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Abstract: Background: The diagnostic value of GenoType MTBDRplus assay hasn’t been validated in smear-nega-
tive retreated tuberculosis (TB) patients. Therefore, a retrospective study was conducted to evaluate it. Methods:
Between Jun, 2013 and Sep, 2016, 35 retreatment TB patients were enrolled in the study. The phenotypic drug
susceptibility test (DST) was evaluated using indirect proportion method with L-J medium. The GenoType MTBDRplus
assay was done on culture specimens according to the manufacturer’s instructions. The sensitivity, specificity,
positive likelihood ratio and negative likelihood ratio of GenoType MTBDRplus assay in detection of isoniazid (INH)-
and rifampicin (RIF)-resistance were calculated using the phenotypic DST assay as the gold standard. Results: The
average age was 28.9 + 11.3 years (range 5 to 61 years), 57.1% (21/35) were male. For detecting INH-resistance,
the sensitivity, specificity, positive likelihood ratio and negative likelihood ratio of GenoType MTBDRplus assay were
94.1% (73.0%, 99.0%), 55.6% (33.7%, 75.4%), 2.12 (1.25, 3.60) and 0.106 (0.02, 0.74), respectively; For detecting
RIF-resistance, the sensitivity, specificity, positive likelihood ratio and negative likelihood ratio were 100% (85.1%,
100.0%), 91.7% (64.6%, 98.5%), 12.00 (1.84, 78.37) and O, respectively; For detecting MDR-TB, the sensitivity,
specificity, positive likelihood ratio and negative likelihood ratio were 93.3% (70.2%, 98.8%), 65.0% (43.3%, 81.9%),
2.67 (1.45, 4.92) and 0.10 (0.02, 0.70), respectively. Conclusion: The GenoType MTBDRplus assay has high sensi-
tivity for detection of INH- and RIF-resistance in retreatment TB patients. However, the specificity is moderate, this
should be taken into account when interpreting the test results.
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Introduction Solid and liquid culture methods for drug sus-

ceptibility test (DST) of Mycobacterium tuber-

Tuberculosis (TB) is one of the most serious
infectious diseases, with an annual incidence
of 9 million new cases, killing more than 1.5
million people annually [1]. The emergence of
multi-drug resistant TB (MDR-TB) is further
complicating the situation. According to a WHO
estimate, in 2014, there were approximately
300,000 new cases of MDR-TB and around
190,000 fatalities from TB worldwide [1]. MDR-
TB, defined as resistance to two of the most
potent first-line anti-TB drugs, rifampicin (RIF)
and isoniazid (INH), has become a major barrier
to achieving successful control of TB, as thera-
py is costly, complicated, with less effective.

culosis (M.TB) are time consuming requiring
weeks to months in providing the results. In
addition, contamination rates with conven-
tional culture and DST are high. GenoType
MTBDRplus assay (Hain Lifescience GmbH,
Nehren, Germany) which is used for the rapid
detection of M.TB complex and resistance to
INH and RIF was endorsed by WHO [2]. The
molecular line probe assay detects mutations
associated with the rpoB gene for RIF-resis-
tance, katG genes and inhA regulatory region
gene for INH-resistance [3]. In a meta-analysis,
GenoType MTBDRplus showed excellent pooled
sensitivity and specificity for detection of resis-
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Table 1. Diagnostic performance of GenoType MTBDRplus assay in retreatment tuberculosis patients

Sensitivity (95% Cl) Specificity (95% Cl) PLR (95% Cl) NLR (95% Cl)
Isoniazid 94.1% (73.0%, 99.0%)  55.6% (33.7%, 75.4%) 2.12(1.25,3.60)  0.106 (0.02, 0.74)
Rifampicin ~ 100% (85.1%, 100.0%)  91.7% (64.6%, 98.5%)  12.00 (1.84, 78.37) 0
MDR-TB 93.3% (70.2%, 98.8%)  65.0% (43.3%, 81.9%) 2.67 (1.45, 4.92) 0.10 (0.02, 0.70)

95% Cl, confidence interval; PLR, positive likelihood ratio; NLR, negative likelihood ratio; MDR-TB, multidrug-resistant tubercu-

losis.

tance to INH (91%, 99%), RIF (96%, 98%), and
MDR-TB (91%, 99%) [4]. GenoType MTBDRplus
assay demonstrated excellent performance
and offers great promise in improving MDR-TB
care and prevention.

