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a b s t r a c t
When the performance of the BACTEC MGIT 960 system was evaluated with the traditional proportion
method (PM) on 321 clinical isolates of Mycobacterium tuberculosis from China, concordance values were
98.44% capreomycin, 98.75% kanamycin, 98.75% oﬂoxacin and 94.08% ethionamide. The turnaround time
with BACTEC MGIT 960 system (7.5 ± 1.8 days) was signiﬁcantly shorter than with PM (28 days or
42 days). Therefore, the BACTEC MGIT 960 system was a reliable and rapid method for second-line drug susceptibility testing of TB in China.
© 2012 Published by Elsevier B.V.

The prevalence of drug-resistant tuberculosis (TB) is a very serious
problem in China. It is one of the 27 countries with the highest incidence
of multidrug-resistant TB (MDR-TB) and extensively drug-resistant
TB (XDR-TB) (World Health Organization, 2008). Based on the national
baseline survey on TB in 2007–2008, the observed prevalence of
MDR-TB among pulmonary TB patients was 8.32%, the XDR-TB prevalence was 0.68%, so it was estimated there were 120,000 cases of pulmonary bacteriological conﬁrmed MDR-TB and 10,000 cases conﬁrmed
XDR-TB. So large numbers of MDR-TB and XDR-TB cases urgently demand
for accurate and rapid drug susceptibility testing (DST) for second-line
drugs, ensuring timely and adequate adjustments in treatment and
minimizing the transmission of drug-resistant strains. However, in the
current clinical routine of China, the second-line DST of TB is performed
by traditional L–J PM requiring at least 28 days before getting the report
(Canetti et al., 1969).
As a rapid phenotypic DST basing on liquid media, BACTEC MGIT 960
system had been applied for the DST to the ﬁrst-line drugs (Kobayashi et
al., 2006; Kruuner et al., 2006; Tomita et al., 2004; Kontos et al., 2004;
Johansen et al., 2004; Golyshevskaia et al., 2003; Huang et al., 2002). It
could automatically report the drug susceptibilities according to the
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predeﬁned algorithms in 4–13 days after inoculation. Recently, some
researchers used this platform for the second-line drugs susceptibility
testing of tuberculosis and established the second-line drugs critical
concentrations and procedures of BACTEC MGIT 960 system referring
to BACTEC MGIT 460 system (Kruuner et al., 2006; Rusch-Gerdes et al.,
2006; Rodrigues et al., 2008; Lin et al., 2009; Sharma et al., 2011). Despite
the arrival of this novel tool, it remains uncertain that if the second-line
drugs susceptibility testing with BACTEC MGIT 960 system is suitable
for the diagnosis of resistant-TB in China without being evaluated in
comparative studies.
In light of these ﬁndings, the aim of our study is to evaluate the
performance of the BACTEC MGIT 960 system for the second-line drugs
susceptible testing by analyzing a total of 321 TB clinical isolates.
For comparison, traditional L–J PM was taken as the reference
standard, since it has been used for the second-line DST for over ten
years in China.
All TB clinical isolates in our research were obtained from different
patients with TB in Beijing, Fujian, Hunan, Shananxi, Shanghai, Tibet,
Liaoning, Sichuan, Guangxi, Gansu and Henan of China between 2005
and 2010. Of these isolates, 281 isolates were resistant to one or more
ﬁrst-line drugs (isoniazid, rifampicin, streptomycin, ethambutol) and
40 isolates were susceptible based on previous drug susceptibility
testing. For the resistant isolates, we included as many isolates from
our archived collections as we could verify. Susceptible isolates from
