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We compared the BACTEC Plus 26/27 culture system (Becton Dickinson Diagnostic Instrument Systems,
Sparks, Md.) with and without fastidious organism supplement with conventional centrifugation preparation
and plating for the recovery and speed of detection of microorganisms. A total of 1,101 sterile body fluid
specimens were collected and processed at five hospital laboratories, yielding 234 (21%) positive cultures. Of
the 176 isolates considered clinically significant, 133 (76%) were recovered by both the BACTEC system and
conventional culture, while 28 (16% [P < 0.005]) were recovered by BACTEC only and 11 (6%) were recovered
by conventional culture alone. There were no statistically significant differences in the speed of detection of
microbial growth. It was found that BACTEC, with or without the addition of fastidious organism supplement,
exhibited improved sensitivity for the recovery of microorganisms, including fastidious bacteria.

The conventional method for examination of sterile body
fluids (SBF) other than blood often involves centrifugation or
filtration of the specimen, with subsequent staining, and/or
inoculation onto solid media. Often, the number of organisms
is low, and benefit can be gained from culturing a larger
quantity of specimen to enhance recovery (4).
SBF submitted for microbiological culture include perito-

neal, pleural, synovial, cerebrospinal, pericardial, amniotic,
and other fluids. Recent reviews have discussed the merit of
semiautomated blood culture systems for the culture of ascitic
fluids from patients with spontaneous bacterial peritonitis and
from patients with peritonitis secondary to continuous ambu-
latory peritoneal dialysis (CAPD) (3, 6, 12, 14, 17). Liquid
culture of other SBF has been studied less often, although use
of broth media for routine culture of cerebrospinal, joint, and
pleural fluids has been reported (8, 15, 16, 18). Several
investigators have utilized the BACTEC system (Becton Dick-
inson Diagnostic Instrument Systems, Sparks, Md.) for culture
of CAPD fluid and/or ascitic fluid (1, 3, 5, 6, 10-12, 14, 15),
yielding comparable results, but failure to grow certain fastid-
ious microorganisms such as Neisseria gonorrhoeae without
supplementing the broth with blood or serum has been a
problem (9, 15, 16).

This multihospital study compared culturing of SBF using
BACTEC nonradiometric (NR) aerobic (Plus 26) and anaer-
obic (Plus 27) resin-containing media with and without sup-
plement with the conventional culture method. Fastidious
organism supplement (FOS) was added to the BACTEC
system to evaluate its ability to optimize the recovery of
nutritionally fastidious bacteria such as Neisseria and Hae-
mophilus species. FOS, developed by Becton Dickinson Diag-
nostic Instrument Systems, was designed to neutralize some of
the toxic effects of sodium polyanethol sulfonate present in the
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BACTEC bottles in concentrations up to 0.05% and to provide
growth factors X and V.

MATERIALS AND METHODS

We evaluated the recovery and speed of detection of micro-
organisms found in 1,101 SBF specimens collected from pa-
tients at Wishard Memorial Hospital, Indianapolis, Ind.; Uni-
versity of Alberta Hospital, Edmonton, Alberta, Canada; The
Ohio State University Hospital, Columbus; Good Samaritan
Regional Medical Center, Phoenix, Ariz.; and Veterans Affairs
Medical Center/Portland Division, Portland, Oreg.
Specimen collection. A volume of 2.5 to 50 ml of each SBF

was required. Fluids included were synovial, pleural, pericar-
dial, peritoneal, cerebrospinal, amniotic, and CAPD. The
patient specimens were collected in sterile containers accord-
ing to local protocol and transported to the microbiology
laboratory for processing. One SBF per patient per 24-h period
was accepted, and each specimen was evaluated individually.
All fluid culture sets were processed for purposes of patient
care, but only those adequately filled and processed within 12
h after collection were included in the study.
Specimen processing. Equal volumes of SBF were inocu-

