Evaluation of direct detection of Mycobacterium tuberculosis
complex in respiratory and non-respiratory clinical
specimens using the Cepheid Gene Xpert® system
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Objective: To compare the sensitivity and specificity of
Cepheid Gene Xpert®, MTB/RIF assay for direct detection
of Mycobacterium tuberculosis complex (MTBC) and
rifampin (RIF) resistance with conventional methods in
respiratory and non-respiratory clinical specimens.

Methods: We used a cross sectional design to evaluate
a diagnostic test at the TB Section of the Division of
Microbiology, Central Military Laboratory and Blood
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Bank, Prince Sultan Military Medical City, Riyadh,
Kingdom of Saudi Arabia from October 2011 to January
2012. The detection of MTBC and RIF resistance using
the Xpert® MTB/RIF assay was assessed in 239 (172
respiratory, and 67 non respiratory) specimens received
from 234 patients suspected of TB, and compared with
conventional smear microscopy and culture methods.

Results: Out of the 239 specimens investigated, 62
(25.9%) were MTBC positive by culture, while 59
(24.6%) were positive by Xpert® assay. Three samples
showed false negative Xpert® results. Compared with
the culture, the Xpert® assay achieved 95.4% (95% CI:
89-100%) sensitivity, and 100% (95% CI: 93.6-100%)
specificity for respiratory samples, while the sensitivity
for non-respiratory specimens was 94.4% (95% CI:
90.2-98.5), and the specificity for non-respiratory
specimens was 100% (95% CI: 95.8-100%). Overall, a
95.2% (95% CI: 87.6-100) sensitivity, and 100% (95%
CI: 92.4-100%) specificity, was observed for the Xpert®
MTB/RIF assay compared with conventional methods
for MTBC detection.

Conclusion: The gene Xpert® MTB/RIF assay is a helpful
tool for the detection of MTBC and RIF resistance in
respiratory and non-respiratory clinical samples with
a high sensitivity and specificity within 2 hours as
compared with conventional methods, which took a
much longer time.

Saudi Med ] 2012; Vol. 33 (10): 1100-1105

From the Division of Microbiology, TB Section, Department of Central
Military Laboratory and Blood Bank, Prince Sultan Military Medical
City, Riyadh, Kingdom of Saudi Arabia.

Received 25th April 2012. Accepted 29th August 2012.

Address correspondence and reprint request to: Dr. Souad M. Al-Ateah,
Division of Microbiology, TB Section, Department of Central Military
Laboratory and Blood Bank, Prince Sultan Military Medical City,
PO Box 7897 (V898), Riyadh 11159, Kingdom of Saudi Arabia.
Tel. +966 (1) 4777714. Ext. 24455. Fax. +966 (1) 4783033.
E-mail: suaad.6@hotmail.com; satayah@rmh.med.sa

11/5/12 8:15 AM



Gene Xpert® MTB/RIF assay in tuberculosis ... Al-Ateah et al

Tuberculosis (TB) is one of the most deadly and
common major infectious diseases in developing
and industrialized countries, and according to the
World Health Organization (WHO), one third
of the global population is infected with TB, and
approximately 7-8 million new cases of TB occur each
year. In 2010, there were an estimated 14 million cases
with 1.2-1.7 million deaths (including deaths from
TB among HIV-positive people).! Tuberculosis (both
pulmonary and extra-pulmonary) is also endemic and
a major health problem in Saudi Arabia. According to
2011 statistics, 18/100,000 population are infected
with TB in this country.” The conventional methods
used in the laboratory require microscopy, culture, and
drug susceptibility testing (DST), which is a laborious
as well as time consuming process.’* In the case of
extra-pulmonary specimens it becomes more difficult
to establish Mycobacterium tuberculosis (M. tuberculosis)
complex (MTBC) due to the presence of alower number
of bacteria compared with pulmonary specimens. In
addition the collection of extra-pulmonary samples
requires invasive procedures, and it is not easy to obtain
extra specimens.” Therefore, several new techniques
have developed involving nucleic acid amplification to
obtain MTB diagnosis more rapidly with high sensitivity
and specificity,*” including the Cepheid Gene Xpert®
system (GX) (Cepheid, Maurens-Scopont, France).
The Xpert® MTB/RIF assay (Cepheid, Sunnyvale,
CA, USA) is a hemi-nested real time polymerase chain
reaction (RT-PCR) assay for detection of MTBC as well
as resistance to rifampin (RIF) by the RIF resistance-
determining region of the rpoB gene with molecular
beacons within 2 hours.” Furthermore, it reduces the
infection risk to working persons, and prevents cross
contamination between the clinical specimens due to
use of a disposable closed cartridge.®” The aim of this
study was to evaluate the performance of the Cepheid
Gene Xpert® MTB/RIF assay for direct detection of
MTBC and RlF-resistance in respiratory and non-
respiratory clinical specimens, and to compare results
obtained with the conventional microscopy and culture
method.

