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ABSTRACT

Objectives: This study aimed to detect the incidence of tuberculous meningitis (TM) in pediatric
patients using GenoType MTBDRplus, GenoType MTBDRsl, and Mycobacteria Growth Indicator Tube
(MGIT). Additionally, it aimed to evaluate the utility of GeneXpert MTB/RIF assay in the detection of
Mycobacterium tuberculosis in comparison to MGIT culture.

Methods: Children under or equal to 15 years of age who were clinically suspected of tuberculous
meningitis (TBM) were included in the study. Cerebrospinal Fluid (CSF) samples were collected and
tested for GeneXpert MTB/RIF assay and MGIT culture. Culture-positive samples were further analyzed
using Line Probe Assay (LPA) to detect drug-resistant mycobacteria.

Results: Out of 272 CSF samples, 28 (10.3%) samples were positive for MTB, and 5 (17.8%) were MDR-
TB. GeneXpert MTB/RIF assay detected 23 (8.4%) MTB cases of which 3 (13%) were rifampicin-
resistant. MGIT culture detected the presence of MTB organism in 19 (6.9%) cases, of which 6 (31.6%)
were isoniazid-resistant and 2 (10.5%) were rifampicin-resistant by first line LPA. None of the samples
had Extensively Drug-Resistant TB (XDR-TB). GeneXpert MTB/RIF assay had 73.6% sensitivity and
96.4% specificity taking MGIT as a gold standard.

Conclusion: Total positivity for MTB was seen in 10.3% cases, among which 17.8% were MDR-TB; no
XDR-TB was detected in pediatric patients. GeneXpert MTB/RIF assay is a rapid and reliable method
for diagnosis of tuberculous meningitis but may miss some cases, so samples should also be cultured
in MGIT to enhance yield and for extended sensitivity panel. J Microbiol Infect Dis 2021; 11(3):140-146.
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INTRODUCTION particularly in resource-limited settings due to

o ) paucibacillary nature, problems in collecting an
Tuberculous meningitis (TBM) constitutes 1- adequate volume of CSF, and obtaining a
5% of tuberculosis cases [1]. TBM patients detailed history [4]. Acid Fast Bacilli Staining
may develop neurological disorders and other (AFB) staining has poor sensitivity, and culture

complications  of multi-drug  resistance in takes 2-6 weeks to provide results and has 35-
Mycobacterium tuberculosis which causes 60% sensitivity.

mortality in 20% to 22% cases [2]. So it is

essential to diagnose TB and MDR-TB in In 2013, WHO recommended using GeneXpert
pediatric patients at the earliest to give MTB/RIF assay for the diagnosis of TB in
appropriate therapy timely [3]. Delay in children and extra-pulmonary specimens [5].
diagnosis and treatment can lead to death [3]. GeneXpert MTB/RIF assay was strongly
Excellent and prompt diagnosis of tuberculous recommended by WHO in 2015 as an initial
meningitis in children is very challenging, diagnostic test in paucibacillary disease in
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preference to conventional microscopy &
culture [6]. It is a nucleic acid amplification
testing that simultaneously detects M.
tuberculosis and susceptibility to rifampicin
and results in approximately two hours [7].
Studies have reported GeneXpert MTB/RIF
assay sensitivity to vary from 58-80% [5,6].

The GenoType MTBDRplus assay (Hain
Lifescience, Nehren, Germany) version 2 is a
Line Probe Assay (LPA) based on a reverse
hybridization procedure. It can be performed
on smear-positive and smear-negative
pulmonary samples and culture-positive
isolates. LPA targets the rpoB, katG, and inhA
genes, detecting M. tuberculosis and
susceptibility to Rifampicin and Isoniazid drug,
providing results in five hours [8].

This study aimed to detect the incidence of
tuberculous meningitis and drug resistance in
pediatric patients using GenoType
MTBDRplus, GenoType MTBDRsI, MGIT, and
evaluate the utility of GeneXpert MTB/RIF
assay in the detection of Mycobacterium
tuberculosis in comparison to MGIT culture.

METHODS

This study was conducted at Advance
Research & TB laboratory, Department of
Microbiology, Sawai Man Singh Medical
College, Jaipur. Specimens were collected
from pediatric patients (15 years old or
younger) clinically suspected of tuberculous
meningitis from January 2018 to June 2018.
Patient details were entered in Annexure 15A
as per the Revised National Tuberculosis
Control Program (RNTCP). This study was
approved by the Ethics Committee S.M.S.
Medical College & Attached Hospitals, Jaipur
(No. 2259/MC/EC/2016).

