
APPLIED MICROBIOLOGY, Sept. 1973, p. 368-372
Copyright 0 1973 American Society for Microbiology

Vol. 26, No. 3
Printed in U.S.A.

Evaluation of Radiometric System for Detecting
Bacteremia

EDWARD D. RENNER, LAUREL A. GATHERIDGE, AND JOHN A. WASHINGTON II

Mayo Clinic and Mayo Foundation, Rochester, Minnesota 55901

Received for publication 14 June 1973

An automated radiometric system (BACTEC, Johnston Laboratories) for de-
tection of bacteremia was evaluated in parallel with a standard blood culture sys-
tem in use in our laboratory. Of 1,445 blood cultures from 484 patients with possi-
ble bacteremia, 106 sets of cultures (excluding 39 presumed contaminated),
representing 56 patients, were positive by both methods. The conventional sys-
tem yielded 85 positive cultures from 48 patients, whereas the BACTEC system
yielded 84 positive cultures from 43 patients. The BACTEC system failed to de-
tect 22 cultures that were positive in the conventional system, and the conven-
tional system failed to detect 21 cultures that were positive in the BACTEC
system. The detection efficiency was generally equivalent in the two systems ex-
cept for the lower detection rates of anaerobes and Enterobacter aerogenes by
the BACTEC system and the lower detection rates of Torulopsis glabrata and,
possibly, Pseudomonas sp. (group IVD) in the conventional system. The
BACTEC system had a slight advantage over the conventional system in the time
interval to detection of positivity. Approximately 20% of the positive cultures
detected by the BACTEC system were detected on the first day of incubation
compared with 7% by the conventional system. The recovery rates and detection
times of anaerobes were less efficient by the BACTEC system than by the con-
ventional system. It does not appear that the radiometric method has much ad-
vantage over available conventional methods.

Recent reports (1, 6) have suggested that a
radiometric method is comparable in accuracy
and is faster than some of the conventional
techniques currently being used for the detec-
tion of bacteremia. A previous publication (5)
from this laboratory reported a limited clinical
comparison of a radiometric method of detect-
ing bacteremia with the standard laboratory
method. The present report compares an auto-
mated radiometric system (BACTEC, Johnston
Laboratories, Cockeysville, Md.) with the
standard blood culture system in use in our
laboratory.

MATERIALS AND METHODS
From October 1972 through January 1973, blood

samples from two affiliated hospitals of the Mayo
Clinic were inoculated (10%, vol/vol) into one bottle
each of tryptic soy broth (Difco) and thiol broth
(Difco); each bottle contained 100 ml of medium with
sodium polyanetholesulfonate under vacuum with
added CO. These two bottles will be referred to as
"conventional." Also inoculated on a 10% (vol/vol)
basis were two bottles of media supplied by Johnston
Laboratories, one containing 30 ml of enriched tryptic

soy broth (no. 6A) and the other containing 30 ml of
prereduced tryptic soy broth (no. 7A) for the detection
of anaerobes; both of these media contained 1.5 sCi of
4C-labeled substrate.
Conventional method. The inoculated bottles were

incubated unvented at 35 C and examined daily for 14
days. Subcultures were routinely made of all cultures,
within the first 24 h after collection, to chocolate
blood agar plates (BioQuest) which were incubated at
35 C in an atmosphere of 10% CO, for 48 h.
BACTEC. The aerobic culture vials were tested

repeatedly on the day of receipt (a minimum of five
times) and on days 2, 3, 4, 7, and 14 thereafter. The
anaerobic vials were not tested on the day of receipt
but were otherwise tested on the same schedule as the
aerobic vials. All BACTEC vials with a "growth in-
dex" of 30 or greater were checked by Gram stain or
immediate subculture. The negative aerobic vials
were subcultured to chocolate blood agar plates (Bio-
Quest) and incubated at 35 C in a 10% C02 atmos-
phere. The negative anaerobic vials were subcultured
to blood agar plates (BioQuest) and incubated in
anaerobic GasPak jars (BioQuest) at 35 C.

Identification of isolates was performed as de-
scribed previously (3). Statistical comparisons be-
tween rates of detection and mean times of detection
of positivity in both systems were also determined as
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described previously (3). In this study, however,
results of both bottles within one system were com-

bined, and the first day of incubation was taken as the
day on which the blood was inoculated into the
medium.

