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ABSTRACT

Aims: To evaluate GenoType® MTBDRplus line probe assay as a diagnostic tool for detection of
Mycobacterium tuberculosis and drug susceptibility testing from cerebrospinal fluid of probable
tuberculous meningitis patients.

Study Design: A prospective, double blind study.

Place and Duration of study: Dept. of Microbiology and Neurology, Institute of Human Behavior

*Corresponding author: Email: renugoyal_123@yahoo.co.in;



Gupta et al.; BIMMR, 8(9): 772-780, 2015; Article no.BJMMR.2015.505

and Allied sciences, Delhi, India between February 2014 to October 2014.

Methodology: Cerebrospinal fluid collected from 107 probable meningitis patients with diagnostic
score >10 were subjected to smear microscopy, automated liquid culture (BACTEC MGIT 960) and
Polymerase chain reaction (IS6110). All the samples were also subjected to GenoType®
MTBDRplus line probe assay for detecting M. tuberculosis and drug susceptibility. Drug
susceptibility testing of all the M. tuberculosis isolates was done by BACTEC MGIT 960 and
GenoType® MTBDRplus line probe assay.

Results: The sensitivity, specificity of the assay for M. tuberculosis detection was 49.5%, 100%
against clinical diagnosis as reference standard and 68.9%, 100% against definitive diagnosis as
reference standard. A diagnostic accuracy of 56.8% (kappa 0.22), 75% (kappa 0.46), were seen in
patients with probable and confirmed diagnosis respectively. The drug susceptibility results for
Isoniazid and Rifampicin could be delineated in only 39.2% of patients.

Conclusion: This assay proved to have better sensitivity, diagnostic accuracy than smear
microscopy and automated liquid culture for early detection of M. tuberculosis from probable
tuberculous meningitis patients and has comparable sensitivity to culture (39.2%) for detection of
drug susceptibility (though on different isolates). Rapid turnaround time and user friendliness
makes it an acceptable assay for simultaneous early detection of M. tuberculosis and its drug

susceptibility for better patient management.

Keywords: GenoType MTBDRplus assay; drug susceptibility testing; nucleic acid amplification;

cerebrospinal fluid.
ABBREVIATIONS
NAAT: Nucleic acid amplification test
DEFINITION:

Definite Tuberculous Meningitis

Clinical entry criteria: Symptoms and signs of meningitis including one or more of the following:
headache, irritability, vomiting, fever, neck stiffness, convulsions, focal neurological deficits, altered
consciousness, or lethargy plus;, One or more of the following; Acid-fast bacilli seen in the CSF;
Mycobacterium tuberculosis cultured from the CSF; CSF positive by nucleic acid amplification test.

Probable Tuberculous Meningitis

Clinical entry criteria as above Plus; A total diagnostic score of 10 or more points (when cerebral
imaging is not available) or 12 or more points (when cerebral imaging is available) plus exclusion of
alternative diagnosis. At least 2 points should either come from CSF for cerebral imaging criteria.

1. INTRODUCTION

Tuberculous meningitis (TBM) is the most
distressing complication of tuberculosis and
accounts for approximately 7-12% of tuberculosis
cases in developing world [1]. This disease is
associated with a very high mortality (30%) in
cases of infection with fully sensitive organism
and much higher mortality (60%) and morbidity in
infection with drug resistant organisms and
Human Immunodeficiency Virus co infected
individuals [2,3]. Delay in diagnosis and initiation
of treatment further worsens the clinical outcome
[3,4]. Precise and rapid diagnosis of TBM and
drug resistance in useful clinical time frame can

not only improve the survival in these patients
but also prevent devastating neurological squeal.

The confirmed microbiological diagnosis in useful
clinical time frame is still not possible due to
paucibacillary nature of the disease [3-5]. The
conventional diagnostic tests besides suffering
from low sensitivity takes minimum of 2-3 weeks
for detection of M. tuberculosis followed by
another 2-3 weeks for drug resistance testing
resulting in loss of the most valuable time for
evidence directed therapy [3-5] Nucleic acid
amplification tests (NAAT) as diagnostic tests for
TBM has given a highly variable sensitivity on
commercial assays and are notoriously difficult to
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standardize and implement in-house with
adequate quality controls in resource limited high
burden microbiology laboratories in developing
world [5,6]. There is an immense need of a
sensitive, affordable, user friendly assay capable
of giving rapid reliable results.

