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ABSTRACT The rapid detection of Mycobacterium tuberculosis complex (MTUBC) in
clinical samples is essential for successful treatment. New techniques such as real-
time PCR have been developed in order to facilitate rapid diagnosis, but their sensi-
tivity is low in extrapulmonary specimens, due to the low bacillary load in such sam-
ples. A next-generation assay has recently been developed to try to overcome this
limitation. The aim of this study was to analyze the effectiveness of the Xpert MTB/
RIF Ultra (GX-Ultra) for the detection of MTUBC DNA in 108 smear-negative extrapul-
monary specimens that were MTUBC culture positive. In addition, 40 extrapulmonary
culture-negative samples and 20 samples with nontuberculous mycobacteria were
tested to evaluate the specificity of the assay. All samples were collected between
May 1999 and May 2017. The GX-Ultra detected DNA of MTUBC in 82 extrapulmo-
nary specimens that were MTUBC culture positive (75.9% sensitivity; 95% confidence
interval [Cl], 66.6 to 83.4%). The assay was negative for all clinical specimens that
were MTUBC culture negative and the samples with nontuberculous mycobacteria
(100% specificity). Furthermore, two (1.8%) samples presented mutations related to
rifampin resistance. The highest sensitivity was obtained in samples of lymph nodes
(94.1%) and nonsterile fluids (93.7%), followed by tissue specimens (86.6%), stool
material (80%), abscess aspirates (64.7%), and sterile fluids (60.5%). Pleural fluids, one
of the least optimal samples for detecting DNA of MTUBC, were GX-Ultra positive in
10/21 (47.6%) of cases. In summary, GX-Ultra showed excellent specificity and high
sensitivity in paubacillary specimens, making it a useful tool for rapid diagnosis of
extrapulmonary tuberculosis.

KEYWORDS extrapulmonary tuberculosis, molecular diagnosis, Mycobacterium
tuberculosis, Xpert MTB/RIF Ultra

uberculosis (TB) is a major public health problem in terms of morbidity and

mortality worldwide, with 6.3 million new cases reported and an estimated inci-
dence of 10.4 million in 2016. The extrapulmonary form of the disease represented 15%
of the notified cases (1), and its frequency of presentation markedly increased in cases
of immunodeficiency.

The microbial diagnosis of TB has traditionally been carried out using two different
procedures: (i) direct smear microscopy of the sample (Ziehl-Neelsen and/or auramine-
rhodamine stain), which is quick, inexpensive, and simple but has poor sensitivity,
especially in nonrespiratory samples (2), and (ii) mycobacterial culture, which despite
being considered the gold standard technique for TB diagnosis can take several weeks
to provide a confirmation (3, 4). New molecular methods have thus been developed to
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improve TB control, with the most sensitive ones being those based on nucleic acid
amplification (5).

One of these methods is the Xpert MTB/RIF assay (Cepheid, Sunnyvale, CA), which
is based on a real-time PCR that utilizes molecular beacon technology to simultane-
ously detect DNA of Mycobacterium tuberculosis complex (MTUBC) and rifampin (RIF)
resistance conferred by the rpoB gene mutation. This molecular system, endorsed by
the WHO in 2010 (6), has been demonstrated to be a useful tool for the detection of
pulmonary TB (7, 8); however, its sensitivity for extrapulmonary samples remains a
challenge due to their low bacillary load (9).

The recently developed next-generation Xpert MTB/RIF Ultra (GX-Ultra; Cepheid)
assay aims to overcome the limitations of its predecessor by increasing the sensi-
tivity for detection of MTUBC DNA when few bacilli are present in a clinical sample
(10). This new and fully automated nested real-time PCR assay differs from its
predecessor in several ways: the larger PCR chamber with a total capacity of 50 ul,
in contrast to 25 ul in the previous cartridge (10), the incorporation of two different
multicopy targets (IS7087 and I1S6770 insertion sequences), and the optimization of
PCR and thermal-cycling parameters. The results are provided automatically in 77
min if the genetic material is amplified or in 66 min if it is not. The system classifies
MTUBC detection in the following semiquantitative results: high, medium, low, very
low, and a new category named trace, and it classifies RIF resistance as detected,
not detected, or indeterminate.