RESULTS

During this study, 1,445 sets of blood cultures
from 484 patients were received (Table 1).
There were 145 positive cultures (10%), defined
by positivity in one or both methods. By using
the arbitrary criteria for defining presumed
contamination described previously (3), 39 of
the cultures from 35 patients were considered to
be contaminated. The remaining 106 positive
cultures contained 111 organisms. A total of 85
cultures from 48 patients were positive in the
conventional method, whereas 84 cultures from
43 patients were positive in the BACTEC system.
The 22 cultures (from 13 patients) that were

positive by the conventional system but not by
the BACTEC system contained 24 organisms,
whereas the 21 cultures (from 8 patients) posi-
tive only in the BACTEC system yielded 22
organisms (Table 2). The conventional system
failed to detect six cultures of Pseudomonas sp.

(group IVD) from one patient and two cultures
of Pseudomonas maltophilia from one patient.
Conversely, there was only one culture of
Pseudomonas sp. (group IVD) positive in the
conventional system only. Five cultures con-

taining Torulopsis glabrata from one patient
were detected in the Bactec system only. Cul-
tures containing Enterobacter aerogenes, Bac-
teroides fragilis, or B. melaninogenicus com-

prised about half of the cultures detected by the
conventional system only.
The mean detection times for Escherichia coli

in each system were equivalent (Table 3). The
differences of 3 days in the mean detection time
of B. fragilis and 8 days for T. glabrata reflect
the differences in detection efficiency between
the two systems (Table 2).

Figure 1 compares the time required for the
detection of positivity by the two methods in
terms of the percentage positive by day and the
cumulative percentage positive during the pe-
riod of observation. Twenty percent of all cul-
tures detected by BACTEC were positive on the
first day of incubation, whereas 23% of the
cultures found to be positive in both systems
were detected by BACTEC on the first day of
incubation. These rates compared with 6 and
8%, respectively, in the conventional method on
the first day of incubation. Forty-seven percent
of all positive cultures in the conventional
system were detected on the second day, in
contrast to 34% by BACTEC. Again, consider-
ing only those cultures detected in both meth-
ods, over 50% of the cultures positive in the

TAmBL 2. Organisms detected by only one method

No. of Days of
cultures incubation

Organism Con- Con-
BAC- yen- BAC- yen-
TEC tional TEC tional

Escherichia coli 4 5 1.2 2.6
Staphylococcus aureus 1 3 6 10.5
Streptococcus, viridans 2 2.5

group
Streptococcus pneumo- 1 1 2 2

niae
Enterobacter aerogenes 4 3
Klebsiella sp. 2 4
Alcaligenes faecalis 1 3
Pseudomonas sp. 6 1 13 2
Pseudomonas malto- 2 2

philia
Serratia marcescens 1 4
Bacteroides fragilis 4 4.0
Bacteroides melanino- 2 5.5

genicus
Fusobacterium nuclea- 1 10
tum

Torulopsis glabrata 5 10.8

TABLE 1. Summary of study: positive cultures, organisms isolated and patients with bacteremia

Cultures (1,445) Organisms Patients (484)

Method Total Con- Ad- Con- BAC- Total Con- Ad- Con- BAC- Total Con- Ad- Con- BAC-
posi- tami- justed tivoenal TEC found tami- justed ven- TEC posi- tami- justed tv:enl TEC
tive nants total only only nants total onl only tive, nants total onlyonly only only

One or 145 39 106 152 41 111 83 35 56a
both

BACTEC 108 24 84 21 111 24 87 22 64 21 43 8
Conven- 105 20 85 22 110 21 89 24 67 19 48 13

tional

a The adjusted total is not 83 minus 35 because cultures positive in one system contained contaminants in the
other or because later cultures from positive patients contained contaminants.
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TABLE 3. Numbers of cultures and mean detection
times, by organism

No. of Mean
No. of detectioncultures time (days)

