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INTRODUCTION

Tuberculosis (TB) is a major health problem worldwide.
In 2011, approximately 8.7 million people had active
TB, and 1.4 million people died from the disease.™
Pleural TB is the second most common extrapulmonary
manifestation of active Mycobacterium tuberculosis
infection after lymph node TB. Diagnosis of pleural TB
relies on the examination of pleural fluid and/or biopsy
specimens using acid-fast microscopic examination,
culture, polymerase chain reaction, evaluation of
pleural fluid characteristics, and/or histopathological
examination. However, these methodologies are
associated with unsatisfactory sensitivity, specificity
and time to diagnosis.*® There is a great need for a
rapid and sensitive method to diagnose pleural TB in
patients who have negative findings of the examination
of a sputum smear specimen.

In December 2010, the World Health Organization (WHO)
endorsed the GeneXpert MTB/RIF assay (Cepheid,
Sunnyvale, CA) for the rapid diagnosis of TB and

multidrug-resistant TB (MDR-TB).1) The Xpert assay is
capable of detecting the M. tuberculosis while simultaneously
detecting rifampicin resistance in <2 h. Several studies have
assessed the Xpert assay in pulmonary TB and a meta-
analysis of 16 studies gave a pooled sensitivity of 90% and
a pooled specificity of 98%.7"3 However, these studies
have not been performed in China, a second TB-burden
country in the world. More recently, evaluations of the
assay have extended to a variety of nonrespiratory clinical
samples from patients with extrapulmonary TB, and the
specificities and sensitivities are variable.*'¥ Pleural fluid
and/or biopsy specimens are regarded as a useful tool
in the diagnosis of pleural TB, as it obtains respiratory
specimens in patients with negative sputum acid-fast bacilli
(AFB) smear. However, the application of the Xpert assay
in pleural biopsy and pleural fluid specimens has not yet
been fully evaluated.”!

The aim of this study was to evaluate the accuracy of
the Xpert assay using pleural biopsy and pleural fluid
specimens in patients with suspected pleural TB but
who had a negative sputum AFB smear.
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MATERIALS AND METHODS

Patient recruitment and sample collection

Participants were recruited from 4 tertiary care facilities
of China from January 2011 to November 2012, the Hong
Kong University Shenzhen Hospital (2000-bed), the Chest
Hospital of Jiangxi Province (1100-bed), the First Affiliated
Hospital of Nanchang University (3200-bed) and the Second
Affiliated Hospital of Nanchang University (2100-bed). The
Chest Hospital of Jiangxi Province is a specialist hospital for
TB. Inclusion criteria were age >16 years and radiographic
evidence of pleural effusion that led the physician to perform
thoracentesis and pleural biopsy. We excluded patients
with positive results of Ziehl-Neelsen (ZN) microscopic
examination of a sputum specimen, because they did not
require thoracentesis or biopsy for the diagnosis of pleural TB,
and therefore, their inclusion might have biased the analysis
of validity. We also excluded patients without at least one
paired pleural fluid/pleural biopsy specimen. All subjects
gave written informed consent, and the study received
local and international ethical approval. Thoracentesis and
pleural biopsy were performed using standard methods
by the collaborating physicians, who decided the specimen
volume and number. All samples that were submitted to the
province reference laboratory for Mycobacteria. A total of 134
patients met the inclusion criteria and had both pleural fluid
and pleural biopsy specimens were evaluated by ZN smear
microscopy, culture on Lowenstein-Jensen (L]) medium,
culture on mycobacterial growth indicator tube (MGIT)
960 automated system, and the Xpert assay. Mycobacterial
culture from pleural biopsy specimens was used as a gold
standard for sensitivity and specificity calculations.

Sample processing

Pleural fluid samples deemed nonsterile were
decontaminated using the N-acetyl-L-cysteine-sodium
hydroxide (NALC-NaOH) method and concentrated
by centrifugation.”!! The decontaminated pleural fluid
specimen was divided into two parts: The first underwent
direct ZN staining and mycobacterial culture, using an
automated BACTEC MGIT 960 System (BD Biosciences,
Sparks, MD) and L] medium; and the second underwent
Xpert analysis. Pleural biopsy specimens were divided
into two parts: The first underwent fixation in 10%
formalin, embedding in paraffin wax (for ZN testing), and
hematoxylin and eosin staining; the second homogenization
with a glass mortar in saline to a volume of 4 ml, and then
decontaminated with standard NALC-NaOH procedure
(for ZN staining, culture and Xpert analysis).

Culture using the mycobacterial growth indicator tube
960 automated system

Culture was performed according to the manufacturer’s
instructions for the MGIT 960 automated system. Inoculation
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volume was 0.5 ml per tube. The mixture was inversion
mixed by hand and then inoculated and incubated at 37°C in
the MGIT machine. For tubes identified as positive, a smear
of a sample from the tube was prepared for examination
for AFB, and further differentiation of mycobacteria was
performed with molecular methods.