In retreatment TB cases, having < 2 treatment
courses and not completing retreatment were
associated with mortality [5]; A high proportion
of MDR-TB exists among retreatment TB cases,
especially the relapse and treatment failure
cases [6]; Retreatment TB patients, high-risk
MDR-TB population, had poor utilization of
access to bacteriologic-based TB diagnosis [7].
Therefore, it is necessary to develop cheap,
safe and maneuverable DST guiding anti-TB
therapy for these high-risk MDR-TB patients.
Such as Xpert MTB/RIF, GenoType MTBDRplus
assay. Meanwhile, in China, mixed infections
were observed more frequently among TB
patients undergoing retreatment than among
new cases (P<0.05) [8]. This may contribute to
disagreement between GenoType MTBDRplus
assay and phenotypic DST results. Considering
these problems, the diagnostic performance of
GenoType MTBDRplus assay deserves an accu-
rate and well-designed evaluation in retreat-
ment TB patients.

The goal of this study was to investigate
the diagnostic performance of Genolype
MTBDRplus assay on culture specimens in
comparison to the routine diagnostic standard
in smear-negative retreatment TB patients.
Therefore, this retrospective study was per-
formed to compare the assay results with phe-
notypic DST at a Chinese provincial laboratory.

Materials and methods

This study was approved by the Human
Research Ethics Committees of Shandong
Provincial Chest Hospital (SPCH) and First
Affiliated Hospital of Guangxi Medical Uni-
versity. Because of the retrospective nature,
written consent was waived.
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Between Jun. 2013 and Sep. 2016, culture and
phenotypic DST were performed on all retreat-
ment cases. 35 culture-positive and smear-
negative retreated TB patients were enrolled in
the study. Their clinicopathological characteris-
tics were reviewed and analyzed. Retreated TB
patients were defined using criteria proposed
by Kilale AM et al. [9].

The indirect proportion method with L-J medi-
um using critical concentrations of INH (1 yg/
mL) and RIF (50 pg/mL) was used to screen
M.TB isolates. Drug resistance was expressed
as the proportion of colonies that grew on drug-
containing medium to drug-free medium and
the critical proportion for resistance was 1%
[10].

The GenoType MTBDRplus assay was done on
culture specimens and carried out according to
manufacturer’s instructions. Briefly, three steps
were used: i) DNA extraction from processed
culture specimen, ii) amplification of target
region by PCR, and iii) hybridization of PCR
product to the specific oligo-nucleotide probes,
immobilized on the strip. Drug resistance was
expressed as the absence of wild-type band,
presence of mutation band or both.

Statistical analysis was carried out using SPSS
17.0 software. Data were expressed as mean +
standard deviation (SD) all calculations were
estimated at a 95% confidence interval (95%
Cl). The result of the phenotypic DST assay was
used as the gold standard to calculate the sen-
sitivity, specificity, positive likelihood ratio and
negative likelihood ratio for detecting INH- and
RIF-resistance by GenoType MTBDRplus assay.

Results

The average age was 28.9 + 11.3 years (range
5 to 61 years), 57.1% (21/35) were male. All
were HIV-negative. 59.4% (19/32) were TB-PCR
positive. 10 patients had smoking habit (19.0 +
26.5 pack-years) and were all males. The time
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between initial treatment and retreatment was
3.1 + 5.3 years (range 1 month to 21 years).
Seven patients have contact history with a TB
patient in the family. 17 patients were INH-
resistant, 22 were RIF-resistant, 9 were mono-
resistant TB (INH or RIF), 15 were MDR-TB. The
subjects included 21 isolated pulmonary TB
and 14 pulmonary + extra-pulmonary TB (1 uri-
nary tuberculosis, 2 tuberculous meningitis, 3
tuberculous lymphadenitis and 10 tuberculous
pleurisy).

