P < 0.025) was significantly better with
IS tubes. Recovery of viridans group streptococci (P < 0.01)
and all bacteria combined (P < 0.001) was significantly
better with the BP26 bottle. Growth of T. glabrata (P < 0.05)
was detected significantly earlier in IS tubes (Table 3).
Growth of Staphylococcus aureus (P < 0.01), viridans group
streptococci (P < 0.01), Pseudomonas aeruginosa (P <
0.05), and all microorganisms combined (P < 0.05) was
detected significantly earlier in BP26 bottles.
Of the 229 isolates recovered from the BP26 versus

HBV-FM comparison, 43 were recovered from both bottles,
156 were recovered from BP26 bottles alone, and 30 were
recovered from HBV-FM bottles alone. Of these, 161
(70.3%) were bacteria and 68 (29.7%) were fungi (Table 4).
Recovery of T. glabrata (P < 0.025) and all fungi combined
(P < 0.025) was better from HBV-FM bottles. Recovery of
bacteria (P < 0.001) was better from BP26 bottles. For the 43
isolates recovered from both bottles, there were no signifi-
cant differences in the speed of detection of microbial growth
(Table 5).
Of the 218 isolates recovered from the HBV-FM versus IS

comparison, 54 were recovered from both HBV-FM bottles
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TABLE 4. Comparative yield of clinically important
microorganisms recovered from BP26 and HBV-FM bottles

No. of isolates recovered from:
Microorganism(s) Both BP26 HBV-FM P value

bottles only only

Fungi
T. glabrata 4 2 10 <0.025
C. parapsilosis 10 1 2 NSa
C. albicans 5 2 6 NS
C. tropicalis 5 3 3 NS
C. neoformans 3 2 4 NS
C. krusei 4 0 0 NS
H. capsulatum 0 1 0 NS
Petriellidium sp. 0 0 1 NS

All fungi 31 11 26 <0.025

Bacteria
Gram positiveb 6 95 1 <0.001
Gram negativec 6 50 3 <0.001
a NS, not significant (P >0.05).
b Includes 31 S. aureus, 27 viridans group streptococcus, 22 coagulase-

negative staphylococcus, eight enterococcus, five Corynebacterium group
J-K, four group B and three group A streptococcus, one Bacillus sp., and one
Lactobacillus sp. isolates.

c Includes 13 P. aeruginosa, nineX maltophilia, seven E. cloacae, seven
K pneumoniae, five Pseudomonas sp., five E. coli, four Acinetobacter sp.,
two S. marcescens, two C jejuni, one Citrobacterfreundii, one K oxytoca,
one P. mirabilis, one Salmonella sp., and one P. fluorescens isolates.

and IS tubes, 21 were recovered from HBV-FM bottles only,
and 143 were recovered from IS tubes only. Of these, 125
(57.3%) were bacteria and 93 (42.7%) were fungi (Table 6).
Recovery of H. capsulatum (P < 0.001) was significantly
better with IS tubes. There were no other significant differ-
ences in the recovery of fungi, although more yeasts (16
versus 8) were recovered from HBV-FM bottles. Recovery
of all bacteria (P < 0.001) was better with IS tubes. Growth
of T. glabrata (P < 0.05) was detected significantly earlier in
HBV-FM bottles (Table 7). There were no other significant

TABLE 5. Comparative speed of detection of clinically important
microorganisms recovered from BP26 and HBV-FM bottles

No. of isolates whose growth was
detected in:

Microorganism(s) P value
BP26 + HBV-FM BP26 HBV-FM

at same time earlier earlier

Fungi
C. albicans 3 1 1 NSa
C. krusei 1 2 1 NS
C. neoformans 1 0 2 NS
C. parapsilosis 7 1 2 NS
C. tropicalis 4 0 1 NS
T. glabrata 0 0 4 NS

All fungi 16 4 11 NS

Bacteria
Gram positiveb 4 2 0 NS
Gram negativec 0 5 1 NS
a NS, not significant (P > 0.05).
b Includes one S. aureus, one coagulase-negative staphylococcus, and four

Corynebacterium group J-K isolates.
c Includes one E. cloacae, oneP. aeruginosa, oneX maltophilia, and three

Pseudomonas sp. isolates.

