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We have compared the ability of the Mycobacterium Growth Indicator Tube (MGIT) system, a new culture
method with an oxygen-sensitive fluorescent sensor, to recover mycobacteria from sputum samples with the
abilities of egg-based medium and the Septi-Chek AFB system. We have also assessed the clinical utility of the
AccuProbe or the AMPLICOR-PCR assay to directly identify Mycobacterium tuberculosis complex and M.
avium-M. intracellulare complex (MAC) from positive MGITs. From 382 sputum samples, 99 isolates of M.
tuberculosis complex and 20 isolates of MAC were recovered. The MGIT system had the highest recovery rates
for M. tuberculosis complex (97.0%) and MAC (100%), compared to recovery rates of 51.5 and 65.0%, respec-
tively, with the egg-based medium and 81.8 and 85.0%, respectively, with the Septi-Chek AFB system. The
shortest recovery times were also achieved with the MGIT system: 16.6 days for M. tuberculosis complex and
12.0 days for MAC, compared to 27.1 and 20.1 days, respectively, with the egg-based medium and 21.4 and 13.2
days, respectively, with the Septi-Chek AFB system. The AccuProbe identified 74 (77.1%) of the 96 M.
tuberculosis complex-positive MGITs and 17 (85.0%) of the 20 MAC-positive vials. The AMPLICOR system
correctly identified 94 (97.9%) of the 96 M. tuberculosis complex-positive MGITs and all 20 MAC-positive vials.
Therefore, the MGIT system used in conjunction with the AMPLICOR system is a rapid and sensitive method

for detecting and identifying M. tuberculosis complex and MAC isolates from sputum samples.

The diagnosis of tuberculosis continues to depend on mi-
croscopy and culture. Microscopic examination by either
Ziehl-Neelsen or auramine-rhodamine staining is insensitive.
Culture on egg-based Lowenstein-Jensen or agar-based Middle-
brook 7H11 medium is time-consuming (requiring 3 to 8
weeks), and the sensitivities of solid media are unsatisfactory.
More sensitive liquid media, such as those included with the
radiometric BACTEC 460TB system (Becton Dickinson Mi-
crobiology Systems, Sparks, Md.) (2, 20) and the nonradiomet-
ric Septi-Chek AFB system (Becton Dickinson) (2, 16, 18), are
used in most clinical laboratories to recover mycobacteria.
Species-specific DNA probes, such as the radiometric Gen-
Probe and nonradiometric AccuProbe (Gen-Probe Inc., San
Diego, Calif.), have dramatically shortened the time required
to identify Mycobacterium tuberculosis complex, M. avium, M.
intracellulare, M. kansasii, and M. gordonae from colonies of
mycobacteria (15, 25, 31).

Amplification techniques such as PCR provide rapid meth-
ods for directly detecting mycobacterial DNA or RNA from
clinical samples (1, 4-6, 8, 10-12, 17, 19, 22-24, 26, 27, 29,
32-35, 37). Recently, two commercially available kits, the
rRNA amplification-based Gen-Probe Amplified Mycobacte-
rium Tuberculosis Direct Test system (Gen-Probe) (1, 17, 19,
22, 24, 34, 35) and the PCR-based Roche AMPLICOR MY-
COBACTERIUM system (Roche, Basel, Switzerland) (4-6, 8,
11, 12, 17, 23, 32, 33, 35, 37), have provided the speed, reli-
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ability, and requisite diagnostic capability for the direct detec-
tion and identification of mycobacteria.

A new liquid medium system used for culture and suscepti-
bility testing, the Mycobacterium Growth Indicator Tube
(MGIT; Becton Dickinson) (3, 28, 36) system, has recently
been developed. This system can detect the growth of myco-
bacteria more quickly than conventional solid media by using
an oxygen-sensitive fluorescent sensor. Few studies have eval-
uated the clinical use of this system and compared it with other
commercially available liquid culture systems. The purpose of
this study was to compare the sensitivity and rapidity of the
MGIT system with those of conventional solid and liquid me-
dia for the detection of mycobacteria from clinical samples. We
also assessed the usefulness of the AccuProbe and the
AMPLICOR system for the direct identification of mycobac-
teria from positive MGITs. Finally, we propose a rapid and
sensitive method for detecting and identifying mycobacteria in
clinical laboratories.