GenoType® MTBDRplus line probe assay (HAIN
Life Sciences, Germany) based on DNA strip
technology is approved by World Health
Organization for direct detection of multi drug
resistant (MDR) M. tuberculosis from smear
positive/negative pulmonary specimens and
M. tuberculosis cultures after evaluation by the
Foundation for Innovative new diagnostics
(FIND) and has become available in many
laboratories across the developing countries [7].
This assay permits the molecular identification of
the M. tuberculosis complex and resistance to
Rifampicin (RIF) and lIsoniazid (INH) and is
based on multiplex PCR followed by reverse
hybridization for detection of deletion in wild type
gene loci and mutation in rpoB (RNA polymerase
B subunit), katG (catalase peroxidase) and inhA
(inoyl coenzyme A reductase) loci. This test is
affordable and has become available in many
high burden diagnostic laboratories for
pulmonary tuberculosis and is user friendly with
minimum staff training [8,9]. However this test
has not been sufficiently evaluated for direct
detection of M. tuberculosis and drug resistance
from extra pulmonary patients [10].

In a preliminary study, we evaluated this test for
detection of M. tuberculosis and drug
susceptibility in few confirmed TBM patients [11].
The present study is an attempt to assess
sensitivity, specificity of this assay for detection
of M. tuberculosis and drug susceptibility in
probable TBM patients presenting to a tertiary
care neuropsychiatry hospital.

2. MATERIALS AND METHODS

Ethical approval for the study was obtained from
the Institutional Ethical Review Committee for
Biomedical Research. Informed written consent
for lumbar puncture was obtained from all
patients or their relatives before inclusion in the
study.

2.1 Patient Selection

This prospective study was conducted on
probable TBM patients presenting to a tertiary
care neuropsychiatry hospital of Delhi from Feb
2014- Oct 2014. All the consecutive patients

presenting with clinical suspicion of chronic
meningitis  with symptoms of headache,
irritability, vomiting, fever, neck stiffness,
convulsions, focal neurological deficits, altered
consciousness, or lethargy for more than 5 days
were screened for CSF cytology, biochemistry
and/or cerebral imaging and for evidence of
tuberculosis elsewhere as per criteria laid by
Marias et al. [12]. The patients were recruited for
this study only if they had diagnostic score 210
(when cerebral imaging was not done) or 212
(when cerebral imaging was done) using
validated scoring system [12]. In addition 18 non
TBM patients with non infectious neurological
disorder were included as negative controls.
Patients with significant co-existing disease like
pre-existing neurological deficit, seizure disorder,
mental retardation, cerebral palsy or already on
antiuberculous drug treatment were not included
in the study. Any patient diagnosed to have any
other cause of meningitis was excluded later
from the study.

Approximately 3-5 ml of CSF sample was
received in Microbiology department for TBM
diagnosis. The sample was processed as per
standard microbiological  techniques  for
microscopy and culture in BACTEC MGIT 960
(MGIT 960; Becton Dickinson Systems, sparks,
MD) by the staff well trained in doing these
procedures [13,14]. PCR and GenoType
MTBDRplus assay were performed by two
different personnel who were blinded to
microscopy, culture and results of each other.

2.2 DNA Extraction PCR

M. tuberculosis

and for

1 ml of CSF sample was incubated overnight at
65°C with 20 ul of Proteinase K (10 mg/ml)
followed by boiling for 10 min [1]. DNA was
stored at -20°C till further testing. Conventional
PCR for amplification of 1S6110 gene was done
using forward primer 5'-
CCTGCGAGCGTAGGCGTCGG-3’ and reverse
primer - CTCGTCCAGCGCCGCTTCGG-3 as:
Initial denaturation at 95°C for 4 min followed by
35 cycles of denaturation at 95°C for 30 sec,
annealing at 60°C for 30 sec and extension at
72°C for 30 sec. A final extension was done at
72°C for 7 min. Amplified gene product were
analyzed using agarose gel (1.5%)
electrophoresis.