the same period were randomly chosen.
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For BACTEC MGIT 960 testing, TB clinical isolates were inoculated ﬁrst
into MGIT 960 vials and cultured into the instrument until positive. Susceptibility testing to the second-line drugs using the BACTEC MGIT 960
system was performed strictly according to procedure of manufacturer
for the primary drugs. Notably, the second-line drugs— capreomycin
(CPM), kanamycin (KAN), oﬂoxacin (OFX) and ethionamide (ETH)
were obtained in chemically pure forms from Sigma and prepared
according to the standard procedures described by Rusch-Gerdes et al.
(2006) and Rodrigues et al. (2008). Then 0.1 ml of the appropriated
drug solution was aseptically pipetted into each MGIT vial. Final drug
concentrations were 2.5 μg/ml for CPM, 2.5 μg/ml for KAN, 2.0 μg/ml
for OFX and 5.0 μg/ml for ETH (Rusch-Gerdes et al., 2006; Rodrigues
et al., 2008; WHO, 2008). All inoculated drug-containing and GC tubes
were placed in the DST set carrier and entered into the MGIT 960 instrument as unknown drugs using the DST entry feature. The instrument
ﬂagged the DST set “complete” when the growth control reached a
growth unit (GU) value of 400. At that point, the GU values of
drug-containing tubes were retrieved from the instrument by printing
out the DST set report, and the results were interpreted manually. If
the GU of the drug containing tube was >100 when the GU of the growth
control was 400, the results were deﬁned as resistant. If the GU values of
the drug-containing tubes were ≤100, the results were considered susceptible (Rusch-Gerdes et al., 2006; Rodrigues et al., 2008).
Traditional drug susceptibility testing was carried out with L–J
media according to the standard PM procedure recommended by
World Health Organization (WHO) guideline (WHO, 2008). The critical
concentration for the L–J PM were 40 μg/ml for CPM, 30 μg/ml for KAN,
2.0 μg/ml for OFX and 40 μg/ml for ETH. Results were read 28 days or
42 days after inoculation of the media (WHO, 2008).
M. tuberculosis H37Rv (ATCC 27294) was used as a quality control
by two methods. If it showed a resistance result to any drug, all tests
of that batch had to be repeated.
For the discrepant results between the two methods, retesting was
performed twice using both methods. If the retesting results remained
the same, results obtained from two methods were considered as true
and used for the data analysis.
Data was analyzed using SPSS 16.0 statistical software. Agreement between the qualitative test results was assessed using the kappa statistic.
The kappa value was interpreted as follows: b0.2, poor; 0.21–0.4, fair;
0.41–0.6, moderate; 0.61–0.8, good; and ≥0.81 excellent (Altman, 1999).
Reproducibility testing with BACTEC MGIT 960 system was performed prior to testing TB clinical isolates. A panel of 10 TB isolates
with known susceptibility patterns was tested at three separate cycles with BACTEC MGIT 960 system. The results were compared to
the expected results. In our evaluation, the overall reproducibility
testing agreement was 99.2% for all drugs in a total of 120 tests
(119/120), with only 1 incorrect result for ETH (Table 1).
Three hundred and twenty-one TB clinical isolates were tested for
susceptibility to the second-line drugs at the critical concentration,
resulting in a total of 1284 tests. As indicated by the DST results
with L–J PM, which was taken as the reference standard, there were
a large amount of resistant-strains included in this study: for CPM,
n = 27; for KAN, n = 33; for OFX, n = 104; for ETH, n = 76 (Table 2).

