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We compared the Mycobacteria Growth Indicator Tube (MGIT) system with the BACTEC 460 (B460) and
Lowenstein Jensen (LJ) systems for the recovery of mycobacteria (acid-fast bacteria [AFB]) from 1,441 clinical
specimens. Excluding 13 isolates of Mycobacterium gordonae, 178 significant AFB isolates were recovered from
113 patients. Isolates (119) of theMycobacterium avium complex (MAC) accounted for 67% of all isolates, while
isolates (30) of theMycobacterium tuberculosis complex (MTB) accounted for 17% of isolates. The MGIT system
recovered 98 (82%) MAC and 27 (90%) MTB isolates, while the B460 system recovered 101 (85%) MAC and
28 (93%) MTB isolates and the LJ system recovered 91 (76%) MAC and 25 (83%) MTB isolates. Overall, the
MGIT system recovered 152 isolates of AFB (85.4% sensitivity), and the B460 and LJ systems recovered 151
(84.8% sensitivity) and 137 (76.9% sensitivity) AFB isolates, respectively. The recoveries of AFB with combi-
nations of media were as follows: MGIT 1 LJ, 93.2%; B460 1 LJ, 92.1%; and MGIT 1 B460, 96.6%. Although
the sensitivity of MGIT was equivalent to that of B460, MGIT required a longer incubation (median, 11 days)
than did B460 (median, 8 days) to become positive (P < 0.05).

During the past decade, there has been an increase in the
incidence of tuberculosis in the United States. Coupled with
the specter of multiple drug resistance in strains of the Myco-
bacterium tuberculosis complex (MTB), the need for more
rapid diagnostic tests for early detection of MTB in clinical
specimens has become even more apparent. Recent Centers
for Disease Control and Prevention guidelines recommend
laboratory identification of MTB from clinical specimens
within 21 days (4). Although a variety of nucleic acid-based
amplification methods have shown the potential for providing
such information within 24 to 48 h, many laboratories rely on
culture methods for both primary identification and antimicro-
bial agent assessment. Therefore, an ideal system or medium
for the culture of MTB and other acid-fast bacteria (AFB)
should be sensitive and provide detection in the shortest pos-
sible incubation time. However, with increasing emphasis on
reducing health care costs, the ideal culture system should also
be inexpensive in terms of both the cost of materials and labor
intensity.
Several commercial systems, as well as conventional media,

are available for the culture of AFB. One commercial system,
BACTEC 460 (B460), which detects the production of 14C-
labeled CO2 as an early indicator of the growth of AFB has
evolved to become the “gold standard” by which other culture
systems are evaluated (1–3, 6, 8, 9, 13). In addition to using at
least one liquid medium, many laboratories inoculate a solid
medium such as a Lowenstein Jensen (LJ) slant or Middle-
brook agar. B460 has proven to be sensitive and to provide

early detection of growth, and it is routinely used to obtain
initial antimycobacterial agent sensitivities for MTB (5). The
major drawbacks of the B460 system are well-known and in-
clude, (i) the potential for crosscontamination between culture
bottles, (ii) the potential of aerosolization during the monitor-
ing of culture bottles, (iii) the problems related to the use of
radioactive materials, and (iv) labor requirements related to
loading and unloading bottles and performing maintenance of
the instrument. Preliminary studies evaluating the BBL Myco-
bacteria Growth Indicator Tube (MGIT) as a nonradiometric
broth method for the growth and detection of mycobacterial
isolates from clinical specimens and as a susceptibility testing
method have been reported (3, 6, 7, 9). The MGIT system
consists of Middlebrook 7H9 broth and a fluorescent com-
pound embedded in silicone. Antibiotic and growth supple-
ments are added to both MGIT and B460 prior to inoculation.
Positive cultures are detected visually because of the metabolic
depletion of oxygen, which otherwise quenches fluorescence.
Instrumentation is not required, and multiple tubes can be
inspected simultaneously. This study compares MGIT with
B460 and LJ slants for the recovery of mycobacteria from
clinical specimens.
(This study has previously been presented in part [8a].)