Culture on Lowenstein-Jensen medium

Slants were prepared from a powder base (Becton
Dickinson), and 0.2 ml of each decontaminated specimen
was inoculated onto each of 2 slants. Slants were incubated
at 37°C in ambient CO, and were examined visually twice
weekly for 8 weeks.??l Bacterial colonies were investigated
by ZN smear and were further investigated by molecular
methods.

Drug susceptibility testing

Drug susceptibility testing (DST) for rifampicin was
performed with the MGIT 960 automated system with the
standard critical concentration of 1 pg/ml rifampicin.

Identification of mycobacteria

For the identification of M. tuberculosis organisms and
the differentiation of M. tuberculosis and nontuberculous
mycobacteria from positive cultures, two commercially
available DNA strip assays were used, the GenoType MTBC
and CM/AS assays (Hain Lifescience GmbH, Nehren,
Germany)./®!

Analysis of rifampicin-discordant strains

Bidirectional sequencing was carried out on the rifampicin
resistance-determining region of the rpoB gene in
all the rifampicin-discordant strains using forward
(CGTTGATCAACATCCGGCCGGTG) and reverse
(CCACCTTGCGGTACGGCGTT) primers and analyzed by
using Chromas, version 2.33, software (Technelysium Pty.
Ltd., Helensvale, Australia).['¥]

Xpert procedure

The Xpert assay was performed as recently described.!'¢!
One milliliter of decontaminated sample was diluted in
2 ml of the sample buffer included in the assay kit. The
solution was vortexed for 15 s and then left to settle for
15 min, with vortexing for 15 s halfway through. A specific
volume was collected using the calibrated pipette supplied
with the kit and transferred to the cartridge. Cartridges
were inserted into the Xpert device, and the automatically
generated results were read after 90 min. Samples providing
“indeterminate” Xpert results (“error,” “invalid” or “no
result”), were not re-tested.

Statistical analysis
The results were analyzed using the SPSS software, version

17.0 (SPSS Inc., Chicago, IL, USA). Numerical variables
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are reported as mean * standard division and categorical
variables as number and percentage. The categorical
variables were compared using Fisher’s exact tests or
Pearson’s Chi-square test, as appropriate. Diagnostic
performance was expressed in terms of sensitivity,
specificity, positive predictive value (PPV) and negative
predictive value (NPV). All tests of significance were two-
tailed; P < 0.05 were considered as significant.

RESULTS

Patients

During the study period, 134 participants met the inclusion
criteria and had thoracentesis performed and pleural biopsy
specimens tested by Xpert assay system and conventional
liquid and solid culture techniques. Patients for whom the
pleural biopsy culture result was contaminated (1 = 4) and
patients with an invalid Xpert result (n = 4) were excluded
from all analysis [Figure 1]. Of the 126 participants included
in the analysis, 5 patients (4.0%) were found to be HIV
positive. The mean age of the patients was 38.6 +13.2 years.
The male-to-female ratio was 1.25. Characteristics of the
enrolled 126 participants are summarized in Table 1.

Comparison of Xpert assay with culture method results
for detection of mycobacterium tuberculosis

Fifty-five (43.7%) of 126 participants met the diagnostic
standard of pleural TB, defined as pleural biopsy specimens
that had positive culture results. All AFB from cultures in
this study were demonstrated to be M. tuberculosis by DNA
strip assay. For pleural biopsy specimens, Xpert assay was
positive in 49 patients (38.9%), L] culture in 40 patients
(31.7%), MGIT culture in 51 patients (40.5%) and microscopy

| 134 patients enrolled |

—>| Exclusions:
1. Cultures contaminated
(n=4)

2. Xpert tests invalid
(n=4)

A
| 126 patients analyzed |

in 15 patients (11.9%). The overall sensitivity, specificity,
PPV and NPV of Xpert assay using biopsy specimens for
pleural TB diagnosis were 85.5%, 97.2%, 95.9% and 89.6%,
respectively [Table 2]. For pleural fluid specimens, Xpert
assay was positive in 25 patients (19.8%), L] culture in
22 patients (17.5%), MGIT culture in 32 patients (25.4%)
and microscopy in 4 patients (3.2%). The accuracy of the
Xpert assay on pleural fluid for the diagnosis of pleural TB
using pleural biopsy M. tuberculosis culture as the reference
standard was determined [Table 3]. The overall sensitivity,
specificity, PPV and NPV of Xpert assay using pleural fluid
specimens for pleural TB diagnosis were 43.6%, 98.6%,
96.0% and 69.3%, respectively. The sensitivity of Xpert assay
on pleural fluid specimens was lower to that obtained with
pleural biopsy specimens (P < 0.01). Comparison of Xpert
assay with smear-microscopy revealed that the sensitivity
of Xpert was significantly higher than that of the smear-
microscopy on pleural biopsy specimens (85.5% vs. 27.3%;
P <0.01), and on pleural fluid specimens (43.6% vs. 7.3%;
P <0.01). None of the isolated nontuberculous mycobacteria
was found to be positive in the Xpert assay. Cultures had
an average time to positivity (TTP) of 21 days with liquid
culture and an average TTP of 5 weeks with solid media.