Table 1
Reproducibility testing for the second-line drugs with BACTEC MGIT 960 system.
Drugs

Strains

No. of tests
performed

No. of results agreeing with
L–J PM method

Agreement (%)

CPM

R
S
R
S
R
S
R
S

15
15
18
12
15
15
15
15

15
15
18
12
15
15
15
14

100

KAN
OFX
ETH

100
100
96.7

213

Table 2
Drug susceptibility results of TB clinical isolates by BACTEC MGIT 960 system and L–J PM.
Drugs

CPM
KAN
OFX
ETH

Results of
MGIT 960

R
S
R
S
R
S
R
S

Results of
L–J PM
R

S

25
2
33
0
102
2
76
0

3
291
4
284
2
215
19
226

Sensitivity
(%)

92.59
100
98.08
100

Speciﬁcity
(%)

Agreement
(%)

Κappa
value

98.98

98.44

0.901

98.60

98.75

0.936

99.08

98.75

0.972

92.24

94.08

0.849

Comparing the results of BACTEC MGIT 960 system with L–J PM,
there were 1252 consistent results (97.51%) out of a total of 1284
tests. The discordant results were 32 (2.49%). Of these, 4 strains
were sensitive according to BACTEC MGIT 960 system but resistant
by L–J PM (CPM n = 2; OFX n = 2) and 28 were resistant according
to BACTEC MGIT 960 system but sensitive by L–J PM (CPM n = 3;
KAN n = 4; OFX n = 2; ETH n = 19). The results remained the same
after repeating with two methods.
Table 2 also showed the sensitivity, speciﬁcity and agreement of
BACTEC MGIT 960 system, compared with L–J PM for the four
second-line drugs. Kappa statistics indicated that there were excellent
agreements for CPM, KAN, OFX and ETH (kappa value > 0.8) between
the L–J PM and BACTEC MGIT 960 system.
The turnaround time for obtaining susceptibility results with
BACTEC MGIT 960 system was 7.5 ± 1.8 days (range, 4.0-13.0 days)
for the second-line drugs. While with L–J PM, the turnaround times
were 28 days or 42 days.
There are rare publications reported that the performance of BACTEC
MGIT 960 system for the second-line drugs susceptibility testing was
evaluated with the L–J PM. Most reports focused on the comparison
between BACTEC MGIT 960 system and BACTEC MGIT 460 system
(Rusch-Gerdes et al., 2006; Rodrigues et al., 2008; Sharma et al., 2011).
There are also several papers available for the second-line drugs susceptibility testing between BACTEC MGIT 960 system and agar PM (AP)
(Kruuner et al., 2006; Lin et al., 2009; van Ingen et al., 2010). However,
AP is likely to exhibit some variations such as manufacture method and
critical concentrations of some drugs compared with L–J PM.
Before adopting a new method, laboratories should validate the
results by performing the main method in the current clinical routine
and new method in parallel for a series of clinical isolates. Furthermore, the choice of selected TB clinical isolates should include both
the resistant- and the sensitive-isolates, permitting checking for the
presence of very major error (VME, false-sensitive result) and major
error (ME, false-resistant result). In this study, we evaluated the
performance of the BACTEC MGIT 960 system for the DST to the
second-line drugs among a large amount of drug-resistant TB using
the traditional L–J PM as a reference method.
To assure the data quality of this study, reproducibility testing
with BACTEC MGIT 960 system was performed before testing the
321 clinical isolates. In addition, for the discrepant results between
the two methods, retesting was performed twice using both methods.
If the retesting results remained the same, results obtained from two
methods were considered as true and used for the data analysis.
Our data indicated that the BACTEC MGIT 960 system had an excellent
test performance for CPM, KAN, OFX and ETH (kappa value>0.8). The
agreement for CPM between BACTEC MGIT 960 system and L–J PM was
98.44%, in line with the previous results (Kruuner et al., 2006;
Rusch-Gerdes et al., 2006; Rodrigues et al., 2008; Lin et al., 2009; van
Ingen et al., 2010). The agreements were 98.75% for KAN, 98.75%
for OFX and 94.08% for ETH, slightly lower than the results tested by
Rodrigues (Rusch-Gerdes et al., 2006; Rodrigues et al., 2008).
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There were 4 VMEs (2 with CPM and 2 with OFX), 28 MEs (3 with
CPM, 4 with KAN, 2 with OFX and 19 with ETH) observed with the
BACTEC MGIT 960 system. This meant BACTEC MGIT 960 system had
the tendency to generate ME rather than VME for the second-line
drugs susceptibility testing. This phenomenon hadn't been demonstrated
in the previous reports based on the second-line drugs susceptibility
testing evaluations between BACTEC MGIT 960 system and BACTEC
MGIT 460 system (Rusch-Gerdes et al., 2006; Rodrigues et al., 2008;
Sharma et al., 2011). However, it is not surprising that results obtained
from these two liquid-medium based systems are consistent with each
other because both systems are made by the same company. Since
there are no other comparable studies available between BACTEC MGIT
960 system and L–J PM, it is difﬁcult to explore the reason for discordant
results between these two methods. We presumed it probably related to
the difference in the methodology. Clearly, future studies are needed to
verify our presumption.
So many ME with ETH also showed in the study conducted by Lin
et al. (2009) whose data based on the evaluation between BACTEC
MGIT 960 system and AP. The cause was probably that the current tested concentration of ETH with BACTEC MIGT 960 system (5.0 μg/ml) was
not equivalent to the critical concentration of solid media (40 μg/ml)
(Lin et al., 2009). There should be further work to determine if a different ETH concentration with BACTEC MIGT 960 system would improve
the concordance with the L–J PM.
Turnaround time for the DST is important for the patient to receive
a timely and appropriate treatment. In our research, the average turnaround time for the second-line drugs with BACTEC MGIT 960 system
was about 7.5 days, similar to the previous studies (Morcillo et al.,
2010). While with L–J PM, the reporting time was 28 days or
42 days. Hence, the turnaround time with BACTEC MGIT 960 system
is substantially shorter than that with L–J PM.
In summary, our study demonstrated that the BACTEC MGIT 960
system and traditional L–J PM yielded largely identical results in these 4
second-line drugs susceptibility testing of M. tuberculosis. It also had a
shorter turnaround time than that with L–J PM. Hence, The BACTEC
MGIT 960 system proved to be a rapid and reliable method for the
second-line drugs susceptibility testing of M. tuberculosis and might take
place of traditional L–J PM as a clinical common DST method in China.
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