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Background: Tuberculosis diagnosis has dramatically improved since the introduction of the rapid mo-
lecular test Xpert MTB/RIF (Xpert) detecting M. tuberculosis and rifampicin resistance directly from
clinical specimens, therefore shortening the turnaround time, reducing patient's isolation period and
decreasing the time to start anti-TB drugs. The new version, Xpert MTB/RIF Ultra (Ultra), displays a higher
sensitivity and an improved rifampicin resistance detection. Both tests have been endorsed by the World
Health Organisation.
Aims: Xpert and Ultra rapidly became widespread and paved the way for new approaches and new
paradigms as well as for the development of molecular point-of-care tests (POCTs). In this narrative
review, we aimed to address their performance in the diagnosis of tuberculosis and to discuss the ex-
pectations of these tests as well as their limits and the unmet needs.
Sources: Peer-reviewed publications addressing the diagnostic performance of Ultra and Xpert.
Content: We focused on publications that evaluated the performance of Ultra and Xpert on the same
group of patients or the same set of specimens in different tuberculosis-burden settings.
Implications: The studies published so far reported an increased sensitivity of Ultra when compared to
Xpert, which represents a benefit for tuberculosis diagnosis. The fact that such a sensitive assay cannot
distinguish between alive and dead bacilli emphasizes that caution should be exercised regarding in-
dications and interpretation of results. Additional studies are needed to determine the true performance
for the diagnosis of extrapulmonary tuberculosis because of the great diversity of the specimens.
O. Opota, Clin Microbiol Infect 2019;25:1370
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Infectious Diseases. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Over the last few decades, the microbial diagnosis of tubercu-
losis has been improved by the direct detection of Mycobacterium
tuberculosis DNA from clinical specimens using polymerase chain
reaction (PCR). The molecular test Xpert MTB/RIF (Xpert) that de-
tects M. tuberculosis DNA and resistance to rifampicin directly from
clinical specimens within approximately 2 h, has dramatically
improved the diagnosis of tuberculosis (TB) by reducing the time to
results. This directly impacted the time a patient is required to wait
in the emergency ward, shortening the patient's isolation period
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and decreasing the time to initiate anti-TB drugs [1]. Xpert, which is
more sensitive and specific than smear microscopy is recom-
mended by the World Health Organization (WHO) for the ‘rapid’
microbial diagnosis of tuberculosis [2]. The cost-effectiveness of
Xpert applied to the microbial diagnosis of tuberculosis has been
addressed in regions with both a high and low prevalence of
tuberculosis [3e6].

Xpert MTB/RIF has been endorsed by the WHO for the diagnosis
of tuberculosis and is now widespread, both in high- and low-
tuberculosis-prevalence regions and in high- and low-income
areas. Due to its easy format, this test has the capacity to be used
both in laboratories and at the bedside, as a point-of-care test
(POCT), provided that all biosecurity issues are appropriately
tackled. Prior to this, the molecular diagnosis of tuberculosis was
limited only to specialized laboratories. This advancement has
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increased knowledge regarding the diagnostic performance of PCR
in the diagnosis of tuberculosis. In addition, the added value of
Xpert and Ultra have opened the way for future molecular POCTs.
Other real-time PCR-based assays for the diagnosis of tuberculosis
exist but thus far remain less automated [7].

With a limit of detection (LOD) of ~116 colony forming units
(cfu) per mL, Xpert remains less sensitive than culture (LOD
~1e10 cfu/mL). In addition, the rifampicin resistance detection
approach with Xpert is exposed to false-positive results [8e11]. To
circumvent these limitations, the Xpert MTB/RIF Ultra (Ultra), a
new version of the Xpert has been introduced. Ultra displays an
improved LOD for the detection ofM. tuberculosis (~15.6 cfu/mL) by
targeting multicopy sequences, namely IS6110 (~16 copies/cell) and
IS1810 (~5 copies/cell) while Xpert targeted the single copy gene
rpoB [1,12]. The LOD of Ultra, which is getting closer to the LOD of
mycobacterial culture, is valid only for respiratory samples. The
specificity of rifampicin resistance in Ultra has also been improved
by relying on the interpretation of the melting curves of sloppy
molecular probes to detect mutations in the active site of rpoB
involved in drug resistance [12e14]. In contrast, Xpert relied on
cycle threshold (Ct) values to detect mutations, which may cause
false-positive results, mainly due to insufficient amounts of DNA
[1,8,10,11,15].

Ultra is expected to improve the diagnosis of tuberculosis
because of its increased sensitivity for M. tuberculosis DNA
detection and its improved specificity for the detection of rpoB
mutations. In this narrative review, we analysed the results of
recent studies comparing the performance of Ultra and Xpert in
different tuberculosis-burden settings (i.e. different prevalence)
and we discuss the added value of the new ‘Ultra’ test. We
focused on studies that compared the performance of Ultra and
Xpert on the same set of patients or samples. Indeed, results of
studies on tuberculosis (i.e. performance of diagnostic tests) can
vary widely according to the disease prevalence and to the
studied population.