TABLE 6. Comparative yield of clinically important
microorganisms recovered from HBV-FM bottles and IS tubes

No. of isolates recovered from:
Microorganism(s) HBV-FM bottle HBV-FM IS P value

+ IS tube only only

Fungi
T. glabrata 11 4 2 NSa
C. albicans 5 5 2 NS
C. parapsilosis 10 1 0 NS
C. tropicalis 6 3 1 NS
C neoformans 5 2 1 NS
C. krusei 5 1 0 NS
M. pachydermatis 0 0 2 NS
H. capsulatum 0 0 25 <0.001
Fusarium sp. 0 0 1 NS
Petriellidium sp. 0 1 0 NS

Fungi other than 42 17 9 NS
H. capsulatum

Bacteria
Gram positiveb 6 1 67 <0.001
Gram negativec 6 3 42 <0.001
a NS, not significant (P > 0.05).
b Includes 29 S. aureus, 18 viridans group streptococcus, 11 coagulase-

negative staphylococcus, seven enterococcus, four Corynebacterium group
J-K, four group B streptococcus, and one M. avium complex isolates.

C Includes nine E. cloacae, nine P. aeruginosa, eightK pneumoniae, seven
X maltophilia, six Pseudomonas sp., four E. coli, two S. marcescens, two
Acinetobacter sp., one K oxytoca, one P. mirabilis, one Salmonella sp., and
one P. fluorescens isolates.

differences in the speed of detection of microbial growth.
Of the 79 septic patients from whom fungi were isolated,

only 5 (6.3%) had fungemia caused by more than one fungal
species. These included two patients who had fungemia
caused by C. tropicalis and T. glabrata and one patient each
with fungemia caused by C. albicans and T. glabrata, C.

TABLE 7. Comparative speed of detection of clinically
significant microorganisms recovered from

HBV-FM bottles and IS tubes

No. of isolates whose growth was
detected in:

Microorganism(s) HBV-FM bottle P value
+ IS tube at firstM first
same time

Fungi
C. albicans 2 0 3 NSa
C. krusei 1 2 2 NS
C. neoformans 1 1 3 NS
C. parapsilosis 0 4 6 NS
C. tropicalis 1 3 2 NS
T. glabrata 5 6 0 <0.05

All fungi 10 16 16 NS

Bacteria
Gram positive' 0 1 5 NS
Gram negativec 0 1 5 NS

a NS, not significant (P > 0.05).
b Includes one S. aureus, one coagulase-negative staphylococcus, and four

Corynebacterium group J-K isolates.
c Includes one E. cloacae, one P. aeruginosa, and four Pseudomonas sp.

isolates.
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TABLE 8. Comparison of mean times to recovery of yeasts

Time to recovely (days) with:

Microorganism(s) BP26 HBV-FM IS

No. Range Mean No. Range Mean No. Range Mean

C. albicans 17 1-10 3.3 19 1-14 3.1 14 1-5 2.7
C. krusei 4 2-5 2.7 6 1-10 3.2 5 2-7 3.6
C. parapsilosis 12 1-28 5.4 13 1-7 3.4 11 2-4 2.6
C. tropicalis 8 1-4 2.3 13 1-4 2.2 9 1-22 6.2
C. neoformans 6 5-28 10.0 8 4-19 8.0 8 3-15 5.7
T. glabrata 12 1-14 7.3 21 1-7 2.6 20 1-14 3.7

All yeasts 59 1-28 5.0 80 1-19 3.4 67 1-22 3.9

kruseii and C. tropicalis, and C. tropicalis and a Fusarium
sp.
The mean times of recovery for yeasts varied between the

two BACTEC bottles and the IS tube, although the differ-
ences generally were small (Table 8). There were relatively
few isolates of some species, which caused several mean
values to be disproportionately increased by one or more
isolates recovered only after an extended period of incuba-
tion. For example, although the nine C. tropicalis isolates
recovered from IS tubes had a mean recovery time of 6.2
days, seven were recovered between 1 and 5 days and the
other two were recovered on days 19 and 22; if one calcu-
lates the mean for the first seven isolates alone, the mean
value decreases from 6.2 days to 2.1 days.
For yeasts, all isolates of C. albicans, C. krusei, and T.