The aim of the present work was thus to evaluate the effectiveness of GX-Ultra for
direct detection of MTUBC DNA in smear-negative extrapulmonary samples.

MATERIALS AND METHODS

Samples and mycobacterial identification. A total of 168 smear-negative extrapulmonary samples
(Table 1), obtained from 148 adult patients and collected between May 1999 and May 2017, were
analyzed in the Department of Microbiology at the Hospital Universitari de Bellvitge (Barcelona, Spain).
Nonsterile samples were pretreated using an N-acetyl-L-cysteine-NaOH digestion-decontamination pro-
cedure (11), with a final volume of 2 ml, whereas sterile fluids were directly processed. Biopsy samples
were previously disaggregated and resuspended in 2 ml of saline solution. In all cases 1 ml of the samples
was frozen at —80°C until later use. The remaining volume was processed as follows: (i) smear
microscopy for acid-fast organisms (Ziehl-Neelsen and/or auramine-rhodamine stain) and (ii) mycobac-
terial culture in solid (Léwenstein-Jensen) and liquid media (Bactec MGIT 960; Becton Dickinson, Towson,
MD). The smear microscopy and the culture tests were done at the time of collection of the specimens.
Mycobacterial identification was carried out using the DNA AccuProbe (Gen-Probe Inc., San Diego, CA),
BIO-LINE SD Ag MPT64 TB test (Standard Diagnostics, Yongin, South Korea), and Genotype Mycobacte-
rium CM/MTBC (Hain Lifescience, Nehren, Germany).

Among the samples studied, 108 were MTUBC culture positive (including three Mycobacterium bovis
bacillus Calmette-Guérin). Sixty clinical samples (one sample per patient) were also included to test the
specificity of the assay, divided into 40 clinical samples that were culture negative and 20 that were
culture positive for nontuberculous mycobacteria (NTM) covering a total of 18 species.

Xpert MTB/RIF Ultra assay. The GX-Ultra assay was performed according to the manufacturer’s
instructions (12). Briefly, frozen samples were thawed and 2 ml of the sample reagent was added to 1 ml
of the clinical specimens (2:1 ratio) in order to inactivate them. The tube containing the sample was then
incubated at room temperature for 15 min and vortexed once for 7 to 8 min. Then 2 ml of the volume
was transferred to the test cartridge and inserted into the GeneXpert instrument.

Time to culture positivity and effect of freezing duration. This study also examined the relation-
ship between the results obtained by GX-Ultra and (i) the prolonged preservation of frozen samples,
which were divided into specimens frozen for less than 5 years (freezing starting at 2013 to 2017),
between 5 and 10 years (2008 to 2012), between 10 and 15 years (2003 to 2007), and more than 15 years
(1999-2002), and (ii) bacillary load, analyzing the time to positivity of cultures in days for extrapulmonary
samples in liquid media.

Statistical analysis. A chi-squared test and a Student t test were performed to determine whether
the duration of freezing of the samples and the time to growth of the mycobacteria had any impact on
the results obtained, respectively. A P value of less than 0.05 was considered statistically significant.
Sensitivity and specificity values were calculated at the 95% confidence interval (Cl) for GX-Ultra, using
the mycobacterial culture as the reference standard.

RESULTS

GX-Ultra detected DNA of MTUBC in 82 smear-negative extrapulmonary specimens
that were MTUBC culture positive (75.9% sensitivity; 95% Cl, 66.6 to 83.4%). The positive
results obtained using this technique were classified as follows: medium (n = 15), low
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TABLE 1 Results obtained by the Xpert MTB/RIF Ultra assay according to the source and MTUBC culture of the specimens

