JOURNAL oF CLINicAL MICRoBIOLOGY, Mar. 1975, p. 302-308
Copyright © 1975 American Society for Microbiology

Vol. 1, No. 3
Printed in U.S.A.

Laboratory Experience with a Radiometric Method for
Detecting Bacteremia

WILLIAM A. THIEMKE' ano KONRAD WICHER*

Division of Clinical Microbiology, Erie County Laboratories at the E. J. Meyer Memorial Hospital, Buffalo, New
York 14215* and the Department of Microbiology, School of Medicine, State University of New York at Buffalo,
Buffalo, New York 14214

Received for publication 13 December 1974

Two bacteriologic systems for detecting bacteria in blood were compared; the
automated radiometric BACTEC and the conventional method used in our
laboratory for many years. BACTEC consisted of two bottles with 30 ml and the
conventional method with 50 ml of media for aerobes and anaerobes. The
BACTEC bottles were inoculated with 2 to 3 ml and the conventional with 4 to 5
ml of blood at the patient’s bedside. Out of the 3,045 blood specimens cultured
(804 patients), 262 (117 patients) were positive by one or both methods. The
conventional system detected 5% more cultures. The explanation of the
differences is discussed. Positive blood cultures were detected by the BACTEC
procedure as early as 6 h after the blood collection. In the first 24 h, on the
average, 77% of aerobic organisms were detected by the BACTEC as compared to
48% by the conventional system. All anaerobic BACTEC cultures were positive
within 4 days, whereas the conventional system detected at that time 74%. At
day 4, 67% of fungi were detected by the BACTEC and only 27% by the
conventional system. Of the 3,045 blood cultures examined by the BACTEC, 208

were recorded as false positive with growth index readings ranging from 30 to 59.

The rising morbidity and mortality attrib-
uted to bacteremia, it’s causes and trends, was
recently reviewed (12). The time of detection of
causative microorganisms is of essence in con-
trolling bacteremia. Recently a radiorespiro-
metric blood culturing system designed for more
rapid detection of positive cultures has been
introduced (6). This system employs *C-
labeled substrates in a culture medium; mi-
crobial metabolism converts some of the sub-
strate to *CO, and the instrument detects the
4CQO, as an indicator of growth. Both auto-
mated and semiautomated radiometric blood
culturing systems have been used in this coun-
try for the past several years. Comparative
studies with conventional systems have re-
ported either favorable results for the radiomet-
ric system (3, 6, 11) or some indifference to-
wards it (4, 10, 13). The way in which each
system is set up and run and the media each
system consists of will undoubtedly influence
the final evaluation. This paper represents a
comparative evaluation of the radiometric sys-
tem BACTEC (Johnston Laboratories Inc.,
Cockeysville, Md.) and the conventional blood
culture system used in our laboratory, and it

! Present address: Veterans Administration Hospital, West
Roxbury, Mass. 02132.

analyzes available data obtained by various
researchers.

MATERIALS AND METHODS

Blood samples from patients suspected of bactere-
mia were examined by two culturing systems run in
parallel. Each system employed two bottles of media
which were inoculated on the floors by the physicians
and then sent, within 1 h, to the laboratory. The hour
at which the laboratory received the specimen was
considered to be zero time.

Conventional system. The conventional system
consisted of two bottles: for aerobes, Trypticase soy
broth, and for anaerobes, thioglycollate medium with-
out indicator-135 C (Baltimore Biological Labora-
tories, Cockeysville, Md.) Each bottle was under a
vacuum and contained 50 ml of medium, polyane-
tholesulphonate, and CO,. Each medium was inocu-
lated with 4 to 5 ml of blood. The inoculated media
were incubated at 37 C for a total of 14 days with daily
visual examination. Gram-stained smears and sub-
cultures of the Trypticase soy broth to chocolate agar
plates, incubated in a CO, incubator at 37 C, were
routinely done on day 1 (macroscopic positive or
suspicious cultures) and days 2, 7, and 12. The first
three subcultures were held for 24 h and the last for 48
h. The thioglycollate cultures were examined simi-
larly using vitamin K heme blood agar plates incu-
bated in a Gas-Pak jar (Baltimore Biological Labora-
tories) for 48 h.