2.3 GenoType MTBDRplus Assay

DNA was extracted using Genolyse kit (HAIN
Life Sciences, Germany). Multiplex PCR for the
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detection of drug resistance genes (rpoB, katG,
inhA) was performed using 35 pl of primer
nucleotide mix, 10 pl of Tag DNA polymerase-
PCR buffer mix and 5 pyl of supernatant in a final
volume of 50 pl. Amplification was done in a
thermal cycler (PalmCycler, Genetix Biotech Asia
Pvt. Ltd) using cycling parameters as: Initial
denaturation of 15 min at 95°C, followed by 20
cycles of 30 sec at 95°C and 2 min at 65°C, and
30 cycles of 25 sec at 95°C, 40 sec at 50°C and
40 sec at 70 C and the extension step of 8 min at
70°C. Reverse hybridization was performed
using Twincubator (HAIN Life Sciences,
Germany) by GenoType MTBDRplus kit as per
manufacturer’s instruction [15]. The test was
interpreted as positive for M. tuberculosis
complex if a clear M. tuberculosis complex
control (TUB) was seen along with conjugate
control and amplification control bands and
negative if MTB control band was faint or absent.
The absence of any of the wild-type bands or
presence of any mutation band implied
resistance in presence of clear control bands. A
positive (H37Rv) and negative (water) control
was run in every assay.

2.4 Drug susceptibility testing (DST)

For all the culture isolates was done by BACTEC
MGIT 960 using standard critical concentration
for INH (0.1 ug/ml) and RIF (1 ug/ml) as well as
by GenoType MTBDRplus assay [13].

2.5 Statistical Methods

The sensitivity, specificity, positive predictive
value, negative predictive value was calculated
using defined formula against two reference
standards 1) Definitive diagnosis of TBM
(microscopy and/or culture and/or PCR) and 2)
probable diagnosis [16]. The sensitivity,
specificity of microscopy, culture and PCR was
calculated against probable diagnosis as
reference standard. The exact 95% confidence
interval was calculated using Graph pad
calculator [17].

3. RESULTS

A total of 113 patients fulfiled the enrollment
criteria for the study. 6 patients were excluded
later as two samples were positive for
Cryptococcus, 1 grew Non Tuberculous
Mycobacteria, 3 samples were contaminated.
Thus 107 patients were included in final analysis

(Fig. 1).

3.1 Microbiological Diagnosis

The sensitivities of smear, culture and PCR for
M. tuberculosis detection were 6.5% (7/107; 95%
Cl, 2.6% to 13%) 39.3 %(42/107; 95% Cl, 29.9%
to 49.1%) and 65.4% (70/107; 95% ClI, 55.6% to
74.3%) respectively against Probable TBM as
reference standard. The definitive diagnosis’s of
TBM was made in 69.1% patients (74/107; 95%
Cl, 59.5 to 77.7) by microscopy and/or culture
and/or PCR. All the control patients were
negative by microscopy, culture and PCR. Fig. 1
depicts the results of CSF processing.

3.2 GenoType MTBDRplus Assay

The sensitivity/specificity of GenoType
MTBDRplus assay for M. tuberculosis detection
was 49.5% (53/107; 95% ClI, 39.7 to 59.3)/100%
against probable diagnosis as reference
standard and 68.9% (51/74; 95% CI, 57.1 to
79.1)/100% against definitive TBM as reference
standard. In addition, this assay could detect M.
tuberculosis in 2 probable TBM patients who
were microscopy, culture and PCR negative. The
diagnostic efficacy of this assay is shown in
Table 1.

3.3 Drug Susceptibility Testing

DST of M. tuberculosis culture isolates was done
by BACTEC MGIT 960 and GenoType
MTBDRplus assay in only 42 isolates as 32
patients were PCR positive but culture negative.
For CSF samples directly tested by GenoType
MTBDRplus assay, all the six locus control
bands were present in only 42 of the 53 TUB
band positive samples thus enabling detection of
INH and RIF susceptibility in 42 clinically
diagnosed patients (24 culture positive, 18
culture negative). However, RIF susceptibility
was interpretable in all the 53 TUB band positive
samples whereas in 11 TUB band positive
samples inhA control band was missing. By
GenoType MTBDRplus assay only one sample
was detected as MDR and 3 samples were mono
resistant to INH (out of 42).