Performance of the Xpert assay for the detection
of rifampicin resistance

Results of culture to determine drug susceptibility were
available for 43 of 55 M. tuberculosis culture-positive
patients, with 23.3% (10/43) of cases resistant to rifampicin.
The sensitivity and specificity of the Xpert test compared
to phenotypic DST were found to be 90.0% (9/10) for
correctly determining rifampicin resistance and 93.9%
(31/33) for correctly determining rifampicin susceptibility.
However, there were 3 patients whose phenotypic DST
results for rifampicin were in discordance with the Xpert
result. Two of these samples were rifampicin sensitive by
phenotypic DST but rifampicin resistant by Xpert, and 1
sample was rifampicin resistant by phenotypic DST and
rifampicin sensitive by Xpert. For these cases, phenotypic
DST was repeated first. Furthermore, this discrepancy in

Table 1: Demographic and clinical characteristics of the

v v study participants
55/126 (43.7%) had the 71/126 (56.3%) had the ch o % =126
reference standard positive reference standard aracteristics (%) n=
for pleural TB: positive for pleural TB: Age (years)? 38.6+13.2
1. Pleural tissue 1. Pleural tissue Gender (male/female), number 70 (55.6)/56 (44.4)
MGIT +: n=51 Xpert +:n=2
L) +: =40 Smear + 1= 0 COL.Jgh for 22 weeks, number 104 (82.5)
Xpert +: n= 47 2. Pleural fluid Weight loss, number 95 (75.4)
Smear +: n= 15 Xpert +:n=1 Fever, number 116 (92.7)
2. Il:,/llgllj‘:'al fluid a0 Smear +:n=0 Excessive night sweats, number 94 (74.6)
+:.n=
L)+ n=22 Pleuritic chest pain, number 123 (97.6)
Xpert +: n=24 Smoking, number 54 (42.9)
P W=c Alcohol, number 36 (28.6)
Figure 1: Patient enroliment flow diagram showing the number of patients enrolled HIV positive, number 5 (4.0)
and analysed: TB = Tuberculosis; LJ = Lowenstein-Jensen @Mean + SD. n = Number of cases; SD = Standard deviation
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Table 2: Sensitivity and specificity of conventional tests and Xpert assay using pleural biopsy for the diagnosis

of pleural TB

Diagnostic Criteria Reference standard?® Sensitivity, (%)  Specificity, (%) PPV, (%) NPV, (%)

test Positive (n=55) (%) Negative (n =71) (%)

Xpert assay Positive 47 (85.5) 2 (2.8) 85.5 97.2 95.9 89.6
Negative 8 (14.5) 69 (97.2)

MGIT culture Positive 51 (92.7) 0 92.7 100.0 100.0 94.7
Negative 4 (7.3) 71 (100.0)

LJ culture Positive 40 (72.7) 0 72.7 100.0 100.0 82.6
Negative 15 (27.3) 71 (100.0)

Smear Positive 15 (27.3) 0 27.3 100.0 100.0 64.0
Negative 40 (72.7) 71(100.0)

2Reference standard = Mycobacterial culture positive from pleural biopsy specimens; LJ = Lowenstein-Jensen; PPV = Positive predictive value; NPV = Negative predictive value;

MGIT = Mycobacterial growth indicator tube; TB = Tuberculosis

Table 3: Sensitivity and specificity of conventional tests and Xpert assay using pleural fluid for the diagnosis

of pleural TB

Diagnostic Criteria Reference standard? Sensitivity, (%)  Specificity, (%) PPV, (%) NPV, (%)

test Positive (n=55) (%) Negative (n=71) (%)

Xpert assay Positive 24 (43.6) 1(1.4) 43.6 98.6 96.0 69.3
Negative 31 (56.4) 70 (98.6)

MGIT culture Positive 32 (58.2) 0 58.2 100.0 100.0 75.5
Negative 23 (41.8) 71 (100.0)

LJ culture Positive 22 (40.0) 0 40.0 100.0 100.0 68.3
Negative 33 (60.0) 71 (100.0)

Smear Positive 4 (7.3) 0 7.3 100.0 100.0 58.2
Negative 51(92.7) 71(100.0)