BACTEC system. The BACTEC system consisted
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of two media (Johnston Laboratories, Inc.,). One
bottle (no. 6A) contained 30 ml of enriched tryptic soy
broth (for aerobes) and the other bottle (no. 7A)
contained 30 ml of prereduced tryptic soy broth (for
anaerobes). Both media contained 1.5 uCi of 'C-
labeled substrates, polyanetholesulphonate, and CO,
and were inoculated with 2 to 3 ml of blood. BACTEC
bottles were incubated at 37 C for a total of 7 days
with daily visual examination. The aerobic bottles
(no. 6A) were continuously examined on a 3-h cycle
for the first day using the BACTEC-225 automated
instrument (Johnston Laboratories, Inc.). The gas
used to flush the bottles was a mixture of 90% air and
10% CO,. This was followed by daily growth index
(GI) readings for 5 days and subcultured on day 5 to
chocolate agar incubated in a CO, incubator for 48 h.
(The Gl is an arbitrary scale ranging from zero to 100
which is linearly proportional to the amount of '*C
detected. GI readings of 30 or greater were considered,
in our experiment conditions, positive for blood cul-
tures.) The anaerobic bottles (no. 7A) were examined
daily in the BACTEC-225 machine for 5 days. The gas
used in the sampling procedure was a mixture of 85%
nitrogen, 10% CO,, and 5% hydrogen which had
passed through a DEOXO catalyst (Englehard Indus-
tries, E. Newark, N.J.). The medium was then subcul-
tured to a vitamin K heme blood agar plate and
incubated in a Gas-Pak jar at 37 C for 48 h. Aerobic
and anaerobic media having a GI reading of 30 or
greater were immediately subcultured and smeared
for Gram staining.

Single blood cultures containing coagulase-nega-
tive staphylococci, Bacillus species, or catalase-posi-
tive anaerobic diphtheroid organisms were considered
contaminants, even though it is understood that
under certain circumstances these organisms may be
considered pathogens. When multiple blood samples
from a single patient contained these organisms, the
clinical significance of the isolates was determined on
the basis of the patient’s condition.

A total of 3,045 blood samples were examined
during a 6-month period (August 1973 through Janu-
ary 1974). All organisms recovered were isolated and
identified to the species level.

RESULTS
The 3,045 blood specimens cultured repre-
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sented 804 patients suspected of bacteremia. Of
these, 262 cultures were positive by one or both
methods indicating 117 patients (15%) with
positive cultures or an overall positive rate of
8.6%.

The number and percentage of positive blood
cultures, patients, organisms isolated, and con-
taminants are summarized in Table 1. BAC-
TEC recovered 206 (79%) of the total positive
cultures and the conventional system 219 (84%),
indicating a 5% greater efficiency by the con-
ventional system. The latter system also de-
tected 11 more positive patients than the BAC-
TEC system. Since 18 specimens contained
multiple isolates, the total number (262) of
clinically significant positive cultures is lower
than the total number (280) of organisms iso-
lated. Contaminants as defined above consisted
of 91 isolates which were not included in the
clinically significant isolates. The BACTEC
system demonstrated a slightly lower number of
contaminants.

The number of significant isolates and their
mean detection times in days is illustrated in
Table 2. There was an equal rate of recovery of
gram-positive aerobes. The conventional sys-
tem detected 13 more strains in the gram-nega-
tive aerobic group; however, the BACTEC sys-
tem did recover four more fungi. There was a
significant difference in the isolation rate in the
anerobic group, with the BACTEC recovering
significantly fewer organisms. Chi square analy-
sis (5) gave a P value of less than 0.01. The
mean detection time for all groups of isolates
was in favor of the BACTEC system. On the
average the BACTEC detected gram-negative
aerobes about one-half a day earlier, gram-posi-
tive aerobes and anaerobic organisms 1 day, and
fungi 3 days earlier than the econventional
system.

