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Compar ative study of a non-radiometricBACTEC system and a conventional
blood culturesystem in aclinical microbiology laboratory
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Abstract

The BACTECNR730 blood culturesystemisacommercially availablesystem which utilizesinfrared
spectrophotometryto detect bacterial growthin broth mediainocul ated with the blood specimen. The
objectiveaf this study isto comparethis system with the conventional system used in our laboratory.
A total of 479 blood samples were collected from adult patients in the Klang TAR Hospital and
inocul ated simultaneouslyinto the two systems. Clinically significant isol ateswererecoveredfrom 59
(12.3%) specimens by one or both systemsyielding a total of 65 isolates of which 41 isolates were
recoveredin both systems, 18in BACTEC only and 6 in the conventional system (P< 0.01). Of the40
(8.3%) blood cultures that were judged as contaminated, 2 were found in both systems, 12 in the
BACTEC only and 26 in the conventional system. After 48 hours (day 2) the BACTEC system had
recovered 93.2% of thetotal significantisolateswhilethe conventional system recovered61.7% only.
Our resultsshowedthat theBA CTEC systemyiel ded moresignificantisol atesin ashorter timeand with

alower incidenceof contamination as compared to the conventional system.
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INTRODUCTION

The rapid detection of bacteremiais one of the
important roles of a clinical microbiology
laboratory. Various commercial and automated
systemsfor blood culture have been designed to
enablerapid recovery of microorganisms. These
systems vary in techniques used for detecting
microbial growth, the types of broth mediaand
media supplements available for use with each
system, bottle atmospheres, the blood-to-broth
ratio, thevolumeof bloodtobeinoculatedandthe
use of shakersor agitationfor aerobic bottles.
Many studieshavebeendonetoeval uateavariety
of commercially availableblood culture systems
25 but asyet no agreement has been reached asto
which of thesesystemsisoptimal for theisolation
of awidevariety of microorganisms.

A study by Courcol et al? in evaluatinganon-
radiometric blood culture system BACTEC
NR660 (Becton Dickinson) has shown that it
provided a quicker detection of positive blood
culturesand producedahighly acceptabl el evel of
reliability.

Our present study is to compare another non-
radiometric blood culture system BACTEC
NR730(Becton Dickinson) whichutilizesinfrared
spectrophotometry to detect carbon dioxide
generated by microorganisms in specially
formulated culture media with the conventional
system used in our laboratory.

MATERIALSAND METHODS
Collection of samples

A total of 479 paired blood culture sets were
colected from adult patients with suspected
bacteremiafrom several wardsof Klang Tengku
ampuanRahimahHospital (TAR) Hospital . Each
setconsistedof apair of BACTECNR730 bottles,
one containing aerobic medium NR16A and the
other containing anaerobic medium NR17A and
apair of conventional bottles (IMR media), that
consisted of trytic soya broth with 0.03% of
sodiumpolyanethol esulfonate(SPS) astheaerobic
medium and thiolglycollate broth with 0.05% of
SPS and 0.01% agar as the anaerobic medium.
Approximately 12ml of blood was collected
aseptically by venipuncturefromeach patientand
an equal volume (3 ml) wasinoculated into each
bottle and dispatched to the laboratory on the
sameday it was collected.

Processing of samples

Upon receipt at the Klang TAR Hospital
pathological |aboratory, the conventional bottles
were incubated at 37°C overnight. A blind
subculturewasdoneat theend of 24hrsincubation
for both the aerobic bottlesand anaerobic bottles
and a gram stainedsmear was made for
mi croscopicexamination. Visual inspection was
done once daily from day 1 to 6 for evidence of
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microbial growth. After thefirst blind subculture,
unlessthevisual i nspectionshowed macroscopic
evidence of microbial growth, a final blind
subculturewasdoneat theend of 6daysincubation
beforediscarding.

