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Background: The incidence of tuberculosis (TB), especially multidrug-resistant TB (MDRTB) and extensively drug-resistant TB (XDR-TB), continues to increase alarmingly worldwide.
Molecular line probe assays (LPAs) are endorsed by the World Health Organization for the fast
detection of MDR-TB and XDR-TB. The aim of this study was to evaluate the performance
of LPAs in China.
Methods: We analyzed MDR-TB and XDR-TB in 96 isolates from Beijing by using culturebased drug susceptibility testing (DST) and LPAs to compare the detection rate of the two
methods.
Results: Compared to phenotypic DST, the GenoType® MTBDRplus and MTBDRsl, respectively, showed a sensitivity of 98.7% and a specificity of 88.9% for detection of rifampicin
resistance, 82.1% and 94.4% for isoniazid, 89.7% and 94.4% for levofloxacin, 60.0% and 98.7%
for amikacin/capreomycin, and 57.5% and 98.2% for ethambutol. The sensitivity and specificity
of LPAs, respectively, were 80.8% and 100% for MDR-TB and 50.0% and 97.6% for XDR-TB.
Mutations in codon S531L of the rpoB gene and S315T1 of the KatG gene were dominated in
MDR-TB strains. The most frequently observed mutations were in codon A90V of the gyrA
gene, A1401G of the rrs gene, and M306V of the embB gene, according to the MTBDRsl results.
Conclusion: Our study showed that, in combination with phenotypic DST, application of the
LPAs might be an efficient and reliable supplementary DST assay for rapid susceptibility screening of MDR-TB and XDR-TB. Using LPAs in countries with high MDR/XDR burden allows
for appropriate and timely treatment, which will reduce transmission rates and morbidity, and
improve treatment outcomes in patients.
Keywords: Mycobacterium tuberculosis, MDR-TB, XDR-TB, line probe assay, phenotypic
drug susceptibility testing
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Tuberculosis (TB) remains a global public health threat, especially in developing countries.
According to the global TB report of the World Health Organization (WHO), in 2016, TB
was responsible for the deaths of 1.67 million people. And it generated 10.4 million new
cases in this year, of which 490,000 were diagnosed as multidrug-resistant (MDR-TB)
and 8,014 were diagnosed as extensively drug-resistant (XDR-TB).1 In China, a country
with high TB burden, ~110,000 new MDR-TB and 8,200 new XDR-TB cases emerge
annually according to a national survey held in 2007.2 According to another report, about
55% of MDR-TB cases in China remain unidentified.3 MDR-TB is resistant to both the
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two most powerful anti-TB drugs, namely rifampicin (RFP)
and isoniazid (INH), and requires treatment with a second-line
regimen. XDR-TB is defined as MDR-TB plus resistance to
at least one fluoroquinolone (FQ) and a second-line injectable
drug (SLID), including amikacin (AM), capreomycin (CPM),
and kanamycin (KM), the two most important classes of medicines in an MDR-TB regimen.
It is critical to use susceptibility testing to screen for
resistance to specific antibiotics for the detection of MDR-TB
and XDR-TB so that treatment regimen could be designed
specifically on the basis of the detection results. Conventional
culture-based phenotypic drug susceptibility testing (DST)
is considered to be the gold standard for determining drug
resistance. It is important for the confirmation of MDR-TB
and the assessment of drug resistance to second-line and
new drugs in the management of MDR-TB and XDR-TB.
However, it takes months for phenotypic DST to yield final
results.4 Molecular-based assays designed to detect specific
drug resistance-encoding mutations in Mycobacterium
tuberculosis (MTB) have the advantage of achieving results
within 48 hours, much faster than conventional DST. In 2008,
WHO endorsed the molecular test GenoType® MTBDRplus
(Hain Lifescience, Nehren, Germany) for rapid detection
of resistance to RFP and INH. The assay detects mutations
in the rpoB gene for RFP resistance, in the katG gene for
high-level INH resistance, and in the inhA regulatory region
gene for low-level INH resistance.5 In May 2016, WHO recommended using GenoType MTBDRsl (Hain Lifescience)
to detect mutations in the gyrA, rrs, and embB genes for the
screening of resistance to FQ, SLID, and ethambutol (EMB)
in the diagnosis of XDR-TB among MDR-TB patients.6
In order to rapidly detect MDR-TB and XDR-TB, WHO
endorsed line probe assays (LPAs) of MTBDRplus and MTBDRsl for the detection of RFP, INH, FQ, SLID, and EMB
resistance in acid-fast bacilli smear-positive sputum or MTB
cultures in 2017. The aim of this study was to compare the
diagnostic performance of the MTBDRplus and MTBDRsl
assays with the gold standard phenotypic DST in the detection
of MDR-TB and XDR-TB, among culture isolates obtained
from patients in Beijing.

