-

P
brought to you by i CORE

View metadata, citation and similar papers at core.ac.uk

provided by Elsevier - Publisher Connector

CONCISE COMMUNICATION

Evaluation of the BacT/ALERT 3D system for recovery and drug
susceptibility testing of Mycobacterium tuberculosis
K. A. K. Angeby"**, ]. Werngren®, ]. C. Toro', G. Hedstrom®, B. Petrini® and S. E. Hoffner'

'Department of Bacteriology, Swedish Institute for Infectious Disease Control, 171 82 Solna, *Division of
International Health, Department of Public Health Sciences, Karolinska Institute, Stockholm and
*Department of Clinical Microbiology, Karolinska Hospital and Institute, Stockholm, Sweden

“Tel: + 46 8 457 24 79 Fax: + 46 8 30 17 97 E-mail: kristian.angeby@smi.ki.se

We evaluated the BacT/ALERT 3D system for recovery and drug susceptibility testing
(DST) of Mycobacterium tuberculosis (MTB). Of 2659 clinical specimens, MTB was detected
in 92 using BacT/ALERT, compared to 94 using Lowenstein—Jensen culture. Detection
time was 25% shorter with BacT/ALERT. Sensitivities were 92%, 96%, 78% and 100% for
resistance to rifampicin, isoniazid, streptomycin and ethambutol, respectively, while
specificity was 100% for all antibiotics, when BacT/ALERT was compared with the
BACTEC 460 method on 50 MTB isolates. The BacT/ALERT system is fully automated
and creates no radioactive waste. It seems to be a valid alternative for primary isolation,
but further evaluation is needed regarding DST.
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Moycobacterium tuberculosis (MTB) is a slow-grow-
ing organism, which makes recovery and drug
susceptibility testing (DST) on solid media labor-
ious and time-consuming [1]. The introduction of
the liquid medium semi-automatic radiometric
BACTEC 460 system (Becton Dickinson, Sparks,
MD, USA) (B460) [2] for culture and DST has
significantly shortened turnaround time. How-
ever, this system has limitations, such as the neces-
sity of daily manual loading, the possibility of
cross-contamination due to the invasive reading,
manual data management, and the creation of
radioactive waste. Novel non-radiometric systems
based on liquid culture have been developed with
the aim of avoiding these drawbacks [3-5]. One of
them is the BacT/ALERT 3D system [6] (bioMér-
ieux, Durham, NC, USA), which is based on the
detection of CO, released by actively proliferating
mycobacteria into the liquid media. CO, lowers
the pH in the media, which in turn produces a
color change in a sensor in the vial, detected by a
reflectometric unit in the instrument. The first
version of this system, MB/BacT 240, was intro-
duced in 1995. In 1998, the next generation, BacT/
ALERT 3D, was launched. This system has been

evaluated previously, but recently the manufac-
turer has introduced a new protocol for DST. The
aim of our study was to evaluate the implementa-
tion of this technique compared to (1) culture on
solid Lowenstein-Jensen (L-]) media for recovery
of mycobacteria and (2) B460 for drug DST of MTB
against four first-line antituberculosis drugs using
the new protocol.

The study was performed at the Department of
Clinical Microbiology, Karolinska Hospital, which
receives all specimens for mycobacterial culture
from central Sweden. During the period from
January to July 2002, consecutive routine clinical
specimens were cultured using the BacT/ALERT
3D system concomitantly with conventional solid
L-] substrates. The specimens consisted of bronch-
oalveolar lavage fluids, fluids from various joints,
pleural, peritoneal and cerebrospinal fluid, secre-
tions, blood, bone marrow and biopsies, but not
sputum, gastric aspirates, urine or feces.

Specimens from non-sterile sites were deconta-
minated using the NaOH-sodium lauryl sulfate
method, which is the routine technique used in
Sweden, supplemented with N-acetyl-L-cysteine
0.5% [7,8]. The material was centrifuged at 3500 g
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and washed once with phosphate buffer, pH 6.8.
Of the homogenized specimen, 0.2-0.3 mL was
inoculated into one tube of L-] medium and one
tube of L-J] with glycerol replaced by 0.6% sodium
pyruvate. Moreover, 0.5-0.6 mL was inoculated
into one BacT/ALERT MP process bottle, which
contained 10 mL of modified Middlebrook 7H9
broth supplemented with bovine serum albumin,
catalase and casein. Before inoculation, MB/BacT
antibiotic supplement (amphotericin B, azlocillin,
nalidixic acid, polymyxin B, trimethoprim, vanco-
mycin) in 0.5 mL of reconstitution fluid (amaranth,
glycerol, Tween-80, purified water) (bioMérieux)
was added to the process bottle, following the
manufacturer’s instructions. Both substrates were
incubated for 7 weeks at 37 °C. L-J] tubes were read
for mycobacterial growth once weekly, and colo-
nies were examined by microscopy. The BacT/
ALERT instrument performed readings automati-
cally every 10 min, and the results were easily
available on a computer screen connected using
the BacT/VIEW data management system (bio-
Mérieux). The preliminary microscopic diagnosis
of M. tuberculosis complex was confirmed by DNA
probe testing (AccuProbe, GenProbe Inc., San
Diego, CA, USA).