Performance of ultra for the diagnosis of pulmonary
tuberculosis

Sensitivity

A first retrospective study compared the performance of Ultra
and Xpert for the detection of M. tuberculosis on 277 respiratory
specimens collected in five countries (Peru, Vietnam, South Africa,
Georgia and India). Sensitivities of Ultra and Xpert were 88.7% and
81%, respectively, when considering all culture-positive specimens,
98.9% and 97.8% when considering smear-positiveeculture-posi-
tive specimens, and 78.9% and 66.1% when considering smear-
negativeeculture-positive specimens [12]. In a prospective multi-
centre study, which included 2368 participants, sensitivities of
Ultra and Xpert were 88% versus 83%, respectively, for all culture-
positive specimens and 63% and 46% for smear-negativeeculture-
positive specimens [13]. These data did not show any difference in
sensitivity between Ultra and Xpert for smear-positive specimens
but a higher sensitivity of Ultra for smear-negative specimens.
Similar results were obtained in a study conducted in a region of
low tuberculosis prevalence; sensitivities of Ultra and Xpert were
95.7% and 82.9%, respectively, when considering all culture-positive
specimens, 100% for both tests when considering smear-pos-
itiveeculture-positive specimens, and 91.8% and 66.7% when
considering smear-negativeeculture-positive specimens [16]. This
suggests an increased sensitivity for Ultra, especially for pauciba-
cillary specimens. This may improve the diagnostic yield in pauci-
bacillary infections such as miliary tuberculosis, tuberculous
pleurisy, tuberculous meningitis or early infections.
Sensitivity in HIV positive patients

Tuberculosis is an important cause of death among people living
with HIV [17,18]. Efficient diagnostic tools are crucial for prompt
diagnosis and early adequate anti-TB treatment. Microbiological
diagnostics based on direct detection of M. tuberculosis in respira-
tory specimens have limited sensitivity in HIV patients with miliary
lung infiltrates, due in particular to paucibacillary specimens.When
considering HIV-negative patients, Ultra and Xpert display similar
sensitivity: 91% versus 90% [13]. When considering HIV-positive
patients only, the overall sensitivity of Ultra and Xpert was 90%
and 77%, respectively (Table 1, Fig. 1) [13]. Similar results have been
obtained in a high-HIV-burden setting reporting a gain in sensi-
tivity for Ultra of þ11.7% in adult HIV patients whereas no gain was
observed in HIV-negative patients [19].

Sensitivity in paediatric patients

Tuberculosis diagnosis in the paediatric population remains
challenging. In a study conducted in Cape Town (South Africa), with
453 eligible children, the overall sensitivity and specificity of Ultra
on one respiratory specimen was 75.3% and 96.9%, respectively
[20]. Sensitivity of Ultra was similar in HIV-infected and HIV-
uninfected children; in this study, HIV prevalence was 19.4%.
Different reference standard gave different results. Ultra and Xpert
sensitivity when determined on the first respiratory specimen and
using culture of any specimen as reference were 65.8% and 64.4%.
When using a composite reference including Xpert, Ultra, culture
and clinical data, the sensitivity of Ultra (73.7%) was higher than
Xpert (63.2%) (Table 1) [20]. Another study, conducted in two sites
located in Tanzania, reported an increased sensitivity of Ultra when
compared to Xpert performed on the first available sample: 64.3%
versus 53.6%, respectively, when considering all children and all
culture-positive specimens [21]. When considering all available
specimens, the sensitivity of Ultra and Xpert were 75% and 60.7%,
respectively, for a mean number of samples per patient of 2.46 and
2.11, respectively. For both tests, the specificity was 100% when
considering only the first specimen and 98.1% for Ultra and 100% for
Xpert when considering all tested specimens. Interestingly, when
considering HIV-negative patients, no significant difference in
sensitivity was observed between Ultra and Xpert (52.6% and
47.4%). In contrast, when considering HIV-positive patients, Ultra
sensitivity (88.9%) appeared significantly higher than Xpert sensi-
tivity (66.7%) (Table 1). This study suggested an increased sensi-
tivity of Ultra when compared to Xpert, especially in HIV-positive
paediatric patients, which represented 52% of all patients included
in the study [21].