lated into conventional media and into a combination of
BACTEC broth media (Fig. 1). BACTEC Plus NR26 is an
aerobic enriched soybean-casein digest broth with C02, and
BACTEC Plus NR27 is a prereduced (anaerobic) enriched
soybean-casein digest broth with CO2. Conventional setup
included the use of 1 to 20 ml of body fluid specimen.
Specimens received for conventional setup with a volume
greater than 10 ml were centrifuged at 1,500 x g for 15 min,
and the sediment was plated onto the media. Those with a
volume of 1 to 10 ml were plated directly onto the conventional
media. Chocolate blood agar, 5% sheep blood agar, and
anaerobic blood plate media along with thioglycolate and
tryptic soy broths were inoculated. BACTEC Plus medium
inoculation consisted of adding 0.5 to 10 ml of body fluid
specimen each to NR26, NR27, and a second NR26 to which
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FIG. 1. Inoculation of conventional media and BACTEC bottles. In the conventional culture method, in most cases, if the fluid volume was > 10
ml the specimen was centrifuged and the sediment was plated. Some institutions included additional media besides the ones specified here (Other).
In the BACTEC system, the volume of specimen examined in each study set was equal to the conventional culture volume; for example, if 2.5 ml
of specimen was received, 1.0 ml was inoculated onto conventional media and 0.5 ml was inoculated into each of the three BACTEC vials, although
only one study set-conventional method pair was analyzed at a time.

2 ml of FOS was added (NR26FOS). Conventional culture was
always compared with two vial sets: either NR26 without FOS
and NR27 (NR26/27; study set 1) or NR26 with FOS and
NR27 (NR26FOS/27; study set 2). The FOS was previously
reconstituted and stored according to the manufacturer's
instructions. BACTEC Plus NR26/27 and NR26FOS/27 were
considered separately for statistical purposes. No specific order
of inoculation for either method was introduced in order to
eliminate inoculation order bias. The supplemented NR26
bottle was clearly marked to distinguish it from the companion
unsupplemented bottle.

Incubation and testing. Conventional media were incubated
at 35°C in an atmosphere containing 5 to 10% CO2 for 7 days
for negative cultures. All plates and broths were screened daily
for growth, with identification and susceptibility testing of
microorganisms performed according to standard laboratory
procedures for each institution. For the BACTEC bottles, the
7-day testing protocol with the BACTEC NR660 instrument
was followed. Bottles were placed in the 35°C incubator
immediately after inoculation, and the aerobic bottles (NR26
and NR26FOS) were placed on the shaker shelf for the first 24
to 48 h of incubation. The aerobic bottles were tested twice on
days I and 2 and once thereafter. The anaerobic bottles were
tested once daily. A growth value (GV) of 30, a delta GV of 10,
or visual signs of growth (turbidity, gas production, or floating
colonial growth) were indicative of a positive BACTEC bottle.
When one or more bottles within a given set became positive,
the remaining bottles continued to be tested according to the
standard protocol for the remainder of the 7 days. Fluid from
each positive bottle was Gram stained and subcultured onto
appropriate media for identification and susceptibility testing.

Reporting. All test results were recorded on the data report
form. The following information was included for each positive
culture: (i) specimen type; (ii) specimen identification; (iii)
date and time of collection; (iv) conventional results, including
time, date of detection, smear results, and subculture results;
(v) BACTEC results, including GV or delta GV, time and date
of detection, smear results, and subculture results; (vi) name(s)
of organism(s) identified and significance; and (vii) description
of patient's antimicrobial therapy. In addition, GVs for all
negative BACTEC bottles were documented.

Clinical assessment. When possible, patients with positive
SBF cultures were evaluated by an infectious disease consult-
ant or pathologist to determine whether the microorganisms
isolated were clinically significant (true-positive isolates) or

were contaminants. This clinical assessment was made in
accordance with published criteria (7).
Data analysis. The data were analyzed by the SPSS statisti-

cal program at Becton Dickinson Diagnostic Instrument Sys-
tems (13). McNemar chi-square analysis (8) was used to
determine the statistical significance of differences in numbers
of isolates determined by each system.