Acid Fast Bacilli Staining and Microscopy

AFB staining and microscopy were performed
to detect mycobacteria as per the RNTCP
guidelines [9]. One loopful of CSF was placed
in the middle of a slide without spreading and
allow to dry in the air. One more drop of CSF
was placed on the same spot and allowed to
dry. After centrifugation, a third drop of the
deposit was placed on the same spot, air-
dried, and fixed. It was poured the filter carbol
fuschin (1%) to cover the smear. The slide was
heated to keep the slide steamed for 5 minutes
and washed off the stain with distilled water.
Flooded slide with 3% acid alcohol and was let
stand for 2-3 minutes. Washed off the acid-
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alcohol with distilled watered and tilted the
slide to drain. Flooded slide with methylene
blue (0.1%) and was let stand for 1 minute.
The stain was washed off with distilled water,
and the slide tilted to drain. The slide was
allowed to air-dry. Examined the slide under a
microscope using a 40X lens to select the
suitable area and then examined under a 100X
objective lens using a drop of immersion oil.

GeneXpert MTB/RIF assay

GeneXpert MTB/RIF assay was conducted as
per the manufacturer's instructions [10]. One
ml of the specimen was thoroughly mixed with
2 ml of buffer solution; the mixture was then
vortexed and incubated at room temperature
for 10-15 minutes. After that, 2 ml of sample
reagent mixture was transferred into
GeneXpert MTB/RIF assay cartridge, scanned
the cartridge, and loaded into the GeneXpert
machine. Results were obtained after 2 hours.
The systems reported the presence or
absence of MTB with the bacterial load as very
low, low, medium, or high and simultaneously
giving results for susceptibility to rifampicin
drug [11].

MGIT Culture

Five hundred microliter of CSF specimen was
directly inoculated into MGIT (Mycobacteria
Growth Indicator Tube) supplemented with
eight hundred microliter OADC (Oleic acid,
albumin, dextrose, catalase) containing
PANTA (polymyxin B, amphotericin B, nalidixic
acid, trimethoprim, azlocillin). Then it was
placed into BACTEC MGIT 960 instrument and
incubated at 37 °C [12]. Decontamination was
done in the case of turbid CSF. Positive tubes
flagged by the instrument were removed and
checked for the presence of mycobacteria by
AFB staining & microscopy. Contamination
was checked by inoculating one drop of culture
on a BHI agar plate and incubated for 48 hours
at 37°C. The instrument flagged negatives
tubes after 42 days of incubation. The MPT 64
antigen test was performed on AFB positive
MGIT cultures as described by the
manufacturer [13]. This rapid immune-
chromatography test differentiates
Mycobacterium  tuberculosis and  Non-
tuberculous Mycobacteria (NTM) [14].

DNA extraction

AFB positive MGIT cultures were subjected to
DNA extraction using the GenoLyse kit (Hain
Lifescience, Nehren, Germany) as per the
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manufacturer's protocol [15]. They were
transferred 1 ml of growth into a labeled 1.5 ml
screw-cap tube from AFB positive MGIT
culture tube. The samples were centrifuged for
15 minutes at 10,000 X g in a standard
tabletop microcentrifuge with an aerosol tight
rotor. After that, the supernatants were
discarded and resuspend pellet in 100
microliter Lysis Buffer (A-LYS) by vortexing.
They were incubated for 5 minutes at 95 °C in
a water bath and briefly were spin down. In the
end, 100 microliter Neutralization buffers (A-
NB) were added and vortexed sample for 5
seconds.

Line probe assay

Reverse hybridization was performed by using
GenoType MTBDRplus V2 kit (Hain
Lifescience GmbH, Nehren, Germany) for
molecular detection of MTB complex and
resistance-conferring mutations to rifampicin
(RIF) and isoniazid (INH) [15]. A positive
Mycobacterium tuberculosis control (TUB)
band indicated members of the M. tuberculosis
complex. Rifampicin resistant samples were
further subjected to second-line LPA; the
GenoType MTBDRsl| V2 (Hain Lifescience
GmbH, Nehren, Germany), for the detection of
Extensively Drug-resistant Tuberculosis (XDR-
TB), by detecting resistance-conferring
mutations of fluoroquinolones (FLQ) (gyrA and
gyrB genes) and second-line injectable drugs
(SLID) (rrs and eis genes) [16]. The absence
of Wild type band & presence of MUT band
indicates the presence of mutation indicating
resistance to the drug. Hetero-resistant strains
showed both Wild & MUT bands to the
particular drug.