Materials and methods
Study design
The evaluation of the GenoType MTBDRplus v1.0 and
MTBDRsl v1.0 assays were conducted at the Beijing Shijitan
Hospital, Beijing Research Institute for Tuberculosis Control,
and PLA 306 Hospital. The study was approved by the ethics
committees of all the above participants. A total of 96 MTB
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isolates were collected from Beijing Research Institute for
Tuberculosis Control between 2015 and 2016, including 78
MDR-TB (including 12 XDR-TB) and 18 randomly chosen
fully susceptible isolates based on phenotypic DST. The
MTB isolates in our study were part of the routine hospital
laboratory procedure. We compared the performance of the
MTBDRplus v1.0 and MTBDRsl v1.0 assays with that of
phenotypic MTB DST in susceptibility testing of first- and
second-line anti-TB drugs.

DST
Phenotypic DST was performed against RFP, INH, levofloxacin (LFX), AM, CPM, and EMB using the standard version of
the WHO proportion method on Lowenstein–Jensen medium
(L-J)7,8 and considered the gold standard for the detection
of resistance. The following critical concentrations of drugs
recommended by WHO for testing of drug-resistant TB using
proportion method DST were used: RFP 40 µg/mL, INH 0.2
µg/mL, LFX 2 µg/mL, AM 30 µg/mL, CPM 40 µg/mL, and
EMB 2 µg/mL. Susceptibility is determined by comparison
of growth on the control medium with growth on a drugcontaining medium.

LPAs
The MTBDRplus and the MTBDRsl assays were performed
directly on the MTB isolates according to the manufacturer’s
instructions. The person performing the tests was blinded
to the proportion method DST. It was considered as a valid
result if all six expected control bands appeared correctly;
otherwise, the result was considered invalid. The absence
of at least one of the wild-type bands or the presence of
bands indicating a mutation in each drug resistance-related
gene implied that the sample was resistant to the specific
antibiotic. When all the wild-type probes of a gene stained
positive and there were no detectable mutations within the
region examined, the sample was considered susceptible to
the respective antibiotic.

Quality control
The fully susceptible MTB H37Rv reference strain was used
as quality control (QC) for proportion method DST and LPA.
This QC strain is susceptible to first- and second-line drugs
tested in this study.

Statistical analysis
Sensitivity, specificity, negative predictive value (NPV), positive predictive value (PPV), and agreement of LPA compared
to proportion method DST were calculated. The precision
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of the estimates was reported using 95% CIs. P≤0.05 was
considered statistically significant. Agreement between the
two methods was assessed using the kappa statistic. All data
were analyzed by SPSS version 19.0 (SPSS Inc, Chicago,
IL, USA).

Results
Phenotypic DST results
Table 1 summarizes drug susceptibility patterns of isolates
included in the study. The isolate collection (n=96) contained
78 MDR-TB (81.3%), of which 12 isolates were XDR-TB
(12.5%). Among these isolates, 78 (81.3%) were resistant to
RFP, 78 (81.3%) were resistant to INH, 39 (40.6%) were resistant to LFX, 11 (11.5%) were resistant to AM, 18 (18.8%)
were resistant to CM, and 40 (41.7%) were resistant to EMB
by conventional phenotypic DST.

