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Abstract Resazurin microtitre assay (RMA) has been suc-
cessfully used to detect minimal inhibitory concentrations
(MICs) of both first-line and several second-line drugs in drug
susceptibility testing (DST) of Mycobacterium tuberculosis
(MTB). In this study, we firstly compared prothionamide
(PTH) susceptibility testing of Mycobacterium tuberculosis
(MTB) using resazurin microtitre assay (RMA) and MGIT.
Overall, the sensitivity and specificity of RMA for detecting
PTH susceptibility was 96.5% [95% confidence interval (CI):
91.7-100.0] and 93.2% (95% CI: 89.6-96.8) respectively. In
addition, the median time to positivity was significantly
shorter for RMA than for the automated MGIT 960 (RMA,
8 days [range: 88 days] vs MGIT, 10.1 days, [range: 5.0—
13.0]; P<0.01). Concordance rate for MICs between RMA
and MGIT for PTH-resistant group was 64.3% (95% CI:
46.5-82.0), which was significantly lower than that of PTH-
susceptible group (85.9%, 95% CI: 78.8-93.0; P= 0.01). In
conclusion, our data demonstrated that RMA can be used as
an acceptable alternative for determination of PTH suscepti-
bility with shorter turn-around time. When compared with
MGIT 960, RMA method was prone to produce higher
MICs for PTH-resistant MTB strains.
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Introduction

Prothionamide (PTH) is a member of thioamide drugs that
forms NAD adducts to inhibit mycolic acid biosynthesis [1].
Due to its high efficacy against multidrug-resistant tuberculo-
sis (MDR-TB), PTH has been recommended for the treatment
of MDR-TB in clinical practice [2]. The World Health
Organization endorsed automated liquid culture systems as
the gold standard for second-line drugs, including PTH [3].
However, the liquid culture isolation requires expensive
equipment and media and a well-serviced biosafety level-3
laboratory, which are inaccessible for countries with a high
TB burden and resource-limited settings [4]. As a conse-
quence, there is an urgent need for establish a simple and
inexpensive method for determining the susceptibility to
second-line drugs in Mycobacterium tuberculosis (MTB).
Recently, a rapid method based on the oxidation-reduction
indicators has been successfully used to detect MICs of both
first-line and several second-line drugs in DST of MTB [5].
Previous literatures have demonstrated that this method could
produce reliable drug-susceptibility results for kanamycin
(KAN), capreomycin (CAP), ofloxacin (OFX), ethionamide
(ETH) and para-aminosalicylic acid (PAS), while requiring
short turn-around times in comparison with conventional gold
standards [6]. Unfortunately, there has been no report on eval-
uation of the performance of the resazurin microtitre assay
(RMA) to determine the susceptibility to PTH in MTB. In
addition, the RMA exhibited conflicting performance across
different antimicrobial agents, the detection sensitivity of
which ranged from 100% for kanamycin and ofloxacin to
84% for capreomycin [6]. Considering these facts, there is
an urgent need for evaluating the feasibility of RMA for de-
tecting PTH susceptibility of MTB. In our study, we aimed to
compare PTH susceptibility testing of MTB using the
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resazurin microtitre assay and the BACTEC MGIT 960
system.

Materials and methods
Bacterial strains

A total of 248 MTB strains were enrolled from Guangzhou
Chest Hospital for this evaluation. All the strains were stored
in 7H9 broth supplemented with 10% glycerol at minus 70°C
freezer. Prior to performing the drug susceptibility testing, the
strains were recovered on L-J medium for 4 weeks at 37°C.

Drug susceptibility testing

The PTH susceptibility of MTB isolates was detected by the
Bactec MGIT 960 automated system following the instruc-
tions from the manufacturer [7]. The concentration of PTH
in the MGIT tube was 2.5 pg/ml, which followed the guide-
line from World Health Organization (WHO) [3]. The MICs
of MTB isolates were determined by MGIT 960, and the con-
centrations of PTH in the MGIT tubes included 0.08, 0.16,
0.31, 0.63, 1.25, 2.5, 5, 10, 20, 40, and 80 pg/ml.

Resazurin microtitre assay

The MICs of MTB strains were also detected by RMA as
previously described [8]. After inoculation at 37°C for 7 days,
the assay was stained by supplementing 20 pl of resazurin
(Alamar Blue, Sigma—Aldrich, Taufkirchen, Germany) and
50 pl of sterile 5% Tween 80. The plates were re-incubated
for an additional 24 h at 37°C. The color change from blue to
pink indicated growth of the bacteria, and visual MICs were
defined as the lowest concentration antibiotic that inhibited
this color change. For differentiation between susceptibility
and resistance to PTH, the critical concentration for MIC
was set as 2.5 pg/ml accordingly. All MIC determinations
were performed in triplicate for each strain.

Statistical analysis

The concordance rate was calculated as the proportion of
strains with concordant results between two methods over the
sum of strains. The kappa test was used to evaluate the consis-
tency between these two methods to detect susceptibility of
MTB to PTH. In addition, the #-test was used to compare the
average time to positivity between these two methods. Data
analysis was performed with SPSS 14.0 (SPSS Inc., USA).