The result of all the three assay i.e MGIT 960
DST, GenoType MTBDRplus assay from culture
and direct CSF sample were available for only 31
samples as 22 clinical samples tested positive by
GenoType MTBDRplus assay were culture
negative (Table 2). Out of 31 samples, 7 samples
had missing inhA control band and there was
complete agreement by all the three methods for
23 strains (74.1%): 20 strains were sensitive, one
MDR and two mono resistant to INH. One M.
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tuberculosis isolate was tested resistant to INH MTBDRpl/us assay both on direct CSF sample

by MGIT 960 but was sensitive by GenoType

and culture isolate (Table 2).

Table 1. Diagnostic utility of GenoType MTBDRplus assay

Test Category Sensitivity Specificity NPV% Accuracy% Kappa
% %
Gentoype Confirmed  68.9 100 44 0.46
MTBDR plus  TBM (moderate)
assay Probable 49.5 100 25 0.22 (fair)
TBM

PPV: Positive predictive value; NPV: Negative predictive value

Table 2. Comparative analysis of drug susceptibility test results by phenotypic BACTEC MGIT
960 and GenoType MTBDR assay in CSF samples and Cultures
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Molecular pattern
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AkatG WT S315T1: deletion of katG wild type, mutation at codon 315; AinhA CB: deletion of inhA control band (uninterpretable)
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113 patients with
Probable TBM*

Excluded:
. 2 Cryptococcus
1 Mon tuberculous
Bacteria
All results » 3 Bactec
available for 107 Contamination
patients

| }
l ! }

Definite TBM:74 3
Smear: 7 Probahle 18 non TBM
Culture: 42 TBM
PCR:70
! . }

¥

51 GenoType
MTE'DR,DFUE 2 GEHUT‘].I'FIE
assay positive MTEDRplus Nil
assay
Positive

*Marias et al: 113 patients clinically diagnosed Probable TBM

Fig. 1. Flow chart of CSF processing results of patients recruited in the study
4. DISCUSSION questionable. Only very few studies have
assessed this test for detection of M. tuberculosis
drug resistance in direct CSF samples from

TBM is a medical emergency and a large number
confirmed or probable TBM patients [10,11].

of patients are started on presumptive treatment
as microbiological confirmation by microscopy,
culture is insensitive, time consuming and nucleic
acid amplification tests are very difficult to
standardize and maintain in resource limited
settings [4-6]. Even if diagnosis of TBM is
established, DST results are available only from
30-60% of patients who grow M. tuberculosis on

In a preliminary study, we had evaluated
GenoType MTBDRplus assay for detection of M.
tuberculosis and drug resistance in few
confirmed TBM patients and found a sensitivity of
55% [11]. Encouraged by these findings, we
went ahead to evaluate this assay on probable
culture and that too after a delay of 7-10 days TBM patients. In the present study the sensitivity

after culture confirmation [4]. This leads to over ~©Of GenoType MTBDRplus assay for M.
utilization of already scarce resources as well as  tuberculosis detection was 49.5% with diagnostic

increased risk for emergence of drug resistance
and poor compliance in patients. Though recently
GenoType MTBDRplus assay has become
available in large number of resource limited high
burden settings in developing world for
pulmonary specimens yet its utility for direct
detection of M. tuberculosis and drug resistance
for extra pulmonary clinical specimens is