glabrata were recovered by day 14 (Table 9). The HBV-FM
bottle recovered the most yeasts by day 14 (79 of 80
[98.7%]), followed by the BP26 bottle (57 of 59 [96.6%]) and
the IS tube (64 of 67 [97.1%]). For filamentous fungi, only H.
capsulatum was recovered in numbers sufficient for calcu-
lation of a mean value, and then only from IS tubes, with a
mean time to recovery of 15.3 days and a range of 3 to 28
days. In contrast to pathogenic yeasts, only 14 of 36 (38.9%)
H. capsulatum isolates were recovered by day 14.

DISCUSSION
This multicenter evaluation compared the recently intro-

duced BACTEC HBV-FM bottle with the BP26 bottle and
the IS tube for the ability to recover microorganisms from
the blood of patients suspected of having fungemia and for
the relative speed of detection of microbial growth. The
design of the study also allowed comparison of the BP26
bottle versus the IS tube for the same performance charac-
teristics. HBV-FM is a selective medium containing chlor-
amphenicol and tobramycin to optimize fungal growth, at

TABLE 9. Proportion of yeasts recovered by day 14

No. recovered/total (%)
Microorganism(s)

BP26 HBV-FM IS

C. albicans 17/17 (100) 19/19 (100) 14/14 (100)
C. krusei 4/4 (100) 6/6 (100) 5/5 (100)
C. parapsilosis 11/12 (91.6) 13/13 (100) 11/11 (100)
C. tropicalis 8/8 (100) 13/13 (100) 7/9 (77.8)
C. neoformans 5/6 (83.3) 7/8 (87.5) 7/8 (87.5)
T. glabrata 12/12 (100) 21/21 (100) 20/20 (100)

All yeasts 57/59 (96.6) 79/80 (98.7) 64/67 (95.5)

least partially through suppression of bacterial overgrowth,
in blood specimens containing both fungi and bacteria.
HBV-FM was found to be superior to BP26 for recovering

T. glabrata and all fungi combined. In addition, although the
difference was not statistically significant, more yeasts other
than T. glabrata (15 versus 8) were recovered from
HBV-FM than were recovered from BP26. HBV-FM was
found to be equivalent to BP26 in speed of detection of
microbial growth. This was to be expected, since the two
bottles were incubated under identical conditions and tested
at the same time on the same instrument (i.e., any differ-
ences in the speed of microbial growth that occurred in a
time frame less than that of the testing cycle would not be
detected). With the exception of H. capsulatum, which was
recovered more often from IS alone (25 versus 0), HBV-FM
was found to be equivalent to IS for recovery of fungi.
Although the difference was not statistically significant,
more yeasts (16 versus 8) were recovered from HBV-FM
than from IS. HBV-FM was also found to be equivalent to IS
in speed of detection of microbial growth and detected
growth of T. glabrata earlier than did IS. Therefore, com-
pared with IS or BP26, HBV-FM is an acceptable method for
recovering fungi other than H. capsulatum from the blood of
septic patients. The antimicrobial agents present in
HBV-FM were found to inhibit bacterial growth effectively.

In general, the mean times for recovery of yeasts from IS
tubes and BP26 bottles were consistent with those previ-
ously published (3, 4, 9, 19, 21, 23, 29). The differences in
mean recovery times generally were small and thus probably
were not clinically important. It is of interest that although
the range of recovery times was 1 to 28 days, only six
isolates were recovered after day 14. Moreover, only one of
these six isolates was not recovered from either the compan-
ion BACTEC bottle or IS tube in the same blood culture set
within 14 days. Thus, the question of whether it is cost
effective to incubate and/or test fungal blood cultures for
more than 14 days must be asked, particularly since most
pathogenic yeasts would probably be recovered from any
other bacterial or fungal blood cultures drawn at the same
time. Moreover, the question of whether isolation of yeasts
2 weeks after a blood culture was obtained would make any
difference in therapy or outcome must also be asked. Con-
sequently, the personnel of each laboratory must decide the
most appropriate duration of incubation and testing for
fungal blood cultures drawn from the particular patient
population being served and the possible affect it would have
on patient care and hospital and laboratory costs.