As shown in Table 1, for detecting INH-
resistance, the sensitivity, specificity, positive
likelihood ratio and negative likelihood ratio
of GenolType MTBDRplus assay were 94.1%
(73.0%, 99.0%), 55.6% (33.7%, 75.4%), 2.12
(1.25, 3.60) and 0.106 (0.02, 0.74), respective-
ly; For detecting RIF-resistance, the sensitivity,
specificity, positive likelihood ratio and nega-
tive likelihood ratio of GenoType MTBDRplus
assay were 100% (85.1%, 100.0%), 91.7%
(64.6%, 98.5%), 12.00 (1.84, 78.37) and O,
respectively; For detecting MDR-TB, the
sensitivity, specificity, positive likelihood ratio
and negative likelihood ratio of GenoType
MTBDRplus assay were 93.3% (70.2%, 98.8%),
65.0% (43.3%, 81.9%), 2.67 (1.45, 4.92) and
0.10 (0.02, 0.70), respectively.

Discussion

The results of the present study have shown
that the GenoType MTBDRplus assay has high
sensitivity for the rapid detection of INH- and
RIF-resistant M.TB in retreatment TB patients.
However, the specificity is moderate; this
should be taken into account when interpreting
the test results. To our best knowledge, this is
the first study from China to investigate diag-
nostic performance of GenoType MTBDRplus
assay in retreatment TB. Although the tech-
nique which detects MDR mutations at onset or
during therapy would enable rapid identifica-
tion of MDR and facilitate the modification of
regimens for retreatment TB patients, the mod-
erate accuracy also should be taken into
account.

Currently, the GenoType MTBDRplus assay has
been proven to be suitable for application both
with culture isolates and directly with smear-
positive specimens. Chen C et al. evaluated the
performance of the Genolype MTBDRplus
assay in smear-positive TB, it was shown that
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the sensitivities and specificities for GenoType
MTBDRplus in detecting INH- and RIF-resis-
tance were respectively 76.47%, 95.44%,
85.94% and 93.13% [11]. Yadav RN et al.
reported the use of the assay on culture speci-
mens, the sensitivity and specificity were 98%
and 99% respectively for detection of RIF-
resistance; 92% and 99% respectively for
detection of INH-resistance; 97% and 100%
respectively for detection of MDR-TB [12]. It
looks like that culture materials may be more
accurate than smear-positive specimens
for detecting INH- and RIF-resistance using
GenoType MTBDRplus assay. This may be asso-
ciated with that the sensitivity of MTBDRplus
assay is directly related to the specimen’s bacil-
lary load (sputum smear status) [13].

Usually, GenoType MTBDRplus assay had very
high specificity (up to 100%). But in the study,
there were a moderated specificity in detection
of drug resistance. If the absence of wild-type
band, presence of mutation band or both were
detected by the assay, the culture would be
resistant to the matched drug only if TB DNA
was extracted from single colonies in routine
practices. However, in a Chinese study, mixed
infections were observed frequently among TB
patients undergoing retreatment than among
new cases (P<0.05) [8, 14]. Therefore, mixed
infection may contribution to the moderate
specificity of GenoType MTBDRplus assay in
detection of INH- and RIF-resistance among
retreatment TB patients. Meanwhile, in our rou-
tine work, the TB DNA for GenoType MTBDRplus
assay was extracted from the whole culture,
but only one isolate was preceded for pheno-
typic DST.