Methods. This study was conducted in the TB
Section of the Division of Microbiology, Central
Military Laboratory and Blood Bank, Prince Sultan
Military Medical City (PSMMC), Riyadh, Kingdom
of Saudi Arabia from October 2011 to January 2012
in order to assess the performance of the Xpert® MTB/
RIF assay for direct detection of MTBC and RIF-
resistance in respiratory and non-respiratory specimens.
All clinically suspected TB samples received in the
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TB section during this period were included in the
this study. Out of total 239 specimens received from
234 (126 male and 108 female) patients, 172 were
respiratory and 67 were non-respiratory specimens.
The respiratory specimens includes 56 sputum and 116
broncho-alveolar lavage (BAL) samples, while non-
respiratory samples includes 16 tissues, 14 CSE 5 fine
needle aspirates, 10 aspirate from abscesses, 13 pleural
fluids (PLFL), 3 pericardial fluids (PCFL), 2 synovial
fluids (SYNFL) and 4 abdominal aspirates.

Both respiratory and non-respiratory specimens
including tissues and biopsies were processed by the
standard N-acetyl-L-cysteine and sodium hydroxide
method. Tissues and biopsies were at first, grinded
firmly with a small amount of sterile saline by a
tissue grinder (Sigma-Aldrich CO Ltd, Taufkircher,
Germany), and then processed like other specimens.
Freshly prepared Mycoprep "NALC-NaOH solution
(Becton Dickinson Company, Sparks, MD, USA)
was added to the specimen at equal volume, mixed on
vortex, and left for 15 minutes for digestion at room
temperature. A double amount (twice the amount of
mixture) of sterile phosphate buffer (pH 6.8) (Becton
Dickinson Company, Sparks, MD, USA) was then
added to the mixture and centrifuged for 20 minutes
at 3000 rpm. The supernatant was removed and the
sediment was dissolved in 2.5 ml of sterile phosphate
buffer for further study.

Lowenstein-Jensen medium (LJ) (Saudi Prepared
Media Laboratories, Riyadh, KSA) was inoculated with
0.5 ml of dissolved specimen solution. The inoculated
LJ medium was then incubated at 37°C for 8 weeks and
examined weekly, while 0.5 ml of the specimen solution
was also added to liquid medium in Mycobacterium
Growth Indicator Tubes (MGIT) (Becton Dickinson
and Company, Sparks, MD, USA). The MGIT tubes
were then incubated in an automated MGIT 960
system™ (Becton Dickinson Company, Sparks, MD,
USA) at 37°C for 6 weeks.’

The remaining depositwas used for PCR investigation
using the Xpert® MTB/RIF™ assay (Cepheid, Maurens-
Scopont, France). One ml of the remaining deposit of
clinical sample was transferred to screw-capped tube
containing 2 ml of sample reagent (SR) at a ratio of
1:2, this reagent inactivates the sample with NaOH and
isopropanol. The mixture was then incubated for 15

Disclosure. This study was not funded by any
pharmaceutical company or research organization.

Saudi Med J 2012; Vol. 33 (10) 1101

WWW.Smj.org.sa

11/5/12 8:15 AM



Gene Xpert® MTB/RIF assay in tuberculosis ... A-Ateah et al

Table 1 - Mycobacterium tuberculosis complex detection by Xpert® MTB/
RIF assay (Cepheid, Maurens-Scopont, France) assay.