DST was carried out at the Swedish Institute for
Infectious Disease Control. A panel of 50 clinical
isolates (20 of which were fully susceptible and 30
of which had different resistance patterns),
selected from the SMI strain collection, and the
susceptible MTB reference strain H37Rv (ATCC
25618), were used. All strains were kept at —70 °C
and grown on L-] medium prior to use.

For DST in the BacT/ALERT 3D system, an
inoculum was prepared by dispensing and vortex-
ing two 1-uL loops of bacteria from fresh L-J
cultures in 7.5-mL screw-cap bottles containing
3 mL of phosphate-buffered saline (PBS) and a
few 3-mm glass beads. Of the bacterial suspension
(turbidity approximately McFarland no. 1), 0.5 mL
was injected into a BacT/ALERT MP process bot-
tle already enriched with 0.5 mL of BacT/ALERT
reconstitution fluid, and the bottles were then
incubated in the BacT/ALERT 3D instrument until
it flagged positive for growth. Thereafter, DST
took place according to the manufacturer’s new
protocol, with 0.5 mL of the positive BacT/ALERT
process bottle as inoculum. Antibiotic stock solu-
tions were prepared using the BacT/ALERT RISE
susceptibility kit consisting of bottles with Iyophi-
lized antibiotics, which were dissolved in BacT/
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ALERT restoring fluid (glycerol, oleic acid, sodium
salt) before use. After vortexing of the positive
process bottle for 30 s, 0.5 mL was injected into
(1) five process bottles with 0.5 mL of the antibiotic
stock solutions added, (2) a process bottle supple-
mented with 0.5 mL of BacT/ALERT restoring
fluid added to form a direct control, and (3) a
BacT/ALERT dilution blank to form a 1 : 10 dilu-
tion, which was then inoculated into another
restoring fluid-enriched process bottle to form a
proportional control. The final antibiotic concen-
trations were rifampicin 0.9 mg/L, isoniazid
0.09 mg/L and 0.4 mg/L, streptomycin 0.9 mg/
L, and ethambutol 3.5 mg/L. The bottles were
incubated at 37 °C in the instrument until it
flagged positive for growth in the proportional
control bottle and the susceptibility results could
be interpreted. As per the manufacturer’s defini-
tions, a strain was resistant to a given antibiotic if
growth was detected in the antibiotic-containing
bottle before or at the same time as the pro-
portional control. Consequently, a strain was
considered susceptible if no growth was detec-
ted in the antibiotic bottle before or at the same
time as the proportional control. The test was
regarded as invalid if one or both controls were
positive for growth in less than 2 days or in more
than 15 days, or if there was less than 1 day
between the growth in the direct and propor-
tional controls. Moreover, a test was judged
invalid if there was growth in an antibiotic bottle
more than 0.5 days before growth in the direct
control. All invalid tests were repeated. B460
results had been achieved previously by standard
procedures [2] using the following critical concen-
trations: rifampicin 2.0 mg/L, isoniazid 0.2 mg/L,
streptomycin 4.0 mg/L and ethambutol 5.0 mg/L.
The two methods were compared with regard to
DST results and turnaround time. The lower iso-
niazid concentration used in the BacT/ALERT
system was the one used in the comparison with
BACTEC.

Of 2659 mycobacterial cultures from various
routine specimens, equivalent numbers of MTB
and non-tuberculous mycobacteria (NTM) were
detected on BacT/ALERT and L-] substrates
(Table 1). The mean detection time for MTB was
18 days with BacT/ALERT compared to 24 days
with L-J. NTM were detected twice as fast by
BacT/ALERT as by L-J culture. In both BacT/
ALERT and L-], fewer than 1% of cultures were
contaminated by irrelevant microorganisms.
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Table 1 Recovery of mycobacteria from 2659 clinical routine specimens in BacT/ALERT cultures and on Léwenstein-Jensen

(L)) media
M. tuberculosis complex (n = 102) Non-tuberculous mycobacteria (n = 48)
BacT/ALERT L-J BacT/ALERT L-J
Positive cultures (1) 92 94 37 34
Detection time (days), median 18 (6-31) 24 (11-30) 11 (4-35) 20 (14-52)
(range)

Testing of 50/51 MTB strains for their suscept-
ibilities to rifampicin, isoniazid, streptomycin and
ethambutol gave an overall agreement of 96.5%
between the B460 and the BacT/ALERT methods
(193/200 individual susceptibility tests) (Table 2).
One strain had to be excluded, since it could not be
interpreted by the BacT/ALERT method because
there was no growth in the proportional control,
even though the test was repeated twice. The
sensitivity (in detecting drug resistance) of the
BacT/ALERT compared to that of the BACTEC
460 technique was 91% (69/76 tests), and the spe-
cificity was found to be 100% (124 /124 tests). Full
correlation was found in the results for ethambu-
tol. Good agreement was also found for isoniazid,
but some discrepancy was seen when sensitivity
was tested for rifampicin resistance, and even
more so for streptomycin resistance (Table 2).
The outcome was entirely concordant for 44/50
strains, while results were conflicting for six
strains in seven tests.