Although smear-negative specimens have been
approved for GenoType MTBDRplus assay, its
sensitivity remains to be a problem, because
the specimen’s bacillary load is associated
with the performance [13]. Cultivated samples
maybe a better choice compared to these spec-
imens were collected from patients directly. For
TB detection, Lin et al. evaluated the diagnostic
value of the combination of MGIT 960 system
and real time-PCR, the results showed that the
combination is useful for the early detection of
M.TB [15]. It implied that the combination of
GenoType MTBDRplus assay and MGIT 960
system would improve diagnostic value of
GenoType MTBDRplus assay, especially saving
a lot of time.
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This study had several limitations. Firstly, the
weakness of the study was its retrospective
nature, so the results should be treated with
caution. Secondly, the sample size was small.
Although thousands of TB patients were exam-
ined by the GenoType MTBDRplus assay, there
were relatively few patients met the eligibility
criteria. Thirdly, further work (such as sequenc-
ing, MIRU-VNTR genotyping) would be helpful
to improve the use of GenoType MTBDRplus
assay in retreatment TB patients [16, 17].
Unfortunately, these M.TB isolates from clinical
specimens weren't collected and stored rou-
tinely. Lastly, it requires further analysis to
determine whether the mixed infection affect
the specificity of GenoType MTBDRplus assay
in retreatment TB cases.

Conclusion

The GenoType MTBDRplus assay has high sen-
sitivity for the rapid detection of INH- and RIF-
resistant M.TB in retreatment TB patients.
However, the specificity is moderate; this
should be taken into account when interpreting
the test results. Meanwhile, further research
on Genolype MTBDRplus assay is needed.
Such as the effect of mixed infection, the diag-
nostic value of combination with MGIT 960
System.

Acknowledgements

This study was supported by the Science
and Technology Department of Jinan (NO.
201303043).

Disclosure of conflict of interest
None.

Address correspondence to: Tian-Ren Huang, De-
partment of Epidemiology, Affiliated Tumor Hospital
of Guangxi Medical University, 71 Hedi Road,
530021, Nanning, China. Tel: +86 771-5321676;
Fax: +86 771-5321676; E-mail: tianrenhuang@sina.
com; Yu He, Department of Clinical Laboratory, First
Affiliated Hospital of Guangxi Medical University,
Nanning, China. E-mail: heyu31@163.com

References
[1] WHO. Global Tuberculosis Report 2014. World
Health Organization 2014.

[2] Barnard M, Gey van Pittius NC, van Helden PD,
Bosman M, Coetzee G and Warren RM. The di-

3531

agnostic performance of the GenoType
MTBDRplus version 2 line probe assay is
equivalent to that of the Xpert MTB/RIF assay.
J Clin Microbiol 2012; 50: 3712-3716.

[3] Hillemann D, Rusch-Gerdes S and Richter E.
Evaluation of the GenoType MTBDRplus assay
for rifampin and isoniazid susceptibility testing
of Mycobacterium tuberculosis strains and
clinical specimens. J Clin Microbiol 2007; 45:
2635-2640.

[4] Bai Y, Wang Y, Shao C, Hao Y and Jin Y.
GenoType MTBDRplus assay for rapid detec-
tion of multidrug resistance in Mycobacterium
tuberculosis: a meta-analysis. PLoS One 2016;
11: e0150321.

[5] Acuna-Villaorduna C, Ayakaka 1, Dryden-
Peterson S, Nakubulwa S, Worodria W, Reilly N,
Hosford J, Fennelly KP, Okwera A and Jones-
Lopez EC. High mortality associated with re-
treatment of tuberculosis in a clinic in
Kampala, Uganda: a retrospective study. Am J
Trop Med Hyg 2015; 93: 73-75.

[6] Munje R, Deshmukh R and Tumane K.
Multidrug-resistant TB among previously treat-
ed TB cases: a retrospective study in Nagpur,
India. Indian J Tuberc 2015; 62: 207-210.

[7]  Zhou C, Jiang W, Yuan L, Lu W, He J, Zhao Q
and Xu B. Access to bacteriologic-based diag-
nosis in smear positive retreatment tuberculo-
sis patients in rural China: a cross-sectional
study in three geographic varied provinces.
PLoS One 2016; 11: e0146340.