Organism
BAC- Con- BAC- Con-
TEC ve-TEC ven-

tional tional

Escherichia coli 23 24 2.2 2.5
Klebsiella sp. 2 4 1.5 3.0
Enterobacter aerogenes 2 6 2.5 2.5
Proteus mirabilis 1 1 3.0 3.0
Streptococcus, group D 8 8 1.9 1.9
Streptococcus, viridans 8 10 5.1 3.6

group
Streptococcus pneumo- 2 2 1 2

niae
Staphylococcus aureus 14 16 3.4 4.5
Pseudomonas sp. 8 3 10.3 3.2
Pseudomonas aerugin- 4 2 1.5 2

osa
Pseudomonas malto- 1 1 1 2

philia
Alcaligenes faecalis 1 0 3.0
Haemophilus aphrophi- 1 1 4 4

lus
Bacteroides fragilis 3 7 7 3.7
Bacteroides melanino- 0 2 5.5

genicus
Fusobacterium nuclea- 1 0 10
tum

Torulopsis glabrata 7 2 5 13
Serratia marcescens 1 0 4
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FIG. 1. Percentage of cultures positive and cumu-
lative percentage of cultures positive by day in terms
of organisms detected by both methods and of total
organisms detected.

conventional system were detected on the sec-

ond day of incubation, in contrast to 41% of
those detected by BACTEC. Thus, the
BACTEC system detected approximately 15%
more of the positives on the first day of incuba-
tion than did the conventional system. By the
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second day of incubation, cumulative percent-
ages of positivity in both systems were equiva-
lent. After the second day of incubation, the
conventional system had a slight advantage.

In Fig. 2 are compared the cumulative rates of
positivity for four groups of organisms detected
by both methods. BACTEC was slightly faster
in detecting positivity in groups 1, 2, and 3. By
the second day of incubation, the two methods
were equivalent in terms of cumulative percent-
ages of positivity for these three groups. The
conventional method detected 68% of the
anaerobes on the third day of incubation com-
pared with 25% detected by BACTEC at this
time.
Of the 65 organisms in 63 cultures positive by

both methods, 20 organisms (30%) were de-
tected on the same day of incubation by both
methods; 16 of these organisms were found in
both systems on the second day of incubation
(Fig. 3). Seventeen organisms (26%) were de-
tected first in the conventional system and 28
(43%) were detected first by BACTEC. The
slight advantage of the BACTEC system over
the conventional system was primarily due to
the detection of positive cultures on the first
day of incubation. Fifteen cultures positive on
the first day of incubation in the BACTEC sys-
tem were positive on the second day in the
conventional system. Conversely, four cultures
positive on the first day in the conventional
systems were positive on the second day in the
BACTEC system.
From Fig. 4 it is apparent that the greater

number of cultures positive first in the
BACTEC system (11 cultures; 17%) was almost
entirely attributable to the gram-positive cocci
(group 2) and the pseudomonads (group 3). Of

Group 1 Group 2

2 4 6 8 01 2 14 2 4 6 8101 214

Incubation time. days

FIG. 2. Cumulative percentages of positive cul-
tures of four groups of organisms detected by both
methods. Group 1, Enterobacteriaceae; group 2,
gram-positive cocci; group 3, pseudomonads; and
group 4, anaerobes.

40

10

c

GE



RADIOMETRIC SYSTEM FOR DETECTING BACTEREMIA

1

3

t 5

rz 7
r ct

e 11
% (.3m

13I

15

BACTEC
Incubation time, days

2 4 6 8 10 12 14 16

_..

- E1lX:
- '24) (I GD (i)

FE
3 \

IE 1 Conventional@

[11 BACTEC i28
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times of organisms from cultures positive by both
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eight cultures with gram-positive cocci (group
2) detected on the first day of incubation by
BACTEC and on the second day by the conven-
tional system, six were Staphylococcus aureus.
The BACTEC system was first in the detection
of all five of the cultures containing pseudomo-
nads, whereas neither method had an overall
advantage in detecting the Enterobacteriaceae
(group 1). The three cultures with anaerobes
(group 4) detected by both methods were de-
tected first by the conventional system.

