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GenoType MTBDRplus is a molecular assay for detection of Mycobacterium tuberculosis and drug resistance. Assay performance
as applied directly to consecutive unselected sputum samples has not been established. The objective of this study was to deter-
mine the accuracy of the MTBDRplus test for direct detection of M. tuberculosis (in sputum) and for drug resistance in consecu-
tively submitted sputum samples. In this cross-sectional study in South Africa, one sputum specimen from each person sus-
pected of having pulmonary tuberculosis was tested by smear microscopy, direct MTBDRplus, and Mycobacterial Growth
Indicator Tube (MGIT) culture with MGIT drug susceptibility testing. MGIT results were the reference standard. We tested
2,510 sputum samples, and 529 (21.1%) were positive for M. tuberculosis by MGIT. Direct MTBDRplus identified M. tuberculosis
in 256 of 529 specimens (sensitivity, 48.4%; 95% confidence interval [CI], 44.1, 52.7). The sensitivity of MTBDRplus for M. tuber-
culosis detection by sputum smear status was as follows: smear negative, 13.7% (95% CI, 9.8, 18.4); smear scanty, 46.2% (95% CI,
19.2, 74.9); smear 1�, 69.1% (95% CI, 55.2, 80.9); smear 2�, 86.3% (95% CI, 73.7, 94.3); smear 3�, 89.8% (95% CI, 83.7, 94.2).
Direct MTBDRplus testing was negative for 1,594/1,612 sputum samples that were culture negative for M. tuberculosis (specific-
ity, 98.9%; 95% CI, 98.2, 99.3). For specimens positive for M. tuberculosis by MTBDRplus, this assay’s sensitivity and specificity
for rifampin resistance were 85.7% (95% CI, 57.2, 98.2) and 96.6% (95% CI, 93.2, 98.6) and for isoniazid resistance they were
62.1% (95% CI, 42.3, 79.3) and 97.9% (95% CI, 94.8, 99.4). For sputum testing, the sensitivity of MTBDRplus is directly related
to the specimen’s bacillary burden. Our results support recommendations that the MTBDRplus test not be used for direct testing
of smear-negative or paucibacillary sputum samples.

Laboratory strengthening and accelerated access to rapid testing
for Mycobacterium tuberculosis drug resistance are important

components of the Stop TB Partnership Global Plan to Stop TB
2011-2015 (32). In May 2009, the World Health Assembly urged
member states to “achieve universal access to diagnosis and treat-
ment of multidrug-resistant and extensively drug-resistant tuber-
culosis.” (33). South Africa is experiencing dual epidemics of HIV
infection and drug-resistant tuberculosis (TB), making rapid de-
tection of anti-TB drug resistance a critical component of individ-
ual patient care. Facilities for M. tuberculosis culture and culture-
based phenotypic drug susceptibility testing (DST) are being
expanded and strengthened in South Africa. However, the turn-
around time of culture-based tests diminishes their clinical im-
pact, the contamination rates of liquid culture systems are non-
trivial, and the infrastructure and human resource requirements
for safe performance of culture tests are substantial (8, 11, 22).

The GenoType MTBDRplus (Hain Lifescience GmbH, Neh-
ren, Germany) is a molecular line probe assay containing probes
specific for M. tuberculosis complex, as well as probes for common
rifampin (RIF) resistance-conferring mutations and a subset of
the mutations conferring resistance to isoniazid (INH). For the
MTBDRplus assay, a meta-analysis showed a pooled sensitivity
and specificity of 98.4% and 98.9%, respectively, for detection of
RIF resistance and 88.7% and 99.2%, respectively, for detection of
INH resistance, although almost all of the studies included used
either cultured isolates or smear-positive respiratory specimens
(19). An initial validation study showed not only that MTBDRplus

was accurate for detection of resistance from smear-positive respi-
ratory specimens but also suggested that the assay had good accu-
racy when applied to smear-negative respiratory specimens that
contained M. tuberculosis in culture; 16/20 (80%) gave interpreta-
ble results for RIF, and 14/19 (74%) gave interpretable results for
INH (3).