MATERIALS AND METHODS

Sample processing. Clinical samples were obtained from patients suspected of
having mycobacterial infection of the lung and from those undergoing antitu-
berculosis chemotherapy at Chubu National Hospital, Obu, Aichi Prefecture,
Japan, from June 1995 through March 1996. A total of 382 sputum samples from
141 patients were examined in this study. All samples were decontaminated by
treating them with an equal volume of N-acetyl-L-cysteine-NaOH (final concen-
tration, 2%) for 15 min at room temperature and were then neutralized with
sterile 0.067 M phosphate buffer (pH 6.8). After centrifugation at 3,000 X g for
15 min, the sediment was resuspended in 2.0 ml of phosphate buffer. All speci-
mens were stained with auramine-rhodamine stain to detect acid-fast bacilli
(AFB). Each 0.5 ml of the decontaminated suspension was inoculated into both
an MGIT system and a Septi-Chek AFB system. An additional 0.1 ml of the
suspension was inoculated onto an egg-based Ogawa medium at 37°C. Mycobac-
terial growth was evaluated daily (except for Saturday and Sunday) for 8 weeks.
Ogawa medium is commonly used as an alternative to Lowenstein-Jensen me-
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TABLE 1. Recovery of mycobacteria with egg-based Ogawa
medium, Septi-Chek AFB system, and MGIT system

No. (%) of isolates recovered

Mycobacterium
(no. of isolates) Egg Septi-Chek MGIT
medium AFB system system
MTC* (99) 51(51.5) 81 (81.8) 96 (97.0)
MAC (20) 13 (65.0) 17 (85.0) 20 (100)
Mycobacterium spp.” (4) 1(25.0) 3(75.0) 2(50.0)
Total (123) 65 (52.8) 101 (82.1) 118 (95.9)

“ MTC, M. tuberculosis complex.
> Mycobacterium spp., mycobacteria other than M. tuberculosis complex or
MAC.

dium in Japan. Cultures were determined to be positive when the presence of
AFB was confirmed by Ziehl-Neelsen staining. The mycobacterial colonies
present on a slant of Ogawa medium or a Middlebrook 7H11 agar paddle of the
Septi-Chek AFB system were identified with the AccuProbe. When only the
MGIT system was positive, the organism was identified after it formed colonies
on an Ogawa medium. All of the positive MGITs were tested with the AccuProbe
and the AMPLICOR system to determine the abilities of the AccuProbe and the
AMPLICOR system to directly identify the organisms in the MGITs.

MGIT system. The MGIT system contains 4.0 ml of an enriched Middlebrook
7HO broth with 0.25% glycerol. A fluorescent indicator quenched by oxygen is
embedded in silicone on the bottom of a round-bottom tube (16 by 100 mm).
When the growing mycobacteria are consuming oxygen, the fluorescence can
easily be detected visually with the aid of 365-nm UV light. A total of 0.5 ml of
the decontaminated suspension was inoculated into an MGIT to which 0.5 ml of
MGIT oleic acid-albumin-dextrose-catalase enrichment and 0.1 ml of MGIT
polymyxin B, azlocillin, nalidixic acid, trimethoprim, and amphotericin B antibi-
otics had previously been added. Each MGIT was incubated at 37°C and was
read with a UV light daily (except for Saturday and Sunday) for 8 weeks. Positive
vials were immediately frozen on the day that the vial became positive and were
stored at —80°C until identification tests were performed by DNA-based meth-
ods.