MATERIALS AND METHODS

All clinical specimens, except blood samples, submitted for AFB culture were
included in this study. Standard N-acetyl-L-cysteine sodium hydroxide digestion,
decontamination, and concentration methods (10) were used on nonsterile
source specimens. All stool specimens and respiratory specimens from patients
with cystic fibrosis were further decontaminated with oxalic acid (14). MGITs
and B460 bottles (12B vials) received equal volumes (0.5 ml) of specimen, while
two LJ slants were each inoculated with 0.1 ml of specimen. The majority of
specimens were processed within 24 h, and smears were prepared by fluoro-
chrome staining (10). MGITs were read daily for 8 weeks. Positive MGITs were
detected by bright orange fluorescence in the bottom of the tube and orange
fluorescence on the air-broth meniscus. B460 readings were taken twice weekly
for 2 weeks and once weekly for 2 additional weeks, and LJ slants were examined
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weekly for 8 weeks. MGITs and LJ slants from smear-positive specimens were
held for up to 12 weeks. B460 readings were taken daily on specimens deter-
mined to be positive in MGITs. Isolates of AFB were identified by standard
biochemical tests (10) and DNA-RNA hybridization (Gen-Probe).
The sensitivities of the three systems individually and in pairs are summarized

as percentages of total positives detected by any method. The specificities of the
individual systems are summarized as the number of false negatives split by
isolate. The specificities for pairs are indicated via the number of positives for
single systems. Separate summaries of contamination are provided. The sensi-
tivities and specificities of these systems were compared by way of chi-square
tests using just the total positives detected by all of the methods; the sample sizes
were too small to break this comparison down by isolate.
The incubation times are summarized as box plots of the number of days to

positive growth split by the three systems, with isolates grouped as total, Myco-
bacterium avium complex (MAC), MTB, rapid growers, and other. The solid box
in each box plot indicates the middle half of the data, and the line inside the box
represents the median. Extreme points are also highlighted. Box plots show the
locations and spread of the data and indicate skewness. Given the skewed nature
of the growth data, approximate confidence intervals for the median number of
days to positive growth were constructed on the basis of the Wilcoxon statistic
and used to compare these systems.

RESULTS

A total of 1,441 clinical specimens collected from 826 pa-
tients were included in this study. The majority of specimens
(1,134) were from respiratory sources, with sputum samples
accounting for 649 specimens. Smear examinations were pos-
itive for AFB for 93 of the 178 culture-positive specimens
(52% sensitivity). The smear and culture results for all speci-
mens with a positive smear or culture result are shown in Table
1. As shown, AFB grew from 93 of 105 smear-positive speci-
mens. The 12 smear-positive culture-negative specimens in-
cluded 6 specimens from patients with previously positive find-
ings and 6 specimens from patients with no history or clinical
indication of mycobacterial infection. In addition to the 93
smear-positive culture specimens, there were 85 smear-nega-
tive specimens that subsequently grew significant AFB. This
results in a specificity of 99.5% and a sensitivity of 53.8% for
smear examination.
The three culture systems were equivalent in the ability to

culture organisms from smear-positive specimens (93 to 96%),
while the culture sensitivity from smear-negative specimens
was 75.3% (64 of 85) for MGIT, 72.9% (62 of 85) for B460, and
58.8% (50 of 85) for LJ. The overall sensitivities ranged from
76.9 (LJ) to 84.8 (B460) and 85.4% (MGIT). The MGIT and
B460 sensitivities were not significantly different overall, and
both showed significantly higher sensitivity than did LJ (P ,
0.05). The use of one LJ tube rather than two tubes would have
reduced LJ sensitivity to approximately 61%.
During this study, 86.7% (26 of 30) of specimens which

subsequently grew MTB were smear positive, 15 of which were

read as 31. The sensitivity of microscopic examination during
this study exceeded similar results from longer studies at our
institution, in which the smear-positive rate was 68% for spec-
imens culture positive for MTB (unpublished data). Only
41.2% of specimens culture positive for MAC were smear
positive, while 18 of 29 (62.1%) specimens were smear positive
when other AFB were isolated.
Of the 178 specimens that grew AFB, the MGIT, B460, and

LJ results were culture negative on 26, 27, and 41 occasions,
respectively (Table 2). Alternatively, AFB were grown from
only one culture system on 14, 10, and 6 occasions fromMGIT,
B460, and LJ, respectively. As shown, MAC isolates accounted
for the majority of culture discrepancies. Although the sample
sizes for individual organism groups were too small for rea-
sonable statistical testing, MGIT did appear to perform better
for the culture of rapid growers. The majority (28 of 30) of
AFB isolates that grew in only one of the three culture systems
were from smear-negative specimens.
The time required for each culture system to detect the

growth of the 178 culture-positive isolates is shown in a box
plot (Fig. 1). The differences expressed by the growth of all
AFB were a reflection of those found with MAC. The median
time for the B460 system to detect MAC was lower than that
of MGIT (P , 0.05). The median times for both B460 and
MGIT systems to detect growth were markedly shorter than
that of LJ (P , 0.01). As shown, continued incubation of
MGITs beyond 40 days resulted in the detection of only three
additional isolates (3 of 152). The detection of all B460 isolates
within 28 days reflects the 4-week incubation period of these
bottles.
The levels of false-positive culture results due to the culture