Thibela TB is a cluster-randomized study of community-wide
preventive INH therapy in the gold-mining workforce in South
Africa (9, 12). The TB notification rates in the gold-mining work-
force exceed 4,000/100,000 person years—severalfold higher than
for South Africa as a whole—partly due to a high HIV prevalence,
estimated to be 29%, and silicosis (10, 18). Extensive transmission
of highly drug-resistant strains has been documented and is facil-
itated by congregate living and working conditions (6). Since in-
cident TB disease was a primary outcome of the Thibela TB study,
we undertook a series of initiatives to strengthen laboratory ser-
vices and evaluate new TB diagnostic tests, including GenoType
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MTBDRplus, in the context of Thibela TB. The major scientific
objectives of the present study were to determine the accuracy of
the GenoType MTBDRplus test for direct (i.e., in sputum) detec-
tion of M. tuberculosis and RIF and INH resistance in sputum
regardless of sputum smear microscopy status.

MATERIALS AND METHODS
Study population. This was a cross-sectional study of a diagnostic test
performed as a substudy of Thibela TB (9, 12). Participants were adults
who were suspected of having pulmonary TB based on clinical symptoms/
signs and/or chest X-ray findings; individuals already on anti-TB treat-
ment were excluded. Participants were recruited (i) at the mining health
services, where symptomatic individuals can self-present or be referred
for TB evaluation following routine annual chest X-ray screening, and (ii)
at screening for active TB prior to preventive INH therapy initiation as
part of Thibela TB. Informed consent for this TB diagnostic study was
obtained from each participant, and a structured interview was con-
ducted. Information about HIV status was collected through interview.
One spontaneously expectorated sputum sample was obtained from each
participant for study and transported within 24 h to the study laboratory.

Laboratory algorithms. All laboratory tests were performed at the
National Health Laboratory Services laboratory in Braamfontein, Johan-
nesburg, South Africa. Annually, this clinical service laboratory processes
approximately 150,000 sputum samples and performs approximately
135,000 MGIT cultures and 40,000 MTBDRplus tests for routine clinical
purposes. All study mycobacteriology procedures were performed by
study-dedicated staff. Within 24 h of receipt in the laboratory, sputum
samples were decontaminated using N-acetyl-L-cysteine–NaOH with a
final [NaOH] of 1% (17). After centrifugation, the pellet was suspended in
approximately 1.5 ml of phosphate buffer.

Conventional microbiology tests. An auramine-stained smear of the
decontaminated sediment was examined by fluorescence microscopy and
graded according to WHO criteria (23). A 0.5-ml portion of the sediment
was inoculated into the Bactec MGIT 960 system (BD Diagnostic Systems,
Sparks, MD) using Mycobacterial Growth Indicator Tubes (MGITs; BD
Diagnostic Systems). Positive cultures were confirmed as mycobacterial
using Ziehl-Neelsen staining or as M. tuberculosis using an anti MPB64
monoclonal antibody assay (Capilia TB-Neo; TAUNS Laboratories,
Numazu, Japan). For cultures growing M. tuberculosis, indirect DST was
performed using the MGIT SIRE system (BD Diagnostic Systems); the
critical concentration was 1.0 �g/ml for RIF and 0.1 �g/ml for INH.

GenoType MTBDRplus. Testing was conducted in accordance with
the manufacturer’s recommendations (13) and the manufacturer-trained
laboratory staff members. Training consisted of an initial 3 days of inten-
sive laboratory training. Briefly, crude DNA was extracted from a 500-�l
aliquot of the resuspended sediment that resulted from the sputum de-
contamination procedure. The 500-�l aliquot was centrifuged for 15 min
at 10 000 � g, and then the resulting pellet was resuspended in water and
incubated at 95°C for 20 min. Following further incubation in an ultra-
sonic bath for 15 min, each sample was centrifuged for 5 min and 5 �l was
used for amplification. The multiplex PCR (50 �l/tube) was performed
using Hotstar Taq DNA polymerase (Qiagen GmbH, Hilden, Germany)
and 42 amplification cycles. Hybridization was performed with the GT
Blot 48 or with the TwinCubator (both from Hain Lifescience GmbH).
DNA extraction, PCR, and reverse hybridization steps were carried out in
separate rooms to minimize contamination. Tests were performed and
interpreted without knowledge of culture results. For each test strip, the
banding pattern was interpreted in a two-stage process. (i) The presence
or absence of M. tuberculosis was first determined, and (ii) for strips show-
ing M. tuberculosis to be present, the susceptibilities to RIF and INH were
then assessed. For detection of M. tuberculosis, results that could not be
interpreted definitively (i.e., locus control test bands present but at a lower
intensity than the amplification control band) after the first test run were
categorized as “indeterminate-initial” and the test was repeated once us-
ing extracted DNA. If on repeat testing a definitive test result could be

obtained, then it was recorded; otherwise the result was recorded as “in-
determinate-final.”