Specimen types,n  Smear Xpertassay  Detection MTBC by
results results culture
Positive ~ Negative
Sputum, 56 Positive + 31 31 0
- 0 0 0
Negative + 6 6 0
- 19 1* 18
Bronchial alveolar  positive + 4 4 0
lavage, 116
- 17 0 1
Negative + 1 1 0
- 110 1* 109
Tissues, 16 positive + 2 2 0
- 0 0 0
Negative + 6 6 0
- 8 1* 7
Cerebrospinal positive + 0 0 0
fluids, 14
- 0 0
Negative + 0 0 0
- 14 0 14
Fine needle Positive + 2 2 0
aspirate, 5
- 1 1 0
Negative + 0 0 0
- 2 0 2
Body fluid, 22 positive + 0 0 0
- 0 0 0
Negative + 3 3 0
- 19 0 19
Abscess, 10 positive + 2 2 0
- 0 0 0
Negative + 1 1 0
- 7 0 7

*False negative Xpert assay result, "Mycobacterium spp. other than
MTBC, MTBC - Mycobacterium tuberculosis complex

minutes at room temperature and was mixed every 5
minutes until liquefied with no visible clumps.’

The mixture was transferred into the Xpert®
MTB/RIF cartridge using the sterile pipette provided
until the meniscus was above the minimum mark.
The Xpert® MTB/RIF cartridge includes an internal
control for sample processing (DNA extraction and for
PCR presence inhibitors), afterwards the inoculated
cartridge was placed into the Gene Xpert® instrument
(GX). Results were available in less than 2 hours and
interpreted by the GX System automatically as follows;
Positive or negative results were related to the presence
or absence of MTB DNA while false results were due to
the presence of PCR inhibitors.

While the sterile samples were processed directly
without decontamination and digestion, all specimens
were centrifuged at 3000 rpm for 20 minutes. The
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supernatant discarded and the sediment re-suspended
with 2.5 ml of sterile phosphate buffer and used for
AFB microscopy, culture and Xpert® PCR as mentioned
above. Smear examination for presence of AFB was
carried out routinely for all specimens. Smears were
prepared, fixed, and stained with auramine-rhodamine
stain  (REMEL Inc., Lenexa, Kansas, USA) then
visualized under an Olympus Fluorescence Microscope
(Olympus, New York, USA) at 400 magnifications.
The suspected positive slides were confirmed by Ziehl-
Neelsen stain (REMEL Inc., Lenexa, Kansas, USA)
and the results were recorded according to Centers for
Disease Control (CDC) standards.

Positive cultures of Mycobacterium isolate were
investigated by smear examination, pigment production,
and biochemical tests such as nitrate reduction, and
Niacin accumulation tests (REMEL Inc, Lenexa,
Kansas, USA). The P-nitrobenzoic acid (PNB) (ICN
Bio-Medicals Inc, New York, USA) was also used to
differentiate the MTBC from other Mycobacterium spp.
The PNB (250 and 500 pg/ml) was added to the MGIT
medium and incubated in an automated MGIT 960
system™ at 37°C for result interpretation.'” Also, the
DST was performed by BACTEC™ MGIT 960 SIRE
Kit (Becton Dickinson Diagnostic, Sparks, MD, USA).

Statistical ~analysis. 'The data were analyzed
statistically using the Binomial Proportion Confidence
Interval Method (Excel Software).!!

The study was conducted after approval from the
Research Ethical Committee of the Prince Sultan
Military Medical City, Riyadh, KSA.

Results. A total number of 239 specimens (172
respiratory and 67 non-respiratory) from 234 (126 male
and 108 female) patients with suspected TB infection
including one positive patient with HIV were assayed
for TB detection by Xpert” PCR and conventional
methods (Table 1).