Performance of GenoType MTBDRplus
and MTBDRsl assay
The performance of GenoType MTBDRplus has been summarized in Table 2. The sensitivity for RFP resistance was
determined as 98.7% (95% CI 96.2–100), specificity 88.9%
(95% CI 72.8–100), PPV 97.5% (95% CI 93.9–100), NPV
94.1% (95% CI 81.6–100), and diagnostic efficacy 96.9%;
for INH resistance, sensitivity 82.1% (95% CI 73.3–90.8),
specificity 94.4% (95% CI 82.7–100), PPV 98.5% (95% CI
95.4–100), NPV 54.8% (95% CI 36.3–73.4), and diagnostic
efficacy 84.4%; and for MDR-TB, sensitivity 80.8% (95%
CI 71.8–89.7), specificity 100% (95% CI 100–100), PPV
100% (95% CI 100–100), NPV 54.5% (95% CI 36.6–72.5),
and diagnostic efficacy 84.4%, compared to phenotypic DST.
The performance of GenoType MTBDRsl is also shown
in Table 2. The sensitivity for detecting LFX resistance was
89.7% (95% CI 79.8–99.7), specificity 96.5% (95% CI

Table 1 Phenotypic DST profiles of 96 isolates
Drug resistance

No. of isolates (%)

MDR-TB
XDR-TB
Any resistance to
RFP
INH
LFX
AM
CPM
EMB

66 (68.8)
12 (12.5)
78 (81.3)
78 (81.3)
39 (40.6)
11 (11.5)
18 (18.8)
40 (41.7)

Abbreviations: DST, drug susceptibility testing; MDR-TB, multidrug-resistant
TB; XDR-TB, extensively drug-resistant TB; RFP, rifampicin; INH, isoniazid; LFX,
levofloxacin; AM, amikacin; CPM, capreomycin; EMB, ethambutol.
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91.6–100), PPV 94.6% (95% CI 87.0–100), NPV 93.2%
(95% CI 86.6–99.8), and diagnostic efficacy 93.8%; for
AM/CPM resistance, sensitivity 60.0% (95% CI 36.5–83.5),
specificity 98.7% (95% CI 96.1–100), PPV 92.3% (95% CI
75.5–100), NPV 90.4% (95% CI 83.9–96.8), and diagnostic
efficacy 90.6%; for EMB resistance, sensitivity 57.5% (95%
CI 41.5–73.5), specificity 98.2% (95% CI 94.6–100), PPV
95.8% (95% CI 87.2–100), NPV 76.4% (95% CI 66.3–86.4),
and diagnostic efficacy 81.2%; and for XDR-TB, sensitivity 50.0% (95% CI 16.8–83.2), specificity 97.6% (95% CI
94.3–100), PPV 75.0% (95% CI 36.3–100), NPV 93.2%
(95% CI 87.8–98.6), and diagnostic efficacy 91.7%.

Detection of mutations associated with
drug resistance using MTBDRplus and
MTBDRsl assay
The distribution of mutations is summarized in Table 3.
Mutations in rpoB conferring resistance to RFP were detected
in 82.3% (79/96) of the isolates. The RFP-resistant isolates
displayed different mutations: 58.2% (46/79) of the isolates
had mutation at position S531L, 10.1% (8/79) of the isolates
had mutation at position D516V, 8.9% (7/79) of the isolates
had mutation at position H526Y, while 15 isolates had mutations only at the wild-type probes. Among the 15 isolates
with mutations detected only at the wild-type probes, seven
isolates had mutation at rpoB WT7, five isolates at WT8, two
isolates at WT3 and WT4, and one isolate at WT2 and WT3.
According to the kit manufacturer’s recommendation, these
isolates were considered resistant and indicated the presence
of a less common or rare mutation.
A total of 67.7% (65/96) of the isolates showed mutations
in katG gene or inhA promoter region indicating that they
were resistant to INH. There were four isolates that showed
mutations at both katG and inhA gene. Among the 65 INHresistant strains, 73.8% (48/65) had mutation in the katG gene
with amino acid change of S315T1, indicating high-level
resistance, while 24.6% (16/65) of the strains had mutation
in the inhA gene, C15T, indicating low-level resistance. One
isolate was detected with mutation at wild-type probes.
There were 38.5% (37/96) isolates resistant to LFX as
tested by LPA. The majority of the gyrA mutations, 37.8%
(14/37), were observed at D94G. Other gyrA mutations
detected by the assay were at A90V (13/37; 35.1%), at D94A
(8/37; 21.6%), and at S91P (5/37; 13.5%). A total of 59.5%
(22/37) mutations in gyrA were detected at codon 94.
The isolates had been detected with 12 defined mutations
and one undefined mutations in the rrs gene among the 13/96
(13.5%) isolates by LPA. The most frequently observed
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Genotypic DST
results (n=96)
RFP
Resistant
Sensitive
INH
Resistant
Sensitive
MDR-TB
Resistant
Sensitive
LFX
Resistant
Sensitive
AM/CPM
Resistant
Sensitive
EMB
Resistant
Sensitive
XDR-TB
Resistant
Sensitive