[8] FangR,LiX, LiJ,WulJ,Shen X, Gui X, DeRiemer
K, Liu L, Mei J and Gao Q. Mixed infections of
Mycobacterium tuberculosis in tuberculosis
patients in Shanghai, China. Tuberculosis
(Edinb) 2008; 88: 469-473.

[9] Kilale AM, Ngowi BJ, Mfinanga GS, Egwaga S,
Doulla B, Kumar AM, Khogali M, van Griensven
J, Harries AD, Zachariah R and Hinderaker SG.
Are sputum samples of retreatment tuberculo-
sis reaching the reference laboratories? A
9-year audit in Tanzania. Public Health Action
2013; 3: 156-159.

[10] Canetti G, Fox W, Khomenko A, Mahler HT,
Menon NK, Mitchison DA, Rist N and Smelev
NA. Advances in techniques of testing myco-
bacterial drug sensitivity, and the use of sensi-
tivity tests in tuberculosis control programmes.
Bull World Health Organ 1969; 41: 21-43.

[11] Chen C, Kong W, Zhu L, Zhou Y, Peng H, Shao
Y, Song H, Liu Q, Li G, Shi J, Zhong C, Ding X, Yu
H, Yang H and Lu W. Evaluation of the
GenoType(®) MTBDRplus line probe assay on
sputum-positive samples in routine settings in
China. Int J Tuberc Lung Dis 2014; 18: 1034-
1039.

[12] Yadav RN, Singh BK, Sharma SK, Sharma R,
Soneja M, Sreenivas V, Myneedu VP, Hanif M,

Int J Clin Exp Pathol 2017;10(3):3528-3532


mailto:tianrenhuang@sina.com
mailto:tianrenhuang@sina.com
mailto:heyu31@163.com

3532

GenoType MTBDRplus in smear (-) retreatment TB patients

Kumar A, Sachdeva KS, Paramasivan CN,
Vollepore B, Thakur R, Raizada N, Arora SK
and Sinha S. Comparative evaluation of
GenoType MTBDRplus line probe assay with
solid culture method in early diagnosis of mul-
tidrug resistant tuberculosis (MDR-TB) at a ter-
tiary care centre in India. PLoS One 2013; 8:
e72036.

Dorman SE, Chihota VN, Lewis JJ, van der
Meulen M, Mathema B, Beylis N, Fielding KL,
Grant AD and Churchyard GJ. Genotype
MTBDRplus for direct detection of Myco-
bacterium tuberculosis and drug resistance in
strains from gold miners in South Africa. J Clin
Microbiol 2012; 50: 1189-1194.

Matthys F, Rigouts L, Sizaire V, Vezhnina N,
Lecog M, Golubeva V, Portaels F, Van der Stuyft
P and Kimerling M. Outcomes after chemo-
therapy with WHO category Il regimen in a
population with high prevalence of drug resis-
tant tuberculosis. PLoS One 2009; 4: e7954.

(15]

(16]

(17]

Lin SY, Hwang SC, Yang YC, Wang CF, Chen
YH, Chen TC and Lu PL. Early detection
of Mycobacterium tuberculosis complex in
BACTEC MGIT cultures using nucleic acid am-
plification. Eur J Clin Microbiol Infect Dis 2016;
35: 977-984.

Huang WL, Chi TL, Wu MH and Jou R.
Performance assessment of the GenoType
MTBDRsI test and DNA sequencing for detec-
tion of second-line and ethambutol drug resis-
tance among patients infected with multidrug-
resistant Mycobacterium tuberculosis. J Clin
Microbiol 2011; 49: 2502-2508.

Chaidir L, Sengstake S, de Beer J, Krismawati
H, Lestari FD, Ayawaila S, van Soolingen D,
Anthony R, van Crevel R and Alisjahbana B.
Mycobacterium tuberculosis genotypic drug re-
sistance patterns and clustering in Jayapura,
Papua, Indonesia. Int J Tuberc Lung Dis 2015;
19: 428-433.

Int J Clin Exp Pathol 2017;10(3):3528-3532