RESULTS

Classification of specimens and isolates. Of the 1,101 fluid
specimens received for culture, 234 (21%) were positive either
by the BACTEC system or by conventional culture techniques.
One hundred fifty-five specimens yielded clinically significant
isolates. The numbers of cultures (yielding clinically significant
isolates) positive by each method were as follows: 140 (90%)
from BACTEC Plus NR26, 139 (90%) from BACTEC Plus
NR26FOS, 122 (79%) from BACTEC Plus NR27, 127 (82%)
from conventional media, 147 (95%) from BACTEC Plus
NR26/27, and 147 (95%) from BACTEC Plus NR26FOS/27.
One hundred seventy-six isolates were considered clinically
significant, while 89 isolates were considered contaminants and
eliminated from further analysis.
The 176 clinically significant isolates were further catego-

rized by source and method of recovery (Table 1). Two
separate comparisons were evaluated: BACTEC Plus
NR26FOS/27 versus conventional culture and BACTEC Plus
NR26/27 versus conventional culture. A total of 28 microor-
ganisms were isolated only from the BACTEC Plus NR26/27
system with FOS compared with 9 microorganisms isolated
from conventional culture. Similarly, 28 microorganisms were
isolated only from the BACTEC NR26/27 system without FOS
compared with 11 microorganisms isolated from conventional
culture. We analyzed the significance of fluid type versus
recovery method and found that BACTEC had increased
recovery of clinically significant isolates from all fluids. Clini-
cally significant microorganisms recovered included staphylo-
cocci, streptococci, members of the family Enterobacteriaceae,
nonfermenting gram-negative bacilli, yeasts, anaerobes, and
miscellaneous bacteria (Table 2). The difference in time to
detection for the clinically significant isolates recovered in both
systems is also shown in Table 2. Although not statistically
significant, conventional culture showed an earlier time to
detection for more isolates than BACTEC (30 versus 22
isolates).
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TABLE 1. Fluid source and recovery method for 176 clinically significant isolates

No. of isolates recovered from indicated source
Total no.

Culture system(s) Synovial Pleural Ascites CAPD Othere of isolates
fluid fluid fluid fluid

BACTEC Plus NR26/27 only 5 2 10 1 0 28"
BACTEC Plus NR26FOS/27 only 7 2 8 11 0 28"
Conventional only
Compared with BACTEC Plus NR26FOS/27 1 0 5 3 0 9
Compared with BACTEC Plus NR26/27 1 0 5 4 1 1 1

Both BACTEC and conventional 8 10 15 40 7 80
Both BACTEC with FOS and conventional 8 10 16 40 7 81

"Includes two pericardial, three cerebrospinal fluid, and two amniotic fluid specimens.
"Chi-square = 9.76; P < 0.0t)5; significant (BACTEC only versus conventional only).

DISCUSSION aureus was isolated from the BACTEC Plus NR26FOS that

The presence of microorganisms in normally SBF specimens was not detected in either NR27 or conventional culture.
is potentially life-threatening; however, recovery of microor- Conversely, four isolates (one coagulase-negative Staphylococ-
ganisms is problematic. First, large-volume specimens such as cus isolate, one viridans streptococcus, one Klebsiella pneu-
peritoneal fluid, ascitic fluid, and CAPD fluid often have very moniae isolate, and one Candida parapsilosis isolate) detected
low numbers of microorganisms and require processing in in BACTEC Plus NR26 without FOS were missed by use of
order to concentrate the microorganisms in the specimen (4). BACTEC Plus NR26FOS, BACTEC Plus NR27, and conven-
Second, many fluids, such as cerebrospinal and synovial fluids, tional culture. This clarifies the discrepancy between the 172
are received in very small volumes which may hinder recovery significant isolates recovered from the comparison of
of microorganisms (18). Third, the initiation of antimicrobial BACTEC Plus NR26FOS/27 versus conventional culture and
therapy prior to collection of SBF specimens submitted for the 176 total significant isolates recovered from all methods
culture may produce falsely negative cultures (15, 16). Fourth, (BACTEC Plus NR26FOS, BACTEC Plus NR27, conven-
fastidious organisms may be missed if proper media or supple- tional culture, and BACTEC Plus NR26 without FOS). Con-
ments are not incorporated into the culture method. Fifth, ventional culture also failed to detect one N. gonorrhoeae and
contaminant microorganisms may overgrow potential patho- one H. influenzae isolate.
gens. Sixth, the delay in transport of the specimen to the BACTEC Plus NR26/27 with or without FOS improved the
microbiology laboratory may result in decreased recovery (1, recovery of microorganisms from SBF; however, for simplicity,
10). we will limit further discussion to BACTEC Plus NR26FOS/27
The use of the BACTEC system for low-volume specimens unless otherwise stated. If conventional cultures had been