The BACTEC bottleswereincubated at 37°C
overnight (the aerobicbottlein an orbital shaker)
and dispatched to IMR microbiology |aboratory
for further processing. These bottles were then
testedoncedailyon BASTECNR730instrument.
Aerobic bottleswith a growth value of = 30 and
anaerobic bottle of = 15 were subcultured on
appropriatemediaand agram stained smear was
made for microscopic examination. When only
onebottlein aset waspositive, processingof the
negative bottle was continued. Terminal
subcultures were done on day 7 on al bottles
before discarding.

Recording and analysis of data

The following information was recorded on a
report sheet for each set of positive bottles for
both the conventional and BACTEC systems:
bottle identification, time of sample collection,
nature of antimicrobia therapy and time of
antibioti cadministration,resultsfor conventional
and BACTEC bottles, subculture results and
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organism identifications. A paired comparison
was performedon positiveculturebottlesand the
identified microorganisms were judged as
significantisolatesor contaminantsaccording to
clinical evaluations. All contaminants were not
includedin the statistical calculations.

Satistical analysis

Thechi-squaretest wasused totest for significant
differencein the recovery of organismsbetween
the two systems and the fisher's exact test was
used for small numbers.

RESULTS

Duringthestudy period, atotal of 479 setsof four
culture bottles were received and codmpared.
There were 52, 40, 33 and 34 positive culture
bottles with BACTEC NR16A, NR17A,
conventional aerobic and anaerobic bottles
respectively giving atotal of 59 sets positive by
one or both systems, 16 from BACTEC system
alone and 6 from conventional system.

A total of 65 isolates were recovered from
these positive cultures of which 40 isolateswere
recoveredfrom both systems, 17 were recovered
in BACTEC system and 6 were recovered from
the conventional system (P<0.01) (Table 1).

TABLE 1. Comparativeyield of clinically signiicant isolatesfrom BACTEC and conventional

system

No. of isolatesrecovered from

Organism BACTEC and

Conventiona

BACTEC
only

Conventiona P
only value

Facultative bacteria
(gram positive)

Staphylococcusaureus

Enterococcus

Viridans Streptococcus
StreptococcusGroup A

Aerobicand facultative
bacteria(gram negative)

Enterobacter spp.

Escherichiacoli

Klebsiellaspp.

Pseudomonas spp.
Pseudomonsaeruginosa
Haemophilusinfluenzae

Proteus spp.

Salmonellaenteritidis

Acinetobacter spp. 4

12

<0.01
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All the isolates recovered were aerobic and
facultativeanaerobicorganisms. Recovery of gram
positive organisms (P<0.01) was significantly
better withtheBACTECsystem. Whenanalysing
theresults, an evaluation of theclinical history of
the patients was teken into consideration and
probable contaminants were excluded from the
analysis of positive cultures to define more
precisely the performance of the BACTEC and
conventional systems.

The total number of blood cultures that were
judged as contaminated were 40 (8.3%), 2 of
themwerefoundin both systems, 12inBACTEC
only and 26 in the conventional system. The
predominant contaminant encountered by the
BACTECsystemwastheBacillussp. Whereasin
the conventional system probable contaminants
were usually mixed growths of a few types of
organisms (Table 2).

Thespeedfor thedetection of positivity by the
two systems was compared in terms of the
cumul ativenumber of significantisol atesdetected
per day and the cumulative percentage per day
was. calculated from days 1 to 6. The time to
positivity was calculated from the day the
specimen was collected (Day 0) to theend of 6
days incubation period (Day 6).

TheBACTEC system recovered 72.9% of the
total significant isolateson Day 1 and 93.6% by
Day 2 whilst the corresponding percentages for
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the conventional system were 55.3% and 61.7%
respectively. The BACTEC system recovered all
theisolates by Day 4 but the conventional system
by Day 6 (Fig. 1).

DISCUSSION

The BACTEC NR660 system was the first non-
radiometricbloodculturesystemintroducedwhich
had its accuracy and sensitivity documented in
variousevaluations. Thissystem wasdesigned to
meet the needs of laboratories with larga test
volumes, but for the smaller volume laboratory
the BACTEC NR730 system would be a more
suitable choice.