Statistical analysis

Statistical analysis was done to calculate the
sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) of
GeneXpert MTB/RIF assay versus MGIT
culture considered a gold standard.
Calculations were done with the help of an
online calculator:

(https://www.medcalc.org/calc/diagnostictest.p
hp).
RESULTS

Out of 272 CSF specimens tested, 23 (8.45%)
were found to be MTB positive, and 3
(13.04%) were rifampicin-resistant by
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GeneXpert MTB/RIF assay, 19 (6.98%)
samples were culture positive (Table 1).

On comparing the GeneXpert MTB/RIF assay
and MGIT culture, 14 samples (5.14%) were
found positive by both, 9 (3.3%) were
GeneXpert MTB/RIF assay positive but
culture-negative, 5 (1.83%) were culture
positive, but GeneXpert MTB/RIF assay
negative. The comparative results were listed
in Table 2.

On analyzing the results of first-line LPA, 4
(21%) isolates were mono-resistant to
isoniazid, and 2 (10.5%) isolates were
resistant to both rifampicin and isoniazid
drugs. Among 23 MTB. GeneXpert positive
cases, three were rifampicin-resistant, of which
one was found to be MTB sensitive by LPA,
and no mutation was observed in the RRDR
region of the rpoB gene. LPA showed the
various mutation band patterns associated
with the drug resistance in the rpoB, katG, and
inhA gene shown in Table 3.

Among 19 culture-positive isolates, two
isolates were found MDR by LPA. The rpoB
gene showed the mutation in the S531L
codon, and a high level of isoniazid resistance
was observed in the S315T1 codon of the
katG gene. Another two isolates were mono-
resistant to isoniazid with high-level resistance
in the S315T1 codon. A low isoniazid
resistance was found in two isolates with the
inhA gene C15T codon mutation.

The second line LPA was performed for two
MDR-TB isolates and four INH resistant
isolates obtained by first line LPA. Only one
isolate out of two MDR-TB isolates showed the
presence of mutation band pattern WT3-
MUT3C+ in the gyrA gene, which indicated the
resistance to fluoroquinolone group
(moxifloxacin, ofloxacin & levofloxacin) while
the remaining one and other four mono INH
resistant isolates were sensitive to both
fluoroquinolones and second-line injectable
drugs (kanamycin, amikacin, capreomycin,
and viomycin). In this study, no XDR-TB was
detected, but pre-XDR-TB was detected.

DISCUSSION

Detecting MTB in patients suspected of
tuberculous meningitis is a challenge due to
the paucibacillary nature of tuberculous
meningitis and the availability of minimal
sample volumes of CSF.
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In this study, we observed total positivity of
10.3% in pediatric patients suspected of
tuberculous meningitis. GeneXpert MTB/RIF
assay showed 8.4% positivity comparable with
the other multi-centric Indian study [17], which
reported 7.1% positivity for CSF by GeneXpert
MTB/RIF assay in a pediatric population. In
this study, MGIT culture positivity was 6.9%
lower than another study from Agra, India, by

Table 1. GeneXpert MTB/RIF assay results for CSF samples

Bhatia et al. [18], which showed 14.71%
culture positivity. In this study, GeneXpert
MTB/RIF assay detected MTB in 2.27%
additional specimens then MGIT culture but
missed 1.8% MTB which MGIT additionally
detected. AFB smear microscopy did not
detect acid-fast bacilli, similar to findings from
another Indian study of Bala from Udaipur,
Rajasthan [19].

Total Samples MTB Positive (%)

MTB Detected

Rifampicin
Sensitive (%)

272 23 (8.4) 3 (13%)

Rifampicin Resistant Rifampicin Indeterminate
(%) (%)

20 (87%) 0 (0%)

MTB=Mycobacterium tuberculosis

Table 2. Comparison of GeneXpert MTB/RIF assay by using MGIT culture as a gold standard

MGIT Culture Positive MGIT Culture Negative Total
Positive 14 9 23 (8.4%)
GeneXpert
Negative 5 244 249 (91.5%)
Total 19 (7%) 253 (93%) 272

MGIT=Mycobacteria Growth Indicator Tube

Table 3. Frequency and pattern of rpoB, katG, and inhA gene mutations in drug-resistant Mycobacterium

tuberculosis isolated from meningitis patients by LPA.