One ethambutol test had to be repeated because
of contamination in the bottle, and isoniazid and

rifampicin tests had to be repeated in two strains
(following the manufacturer’s instructions),
because the tests were invalid due to growth in
the antibiotic bottles more than 0.5 days earlier
than in the direct control. The repeated tests were
valid and concordant with B460. One strain that
was resistant to the lower, but susceptible to the
higher, isoniazid concentration using BacT/
ALERT was classified as resistant by B460.
BacT/ALERT results were ready in a median time
of 11 days (range: 7.1-26 days), including prepara-
tion of inoculum in the MB/BacT process bottle
and DST. The median time for inoculum prepara-
tion was 5.5 days (range: 2.5-19 days), and that for
DST was 6.1 days (range: 4.2-10 days). The BAC-
TEC 460 results had been obtained previously, and
the results were normally evaluated after 7-8 days
of incubation.

MTB was detected 25% earlier and with equiva-
lent sensitivity with BacT/ALERT compared to L-
J. NTM were detected even faster with BacT/
ALERT. It should be noted, however, that L-J
cultures were read by eye once a week, whereas

BacT/ALERT 3D

Table 2 Susceptibility results of the
BacT/ALERT 3D system compared

to the BACTEC 460 system

Drug and BACTEC Sensitivity ~ Specificity
460 results Resistant Susceptible (%) (%)
Rifampicin

Resistant 23 2 92

Susceptible 0 25 100
Isoniazid

Resistant 26 1 96

Susceptible 0 23 100
Streptomycin

Resistant 14 4 78

Susceptible 0 32 100
Ethambutol

Resistant 6 0 100

Susceptible 0 44 100
Total

Resistant 69 7 91

Susceptible 0 124 100
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growth of mycobacteria was signaled by the BacT/
ALERT system as soon as the culture had reached
the detection limit.

Manual work with cultures can be minimized
by the BacT/ALERT system; only positive cultures
need to be handled after signaling, and negative
cultures, which are the majority, are reported
automatically via the laboratory central computer
system. L-J cultures, on the other hand, must be
read and reported manually and entered into the
laboratory computer, thus increasing the work-
load in the laboratory. There was a low rate of
contamination in both the BacT/ALERT broth
cultures and in L-J solid media, probably because
most specimens were from sterile sites.

As far as we know, this is the first study eval-
uating the performance of the manufacturer’s new
protocol for DST of MTB in the BacT/ALERT
system. In our study, the sensitivity in detecting
drug resistance was satisfactory for ethambutol
and isoniazid, but far too low to be acceptable
for rifampicin and streptomycin. The specificity,
however, was 100% for all tested antibiotics. One
explanation for this seemingly systematic discor-
dance may be that the new protocol utilizesa 1 : 10
diluted proportional control, instead of a 1 : 100
diluted one, which is used in B460, the proportion
method on solid media, and also in bioMérieux’s
previous protocol. A 1 : 10 diluted control short-
ens turnaround time, since the results are read
when this control turns positive, but there might
consequently be a risk of false susceptibility
results. Moreover, the new protocol utilizes one-
tenth of the isoniazid concentration (0.09 versus
1.0 mg/L) of the old protocol. In our study, the
specificities were at least as high as those reported
by other groups who have evaluated the BacT/
ALERT 3D with the previous protocol. Neverthe-
less, their sensitivity in detecting resistance to
rifampicin and isoniazid was higher in all cases
[9-11].

There are several practical points to address in
this system. The DST procedure might be simpli-
fied by avoiding the preinoculation step. Some
antibiotic concentrations might be changed for
practical and logical reasons; for example, the
isoniazid concentration of 0.09 mg/L could be
changed to 0.1 mg/L. The computer program
BacT/VIEW data management system could be
developed to better suit the slow metabolism of
mycobacteria, with better discrimination of the
growth curves. The criteria might be changed so
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that antibiotic bottles are counted as valid even
when positive 0.5 days before the direct control.
Finally, it is unfortunate that the equipment and
reagents are too expensive to be used in most
settings with high tuberculosis incidence.

Taken together, our results suggest that the
BacT/ALERT 3D system is a valid alternative
for the recovery of mycobacteria. However, further
development to improve the sensitivity of detec-
tion of drug resistance seems to be necessary. The
new method provides computerized results, the
automatic, non-invasive readings are likely to
increase biosafety, and no radioactive waste is
produced.
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