The cumulative percentages of the organisms
isolated by each system are demonstrated in
Table 3. It has to be stressed that in the

TaBLE 1. Summarizing data of 3,045 blood culture specimens from 804 patients examined in parallel by the
BACTEC and conventional system

Positive Positive R .
System cultures patients Organisms Contaminants
No. % No. % No. % No. %
BACTEC 206 79 97 83 214 i 52 57
Conventional 219 84 108 92 235 84 59 65
One or both methods® 262 100 117 100 280 100 91 100

2 Each organism isolated was counted separately; therefore these numbers will be greater than the positive

cultures due to 18 cultures with multiple isolates.

® Positive results obtained by both methods were considered as 100%. The percentages of positive findings in
BACTEC or conventional systems were calculated on this basis.
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conventional system only macroscopically posi-
tive or suspicious media were subcultured;
therefore the results of the first 24 h might
subjectively favor the BACTEC. Considerably
more gram-positive and gram-negative aerobic
bacteria were detected during the first 24 h of
incubation by the BACTEC. The differences in
the anaerobic isolates are less pronounced; 100%
of the BACTEC isolates were detected by day 4
as opposed to 74% of the conventional isolates.
In the fungi group, 67% of the BACTEC isolates
were seen by day 4 as compared to 27% for the
conventional system.

The rate of recovery of individual organisms
is given in Table 4. The greatest differences are
observed with Escherichia coli, Bacteroides,
and Peptococcus, which are more frequently
isolated by the conventional system. There were
no substantial differences between the two sys-
tems with the other microorganisms.

In a certain number of the inoculated bottles
no organisms were detected on smear or subcul-
ture from media with a GI of 30 or greater.
These samples are referred to as false positive.
One of the several plausible explanations of this
phenomenon is a high leukocyte count in the

TaABLE 2. Number of significant isolates and mean
detection time of groups of isolates

Mean
No. of detection
Group isolates? time
(days)
B C T B C
Gram-positive 67 67 79 1.2 2.2
aerobes
Gram-negative | 101 | 114 | 135 1.2 1.8
aerobes
Anaerobes 15 27 29 2.5 3.4
Fungi 31 27 38 4.0 7.1

2 B, BACTEC; C, conventional; T, total isolates by
one or both systems.
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patient’s blood at the time of culture. Of the
3,045 blood cultures examined, 208 were re-
corded as false positive with GI readings rang-
ing from 30 to 59. The majority of these false
positive cultures were sporadic and had GI
values in the low thirties. Patients with two or
more false positive specimens and whose blood
cultures remained false positive had their leuko-
cyte count determined at the time of culturing.
A comparison of leukocyte counts in 24 false
positive reactors with more than one false
positive reading is given in Table 5. The data
are arranged according to the day at which the
first false positive reading was obtained. Also in
the table are two groups of controls; one consists
of 19 patients with two or more negative blood
samples and the other with 15 healthy volun-
teers with a duplicate set of blood cultures. The
highest mean cell count of leukocytes was ob-
served in the patients whose blood samples give
false positive readings from the first day of cul-
ture. Lower cell counts were seen in patients
whose false positive readings began on days 2
and 3. The higher mean leukocyte counts of the
false positive reactors strongly imply that a
high leukocyte count at time of culture might be
responsible for the false positive results, al-
though other factors may also contribute. One
of the reactors from day 1 had acute myelomon-
ocytic leukemia and the other had anaplastic
carcinoma of the lung with metastases. The
other reactors had a variety of illnesses ranging
from urinary tract infections and pneumonia to
chronic alcoholism, pancreatitis, ulcers, chronic
heart failure, and adenocarcinoma. One-third of
the false positive reactors, nine of the 19 pa-
tients with negative results, and none of the
healthy volunteers were on antibiotic therapy 4
days prise to the blood collection. One healthy
volunteer with a leukocyte count of 8.4 x 10° per
mm? did have false positive readings ranging
from 30 to 35 on days 3, 4, and 5 of culture. This
individual admitted having chronic gingivitis.