Rifampicin Isoniazid
AWT rpoB gene No. of AWT INH gene mutations No. of
probe mutation Codon isolates probe katG/inhA Codon isolates
MUT 1
- MUT 3 S531L 2 S315T1 4
(katG)
MUT 1
C15T 2
(inhA)

WT=Wild Type, INH=Isoniazid

Our findings showed that GeneXpert MTB/RIF
assay had 73.6% sensitivity and 96.4%
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specificity for detecting TBM, using MGIT as
the gold standard, similar to another study
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from Pondicherry, India [20]. In addition, they
observed that GeneXpert MTB/RIF assay had
72.7% sensitivity and 98.5% specificity against
culture.

Kohli et al. [21] from Canada reported the
sensitivity and specificity of GeneXpert
MTB/RIF assay against culture to be 71.1%
and 98%, respectively. Notably, of 23 cases
detected by GeneXpert MTB/RIF assay, nine
were not detected by MGIT culture. The so-
called false positive (GeneXpert MTB/RIF
assay positive but culture-negative) may occur
due to loss of viability of MTB during
decontamination of turbid CSF before culture
[22]. Moreover, false negatives may also be
due to loss of viability in patients under
treatment. Out of 19 cases detected by MGIT
culture, five isolates were not detected by
GeneXpert MTB/RIF assay may be due to
unequal splitting of the sample with low
bacillary load (<100 CFU/ml) in CSF samples
[23].

In this study, 17.8% MDR-TB was detected
using both methods, 13% Rifampicin
resistance was detected by GeneXpert
MTB/RIF assay, which is comparable with
another Indian study from Kolkata [24], which
showed 13.8% resistance to rifampicin. In this
study, GeneXpert MTB/RIF assay gave a
better performance in detecting rifampicin
resistance as it detected three RIF resistant
while LPA detected two RIF resistant isolates
and one isolate showed discrepant results,
resistant by GeneXpert MTB/RIF assay but
sensitive by LPA. As per RNTCP GeneXpert,
MTB/RIF assay should be repeated in the
discrepant sample, but we could not do so due
to the unavailability of the sample. Two
samples were negative by GeneXpert
MTB/RIF assay. However, culture-positive
were RIF sensitive with a low level of isoniazid
resistance, as mutation was observed in the
C15T codon of the inhA gene. So, each
technology has its advantages; GeneXpert
MTB/RIF assay detected more MTB and RIF
resistant cases than MGIT and LPA but could
not detect isoniazid resistance and missed few
cases of MTB.

In the present study, LPA detected MDR-TB in
10.5% isolates which were comparable with
another study from South Africa [25] which
showed 11.6% MDR-TB in pediatric
meningitis. 21.05% isolates were isoniazid-
resistant by first line LPA in our study, which
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agrees with another study from Spain [26] that
reported 20.4% isoniazid resistance in
pediatric patients. The paucibacillary nature of
the disease in the pediatric population makes
the diagnosis & reporting of MDR/XDR difficult.

Only 1/2 (50%) isolate was found resistant to
the fluoroquinolones group. Thus, no XDR-TB
was observed in our study, which is similar to
another Indian study in which no XDR-TB was
reported in pediatric patients with meningitis
[27].

Though  WHO-recommended  GeneXpert
MTB/RIF assay and LPA for detecting MDR-
TB, which identifies mutations in the 81bp
RRDR region of the rpoB gene, some of the
mutations may be present outside this region
and will be missed by both. Similarly, MGIT
culture sensitivity which is the gold standard
may also miss out on rifampicin resistance due
to 'disputed' mutations [28]. The limitation of
this study was the lack of adequate CSF
volume in some specimens, as a result of
which the required volume of a sample could
not be put for MGIT culture after GeneXpert
MTB/RIF assay testing. Treatment history was
also not available in all cases.

Conclusion

Mycobacterium tuberculosis was detected in
10.3% of cases and MDR-TB in 17.8% of
cases using all technologies. No XDR-TB was
observed. GeneXpert MTB/RIF assay is highly
effective in rapid and simultaneous detection
of MTB and MDR-TB, which can help save
lives and prevent complications by giving early
treatment and management. Samples should
also be cultured on MGIT to enhance the yield
and carry out an extended panel of drug
susceptibility as GeneXpert MTB/RIF assay
can report only rifampicin resistance.
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