% Specificity
(95% CI)

% PPV
(95% CI)

% NPV
(95% CI)

Diagnostic
efficacy (%)

k-value

77
1

2
16

98.7 (96.2–100)

88.9 (72.8–100)

97.5 (93.9–100)

94.1 (81.6–100)

96.9

0.895

64
14

1
17

82.1 (73.3–90.8)

94.4 (82.7–100)

98.5 (95.4–100)

54.8 (36.3–73.4)

84.4

0.599

63
15

0
18

80.8 (71.8–89.7)

100 (100–100)

100 (100–100)

54.5 (36.6–72.5)

84.4

0.612

35
4

2
55

89.7 (79.8–99.7)

96.5 (91.6–100)

94.6 (87.0–100)

93.2 (86.6–99.8)

93.8

0.869

12
8

1
75

60.0 (36.5–83.5)

98.7 (96.1–100)

92.3 (75.5–100)

90.4 (83.9–96.8)

90.6

0.674

23
17

1
55

57.5 (41.5–73.5)

98.2 (94.6–100)

95.8 (87.2–100)

76.4 (66.3–86.4)

81.2

0.591

6
6

2
82

50.0 (16.8–83.2)

97.6 (94.3–100)

75.0 (36.3–100)

93.2 (87.8–98.6)

91.7

0.556

Note: AM/CPM indicates phenotypic resistance to amikacin and/or capreomycin.
Abbreviations: DST, drug susceptibility testing; PPV, positive predictive value; NPV, negative predictive value; RFP, rifampicin; INH, isoniazid; MDR-TB, multidrug-resistant
TB; LFX, levofloxacin; AM, amikacin; CPM, capreomycin; EMB, ethambutol; XDR-TB, extensively drug-resistant TB.

mutation (12/13; 92.3%) for AM/CPM resistance was rrs
MUT1 (A1401G).
EMB resistance was detected in 24 (25.0%) of 96 isolates,
in which the mutation M306V was the most prevalent (15/24;
62.5%), followed by the mutation M306I (9/24; 37.5%) in
embB gene.

Discussion
Drug-resistant TB poses a great threat to TB control programs
worldwide. Early diagnosis and effective treatment require
a sensitive and specific diagnostic tool. According to the
WHO, LPA is an optimal susceptibility testing of MTB in
the selection of anti-TB drugs for an effective treatment regimen.1 In this study, we evaluated the diagnostic accuracy of
MTBDRplus and MTBDRsl using culture isolates in Beijing.
MTBDRplus showed high sensitivity and specificity for
the detection of susceptibility to RFP (sensitivity 98.7% and
specificity 88.9%). The sensitivity for susceptibility to RFP
was in concordance with the high sensitivity of the MTBDRplus assay in the range of 95%–100%.9–11 In this study,
the S531L mutation in rpoB was the most frequent (58.2%),
followed by the D516V mutation (10.1%). This is similar
to the frequencies reported in other studies.11,12 The high
detection rate can be explained by the fact that the mutations
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responsible for RFP resistance are mainly located in the 81-bp
hot-spot region and mutations outside this location are rare
and are associated with low-level resistance.13,14
The sensitivity and specificity of MTBDRplus for the
detection of susceptibility to INH were 82.1% and 94.4%,
respectively. In our study, the sensitivity for INH resistance
was much lower than 86%–100%15,16 and higher than 69.9%,
as shown in another study using clinical isolates in Eastern
China.17 In total, 65 isolates were detected with INH resistance by the GenoType MTBDRplus, among which 73.8%
carried a mutation at the S315T1 codon of the katG gene
and 24.6% with the mutation C15T in the inhA regulatory
region. As previously described by several authors, the
most common mutation involved in INH resistance is the
S315T substitution in katG, which is related to high-level
INH resistance.18,19 The most prevalent mutation in the inhA
gene detected using LPA in our study was C15T with loss
of WT1, which confers low-level INH resistance; this is
also supported by previous studies.20,21 The relatively low
sensitivity to detect INH resistance for MTBDRplus is due
to the complex molecular basis, which involves mutations
in more than one gene or gene complex, such as the katG,
inhA, and kasA genes and the intergenic region of the oxyRahpC complex.22,23
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Drug resistance patterns
RFP resistance pattern (rpoB gene)
WT probes
ΔWT8
ΔWT8
ΔWT7
ΔWT7
ΔWT7
ΔWT3+ΔWT4
ΔWT3+ΔWT4
ΔWT2+ΔWT3