One of the main advantages of the BACTEC
system found from the results of our study was
that thissystem yielded more significant isolates
in ashorter time ascompared to the conventional
system. The BACTEC system recovered 93.6%
of thetotal significant isolates by 48 hours ( Day
2)yieldingatotal of 55isolatesascomparedtothe
conventional system which recovered 61.7% on
the same day yielding atotal of 29 isolates (Fig.
1.

The reason for the difference in the yield and
thespeed of recovery of microorganismsbetween
the two systems was not clear but the BACTEC
bottlesdiffered in the broth base used which was
soybean-casein digest with nutritional
supplements and antibiotic binding resins.

TABLE2: Comparativeof thetypesof contaminantsfound in the BACTEC and conventional

system
No. of sets contaminated
Organism BACTEC and BACTEC Conventional
Conventional only only

Bacillus spp. 2 5 5
Coagulase negative
Staphlycoccus
Non-fermentative
gram negative rods 2
Diphteroids 2
Micrococcus spp.
Asporegenousfungi
Mixed growth of
more than 3 types 14
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FIG. 1: Comparison of the cumulative percentage of significant isolates from BACTEC and
conventional systems during the 6 days incubation period.

In a routine evaluation study of the BACTEC
resin media (NR16A and NR17A) versus the
BACTECmediawithoutresin(NR6A andNR7A),
it was reported that the former recovered
significantly more microorganisms in a shorter
time from the blood of patients undergoing
antimicrobial therapy. * despitetheir inefficiency
in removing some antibiotics, theresinsin blood
culture medium could increase the recovery of
microorganismsbecauseof theenhanced lysisof
leukocytes.b

Theshorterdetectiontimefor microbialgrowth
obtained by the BACTEC system could bedueto
the difference in the technique of processing the
bloodcultures. TheBACTECbottles(bothaerobic
and anaerobic) were examined by an instrument
oncedailytodetect thepresenceof CO2generated
by microorganisms,givingaspecificgrowthvalue
for thedecisionto perform subcultures, butfor the
conventional bottles, visual inspection for
microbial growth is an important procedure to
decidesubsequentsubcultureswhenthefirst blind
subcultureis negative. The detection of turbidity
or other evidence of microbial growth could be
masked, delayed or missed by factors such as
lipemic blood, light penetration in the bottle,
frosty bottlescaused by repeated usageor certain
organisms which tend to clump and settle to the
bottom of the culture broth.

Duringour study period,weperformed terminal
subculturesat theend of 6 daysincubation period
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of the BACTEC aerobic and anaerobic bottles.
Our datashowed that nonegrew upany significant
isolates other than those recovered earlier. We
recovered 4 isolates from the aerobic medium,
which by clinical evaluations we had judged as
contaminantsand onesignificant isolatefrom the
anaerobic bottle, which also grew in the agrobic
bottle. This shows that terminal subcultures are
not necessary for the BACTEC system asthey do
not increase the number of significant positive
blood cultures. Our results are consistent with
those reported by Wilson et al® that terminal
subculturesareunnecessary withBACTECblood
culture bottles.

The conventional system was significantly
morelikely to becontaminatedthantheBACTEC
system. Our results showed that out of the 40
positive specimens that were judged as
contaminated, 2werefound in both systems, 12in
the BACTEC only and 26 in the conventional
system. Contamination in blood cultures could
occur in many ways such as skin contamination
when thebl oodspecimenwasobtai ned,inadequate
sterilization of the brothmediaduring production
or exogenouscontamination during subculture of
the blood specimen in the laboratory. The need
for more subcultures by the conventional system
with frequent exposures of the incubating broth
duringtheprocessaf subculturing could beoneof
the probable reason for the higher contamination
ratein this study.



In summary, we would like to conclude that
the use of the BACTEC NR730 system offers
several advantages over the conventiona blood
culture system. Besides providing ahigher yield
of significant microorganismsin a shorter time
and with alower incidenceof contamination, the
BACTEC system requires less technician time.
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