TaBLE 3. Cummulative percentages of isolates

Days
Group System?

0.5 1 ‘2 3 4 >5

Gram-positive aerobes B 50 76 85 91 94 100
C 5 44 70 86 91 100

Gram-negative aerobes B 45 79 89 93 98 100
C 10 55 79 93 94 100

Anaerobes B 0 7 60 87 100 100
C 0 4 52 70 74 100

Fungi B 0 3 22 56 67 100
C 0 0 0 15 27 100

« B, BACTEC; C, conventional.



VoL. 1, 1975

The number of BACTEC-225 automated in-
struments in use in diagnostic laboratories is
still limited and only a few reports evaluating
the rapid method are available. A comparison of
our results with those of two previously pub-
lished studies is compiled in Table 6. The
results of Brooks and Sodeman (3) and Caslow
et al. (4) are not included here because these
authors used different media. In all of the blood
cultures there was approximately a 1:10 ratio of
blood to culture medium. Trypticase soy broth
was used for all aerobic cultures, and thioglycol-
late broth, THIOL-broth, or thioglycollate me-
dium-135 C and no. 7A medium were used for
anaerobic cultures. Two to four times more
blood per culture bottle was used in the conven-

TaBLE 4. Rates of recovery of individual organisms

. Conven- One or
Organism BACTEC tional both
methods
Escherichia coli 59 69 71
Staphylococcus aureus 37 36 40
Candida 24 21 31
Streptococcus pneu- 19 18 22
moniae
Bacteroides 12 18 19
Proteus 14 15 19
Streptococcus (group 8 10 14
A, B, and D)
Klebstiella 9 12 13
Pseudomonas 8 7 10
Enterobacter 5 5 7
Peptococcus 1 5 5
Cryptococcus 4 3 4
Clostridium 2 3 4
Torulopsis 3 3 3
Listeria 3 3 3
Flavobacterium 2 2 2
Serratia 1 2 2
Haemophilus 0 2 2
Neisseria 2 0 2
Peptostreptococcus 0 1 1
Citrobacter 1 0 1
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tional than in the BACTEC system. The per-
centages of positive cultures and positive pa-
tients in the present study and that of Renner et
al. (10) were comparable and both are substan-
tially higher than in the study of DeBlanc et al.
(6). The percentages comparing the BACTEC
and conventional systems in the three studies
are comparable and portray similar overall
evaluations in the rates of recovery. The most
striking and convincing data indicating employ-
ment of the radiometric system is the percent of
isolates detected in the first day. In all studies
the BACTEC system demonstrates a substan-
tially higher percentage of positive samples
during this period.

DISCUSSION

In evaluating the results we have to make
clear that we had compared two systems for
detecting bacteria in blood without adjusting
the protocol to each other. The inoculated
media of both systems started to be examined
at similar times; however, the conventional
media were examined visually at the first day of
inoculation and the BACTEC media by the
machine. The inoculated media of neither sys-
tem were vented (unless one considers the
flushing of the BACTEC media as venting
procedure).