DNA sequencing. For specimens having discordant DST results by
MGIT and MTBDRplus, direct DNA sequencing of the drug resistance-
determining regions of the genes rpoB, katG, and inhA (including the
promoter) was performed as described elsewhere (27).

Statistical methods. Data were entered singly, source data were veri-
fied in a structured query language database, and discrepancies were
checked against the source data. For detection of M. tuberculosis by
MTBDRplus, sensitivity calculations included specimens for which MGIT
culture grew M. tuberculosis; specificity calculations included specimens
that showed either no growth or growth of nontuberculous mycobacteria
(NTM), and specimens were excluded as uninformative if the MGIT cul-
ture was contaminated. All P values were generated by Fisher’s exact test.

This study was reviewed and approved by ethics committees of the
University of KwaZulu Natal, the London School of Hygiene and Tropical
Medicine, and the Johns Hopkins University School of Medicine.

RESULTS

Sputum samples were obtained from 2,516 participants recruited
from November 2008 to January 2010. Of these 2,516 participants,
2,430 (96.6%) were male, the median age was 46 years (interquar-
tile range, 39 to 51 years), 2,223 (88.4%) were from either South
Africa or Lesotho, 699 (27.8%) self-reported a history of TB dis-
ease, and 406 (16.1%) self-reported that they were HIV infected.

Figure 1 shows the specimen flow. There were 2,510 sputum
samples that yielded smear microscopy, MGIT culture, and
MTBDRplus results. MGIT culture was positive for M. tuberculo-
sis in 529/2,510 (21.1%); 266/529 (50.3%) were smear positive,
and 263/529 (49.7%) were smear negative. MGIT culture was pos-
itive for NTM (in the absence of detected MTB) in 251/2,510
(10.0%) sputum samples; 45/251 (17.9% of 251) were smear pos-
itive. Of 2,510 MGIT cultures, 369 (14.7%) were contaminated
and 1,361 (54.2%) were negative for any growth.

The initial MTBDRplus test result was positive for M. tubercu-
losis in 232 (9.2%) of the 2,510 sputum samples tested, negative for
M. tuberculosis in 1,975/2,510 (78.7%), and indeterminate-initial

FIG 1 Specimen flow schematic.
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for 303/2,510 (12.1%). For the 303 indeterminate-initial speci-
mens, on repeat testing, the result was M. tuberculosis positive for
50/303 (16.5%), M. tuberculosis negative for 235/303 (77.6%), and
indeterminate-final for 18/303 (5.9%; 0.7% of 2,510). Smear-pos-
itive specimens were more likely than smear-negative specimens
to be initially indeterminate (17.8% and 11.2%, respectively; P �
0.001). Similarly, specimens that were culture positive for M. tu-
berculosis were more likely to be initially indeterminate by
MTBDRplus than were specimens that were culture positive for
NTM, culture negative, or contaminated (21.6%, 6.8%, 10.1%, and
9.2%, respectively; P � 0.001). There was no correlation between
indeterminate results and time from study start (data not shown).

Table 1 shows the final MTBDRplus and MGIT results for
detection of M. tuberculosis in sputum. MTBDRplus correctly
identified M. tuberculosis in 256 of 529 MGIT culture-positive
specimens (sensitivity, 48.4%; 95% confidence interval [CI], 44.1,
52.7). The sensitivity of MTBDRplus for detection of M. tubercu-
losis by sputum smear grade was as follows (Fig. 2): smear nega-
tive, 36/263 (13.7%; 95% CI, 9.8, 18.4); smear scanty, 6/13 (46.2%;
95% CI, 19.2, 74.9); smear 1�, 38/55 (69.1%; 95% CI, 55.2,
80.9); smear 2�, 44/51 (86.3%; 95% CI, 73.7, 94.3); smear 3�,
132/147 (89.8%; 95% CI, 83.7, 94.2). The overall sensitivity of
MTBDRplus for M. tuberculosis detection in smear-positive spu-
tum samples was 220/266 (82.7%; 95% CI, 77.6, 87.1). Of 1,612
specimens culture negative for M. tuberculosis by MGIT (and not
contaminated), the MTBDRplus test was negative in 1,594 (spec-
ificity, 98.9%; 95% CI, 98.2, 99.3). MTBDRplus specificity was
lower among specimens that were smear positive and culture neg-
ative for M. tuberculosis than among specimens smear negative
and culture negative for M. tuberculosis (95.4% versus 99.0%, re-
spectively; P � 0.033). MTBDRplus was positive in 13 noncon-