Identification of organisms from positive MGITs by DNA-based methods.
After the presence of AFB was confirmed by Ziehl-Neelsen staining, the myco-
bacteria in the positive MGITs which had been stored at —80°C were directly
identified from the broth with the AccuProbe and the AMPLICOR system. Two
1.0-ml aliquots of broth from the AFB-positive MGITs were centrifuged at
3,000 X g for 15 min. The supernatants were decanted, and the pellets were used
in the two identification tests according to the manufacturers’ instructions. The
species-specific probes that were used were directed toward M. tuberculosis
complex and M. avium-M. intracellulare complex (MAC) for the AccuProbe and
toward M. tuberculosis complex, M. avium, and M. intracellulare with the
AMPLICOR system. The AMPLICOR system with probes toward M. tubercu-
losis complex, M. avium, and M. intracellulare is commercially available in Japan.

Statistical analysis. Recovery rates and the number of days required to re-
cover mycobacteria with each of the three culture systems were evaluated by the
McNemar modification of the chi-square test and the paired Wilcoxon test,
respectively. The rates of organism identification from positive MGITs with the
AccuProbe and the AMPLICOR system were also evaluated by the McNemar
modification of the chi-square test.

RESULTS

Of the 382 sputum samples from the 141 patients, 71
(18.6%) were smear positive and 123 (32.2%) were culture
positive with Ogawa egg medium, the Septi-Chek AFB system,
and/or the MGIT system. Of the 123 isolates identified, 99
(80.5%) were M. tuberculosis complex, 20 (16.3%) were MAC,
and 4 (3.3%) were mycobacteria other than M. tuberculosis
complex or MAC. Of the 71 smear-positive samples, 7 were
culture negative by all three culture methods. Six, two, and
three samples tested with Ogawa medium, the Septi-Chek
AFB system, and the MGIT system, respectively, were con-
taminated.

Table 1 presents the abilities of the three culture methods to
recover M. tuberculosis complex, MAC, and other mycobacte-
ria. Recovery rates were calculated by dividing the number of
isolates recovered by each method by the total number of
isolates recovered by any of the three methods. The MGIT
system had the highest recovery rates for both M. tuberculosis
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TABLE 2. Average number of days required to recover
mycobacteria with egg-based Ogawa medium, Septi-Chek AFB
system, and MGIT system

No. of days required for recovery (no. of isolates)
Mycobacterium

Egg medium  Septi-Chek AFB system  MGIT system
MTC* 27.1(51) 21.4 (81) 16.6 (96)
MAC 20.1 (13) 13.2(17) 12.0 (20)

¢ MTC, M. tuberculosis complex.

complex (97.0%) and MAC (100%). The recovery rates of
Ogawa medium and the Septi-Chek AFB system were 51.5 and
81.8%, respectively, for M. tuberculosis complex and 65.0 and
85.0%, respectively, for MAC. There were significant differ-
ences between the MGIT system and Ogawa medium in terms
of the recovery rates for both M. tuberculosis complex (P <
0.0001) and MAC (P = 0.0233). The difference between the
two liquid culture systems in the recovery rates was statistically
significant for M. tuberculosis complex (P = 0.0023) but was
insignificant (P = 0.2482) for MAC. The overall recovery rates
of all mycobacteria isolated were 52.8, 82.1, and 95.9% for
Ogawa egg medium, the Septi-Chek AFB system, and the
MGIT system, respectively.

Table 2 indicates the average number of days required to
recover mycobacteria by each of the three methods. The short-
est detection times were achieved with the MGIT system for
both M. tuberculosis complex and MAC. For M. tuberculosis
complex, the MGIT system required 16.6 days, whereas Ogawa
medium required 27.1 days (P < 0.0001) and the Septi-Chek
AFB system required 21.4 days (P < 0.0001). For MAC, 12.0
days was required for recovery by the MGIT system, whereas
20.1 days was required by Ogawa medium (P = 0.0014) and
13.2 days was required by the Septi-Chek AFB system (P =
0.0690). These statistical analyses were done with samples pos-
itive by both of the culture methods evaluated. Table 3 pre-
sents the average number of days for recovery according to the
smear results for the samples. The MGIT system recovered M.
tuberculosis complex from the smear-positive samples in 11.5
days and MAC from the smear-positive samples in 7.8 days.
For the smear-negative samples, the MGIT system required
22.5 days to recover M. tuberculosis complex and 16.2 days to
recover MAC.