Mutant probes
MUT3
–
MUT2A
MUT2B
–
MUT1
–
–

INH resistance pattern
katG
WT probes
Mutant probes

inhA
WT probes

Mutant probes

ΔWT
ΔWT
ΔWT
ΔWT
ΔWT
WT

WT
ΔWT1
ΔWT2
WT
WT
ΔWT1

–
MUT1
MUT3A
–
–
MUT1

MUT1
MUT1
MUT1
MUT2
–
–

LFX resistance pattern (gyrA gene)
WT probes

Mutant probes

ΔWT2
ΔWT2
ΔWT3
ΔWT3
ΔWT3
ΔWT3
WT
WT
WT
WT
WT

MUT1
MUT2
MUT3C
MUT3A
MUT3D
MUT3A+MUT3C
MUT3A
MUT3B
MUT3C
MUT1+MUT3C
MUT1+MUT3A

AM/CPM resistance pattern (rrs gene)
WT probes

Mutant probes

ΔWT1
ΔWT2

MUT1
–

EMB resistance pattern (embB gene)
WT probes

Mutant probes

ΔWT1
ΔWT1
WT
ΔWT1

MUT1B
MUT1A
MUT1B
–

Mutations detected

No. (%) of strains

S531L
Unknown
H526Y
H526D
Unknown
D516V
Unknown
Unknown

46 (58.2)
5 (6.3)
7 (8.9)
3 (3.8)
7 (8.9)
8 (10.1)
2 (2.5)
1 (1.3)

S315T1
S315T1+C15T
S315T1+T8C
S315T2
Unknown
C15T

44 (67.7)
3 (4.6)
1 (1.5)
1 (1.5)
3 (4.6)
13 (20.0)

A90V
S91P
D94G
D94A
D94H
D94A+D94G
D94A
D94N/D94Y
D94G
A90V+D94G
A90V+D94A

10 (27.0)
5 (13.5)
9 (24.3)
3 (8.1)
1 (2.7)
2 (5.4)
2 (5.4)
1 (2.7)
1 (2.7)
2 (5.4)
1 (2.7)

A1401G
Unknown

12 (92.3)
1 (7.7)

M306V
M306I
M306V
M306I

13 (54.2)
8 (33.3)
2 (8.3)
1 (4.2)

Abbreviations: WT, wild-type pattern with all respective bands visible; ΔWT, lack of hybridization to the wild-type probe; MUT, mutation; RFP, rifampicin; INH, isoniazid;
LFX, levofloxacin; AM, amikacin; CPM, capreomycin; EMB, ethambutol.

Previous studies have shown that the sensitivity of
GenoType MTBDRsl assay ranged from 75.6% to 90.6% for
detecting FQ resistance.24–26 In this study, the sensitivity of
the MTBDRsl assay for detecting LFX resistance in clinical
strains was 89.7%. FQ resistance in MTB is ascribed mainly
to gyrA mutations, with 57.5% of mutations detected at codon
94% and 31.5% at codon 90.27 Consistent with published data,
the highest frequency of mutations conferring FQ resistance