taminated MGIT specimens that were culture negative for M.
tuberculosis (4 were culture positive for NTM without growth of
M. tuberculosis, although additional studies to exclude the pres-
ence of M. tuberculosis were not performed). The apparent decre-
ment in specificity for smear microscopy grade 3� sputum sam-
ples (Fig. 2) reflected a group of 13 smear-positive sputum
samples that were culture negative for M. tuberculosis, among
which MTBDRplus was positive in 2 sputum samples that grew
NTM in culture. When contaminated MGIT specimens were ex-
cluded, the MTBDRplus positive predictive value for M. tubercu-
losis was 256/269 (95.2%; 95% CI, 91.9, 97.4) and the negative
predictive value was 1,594/1,857 (85.8%; 95% CI, 84.2, 87.4). The
MTBDRplus test was positive for M. tuberculosis in 11/369 (3.0%)
sputum samples for which the MGIT culture was contaminated.

Of 529 sputum samples that ultimately grew M. tuberculosis in
MGIT culture, conventional MGIT DST was performed on 464
M. tuberculosis isolates. Of these isolates, 24/464 (5.2%) were re-
sistant to RIF and 58/464 (12.5%) were resistant to INH. With
respect to patterns of resistance, 23/464 (5.0%) were multidrug
resistant (MDR), 1/464 (0.2%) was RIF monoresistant, 35/464
(7.5%) were INH monoresistant, and 405/464 (87.3%) were sus-
ceptible to both drugs. The 65 cultures without MGIT DST con-
sisted of 47 mixed infections (M. tuberculosis plus NTM), 13 that
were contaminated on DST culture, and 5 that failed to grow on
DST culture.

MTBDRplus DST results were interpreted for 255 sputum
samples that were positive for M. tuberculosis by the direct
MTBDRplus test. As shown in Table 2, MTBDRplus, performed
on sputum, identified as RIF resistant 12 of 24 specimens that grew
M. tuberculosis determined to be RIF resistant by MGIT pheno-
typic testing (MTBDRplus sensitivity, 50.0%; 95% CI, 29.1,
70.9). When the analysis was restricted to specimens that were
positive for M. tuberculosis by MTBDRplus, that test’s sensitiv-
ity for RIF resistance was 12/14 (85.7%; 95% CI, 57.2, 98.2) and
its specificity for RIF resistance was 200/207 (96.6%; 95% CI,
93.2, 98.6). For the two specimens that were RIF resistant by
MGIT but RIF susceptible by MTBDRplus, sequencing showed
wild-type rpoB genes and was therefore concordant with the
MTBDRplus test. For the two specimens that were RIF suscep-
tible by MGIT but RIF resistant by MTBDRplus, sequencing
confirmed the rpoB mutation (S531L) detected by MTBDRplus
in both. For seven sputum samples determined to contain M.
tuberculosis by MTBDRplus, the RIF susceptibility status could
not be determined definitively with that test, in most cases due
to uncertainty about the presence of bands for one or more

TABLE 1 Final results for detection of M. tuberculosis by GenoType MTBDRplus and MGIT culture in 2,510 tested sputum specimens

MTBDRplus result

No. (%)a of MGIT cultures

Total
M. tuberculosis
present

No M. tuberculosis present

NTM
only Contaminated Negative

M. tuberculosis present 256 (48.4) 4 (1.6) 11 (3.0) 9 (0.7) 280
No M. tuberculosis present 263 (49.7) 247 (98.4) 355 (96.2) 1,347 (99.0) 2,212
Indeterminate-final 10 (1.9) 0 (0) 3 (0.8) 5 (0.4) 18

Total 529 (100) 251 (100) 369 (100) 1,361 (100) 2,510
a Percentages shown are those of the column total.

FIG 2 Sensitivity and specificity of the direct GenoType MTBDRplus test,
stratified by sputum smear microscopy grade and using MGIT culture as the
reference comparator. Vertical bars represent 95% CIs.
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wild-type rpoB probes; each of the M. tuberculosis isolates was
susceptible to RIF by phenotypic DST.