Samples MTUBC Samples MTUBC
Total no. R e M
Clinical sample of samples GXUta GXU—® Sensitivity (%) GXU+ GXU— Specificity (%)
Sterile fluids 44 60.5 100
Pleural fluid 24 10 11 47.6 0 3
Cerebrospinal fluid 4 3 0 100 0 1
Joint fluid 9 7 1 87.5 0 1
Ascitic fluid 3 1 2 333 0 0
Pericardial fluid 4 2 1 66.6 0 1
Nonsterile fluids 29 93.7 100
Gastric aspirate 5 3 1 75 0 1
Urine 24 12 0 100 0 12
Lymph nodes 25 16 1 94.1 0 8 100
Abscess aspirates 20 64.7 100
Cervical abscess 6 4 1 80 0 1
Skin abscess 6 2 2 50 0 2
Paravertebral abscess 3 2 1 66.6 0 0
Osteitis pus 5 3 2 60 0 0
Tissues 24 86.6 100
Skin biopsy 8 2 0 100 0 6
Intervertebral disc biopsy 2 2 0 100 0 0
Bone biopsy 4 2 0 100 0 2
Pleural biopsy 2 2 0 100 0 0
Rectal biopsy 1 0 1 0 0 0
Costal cartilage biopsy 1 1 0 100 0 0
Liver biopsy 1 1 0 100 0 0
Cervical tissue 1 1 0 100 0 0
Mediastinal tissue 1 0 1 0 0 0
Synovial tissue 3 2 0 100 0 1
Joint biopsy 18 0 0 0 18
Stool 8 4 1 80 0 3 100
Total 168 82 26 759 0 60 100

aGXU*, positive results from GeneXpert MTB/RIF Ultra.
bGXU~, negative results from GeneXpert MTB/RIF Ultra.

(n = 19), very low (n = 29), and trace (n = 19). There were no specimens in the high
category. Two samples (1.8%; included in the low and very low groups) presented
mutations related to RIF resistance and showed multidrug resistance (MDR).

The sensitivities of GX-Ultra for different sample groups were as follows (Table 1):
94.1% in lymph nodes, 93.7% in nonsterile fluids, 86.6% in tissue specimens, 80% in
stool material, 64.7% in abscess aspirates, and 60.5% in sterile fluids. Ten of 21 (47.6%)
pleural fluid samples were GX-Ultra positive for the detection of MTUBC DNA.

GX-Ultra presented a specificity of 100% for the 40 clinical specimens with a
negative MTUBC culture and the 20 that were NTM culture-positive (Table 1).

Evaluation of the effect of the duration of freezing of the samples revealed that 16
(80%) of those stored since 2013 to 2017 presented a GX-Ultra-positive result. A positive
result was also obtained from 6 (85.7%) samples stored since 2008 to 2012, 36 (75%)
since 2003 to 2007, and 24 (72.7%) since 1999 to 2002. There was no significant
difference in time to culture positivity between groups (P > 0.05).

Regarding the time required for culture-positive growth (Fig. 1), significant differ-
ences were found when specimens from the trace category of the GX-Ultra were
compared with those from the low (P = 0.04) and medium (P = 0.003) categories and
when comparing the samples in the not-detected category with those in the medium
category (P = 0.005). The comparison between the not-detected, trace, and very low
categories presented few differences, none of which reached statistical significance
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FIG 1 Time required for growth of smear-negative samples, including the average number of days, classified

according to the semiquantitative value provided by the GX-Ultra.

(P = 0.7 for not detected and trace, P = 0.1 for not detected and very low, and P = 0.08
for trace and very low). Interestingly, the average times required for culture-positive
growth between the not-detected and trace categories were very similar: 26 days (15
to 42) and 27 days (18 to 42), respectively.

DISCUSSION

GX-Ultra has previously been demonstrated to show high sensitivity for the rapid
diagnosis of pulmonary TB in adults and children, in addition to HIV-infected patients
(13-16). However, to date only one study has analyzed the sensitivity of GX-Ultra in
extrapulmonary disease, specifically in tuberculous meningitis (17). In the present
study, high sensitivity values were obtained with GX-Ultra in a large variety of extrapul-
monary samples, and the results were superior to those of previous studies that applied
Xpert MTB/RIF to similar specimens. The improvement was especially notable for lymph
nodes, whose sensitivity increased between 17.1 and 23.5% more with GX-Ultra than
with its predecessor (9, 18-20). Similarly, the nonsterile fluids obtained sensitivity values
15.7 to 27% higher with the novel assay than with Xpert MTB/RIF (9, 19, 20); in the case
of tissue samples, the increase was 20 to 44.9% larger with the GX-Ultra (9, 19). It should
be noted that pleural fluids, which are probably the least optimal sample used to detect
DNA in MTUBC, presented interesting results. In fact, several studies that used the
previous version of the assay, Xpert MTB/RIF, only achieved sensitivity values of 25 to
37% for pleural fluid samples (9, 20-23), while in the current study GX-Ultra detected
about half of the culture-positive specimens of MTUBC (Table 1), representing a
remarkable improvement.