aids in the recovery of microorganisms (2), and resins inactl- omitted, only 11 of 172 (6%) clinically significant isolates
vate antimicrobial agents that could inhibit the growth of would have been missed, but if the BACTEC system had been
microorganisms on conventional culture media. The BACTEC omitted, 28 of 172 (16%) clinically significant isolates would
system and the conventional culture technique yielded equiv- have been missed. The remaining isolates showed equivalent
alent numbers of contaminant isolates. The addition of FOS to re with Th remaiting we found thalent
the BACTEC system resulted in the recovery of one N. results with both systems. Additionally, we found that the
gonorrhoeae isolate, two Haemophilus influenzae isolates, and BACTEC system yielded increased recovery of clinically sig-
one Sphingobacterium multivorum isolate that were not de- nificant isolates in each fluid type analyzed. There were no
tected in BACTEC Plus NR26 without FOS. The use of FOS statistically significant differences in time to detection for those
did not result in an increase in contaminant isolates in microorganisms recovered by both BACTEC and conventional
BACTEC bottles. Additionally, one isolate of Staphylococcus culture systems.

TABLE 2. Culture method, organism recovery, and time to detection

No. (%) of isolates recovered No. (%) of isolates with the indicated time to detection

Organisms Conventional BACTEC Shorter by Shorter by Samc by the two

method only only' conventional method BACTEC" methods

Staphylococcus spp. (n = 100) 3 (3) 10 (10) 23 (23) 14 (14) 50 (50)
Streptococcus spp. (n = 28) 3 (11) 5 (18) 4 (14) 16 (57)
Enterobacteriaceae (n = 24) 1 (4) 7 (27) 1 (4) 5 (19) 10 (38)
Nonfermenting gram-negative bacilli (n 7) 2 (29) 2 (29) 1 (13) 2 (29)
Miscellaneous bacteria (n = 3) 1 (33) 2 (67)
Yeasts (n = 4) 1 (14) 2 (29) 1(14)
Anaerobes (n = 6) 3 (50) 1 (17) 2 (33)

Total (n = 172)b 11 (6) 28 (16) 30 (18) 22 (13) 81 (47)

aBACTEC Plus NR26FOS/27 study set.
The only observed disparities in significant isolate recovery between BACTEC Plus NR26FOS and NR26 without FOS were (i) one S. multivorum isolate, two H.

influenzae isolates, one N. gonorrhoeae isolate, and one S. aureus isolate recovered from NR26FOS only and (ii) one viridans streptococcus, one coagulase-negative
staphylococcus, one K pneumonitae isolate, and one C. parapsilosis isolate recovered from NR26 without FOS only.
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Cost is almost always a determinant in evaluating diagnostic
methods. Our cost of using the BACTEC system is greater
than that of conventional culture methods; however, the
necessity of using the anaerobic Plus NR27 bottle is debatable.
If the anaerobic bottle had been eliminated from this study, 5
of 172 (3%) clinically significant isolates would have been
missed (only one obligate anaerobe), but the cost would have
been reduced to less than that of the conventional setup, while
better recovery than that of the conventional culture alone
would still have been achieved. These data suggest that if a
laboratory wishes to address speed of recovery and its com-
pleteness as well as cost, a system of one plate plus one
BACTEC bottle should be explored.

In agreement with others (10), we feel that future studies
should be performed to evaluate the potential benefit of
bedside inoculation versus laboratory inoculation for cultiva-
tion of microorganisms from SBF. We further conclude that
the BACTEC Plus NR26/27 liquid culture system is an excel-
lent alternative to conventional culture methods for SBF
specimens, used with or without the addition of FOS.
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