Overall, MTBDRplus identified as INH resistant 18 of 58 spec-
imens resistant by MGIT (Table 2; sensitivity, 31.0%; 95% CI,
19.5, 44.5). When the analysis was restricted to specimens that
were positive for M. tuberculosis by MTBDRplus, that test’s sensi-
tivity was 18/29 (62.1%; 95% CI, 42.3, 79.3) and its specificity was
190/194 (97.9%; 95% CI, 94.8, 99.4). Of the 11 specimens that
were INH resistant by MGIT yet susceptible by MTBDRplus, se-
quencing was performed for 9; 8 showed wild-type katG and wild-
type inhA, and 1 had an inhA mutation (C15T). Sequencing was
performed for one of the two specimens that were INH susceptible
by MGIT yet resistant by MTBDRplus; DNA sequencing con-
firmed the katG S315T and inhA C15T mutations detected by
MTBDRplus.

Of the 23 specimens that were identified as containing MDR
M. tuberculosis by MGIT testing, MTBDRplus correctly identified
11 as MDR (sensitivity, 47.8%; 95% CI, 26.8, 69.4). When the
analysis was restricted to specimens that were positive for M. tu-
berculosis by MTBDRplus, that test’s sensitivity was 11/13 (84.6%;
95% CI, 54.6, 98.1) and its specificity was 202/203 (99.5%; 95%
CI, 97.3, 100.0). Of these 11 specimens, 7 (63.6%) had the katG
S315T mutation, 2 (18.2%) had the inhA C15T mutation, and 2
(18.2%) had both the katG S315T and inhA C15T mutations; 8
(72.7%) had the rpoB S531L mutation, and 3 (27.3%) had the rpoB
S516L mutation.

DISCUSSION

Our study, undertaken in a setting of high HIV and TB prevalence,
assessed the accuracy of MTBDRplus for detection of M. tubercu-
losis and drug resistance when performed directly on all sputum
samples regardless of smear status. The sensitivity of MTBDRplus
for detection of M. tuberculosis increased as the smear grade in-
creased, up to a smear grade of 2�, reflecting an association be-
tween assay sensitivity and sputum bacillary burden.

Importantly from a clinical perspective, over one-quarter of M.
tuberculosis culture-positive specimens of smear microscopy
grade 1� and over one-half of culture-positive specimens of

smear grade “scanty” were negative by MTBDRplus. This test’s
relatively low sensitivity to M. tuberculosis in smear grade scanty
and 1� specimens means that caution must be used in interpret-
ing as “TB negative” those sputum samples that are smear grade
scanty or 1� but MTBDRplus negative, and additional testing of
those sputum samples is required. The WHO has endorsed the use
of line probe assays for the rapid screening of patients at risk for
MDR TB (31); the recommended use is limited to culture isolates
and smear-positive respiratory specimens. The relatively low sen-
sitivity of MTBDRplus for smear-positive sputum samples of
smear grade �2� may have implications for cost-effectiveness if
the assay is used on all smear-positive pulmonary specimens.

From an implementation perspective, we found that the
MTBDRplus test was challenging to perform and interpret when
run directly on all submitted sputum samples, as approximately
12% of tests could not be interpreted on initial testing and had to
be repeated. This rate of uninterpretable tests is similar to the 5 to
12% uninterpretable rates reported by others for MTBDR tests
performed directly on sputum samples (2, 14, 20, 21, 28). In our
study, the majority of indeterminate-initial tests were interpreta-
ble on repeat testing and the proportion of MTB-positive test
results among indeterminate-initial test results (16.5%) was
higher than that for initial test results overall (9.2%). The lack of
an association between indeterminate results and time from study
start implies that staff competency and experience performing the
MTBDRplus test were not the sole drivers of indeterminate re-
sults. Rather, several factors may have been involved, including
low bacillary burdens in some specimens (2, 20, 21). On the other
hand, DNA cross-contamination resulting in falsely positive
MTBDRplus results—a concern raised about the use of the test on
smear-negative specimens— occurred infrequently at most, as ev-
idenced by an overall specificity for M. tuberculosis detection of
98.9% in our study. In addition, when applied to sputum samples,
the MTBDRplus test did not “overcall” resistance, since in our
study the specificity estimates for RIF and INH susceptibility test-
ing were similar to those determined in a meta-analysis (19). In
our experience, however, extreme care was required in interpret-