Results

As shown in Table 1, of 57 PTH-resistant MTB isolates diag-
nosed by MGIT, 55 were identified by the RMA method, with
a sensitivity of 96.5% [95% confidence interval (CI): 91.7—
100.0]. In addition, 178 out of 191 PTH-susceptible MTB
isolates were confirmed by RMA method, suggesting a spec-
ificity of 93.2% (95% CI: 89.6-96.8). Statistical analysis
showed that kappa value of these two methods was 0.84, in-
dicating that RMA exhibited favorable concordance with
MGIT for detecting PTH susceptibility of MTB isolates. In
addition, we also compared the time to positivity for detection
PTH susceptibility of MTB isolates between RMA and MGIT.
The median time to positivity was significantly shorter for
RMA than for the automated MGIT 960 [RMA, 8 days (range:
8-8 days) vs MGIT, 10.1 days, (range: 5.0-13.0); P<0.01].

In order to evaluate the performance of RMA for detecting
PTH susceptibility, we randomly selected 120 MTB isolates
from all the tested isolates, and detected the MICs of these
isolates by two different methods. Overall, the concordance
rate between RMA and MGIT 960 was 80.8% (97/120, 95%
CI: 73.8-87.9). Out of 23 isolates with different MICs, 19
(82.6%) harbored higher MICs detected by RMA than
MGIT. We further compared the concordance rate according
to PTH-susceptible (MIC <2.5 pg/ml) and PTH-resistant
group (MIC >2.5 pg/ml). For the PTH-resistant group, the
concordance rate was 64.3% (18/28, 95% CI: 46.5-82.0),
which was significantly lower than that of the PTH-
susceptible group (79/92, 85.9%, 95% CI: 78.8-93.0; P=
0.01, Table 2).

Table 1  Comparison of DST results obtained by use of MGIT 960 and RMA
RMA? MIGT 960 Total Sensitivity Specificity PPV NPV Concordance rate Kappa value
(%, 95% CI) (%, 95% CI) (%, 95% CI) (%, 95% CI) (%, 95% CI) (+SE)
R S
R 55 13 68 96.5 93.2 80.9 98.9 94.0 0.84
S 2 178 180 (91.7-100.0) (89.6-96.8) (71.5-90.2) (97.4-100.0) (91.0-96.9) (0.80-0.88)
Total 57 191 248

#RMA: resazurin microtitre assay; R: resistant; S: susceptible.CI: confidence interval, PPV: positive predictive value; NPV: negative predictive value;

SE: standard error.
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Table 2 Comparison of MICs determined by MGIT 960 and RMA

Method MIC RMA?

Concordance rate (%)

(pg /ml)

0.08 0.16 0.31 0.63 1.25

2.5 5 10 20 40 80

MIGT 960 0.08 3
0.16 13 1

0.31 2 36 3

0.63 15 2
1.25 2

2.5

5

10

20

40

80

80.8
(73.8~87.9)

~
QN = = N

*The number in italics represents that MIC values determined by MGIT 960 and RMA are same.

Discussion

We firstly performed this study to access the diagnostic
accuracy of RMA for detection of PTH susceptibility of
MTB isolates. Our results suggest that RMA can be used
for determination of PTH susceptibility with shorter turn-
around time. Notably, despite showing acceptable concor-
dance with the MGIT 960 reference method, we observed
that 13 isolates identified as PTH-resistant by RMA were
PTH-susceptible, contributing to more than 85% of MTB
isolates with discordant DST results. Hence, our data indi-
cate that RMA is sufficient for determination of PTH-
susceptible strains, while a small proportion of PTH-
resistant results from RMA may be misdiagnosed. In line
with this finding, further MIC results supported our hy-
pothesis, which revealed that the RMA method was prone
to produce higher MICs than MGIT 960, especially for
MTB strains with high-level PTH MICs.

Previous literature has demonstrated that RMA shows an
excellent correlation with the conventional reference meth-
od, yielding a concordance rate greater than 98% [6], which
is higher than 94% for PTH from our observation.
Similarly, there is strong evidence that the overall level of
agreement between the DST results obtained by MGIT 960
and other methods is lower for PTH when compared with
other second-line anti-TB drugs [9-11]. It is interesting to
explore the potential explanation for this low agreement of
the DST result for PTH. A previous study from Lefford
et al. found that MIC distribution of thioamides between
probable susceptible (PS) strains and probable resistant
(PR) strains could not be well separated [12]. Hence, accu-
rate PTH susceptibility results have always been difficult to
obtain. To solve the dilemma for determining in vitro PTH

susceptibility, van Ingen and colleagues suggested a triple
division into susceptible, intermediate, and resistant status
based on the different degrees of resistance [9], which may
provide a better indication for the efficacy of PTH
treatment.

We also realize that a major disadvantage of this assay is
its biosafety. Because the plates require a liquid medium,
the repeated pipetting of liquid samples could produce
aerosols [6, 13]. Recently, several pieces of commercial
equipment are available for dispensing liquid samples into
96-well microtitre plates automatically [14], which pro-
vides a potential solution for reducing the exposure of aero-
sols for laboratory staffs.

In conclusion, our data demonstrated that RMA can be
used as an acceptable alternative for determination of PTH
susceptibility, with shorter turn-around time. When compared
with MGIT 960, the RMA method was prone to produce
higher MICs for PTH-resistant MTB strains.
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