of fungi or bacteria other than AFB are shown in Table 3. LJ

TABLE 1. Smear and culture results for 178 positive cultures

Smear
result

No. of
smears

No. of positive cultures (% recovery) No. of organisms isolated

MGIT B460 LJ MTB MAC Rapid
growersa Otherb

Negative 85 64 (75.2) 62 (72.9) 50 (58.8) 4 70 4 7

Positive
Total 93 88 (94.6) 89 (95.7) 87 (93.5) 26 49 15 3
11 27 25 (95.6) 25 (95.6) 23 (85.1) 1 19 6 1
21 34 33 (97) 32 (91.4) 32 (94.1) 10 20 4 0
31 32 30 (93.7) 32 (100) 32 (100) 15 10 5 2

Total 178 152 (85.4) 151 (84.8) 137 (76.9) 30 119 19 10

a Includes 14 M. abscessus, 4 M. chelonae, and 1 M. fortuitum isolates.
b Includes six M. xenopi, two M. kansasii, one M. marinum, and one M. scrofulaceum isolates.

TABLE 2. False-negative results and growth in only one
culture system

Organism
No. of
positive
cultures

No. of negative
cultures

No. of cultures
positive only in:

MGIT B460 LJ MGIT B460 LJ

MAC 119 21 18 28 8 9 5
MTB 30 3 2 5 0 1 1
Rapid growersa 19 0 4 3 3 0 0
Otherb 10 2 3 5 3 0 0

Total 178 26 27 41 14 10 6

a See Table 1, footnote a.
b See Table 1, footnote b.
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slants had the highest rate of contamination (6.7%), while
MGIT and B460 had contamination rates of 5.6 and 3.9%,
respectively. MGITs contain the same antibiotics as do B460
bottles, but the concentrations range from 1.4 to 2.5 times
higher than those in B460 vials. All MGIT and B460 bacterial
and fungal contaminants were detected within the first 3 weeks
of incubation. In addition to MGIT false-positive results due to
the growth of contaminants, there were 50 MGITs (3.5% of
total) that became falsely positive (fluoresced) with no organ-
isms seen on smear or subculture. These false-positive reac-
tions occurred on average by day 13.

DISCUSSION
The B460 system has become the standard with which other

mycobacterial culture media systems are compared. In a recent
College of American Pathologists Q-Probe survey (5), 56.9%
of the 534 institutions participating in the survey reported their
use of B460. In addition, most (95%) of these same laborato-
ries reported the use of conventional solid media for primary
isolation of mycobacteria. Liquid-based media such as B460
and Septi-Chek (BBL) have generally been found to be more
sensitive and require fewer days to become positive than do
conventional solid media (2, 11). This study compared the
sensitivity and time to detection of MGIT with those of both
B460 and LJ slants, a solid conventional medium. The MGIT
system, similar to B460, detects growth by metabolic changes
that occur in the medium. In both cases, AFB should be de-
tected in less time than that needed to detect visible growth
(turbidity) in liquid media or the appearance of colonies on
solid media.
The study design used in this investigation was somewhat

biased in favor of the MGIT system in that MGITs were read
daily for 8 weeks while B460 bottles and LJ slants were read
less frequently. Additionally, B460 bottles were incubated for
only 4 weeks. However, as mentioned earlier, B460 bottles

were monitored daily after a positive result in the MGIT sys-
tem. The study design could also account for the decreased
sensitivity of the LJ slants since each slant received approxi-
mately 0.1 ml of specimen versus the 0.5-ml aliquots inoculated
into MGIT and B460. Under the conditions of this study, the
MGIT system compared favorably with B460 in terms of the
sensitivity of mycobacterial culture (85.4 versus 84.8%).
Not surprisingly, the culture failures of all three systems

were primarily from smear-negative specimens (Table 1). The
use of LJ slants increased the yield to 93.2 and 92.1% for
MGIT and B460 broth systems, respectively. In other words,
using either MGIT or B460 without a solid medium would
have decreased the sensitivity of culture by 7 to 8%, similar to
the 4 to 6% reported by others (12). The equivalency in the
total misses by MGIT and B460 (26 versus 27), as well as the
cultures positive only by MGIT or B460 (14 versus 10), sug-
gests that small numbers of organisms present in these speci-
mens were responsible for culture-negative differences rather
than system failures of MGIT or B460 per se.
In addition to culture sensitivity, an equally important crite-