accuracy of 56.8% with fair kappa of 0.22 against
probable diagnosis as reference standard which
was much better than sensitivity, diagnostic
accuracy for detection of M. tuberculosis by
microscopy (6.5%, 20%, kappa 0.02), culture
(39.3%, 48%, kappa 0.15) but was less than
PCR (69.1%, 73.6%, kappa 0.39) (Table 2). The
GenoType MTBDRplus assay could detect M.
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tuberculosis in 68.9% of all confirmed TBM cases
(diagnostic accuracy 75%, kappa 0.46) and could
also detect M. tuberculosis in additional 2
probable TBM patients who were
microbiologically negative for M. tuberculosis.
These two probable TBM patients were not false
positive as they were radiologically proven TBM
and showed a good response to anti tubercular
treatment at 6 months follow up. Interestingly,
GenoType MTBDRplus assay could not detect
M. tuberculosis in all the smear positive, culture
positive and PCR positive samples which is
against the conventional wisdom as generally,
the comparative higher bacterial load in smear
and culture positive samples should have been
easily detected by this molecular assay. On the
contrary, the assay could detect M. tuberculosis
in 2 additional samples which were smear
negative, culture negative and PCR negative
probable TBM patients. This suggests that for
TBM diagnosis there is no single rule out test
and all the tests are contingent upon their ability
to pick the target in tested volume of CSF.
Additionally, the paucibacillary nature of the
disease and uneven distribution of bacilli due to
clump formation in clinical samples can provide
some more explanation for this [18]. Though
GenoType MTBDRplus assay is not approved for
detection of M. tuberculosis directly from clinical
sample but it can be of immense benefit in

establishing TBM diagnosis with certainty due to
its rapid turnaround time, user friendliness and
practically minimal chance of contamination [18].
Clear interpretable results for drug resistance
testing (all 6 control bands) were seen in only 42
(39.2%) samples and drug susceptibility by MGIT
DST could also be done in only 42 culture
isolates but from different patients Fig. 2.
However, additional 11 CSF samples had
interpretable bands for detection of M.
tuberculosis and RIF resistance but had missing
inhA locus control band. This could be due to
competitive inhibition of amplification of inhA
gene in paucibacillary specimens as none of the
culture isolates from these samples had missing
inhA control band.

Of the 42 CSF samples interpretable by
GenoType MTBDRplus assay, 38 samples were
sensitive to both INH and RIF, one sample was
MDR with mutation at codon 531 for RIF and at
codon 315 INH resistance. All 3 INH mono
resistant samples had mutation at codon 315. Of
these 42 samples, 24 samples were culture
positive and were also tested for drug sensitivity
by MGIT DST and GenoType MTBDRplus assay.
Except for one isolate, there was complete
agreement in results of GenoType MTBDRplus
assay from direct sample and culture isolate.

0.8

0.7

0.6

0.5

0.4

39.3% 39.3%

0.3

0.2

0.1 6.5%

..

il

Smear Culture

Confirmed TBM  MTBDR plus

DST MTBDR  DST MGIT 960

assay plusassay

Fig. 2. Sensitivities of microbiological diagnosis and GenoType MTBDRplus assay for
M. tuberculosis detection and drug susceptibility testing against probable diagnosis as
reference standard. DST: Drug susceptibility testing
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This isolate was resistant by MGIT DST but
sensitive by Genotype MTBDRplus assay which
could be due to some unidentified mutation in
some other genomic region which is not targeted
by this assay [19,20]. All the 11 TUB band
positive samples were sensitive to RIF and results
were similar to MGIT DST and GenoType
MTBDRplus assay from culture. The results from
our study are in contrast to previously published
study from china which has shown excellent
sensitivity (93.3%) for detection of drug resistance
in CSF samples from confirmed TBM patients and
much higher rates of drug resistance in TBM
patients [10].

5. CONCLUSION

The GenoType MTBDRplus assay thus proved to
be a rapid, easy to perform test for diagnosing
TBM in probable TBM patients. The assay had
much better sensitivity and diagnostic accuracy
than microscopy and culture and could also detect
drug susceptibility in some of the culture negative
patients. The test can be used for simultaneous
detection of M. tuberculosis and drug
susceptibility directly in CSF from patients
adequately screened with validated scoring
criteria in high burden resource limited settings
where other better platforms for early diagnosis
and susceptibility testing are not available. The
limiting sensitivity of this test is offset by its
immense benefit of early and precise
simultaneous detection of M. tuberculosis and
drug resistance for better patient management in
probable TBM patients.
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