Table 4 presents the sensitivities of the AccuProbe and the
AMPLICOR system for direct identification from the positive
MGITs according to the smear results for the samples. The
AccuProbe identified M. tuberculosis complex in 43 (84.3%) of
the 51 smear-positive samples and 31 (68.9%) of the 45 smear-
negative samples and identified MAC in 10 (100%) of the 10
smear-positive samples and 7 (70.0%) of the 10 smear-negative
samples. On the other hand, the AMPLICOR system correctly

TABLE 3. Average number of days required to recover
mycobacteria with egg-based Ogawa medium, Septi-Chek AFB
system, and MGIT system according to smear results

No. of days required for recovery (no. of isolates)
Smear result/

mycobacterium Egg medium :;Igl;;l::; MGIT system
Positive/MTC 220 (37) 17.0 (48) 115 (51)
Negative/MTC 40.6 (14) 27.9 (33) 225 (45)
Positive/MAC 156 (8) 11.8 (10) 7.8 (10)
Negative/MAC 272(5) 15.3 (7) 16.2 (10)

“MTC, M. tuberculosis complex.
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TABLE 4. Sensitivity of the AccuProbe and the AMPLICOR
system for directly identifying mycobacteria from positive MGITs

Smear
result/mycobacterium

No. (%) of isolates correctly identified

(no. of isolates) AccuProbe AMPLICOR system
Positive/MTC* (51) 43 (84.3) 51 (100)
Negative/MTC (45) 31 (68.9) 43 (95.6)
Positive/MAC (10) 10 (100) 10 (100)
Negative/MAC (10) 7 (70.0) 10 (100)

Total (116) 91 (78.4) 114 (98.3)

¢ MTC, M. tuberculosis complex.

identified M. tuberculosis complex isolates in 94 (97.9%) of the
96 M. tuberculosis complex-positive MGITs and MAC in all 20
MAC-positive MGITs. The organisms in two MGITs false
negative for M. tuberculosis complex were also unidentified
with the AccuProbe. The difference between the two tests in
the overall rate of identification of M. fuberculosis complex and
MAC was statistically significant (P < 0.0001).

DISCUSSION

The resurgence of mycobacterial infections in association
with human immunodeficiency virus infection has prompted
the development of rapid methods for the detection and iden-
tification of the causative mycobacteria. The clinical utility of
the AMPLICOR system has been evaluated by many investi-
gators (4-6, 8, 11, 12, 17, 23, 32, 33, 35, 37). For smear-positive
specimens, the sensitivity and specificity of this system were
excellent for the detection of M. tuberculosis complex isolates.
On the other hand, several reports have indicated that this
system has unsatisfactory sensitivities for smear-negative spec-
imens, ranging from approximately 40 to 70% (5, 6, 11, 12, 23,
37). Because of the low sensitivity for smear-negative speci-
mens and the high cost of this system, further studies are
needed to determine the most clinically relevant use of this
system for smear-negative specimens. Culture methods are still
required because of potential false-negative results of the PCR
assay and the need to determine the susceptibilities of the
isolates.

This study showed the higher sensitivities and shorter detec-
tion times of the Septi-Chek system and the MGIT system
compared to those of Ogawa medium. The study design could
account for the decreased sensitivity of and rapidity of detec-
tion with Ogawa medium, since this medium received 0.1 ml of
decontaminated specimen whereas each of the two liquid me-
dia was inoculated with 0.5-ml aliquots. Use of the MGIT
system, a novel system that uses liquid culture medium, is
simple and flexible, and the system requires no special equip-
ment or radioactive reagents. An incubated vial can be
screened at any time for the presence of fluorescence, and
AFB can be detected before the liquid medium becomes tur-
bid. In this study, the MGIT system was found to be superior
to the Septi-Chek AFB system with regard to the rate of
recovery and the time to detection of M. tuberculosis complex
and MAC from sputum samples. Since the Septi-Chek AFB
bottle is screened by examining the turbidity of the liquid
medium, positive bottles may be overlooked if the turbidity is
faint. The Septi-Chek system has already demonstrated great
recovery rates equivalent to those of the BACTEC 460TB
system, but it failed to show detection times equivalent to those
of the BACTEC 460TB system (2, 18). The higher sensitivity of
and shorter time to detection with the MGIT system were
considered to result from the use of an oxygen-sensitive fluo-
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Sample
Smear
(+) | -)
AMPLICOR MGIT
MGIT (+) | -)
Susceptibility
AMPLICOR True negative
Susceptibility