Infection and Drug Resistance 2018:11

was observed in gyrA codon 94 (59.5%), followed by codon
90 (13/37, 35.1%). Our study showed that the most prevalent
mutation pattern in gyrA was the D94G mutation, followed
by the A90V and D94A mutation, which is in agreement
with other studies.24,28 Given that mutation probes for gyrB
are not included in the assay, it is possible that some isolates
may have had mutations in these positions as well but could
not be detected.
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Our study showed a low sensitivity of the LPA for the
detection of resistance to SLID (60.0%), which was much
lower than other reports (86.7%, 100%)29,30 and was similar
to Zeng’s report.28 The variable results may be ascribed to
the fact that geographically different MTB lineages can
result in different gene mutation patterns. Interestingly,
cross-resistance to AM, KM, and CPM had been reported.31
The predominant rrs gene mutation was A1401G (92.3%)
detected by MTBDRsl assay according to our study. Consistent with published data,30,32 rrs MUT1 A1401G was the most
frequently observed mutation among tested isolates. In this
study, we found eight isolates which MTBDRsl assay showed
sensitive to SLID, while the phenotypic DST indicated that
they were resistant to CPM but sensitive to AM. The rrs1401
mutation alone was not found with sufficient frequency to be
detected in more than 70%–80% of global MTB strains resistant to AM and CPM, while the eis promoter, tlyA and gidB
appeared to be involved in the resistance to AM and CPM.33
The sensitivity of the MTBDRsl in the detection of EMB
resistance was 57%–69.2%.24–26 Our results confirmed the
poor performance of embB mutations in the detection of EMB
resistance. A recent meta-analysis showed a similar sensitivity with the MTBDRsl assay for detecting EMB resistance
(55%).34 The most common mutations detected in embB by
the MTBDRsl assay were M306V in 62.5% and M306I in
37.5% of EMB-resistant isolates, which corresponded to previously published report.35 This suggests that the significance
of mutations in this codon is limited and it is necessary to
identify other mutations conferring resistance to this drug.
Huang et al identified several mutations in embB other than
that at codon 306.35 At the same time, recent results on the
proficiency testing of DST in supranational TB reference
laboratories highlighted a lack of consistency in DST results
for EMB, and the reproducibility was also found to be poor.36
As a rapid diagnosis of MDR-TB or even XDR-TB is of
high importance for patient outcome and of high epidemiological importance, we evaluated detection performance of
the GenoType MTBDRplus and MTBDRsl assays on the
MTB isolates. It takes less than one day for the assays to
get information about the MTB resistance pattern, but takes
two weeks for the conventional DST testing. The sensitivity
(80.8%) for the detection of MDR-TB in the present study
was much lower than previous report.10 We also found that
GenoType MTBDRsl was specific (97.6%) for the diagnosis
of XDR-TB, although the sensitivity was very low (50.0%),
as reported in previous studies.17
There are several limitations to our work. MTBDRplus
v1.0 and MTBDRsl v1.0 were used, which had recently
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been succeeded by a new iteration (v2.0).37,38 The new MTBDRplus v2.0 test shows a higher analytical sensitivity when
compared with the original MTBDRplus, which allows this
new version to be performed on both smear-positive and
smear-negative clinical specimens. GenoType MTBDRsl
v2.0 was redesigned based on GenoType MTBDRsl v1.0
and accommodated additional mutations for the molecular
detection of resistance to FQ involving gyrA and gyrB and
SLID resistance covering both rrs and eis genes.39 A further
limitation was our sample size, particularly the second-line
anti-TB drugs-resistant group was small. Finally, both LPA
assays were only tested on the MTB isolates, but not patient’s
samples. It takes up to seven weeks for positive MTB cultures,
while rapid and safe diagnosis of MDR-TB and XDR-TB is
essential for the adequate treatment of patients.
In conclusion, discordance still exists between conventional and LPA approaches in resistance testing. Further
investigations are required in the negative results as resistance
to second-line drugs may still be present but undetected by
LPA assays. Even though MTBDRsl had suboptimal diagnostic sensitivity for FQ and SLID, MTBDRsl remained to play
an important supplementary role for the rapid detection of FQ
and SLID resistance, given that phenotypic DST has a prolonged within-laboratory turn-around-time and is technically
challenging. At the same time, given the poor performance of
the MTBDRsl assay for detecting EMB resistance, this assay
can be used neither for detecting nor for ruling out EMB resistance accurately, and clinicians should use sequencing-based
methods for identifying other mutations conferring resistance
to this drug or await the results of phenotypic DST before
deciding on changes in treatment regimens. We suggest that
LPAs can be used as a supplementary method for the detection of MDR-TB and XDR-TB in high-burden countries to
improve treatment outcomes in patients. Reducing the time
to diagnosis, commencing appropriate therapy timeously, and
preventing transmission of drug-resistant strains are major
advantages of LPAs.
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