2Reference standard = Mycobacterial culture positive from pleural biopsy specimens; LJ = Lowenstein-Jensen; PPV = Positive predictive value; NPV = Negative predictive value;

MGIT = Mycobacterial growth indicator tube; TB = Tuberculosis

results was resolved by bidirectional sequencing. Of the 2
phenotypically proven rifampicin-sensitive strains, 1 was
found to have a wild-type sequence, whereas the other one
sequencing showed a rpoB mutation in codon 531 (TCG
to TTG). The remaining sample showed the presence of
a mutation at codon 526 (CAC to TAC) upon sequencing,
resulting in a histidine-to-tyrosine exchange. Considering
the phenotypic DST and sequencing results together, the
sensitivity using Xpert was found to be 90.9% (10/11), and
the specificity was found to be 96.9% (31/32).

DISCUSSION

Despite a growing number of studies showing promising
results of Xpert for rapid detection of M. tuberculosis
respiratory specimens, there are relatively few data on
the use of Xpert to evaluate nonrespiratory specimens,
especially those obtained from pleural fluid and pleural
biopsy, and of these data, there have been variable results
with regard to the diagnostic performance of Xpert.!"**! In
the present study, we used the Xpert assay for direct M.
tuberculosis detection in pleural fluid and pleural biopsy
specimens in a high TB-endemic country. To the best of
our knowledge, this study is the largest study to date
evaluating the performance of Xpert using pleural biopsy
for the diagnosis of pleural TB.

29 Journal of Research in Medical Sciences

This study demonstrates that Xpert assay performs well
in biopsy specimens for rapid and accurate diagnosis of
pleural TB. However, sensitivity of detection in pleural fluid
specimens (42.9%) was lower than that in the pleural biopsy
specimens (85.5%). The sensitivity of the Xpert assay for
detecting pleural TB using pleural fluid sample was slightly
higher than previously reported, "2 whereas the specificity
was similar. Of the 56 pleural TB patients, 32 (57.1%) were
Xpert false-negative on pleural fluid specimens. Compared
with the pleural TB patients with accurate results, those
with false-negative Xpert results had less extensive caseous
necrosis (data not shown). Pleural TB is a paucibacillary
form of the disease, as indicated in a previous study,!'*!”!
the low detection ability in some sterile specimens, such
as pleural fluid, could be explained by the low bacterial
load contained in these samples. Techniques based on
nucleic acid amplification have recently been considered
for pleural TB diagnosis, in order to improve sensitivity
and specificity.>*! The lower efficiency obtained in these
pleural fluid specimens with Xpert (though better than
the sensitivity achieved by other methods) highlights the
assay’s limited detection ability in very-low-yield samples.

Furthermore, not only M. tuberculosis detection but also
rapidly determining the patient’s MDR status is of prime
importance in bringing to an end the spread of MDR-TB and
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decreasing mortality. Conventional DST results take at least
2 months from the time when the culture is inoculated. One
of the important strengths of the Xpert assay is its ability to
rapid detect the presence of resistance to rifampicin. When
analyzing the performance of the rifampicin component of
the Xpert assay, culture-determined rifampicin resistance
was used as the gold standard. The sensitivity and
specificity of the Xpert assay to detect rifampicin resistance
were similar to that previously reported studies.!®
Sequencing of the three discrepant samples resolved 1 of
them, resulting in an increased specificity of 97%. Recent
studies have highlighted a problem with false-positive
results of tests for rifampicin resistance,*! and corrective
measures have been instituted in the recent G4 version
of the test, including revisions to the diagnostic platform
software and redesign of the oligonucleotide probes.™!
WHO recommends further confirmatory tests following
detection of rifampicin-resistant M. tuberculosis strains.**!

Accurate quantification of the M. tuberculosis load in patient
samples may allow for the evaluation of the patient’s
infectiousness, the evaluation of the disease severity and the
monitoring of treatment. One limitation of this technique
is that, in detecting M. tuberculosis DNA, they cannot
distinguish between viable and nonviable microorganisms.
However, higher Xpert assay loads were associated with
decreased MCGIT culture TTP, consistent with previous data
indicating that the Xpert assay’s semiquantitative results
could be used to estimate the M. tuberculosis load.'”! One
limitation of this study is that the cost-effectiveness and
turnaround time of the Xpert assay were not evaluated.

Overall, Xpert may be a potentially useful additional tool using
biopsy specimens for rapid diagnosis of pleural TB in patients
with AFB smear-negative sputum results, and allowing
these vulnerable individuals to get onto TB treatment earlier.
Further studies should be done to evaluate the clinical impact
of the Xpert assay, including evaluation of the outcomes and
effect on clinical practice decisions, management outcome,
and development of new diagnostic algorithms; the cost-
effectiveness and feasibility of implementing the assay.
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