It is evident from the presented data that
neither system was capable of recovering all of
the clinically significant isolates. This suggests
that the recovery rate to some degree depends
upon the volume of blood cultured and the
quality of the media used. In looking at the
rates of recovery of the aerobic, gram-negative
isolates, the conventional system had an advan-
tage expecially in the recovery of E. coli. This
can be partially explained by the larger volume
of blood used by this system (the conventional
bottles contained twice the volume of blood as
did the BACTEC bottles). This explanation
may be supported by the observation of Fine-

TaBLE 5. Comparison of false positive BACTEC readings with leukocyte counts

False No. of Leukocyte count®
Group positive individuals

from day: Range Mean

Patients with false positive results 1 2 50-109.2 79.6
2 11 11.9-29.6 18.4

3 11 10.3-23.6 16.6

Patients with negative results 19 4.3-17.9 10.3
Healthy volunteers” 15 4.4-8.4 6.1

2 Leukocyte counts are expressed as 10%/mm?.

* The volunteer with the leukocyte count of 8.4 did have false positive cultures on days 3, 4, and 5.
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TABLE 6. Data of three studies evaluating a radiometric blood culture system as compared to that of a
conventional system

Determinants System DeBlanc et al. (2) Renner et al. (6) Present study
Aerobic set up (ml blood/ml BACTEC 2/30 TSBe (JLI)® 3/30 (6A) (JLI) | 2-3/30 (6A) (JLI)
media) Conventional 8/70 TSB (BBL) 10/100 TSB 5/50 TSB (BBL)
(Difco)
Anaerobic set up (ml blood/ml BACTEC® 3/30 (7A) (JLI) | 2-3/30(7A) (JLI)
media) Conventional 2/20 Thioglycollate | 10/100 THIOL 5/50 Thioglycollate-
(BBL) (Difco) 135 C (BBL)
Total samples 2,967 1,445 3,045
Patients 1,280 484 804
Positive cultures 138 (5%) 106 (7%) 262 (9%)
Positive patients 57 (4%) 56 (12%) 117 (15%)
Positive cultures BACTEC 111 (80%) 84 (79%) 206 (79%)
Conventional 125 (91%) 85 (80%) 219 (84%)
Positive patients BACTEC 48 (84%) 43 (77%) 97 (83%)
Conventional 50 (88%) 48 (86%) 108 (92%)
Isolates detected first day (%) BACTEC 65% 20% 62%
Conventional 4% 7% 39%

2 This system consisted of only one bottle for both aerobes and anaerobes. The medium was Trypticase soy broth (TSB)
which contained !‘C-labeled glucose as the only labeled substrate and used room air as culture gas.

* JLI, Johnston Laboratories, Inc.

gold et al. (7) who reported that in gram-nega-
tive bacteremia the number of organisms in the
blood can be very low, frequently less than 1
colony-forming unit per ml of blood. In our
experimental conditions we were unable to
control the volume of blood inoculated per
bottle, since all bottles were inoculated on the
floors by the physicians. It is justifiable to
assume that some variations in the volume of
blood used as inoculum existed which could
influence the results of the study. We have
performed some additional experiments in
which decreasing numbers of E. coli were mixed
with blood of healthy donors and inoculated
into BACTEC no. 6A medium. The E. coli in
numbers from 1 to 10 colony-forming units per
bottle multiplied and gave positive GI readings
within 24 h of incubation. This indicates that
the medium is suitable for the growth of E. coli
and confirms that, in all likelihood, the volume
of inoculated blood may be the variable factor
in the discrepancies. Since the BACTEC system
requires only 2 to 3 ml of blood for each bottle,
one may expect that, when only the radiometric
system is used for blood culture examination,
multiple specimens will be taken and the micro-
organisms present in the blood will be detected
and recovered.

Larson and associates (9) have reported a low
recovery rate of Haemophilus influenzae in the
BACTEC system. We had a similar experience;
one H. influenzae and one H. parainfluenzae

were detected by the conventional system only.
Since that study we have recovered by the
BACTEC method 12 isolates from two patients;
three H. influenzae from one and nine H.
parainfluenzae from another patient.

The frequency of detecting anaerobic orga-
nisms is significantly higher in the conventional
system and only a part could be explained by
the use of large volumes of blood. The organisms
in this group most often missed by the BAC-
TEC are the Bacteroides and Peptococci. Our
data are in agreement with those reported by
Renner et al. (10). The plausible explanation for
it is the quality of the anaerobic BACTEC
medium, which is not as good as the BBL
thioglycollate medium-135 C without indica-
tor in recovering anaerobes. (Johnston Labora-
tories have since replaced anaerobic medium
no. 7A with a new medium, no. 7B. We have not
yet evaluated this new medium.)