FIG. 1. Proposed combination test protocol for detecting and identifying
mycobacteria from sputum samples. +, positive result; —, negative result.

rescent compound. However, the MGIT system does not in-
clude a plate which generates mycobacterial colonies to be
identified with DNA probes.

Several investigators have used the Gen-Probe or the Accu-
Probe to directly identify mycobacteria from positive BACTEC
460TB vials (7, 9, 13, 14, 21, 30). Rates of identification of M.
tuberculosis complex, MAC, M. kansasii, and M. gordonae from
positive vials with the probes have varied by species or by the
number of mycobacterial organisms in the vials, showing sen-
sitivities of 47 to 100% for M. tuberculosis complex and 78.5 to
100% for MAC. Another report has demonstrated the useful-
ness of the AMPLICOR system for directly identifying myco-
bacteria from positive BACTEC 460TB vials, showing a sen-
sitivity and a specificity of 98 and 100%, respectively (37).
Although combination tests have been shown to be useful, the
BACTEC 460TB system is not acceptable for use by all clinical
laboratories because of the problems with radioactive waste. A
recent report has indicated the excellent sensitivity of the
MGIT system, equivalent to that of the BACTEC 460TB sys-
tem, for detecting mycobacteria from clinical specimens (3).
Few data are available concerning the use of the MGIT system
in conjunction with DNA probes or amplification systems for
the rapid detection and identification of mycobacteria.

Given these concerns, we have designed the most appropri-
ate application of the DNA-based assays (probe and amplifi-
cation assays) and culture systems for the detection and iden-
tification of mycobacteria with regard to sensitivity, rapidity,
and the use of nonradioactive substances. Our study showed
that the MGIT system has higher recovery rates and shorter
detection times than the egg-based medium and the Septi-
Chek AFB system for both M. tuberculosis complex and MAC.
The sensitivities of the AMPLICOR system in directly identi-
fying M. tuberculosis complex and MAC from the positive
MGITs were excellent. Figure 1 illustrates a proposed combi-
nation test protocol. For the smear-positive samples, the AM-
PLICOR system is used for the rapid diagnosis of M. tuberculosis
complex and MAC. The sample is simultaneously inoculated
into the MGIT system for the identification of mycobacteria
other than M. tuberculosis complex or MAC and for suscepti-
bility testing of the isolate. When the smear result is negative,
the sample is initially inoculated into the MGIT system. If the
culture result with the MGIT system is positive, the AMPLI-
COR system is adopted to directly identify M. tuberculosis
complex or MAC from the positive MGIT. The average num-
bers of days required to detect and identify mycobacteria are
estimated to be 22.5 days for M. tuberculosis complex and 16.2
days for MAC. Since the infectivity of patients with tubercu-
losis whose sputum samples are smear negative is low, the
incubation times for the MGIT system required to provide a
diagnosis for these patients are considered to be acceptable.
Our combination protocol may provide a useful method for
screening and the subsequent identification testing of smear-
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negative samples, because the U.S. Food and Drug Adminis-
tration does not recommend the use of the amplification tests
to directly screen smear-negative samples at this time.

In summary, the MGIT system, when used in conjunction
with the AMPLICOR system, is a rapid and sensitive method
that does not use radioactive compounds and that is useful for
the detection and identification of M. tuberculosis complex and
MAC. Therefore, we recommend the use of the combined
protocol for routine testing for mycobacterial infections in
clinical laboratories.
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