TABLE 2 DST results for direct GenoType MTBDRplus testing and indirect MGIT culture for RIF and INH

MTBDRplus result

No. (%)a of MGIT cultures

TotalSusceptible Resistant
Not
done

RIF
M. tuberculosis positive, RIF susceptible 200 (45.5) 2 (8.3) 26 (40.0) 228
M. tuberculosis positive, RIF resistant 2 (0.5) 12 (50.0) 5 (7.7) 19
M. tuberculosis positive, RIF indeterminate-final 7 (1.6) 0 (0) 1 (1.5) 8
M. tuberculosis negative 231 (52.5) 10 (41.7) 33 (50.8) 274

Total 440 (100) 24 (100) 65 (100) 529

INH
M. tuberculosis positive, INH susceptible 190 (46.8) 11 (19.0) 25 (38.5) 226
M. tuberculosis positive, INH resistant 2 (0.5) 18 (31.0) 6 (9.2) 26
M. tuberculosis positive, INH indeterminate-final 2 (0.5) 0 (0) 1 (1.5) 3
M. tuberculosis negative 212 (52.2) 29 (0.5) 33 (50.8) 274

Total 406 (100) 58 (100) 65 (100) 529
a Percentages shown are those of the column total.
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ing RIF results in the absence of an overt rpoB mutation probe
band, since band intensities were sometimes very faint for rpoB
wild-type probes 6, 7, and 8 (data not shown).

With respect to DST, performing MTBDRplus on all sub-
mitted sputum samples was inefficient since it detected half or
fewer than half of the sputum samples containing RIF- and/or
INH-resistant M. tuberculosis as determined by phenotypic
DST. When considering only those specimens for which the
MTBDRplus test was positive for M. tuberculosis, the assay still
failed to detect INH resistance in over one-third of sputum
samples containing INH-resistant isolates, and MTBDRplus
failed to detect RIF resistance (and MDR M. tuberculosis) in
about 15% of the sputum samples containing RIF-resistant or
MDR M. tuberculosis isolates. Although the number of drug-
resistant specimens in our study was small, the demonstrated
imperfect sensitivity of MTBDRplus highlights the limitations
of performing MTBDRplus directly on sputum, as well as the
limitations of molecular assays containing a finite number of
probes. For INH, DNA sequencing of available isolates showed
that some discrepant (MGIT resistant, MTBDRplus suscepti-
ble) isolates had wild-type alleles for katG and inhA, the two
genes represented in the MTBDRplus test; DNA sequencing to
test for the presence of INH resistance-conferring mutations in
other genes was not undertaken.

Our study also highlights an Achilles’ heel of MGIT culture,
namely, contamination. Fifteen percent of MGIT cultures were
contaminated, thereby diminishing the diagnostic yield of this
methodology, which has excellent analytical sensitivity (7, 16, 25,
26, 30). Rates of MGIT culture contamination similar to those in
our study have been reported for other studies conducted in de-
veloping-country settings (8, 22, 25, 29). The MTBDRplus is sen-
sitive for detection of M. tuberculosis and RIF resistance when
performed on cultured isolates (1, 3, 5, 15, 24). However, when
MTBDRplus is used as an indirect test, the diagnostic yield would
be expected to be reduced by culture contamination since some
contaminated cultures may not be suitable for MTBDRplus test-
ing. Other molecular methodologies, such as Xpert MTB/RIF,
which incorporates heminested PCR amplification and molecular
beacon detection of RIF resistance-conferring mutations in rpoB,
may be able to overcome the problems of poor analytical sensitiv-
ity and contamination (4).

Overall, our study supports the current recommendation
(31) not to apply MTBDRplus testing to smear-negative respi-
ratory specimens, and it provides new detail with respect to the
accuracy of MTBDRplus when it is applied to smear-positive
sputum samples that contain relatively few bacilli. Cost-effec-
tiveness studies may help clarify the subset of smear-positive
clinical respiratory specimens best suited for MTBDRplus test-
ing. Finally, there is a need for investigation of the impact of an
MTBDRplus testing program on patient and TB program out-
comes, given the potential for this test to result in a more rapid
testing turnaround time and potentially faster initiation of ap-
propriate treatment than conventional culture-based pheno-
typic DST, and the relative merits of line probe versus emerging
molecular beacon assays.
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