The BACTEC system is more efficient in
isolating fungi from blood and substantially
more rapid in their detection. The results of the
positive cultures were available to the clinicians
3 days earlier as compared to the conventional
system. Similar results were obtained by Ren-
ner et al. (10).

In 14 blood cultures, the GI readings were
<30 throughout the examination period; how-
ever, microorganisms were detected after sub-
sequent subcultures. Among the 14 isolates,
nine were fungi (four Cryptococcus neoformans,
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four C. albicans, and one C. parapsilosis), three
were gram-positive cocci (Streptococcus group
D, S. pneumoniae, and S. aureus), and two were
gram-negative bacilli (E. coli and K. pneumo-
niae). The BACTEC has not been credited with
the detection of these organisms. From the
group of 14 isolates four were not recovered by
the conventional system.

The false positive cultures in the radiometric
system do present a problem as yet not solved.
Our data suggest a partial correlation of the
false positive results with high leukocyte
counts. It is feasible that this is only one of
multiple factors influencing the high GI read-
ings. Zwarun (14) showed that 10% sucrose in
hypertonic medium no. 8A (Johnston Laborato-
ries, Inc.), which is used to detect and recover
bacteria with cell wall deficiencies, lowers the
maximum GI readings of whole blood. Although
this medium is as yet not extensively used, it
may be a possible answer in controlling the
number of false positive cultures, as has been
implied in the report of Bannatyne and Hart-
nett (1). The November 1974 Newsletter of the
Johnston Laboratories states that lowering the
CO, concentration to 5% in the gas used to flush
the bottles will lower the number of false
positive samples. In no one case of the BACTEC
false positive cultures did the conventional
system detect a microorganism. The false posi-
tive cultures do not jeopardize the laboratory
results or cause unnecessary antibiotic treat-
ment since the physicians are not contacted
until the Gram stain or subculture is positive.
The false positive samples are troublesome only
because they increase substantially the number
of samples to be examined.

It has to be stressed that our results obtained
before day 2 are based on comparison of the
macroscopic examination in the conventional
system with the reading of the BACTEC-225
instrument and subculture. In spite of that,
only small discrepancies may be expected, since
in our experience, during the first 24 h, approxi-
mately 75% of the positive cultures could be
recognized macroscopically. Blazevic et al. (2)
reported that 65% of their cultures were first
detected by macroscopic examination, whereas
Hall et al. (8) found 81.9%. Rosner (11) found
only 29% of positive cultures by macroscopic
examination. The variation of these results will
depend, among other things, on the media used
and the number of organisms present in the
blood sample.

It is apparent from our study and that of
DeBlanc et al. (6) that the advantage in em-
ploying the radiometric system is the time
saving factor in detection of positive cultures.
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In our hospital (680 bed certified general
hospital) approximately 50 to 60 blood samples
are received daily for examination. For the
examination of the blood cultures by the con-
ventional system generally two to three techni-
cians were needed, whereas one technician
(sometimes additional help is needed) is suffi-
cient to examine the same number of samples
by the radiometric system. It is obvious that if
approximately 20% of the cultures are positive,
including false positive results, the technician
processes only 20% of the total number of
specimens. Furthermore, the clinician may re-
ceive preliminary results of the culture and
antibiograms in approximately 50% of the cases
with aerobic bacteremia within 24 to 36 h. This
is an indisputable advantage of the radiometric
system.

The major concern is the number of positive
cultures which were not recognized by the
instrument and were detected only after subcul-
ture on day 5 and the microorganisms which
were not detected at all. However, the conven-
tional system also failed to detect some microor-
ganisms. At present, there is no one single
system which could secure a 100% recovery of
microorganisms in the blood.
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