A confirmed positive culture of MTBC was used as a
reference standard. Out of 239 specimens, 62 (25.9%)
were positive for MTBC by culture (MGIT and/or L]
media), 44 (25.5%) respiratory, and 18 (26.8%) non-
respiratory specimens. Among 62 positive samples; 41
were smear positive for AFB (35 respiratory and 6 non-
respiratory). One positive smear for AFB was negative
by Xpert® assay because this was non-tuberculous
Mycobacterium. Three samples, one each from sputum,
BAL and tissue showed false negative Xpert® assay
results. Moreover, MTBC resistant to RIF was correctly
detected by Xpert® assay in 2 lymph node tissues from
different patients.
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In the case of respiratory samples the sensitivity
of smear was 79.5% (95% confidence interval [CI]:
74.2-84.7%) and specificity was 99.2% (95% CI:93.9-
100%) compared with culture results, while non-
respiratory specimens achieved 33.3% (95% CI:31.8-
34.7.6%) sensitivity, and 100% (95% CI:98.5-100%)
specificity (Table 2). In general, compared with culture,
the sensitivity for total smear examination was 66.1%
(95% CI:60.8%-71.3%) and specificity was 99.4%
(95% CI:94.1-100%).

On the other hand, the Xpert® assay detected MTBC
in 59 (24.6%) investigated samples (42 respiratory and
17 non-respiratory specimens). In the case of respiratory
specimens, the sensitivity and specificity of the Xpert®
MTB/RIF assay were 95.4% (95% CI:89-100%) and
100% (95% CI:93.6-100%) while sensitivity and
specificity for non-respiratory specimens were 94.4%
(95% CI:90.2-98.5%) and 100% (95% CI:95.8-
100%) (Table 2). Overall, the sensitivity was 95.2%
(95% CI:87.6-100%) and specificity was 100% (95%
Cl:92.4-100%)of Xpert®” MTB/RIF assay compared to
the cultures (Table 2). Five isolates of non-tuberculous
Mycobacterium were not detected by Xpert® MTB/RIF
assay and were positive in culture for non-MTBC. No
false positive Xpert® assay result was recorded in the
study.

Discussion. Conventional methods for detection
of MTBC in clinical specimens like microscopy have
low sensitivity. The cultures are time consuming, require
expertise and laboratory facilities including bio-safety
measures to limit the risk to laboratory workers.*’
Molecular techniques have changed the field of TB
with rapid diagnosis combined with high sensitivity

and specificity results.”” The Cepheid Gene Xpert®
system is a molecular based bench top instrument
fully automated and integrating including specimens’
preparation, amplification, and detection.

The Xpert” MTB/RIF assay is a novel molecular
TB-specific, semi-quantitative RT-PCR test, and detects
both MTBC and RIF resistance in a single test within 2
hours. This reduces the infection risk to working person
and prevents cross contamination between the clinical
specimens due to use of disposable closed cartridges.'>"?

Many studies have assessed the molecular techniques
for detection of MTBC, and the results indicated that
the PCR is a useful approach for rapid diagnosis of TB
from clinical specimens. However, there are limitations
to these techniques including; the sensitivity of the
PCR result is mostly dependent on the efficiency of
nucleic acid extraction procedures, and presence of
PCR inhibitors in some of the clinical specimens.'*
Compared with culture results, smear microscopy for
respiratory specimens achieved a 79.5% (95% Cl.:74.2-
84.7) sensitivity, and 99.2% (95% CI:93.9-100%)
specificity, whereas the sensitivity of Xpert® MTB/RIF
assay was 95.4% (95% CI:89-100%) and the specificity
was 100% (95% Cl:93.6-100%). These results agreed
with a previous study.”

In the case of non-respiratory specimens, the
sensitivity of the Xpert® assay compared with culture
was 94.4% (95% ClI:90.2-98.5%), with specificity
of 100% (95% CI:95.8-100%). These results were
found to be higher than previous studies conducted in
Germany and France with a sensitivity of 77.3-85%,
and 98% specificity,”"” which may be due to specimens
received from a particular community. This may also
be attributed to higher volume of concentrated sample,

Table 2 - The sensitivity and specificity of the Xpert MTB/RIF assay compared with the culture method in a study conducted in the TB
Section of the Division of Microbiology, Central Military Laboratory and Blood Bank, Prince Sultan Military Medical City, Riyadh,

Kingdom of Saudi Arabia.