In contrast, most H. capsulatum isolates (22 of 36 [61.1%])
were recovered after day 14, with a mean recovery time of
15.3 days and a range of 3 to 28 days. These findings are in
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general agreement with the findings of previous studies, in
which H. capsulatum had mean recovery times of 9.4 to 13
days with a range of 6 to 28 days (3, 9, 22, 29). Therefore,
unlike optimal recovery of yeasts, optimal recovery of H.
capsulatum requires extended incubation and a testing pe-
riod of up to 4 weeks. Because recovery of this microorgan-
ism from blood cultures can be delayed by up to 4 weeks,
alternative methods of diagnosis, such as serologic tests,
should be considered while awaiting blood culture results.
The reason(s) for the inability to recover H. capsulatum

from HBV-FM (or BP26) was not apparent from this evalu-
ation. Whether this phenomenon is unique to H. capsulatum
or would occur with other dimorphic fungi is unknown; such
isolates were not recovered during this study. Previous
reports have shown that IS is superior to biphasic blood
culture systems for recovery of H. capsulatum (2, 3, 8, 20),
and one report has indicated that IS is superior to BP26 for
recovery of unspecified molds (28). The inability of BP26 and
HBV-FM to recover H. capsulatum appears to be a phe-
nomenon common to most broth-based blood culture sys-
tems. Recovery ofH. capsulatum is, therefore, optimized by
use of the IS blood culture system, by culturing infected
tissue in localized infections, or by culturing bone marrow in
cases of disseminated histoplasmosis (22).
Although this study was intended primarily to evaluate the

performance of the HBV-FM bottle for recovering fungi, the
data indicate that most of the clinically significant isolates
recovered from patients suspected of having fungemia, in
fact, are bacteria. In the three comparisons, bacteria ac-
counted for between 57.3 and 70.3% of the isolates while
fungi accounted for between 29.7 and 42.7%. Therefore, use
of the HBV-FM bottle alone would not be appropriate; the
HBV-FM bottle, because it is selective for fungi, must be
paired with another BACTEC bottle or blood culture system
designed for optimal recovery of bacteria.

In the BP26 versus IS comparison, BP26 recovered signif-
icantly more viridans group streptococci and was superior to
IS for overall recovery of clinically important bacteria (Table
2). IS previously has been shown to be inferior to radiomet-
ric BACTEC bottles for recovery of all streptococci com-
bined and for viridans group streptococci (5). Although the
IS tube is an acceptable method for detecting bacteria, this
system has been reported to have a higher contamination
rate relative to that of BACTEC bottles and to be inferior to
other systems for recovery of certain bacteria (particularly
streptococci, pseudomonads, and anaerobic bacteria) (5, 7,
14, 15, 17).

In summary, data from this study indicate that the BAC-
TEC HBV-FM bottle is superior to the BP26 bottle and, with
the exception of H. capsulatum, equivalent to the IS blood
culture system for recovery of fungi from the blood of septic
adult patients. Most pathogenic yeasts are recovered within
the first 2 weeks of incubation and testing; in contrast, many
H. capsulatum isolates are recovered only after day 14.
Because HBV-FM contains antimicrobial agents to prevent
bacterial growth, very few pathogenic bacteria grow in
HBV-FM bottles. Therefore, since the majority of patients
suspected of having fungemia actually have bacteremia,
HBV-FM should not be used alone when culturing blood
from such patients. Data from this study also indicate that
BP26 is equivalent to IS for recovery of most bacteria and is
superior to IS for recovery of viridans group streptococci
and all bacteria combined. Although BP26 is equivalent to IS
and HBV-FM for recovering most yeasts, it is inferior to
both for recovering T. glabrata. Therefore, use of an
HBV-FM bottle paired with a BP26 bottle would allow for

optimal recovery of both fungi (other than H. capsulatum)
and bacteria. Since both bottles are designed for use on the
same group of blood culture instruments, use of this pair of
blood culture bottles would be a practical alternative to the
IS blood culture system for culturing blood from patients
suspected of having fungemia.
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