DISCUSSION
The results of this study suggest that the

BACTEC system has a slight advantage over the
conventional system in regard to detection of
positivity during the first day of incubation.
Overall, the BACTEC system was first in the
detection of 9 positive cultures containing 11
organisms (17% of the 65 organisms that were
detected in 63 cultures positive in both
methods). This advantage was almost entirely
attributable to S. aureus and the pseudomo-
nads. The detection efficiency in the two sys-
tems was generally equivalent except for the
lower detection rates of anaerobes and E. aerog-
enes by the BACTEC system and the lower de-
tection rates of T. glabrata and, possibly, Pseu-
domonas sp. (group IVD) by the conventional
system.
The results presented in this report are in

disagreement with those reported by DeBlanc et
al. (1). In their study, 70% of the positives were
detected first by the BACTEC method and 65%
of the positives were detected on the first day of

incubation; 24% of the positive cultures re-
quired the same time for detection in both
methods, and 6% were detected first by the
routine method (4% on the day of inoculation).
This apparent discrepancy between results may
be due to differences in the types of organisms
isolated in the two studies. Thirty-four isolates
(or 30% of the total number of organisms)
detected by the BACTEC method in their study
were Streptococcus pneumoniae, compared
with only two such isolates (2.5% of the total
number of organisms) detected by the BACTEC
system in our study. The mean detection time
of this species in our study was 1 day. A
comparably short incubation time of S.
pneumoniae in their study might account for
some of the disparity in results.

Also, DeBlanc (unpublished data) reports
that, of 23 anaerobic cultures that were positive
by one or both methods, BACTEC recovered
23 (100%) and their routine system recovered
only 2 (9%). Their routine method consisted
of inoculating 2 ml of blood into 20 ml of thio-
glycolate medium (BBL 20889), 1 ml of blood
into 18 ml of supplemented peptone broth
(BD 4955), and 2 ml of blood into 50 ml of
prereduced brain heart infusion broth with so-
dium polyanetholesulfonate (Robbins Labs,
Inc.). It is not clear, however, if the thioglyco-
late medium had been boiled to drive off
dissolved oxygen prior to use and if it was
incubated anaerobically after the inoculation
with blood. It is likely that the supplemented

BACTEC- incubation time, days
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FIG. 4. Cross classification comparing incubation
times of cultures detected by both methods, by groups
of organisms. Group 1, Enterobacteriaceae; group 2,
gram-positive cocci (label covers a "1" at day 14 and a
"1, at day 16); group 3, pseudomonads; and group 4,
anaerobes.
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peptone broth tube was vented because anaero-
bic tubes have only recently become available
from this commercial source. Finally, it is likely
that the differences between the volumes of
blood inoculated into our conventional system
and those used by DeBlanc et al. may have been
responsible for some differences in isolation
rates of anaerobes between the two studies.
Evidence (unpublished) supporting this thesis
has been collected recently in this laboratory in
a comparison between our conventional system
and the aerobic and anaerobic supplemented
peptone broth tubes.

Although the BACTEC system may offer cer-
tain advantages for some laboratories in terms of
automation and speed of detection of positivity,
it has certain limitations. First, there is a
problem with "false positive" cultures-vials
(primarily aerobic) with growth indices of 30 or
more but which give repeatedly negative smears
and subcultures. In our experience, there were
175 such cultures, representing 12% of those
received. The amount of work associated with
these types of cultures was substantial and time
consuming. Second, in a large laboratory, the
time required to process 50 sets of blood cultures
in the BACTEC system was roughly twice that
required to process the same number of cultures
in the conventional system. In our estimation,
the degree of automation of the BACTEC sys-
tem is not commensurate with its price
($35,000). Third, in our experience, the BACTEC
system was not totally reliable for recovery of
anaerobes, and these represent a substantial
number of isolates and patients with bacteremia
(4). It has also been demonstrated (2) that the
BACTEC system does not reliably detect Hae-
mophilus influenzae. Since the pediatric popula-

tion was deliberately excluded from this study,
because of the volumes of blood involved, we
were unable to evaluate this point specifically.

Conflicts among reports regarding the ef-
ficacy of new techniques or media for the de-
tection of bacteremia are not surprising be-
cause there are no uniformly accepted stand-
ards against which to judge the new procedures.
Standard or conventional procedures differ con-
siderably in terms of the volumes and types of
media used, volumes of blood inoculated, at-
mosphere and duration of incubation, frequency
of examination of cultures, timing and fre-
quency of routine subcultures, and media selec-
tion and atmosphere of incubation for subcul-
ture. It therefore is a safe assumption that the
BACTEC system would be superior to some con-
ventional methods and equivalent, or even in-
ferior, to other conventional methods, depend-
ing on what constitutes the conventional meth-
ods.
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