Number . o
Specimen type of total Method Sensitivity Specificity PPV NPV
samples % (95% CI)
79.5
. 99.2 97.2 93.4
Respiratory 172 Smear (74.2-84.7) (93.9 -100) (91.9-100) (88.1.98.6)
Xpert MTB/ 95.4 100 100 98.5
RIF (89-100) (93.6-100) (93.6-100) (92.1-100)
Non- respiratory 67 Smear 33.3 100 100 80
(31.8-34.7) (98.5-100) (98.5-100) (78.5-81.4)
Xpert MTB/ 94.4 100 100%(85.8-100) 98
RIF (90.2-98.5) (95.8-100) (93.8-100)
Total 239 Smear 66.1 99.4 97.6 89.3
(60.8-71.3) (94.1-100) (92.3-100) (84.0-94.5)
Xpert MTB/ 95.2 100 100 98.3
RIF (87.6-100) (92.4-100) (92.4-100) (90.7-100)

CI - confidence interval, PPV - positive predictive value, NPV - negative predictive value
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more efficient DNA extraction procedures, and a higher
incidence of TB compared with other populations. The
performance of the Xpert® assay here suggests that it is
also a useful tool for rapid detection of extra-pulmonary
TB also.”

False negative Xpert® PCR results were detected in
3 specimens, 2 respiratory (sputum and BAL) and one
non-respiratory (tissue). The possible explanation is
the presence of PCR inhibitors or insufficient nucleic
acid material in these specimens.'® These false negative
PCR results decreased the sensitivity of the Xpert® assay
in this study. In addition, one positive smear for AFB
in BAL from an HIV patient was negative for Xpert®
assay and positive for non-tuberculous Mycobacterium
identified as Mycobacterium chelonae.

Furthermore, the Xpert® MTB/RIF assay correctly
detected the rpo B gene mutation associated with RIF-
resistance in 2 samples of lymph nodes. Therefore, the
sensitivity and specificity of the Xpert® MTB/RIF assay
for the detection of RIF-resistant M. tuberculosis were
100%. Utilizing the Xpert® MTB/RIF assay for both
respiratory and non-respiratory samples, the sensitivity
was 95.2% (95% CI: 87.6-100%), and the specificity
was 100% (95% CI: 92.4-100%). These results are
slightly higher compared with previous studies.’'
The possible explanation for higher sensitivity and
specificity of the Xpert® assay in this study is that the
population may have a higher incidence of TB. Several
studies recommended using of the Xpert® MTB/RIF
assay as the preliminary diagnostic analysis in specimens
suspected of having MDR-TB or in HIV associated TB
in endemic countries.'”'®

The relatively high cost of the Xpert® assay is an
important issue that TB control programs should
consider. However, the rapid detection of MTBC,
simplicity with safety, prevention of cross infection and
epidemiological advantage should be weighed against the
cost.”? The Xpert” MTB/RIF contains specific MTBC
probes, and so cannot replace culture for Mycobacterium
spp. Although the current formula includes detection of
the RIF resistance gene (rpo B gene), the test is unable
to detect other resistance mechanisms, or resistance to
other antibiotics, and so the Xpert® MTB/RIF cannot
replace conventional culture and DST. Furthermore,
conventional methods including smear microscopy and
culture are important to rule out other Mycobacterium
species, and for monitoring treatment response to assist
with patient management.

The limitation of this study was the small number
of clinical specimens, particularly the non respiratory
samples. Further studies with a large number of
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non-respiratory  specimens, in comparison with
histopathology and conventional method will be useful
for assessment of the ability of the Xpert® MTB/RIF
assay in the diagnosis of extra-pulmonary TB.

In conclusion, our findings demonstrate that the
Xpert® assay is a useful tool for the detection of MTBC
and RIF resistance with high sensitivity and specificity
in respiratory and non-respiratory clinical specimens
compared with conventional methods for MTBC
isolation.
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