rion of system performance is the incubation time required
prior to the detection of growth. Although the median time to
detect a positive culture was slightly less (P , 0.05) for B460
than for MGIT (8 versus 11 days), both were considerably
faster (P , 0.01) than LJ slants (21 days). MAC accounted for
66.8% of isolates, and the distribution of times for the detec-
tion of MAC was nearly identical to that required for all AFB
(Fig. 1). Interestingly, LJ slants were nearly equivalent to
MGIT and B460 in the length of incubation needed to detect
MTB isolates (16 versus 14 days); however, LJ culture sensi-
tivity for MTB was less (83.3%) than that of either MGIT
(90%) or B460 (93.3%). Although we continued MGIT incu-
bation for 8 weeks in this study, only three AFB (twoM. xenopi
and one M. kansasii) isolates were detected after 6 weeks of
incubation. B460 failed to grow anyM. gordonae isolates, while
MGIT grew 7 and LJ slants grew 13 isolates. Since all these
isolates were considered contaminants and the patients were
not treated with antimycobacterial agents, these isolates were
not included in this evaluation. One could argue, however, that
detecting these isolates increases the laboratory workload and
expenses, with no improvement in patient care. In order to
reduce the labor associated with reading LJ slants, one could
also argue that LJ slants need not be read until after 3 weeks
of incubation. During this study, a delay in reading LJ slants
until the third week would not have significantly reduced the
time to detection for either the MGIT-LJ or B460-LJ combi-
nation compared with the results obtained with MGIT and
B460 alone.
In terms of excess labor required to deal with false-positive

results (contaminants and/or fluorescence), B460 was superior
to MGIT. B460 grew 56 non-AFB organisms, while MGIT
grew 81. This is somewhat surprising since MGIT contains the
same antibiotics as do B460 bottles at 1.4- to 2.5-times-higher
concentrations. Although B460 bottles were incubated for 4
weeks compared with the 8-week MGIT incubation, all of the
MGIT contaminants were detected during the first 21 days of
incubation. Fluorescent MGITs with negative smears and cul-
tures occurred for 50 additional cultures. Although this num-
ber appears to be small, it increased the total number of
smears and subcultures of MGITs from 233 (152 true positives
plus 81 contaminants) to 283, a 21.4% increase in labor. In
total, the additional labor resulting from contamination and
false fluorescence with MGIT was 86% above the labor re-
quired for true positives, while contamination in B460 in-
creased labor by 37%.
Finally, the MGIT system is more expensive in terms of

FIG. 1. Box plots for the time required to detect the growth of all AFB (A),
MAC isolates (B), MTB isolates (C), rapid growers (D), and other AFB (E).
Bars 1, 2, and 3 indicate the results for MGIT, B460, and LJ, respectively. Each
solid box indicates the middle half of the data, and the line inside each box
represents the median. Extreme points (lines) are shown. “Whiskers” are drawn
to the nearest value not beyond 1.5 times the interquartile range from the
quartiles.

TABLE 3. False-positive culture results

System
No. of false-positive cultures

Bacteria Fungi No Growth Total

MGIT 72 9 50 131
B460 48 8 0 56
LJ 85 12 0 97
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material costs per culture than the B460 system ($6.88 versus
$2.12). However, B460 requires expenses associated with the
upkeep and maintenance of the monitoring device, disposal of
radioactive wastes, and labor associated with regular loading,
preparation of bottles for monitoring, and unloading of bottles.
The labor associated with MGIT manipulation and the ex-
penses for upkeep and maintenance of a UV fluorescent lamp
are considerably less than that for B460.
In conclusion, the sensitivity and time to detection of MGIT

were comparable to those of B460, although MGIT did require
a slightly longer time to detection. The additional MGIT in-
cubation times reflected in the median times to a positive result
were most notable in the detection of AFB other than MTB,
MAC, or rapid growers. Since there were only 10 isolates in
this group, these differences are of questionable significance.
Obviously, from an infection control standpoint, the more crit-
ical information is the speed of MTB detection. In this study,
the median times to detect MTB were only 16, 14, and 14 days
for MGIT, B460, and LJ slants, respectively. Others (2, 11)
have shown that B460 requires much less time to detect MTB
than do LJ slants (15 versus 17 to 25 days). Our LJ data
probably reflect the fact that 25 of 30 cultures that grew MTB
were read as 21 or 31 on smear examination, while at the
same time, LJ slants failed to grow 5 of these 30 isolates (4
were smear negative, and 1 read as 11). Although MGIT
performed well in this study, laboratories necessarily have to
select AFB culture systems most amenable to their specific
laboratory needs on the basis of additional criteria, including
overall expenses, staffing, and work flow considerations.
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