The increase in sensitivity observed with GX-Ultra might be due mainly to the
incorporation of two new targets (IS7087 and IS6770) that can be found in MTUBC (24,
25). These allow detection of the new semiquantitative category named trace, enabling
the assay to detect 16 CFU/m, in contrast to the 114-CFU/ml limit of detection of Xpert
MTB/RIF (26). To achieve this category result, at least one of the probes for IST087 or
IS67170 has to be positive with cycle thresholds less than 37 cycles and no more than
one rpoB probe with cycle thresholds less than 40 cycles (10). Other modifications to
the assay, such as a larger PCR chamber in the cartridge, appear to have improved its
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sensitivity, while the high-resolution melt technology seems to be able to differentiate
silent mutations that confer RIF resistance more efficiently (10, 26). However, we stress
that in the current study only two samples presented mutations related to RIF resis-
tance (and showed multidrug resistance) and that as a result, it was impossible to check
the new high-resolution melt technology incorporated into the Xpert MTB/RIF Ultra.
Additionally, a trace result cannot provide information about RIF resistance, and the
results are thus reported as “MTB detected, trace, RIF indeterminate.” About a quarter
(23.8%) of the positive results in this study corresponded to the trace category.
However, this situation probably is not as relevant in low-MDR-TB-incidence settings,
such as our study setting, in which not one of the samples categorized as trace showed
RIF resistance according to drug susceptibility testing.

The specificity values for specimens that were MTUBC culture negative and NTM
samples were excellent (100%) in this study. It is important to note that these results were
obtained from a limited number and variety of samples, as well as a few NTM species. In
other studies in which GX-Ultra was used, the authors indicated that the increase in
sensitivity with this new version came at the expense of a decrease in specificity, specifically
in patients with a history of tuberculosis (13, 27) and patients with meningitis (17). They
hypothesized that the presence of DNA from MTUBC or intact bacilli could explain the
reduction in specificity. However, it is not known with certainty what causes this reduction
in specificity. Thus, further studies are needed to evaluate the real specificity of this
next-generation assay, especially in paubacillary samples.

With regard to the cryopreservation time of the specimens, GX-Ultra showed a
nonsignificant trend for lower sensitivity values in samples frozen for a longer time.
Many factors might influence the cryopreservation of clinical TB samples and therefore
could explain any variations in sensitivity, e.g., the cooling rate, the sample container,
volume of samples, and heat transfer conditions inside the freezer (28).

Although clearly showing an improvement in sensitivity, GX-Ultra is influenced by the
bacillary load of the clinical samples. In those that were more paubacillary, the percent
sensitivity provided by the technique was lower. This was supported by the finding that the
differences between the categories provided by the system (high, medium, low, very low,
and trace) and the times required for growth were statistically significant (Fig. 1). On the
other hand, the similarity of results observed in time to culture-positive growth between
the not-detected and trace categories could be explained by the new and lower analytic
limit of detection (threshold) of the trace category. Therefore, as all samples studied were
originally culture-positive, it appears that the not-detected category was also at the limit of
detection or just below it.

Another important aspect of GX-Ultra is the rapidity of the results. The latest version
has a shorter test time (33 min less for a negative result and 45 min less for a positive
result if the genetic material is amplified) than the Xpert MTB/RIF. This could be due to
the following: a trace and a negative result are provided in a shorter time because the
assay analyzes only IS7087 to 1S6710; the other semiquantitative categories and RIF
resistance detection require more time to finish the test because the assay uses four
probes to detect the rpoB gene.

In summary, GX-Ultra has proven to be a highly sensitive and specific test for the
direct detection of MTUBC DNA in smear-negative extrapulmonary samples, which are
a challenge due to their low bacillary burden. Therefore, this next-generation assay
could be a useful tool for the rapid diagnosis of extrapulmonary TB.
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