Specificity issue raised by a very sensitive nucleic-acids
amplification test

Several studies conducted in medium- and high-tuberculosis-
prevalence regions reported an increase in sensitivity of Ultra
when compared to Xpert but a decreased specificity of Ultra (96%)
as compared to Xpert (98.7%), using culture as the reference stan-
dard [12,13] (Table 1, Fig. 2). PCR-based tests are unable to
discriminate between dead and alive bacilli as PCR can detect DNA
from non-viable bacilli after the introduction of anti-TB drugs or
from a previous history of tuberculosis, which can negatively affect
the test's specificity [22e24] (Fig. 1). This is more likely to occur
with ultrasensitive tests, explaining their slightly decreased speci-
ficity. In addition, decreased specificity due to a patient's previous
history of tuberculosis is more likely to occur in the setting of
medium to high tuberculosis prevalence when compared to region
of low tuberculosis burden [16,25]. Ultra provides an additional



Table 1
Diagnostic performance of Xpert MTB/RIF Ultra and Xpert MTB/RIF

Sensitivity ultra/sensitivity
Xpert (difference ultra-Xpert)

Specificity ultra/specificity
Xpert (difference ultra-Xpert)

References (number of patients or samples)

Respiratory specimen all specimen 87.5/81 (þ6.5)
88/83 (þ5.4)
89.3/82.1 (þ7.2)
95.7/82.9 (þ12.8)

98.7/98.7 (0)
96/98 (-2)
95.6/100 (-4.4)
96.7/97.3 (-07)

Chakravorty, Simmons et al., 2017 retrosp. (n ¼ 277)
Dorman, Schumacher et al., 2018 prosp. (n ¼ 1753)
Berhanu et al., 2018* (n ¼ 237)
Opota et al., 2019** (n ¼ 196)

Respiratory smear positive specimen 98.9/97.8 (þ1.1)
100/100 (0)

d

d

Chakravorty, Simmons et al., 2017 retrosp. (n ¼ 277)
Opota et al., 2019** (n ¼ 196)

Respiratory smear negative specimen 78.9/66.1 (þ12.8)
63/46 (þ17)
91.7/66.7 (þ25)

d

d

d

Chakravorty, Simmons et al., 2017 retrosp. (n ¼ 277)
Dorman, Schumacher et al., 2018 prosp. (n ¼ 1753)
Opota et al., 2019* (n ¼ 196)

Adult HIV-positive only
(all respiratory specimen)

90-77 (þ13)
88.2/76.5 (þ11.7)

d

94.7/100 (-5.3)
Dorman, Schumacher et al., 2018 prosp. (n ¼ 1753)
Berhanu et al., 2018 prosp. (n ¼ 237)

Adult HIV-negative only
(all respiratory specimen)

89.5/89.5 (0) 96.8/100 (-3.2) Berhanu et al., 2018 prosp. (n ¼ 237)

Extrapulmonary specimens 83.7/67.4 (þ16.3) 92.0/96.0 (-4) Wu et al., 2019 prosp. (n ¼ 200)
Paediatric patient 64.3/53.6 (þ10.7)

65.8/64.4 (þ1.4)
73.7/63.2 (þ10.5)

100/100 (0)
96.6-99.6 (-3)

Sabi, Rachow et al., 2018 prosp. (n ¼ 215)
Nicol, Workman et al., 2018 (n ¼ 306)a

Nicol, Workman et al., 2018 (n ¼ 76)b

Paediatric patient (HIV-negative only) 52.6/47.4 (þ5.2) d Sabi, Rachow et al., 2018 prosp. (n ¼ 215)
Paediatric patient (HIV-positive only) 88.9/67.7 (þ21.2) d Sabi, Rachow et al., 2018 prosp. (n ¼ 215)
Rifampicin resistance detection 92.7/92.7 (0)

95/95 (0)
98/99 (-1)
98/98 (0)

Chakravorty, Simmons et al., 2017 retrosp. (n ¼ 277)
Dorman, Schumacher et al., 2018 prosp. (n ¼ 1753)

*High number of HIV-infected patients (67%).
** Low tuberculosis prevalence.

a Sensitivity of one Xpert or Ultra compared to multiple cultures.
b Composite reference standard including medical history and all the microbiological results.

Fig. 1. Improved sensitivity of Xpert MTB/RIF Ultra as compared to Xpert MTB/RIF
especially for paucibacillary samples. The data represent the difference in sensitivity
(delta ¼ Ultra e Xpert) for different patients and different clinical conditions on res-
piratory specimens with the exception of tuberculous meningitis which corresponds to
CSF. Each dot represents data retrieved from publications comparing the performances
of both tests used in the same study. The graph represents the Median with 95%
confidence interval.
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category called ‘trace’ that does not exist with Xpert, which cor-
responds to specimens positive for the PCR targeting the multi-
copy genes IS6110 and IS1810 and negative for the PCR targeting
the single copy gene rpoB. The ‘trace’ category is the result of the
improved LOD of the Ultra and probably contributes to the
decreased specificity of the test. A ‘trace’ result represents the
detection of a very low quantity of M. tuberculosis DNA. Clinical
information of patients with Ultra ‘trace’ results helps to distin-
guish (a) ongoing active paucibacillary tuberculosis from (b)
detection of dead bacilli from previous infections [16].

Tuberculosis diagnosis remains challenging and clinicians are
often confronted with difficult decisions to make when tubercu-
losis remains culture negative. Similarly, PCR-positiveeculture-
negative tuberculosis needs to be analysed with caution, as
demonstrated for paucibacillary specimens such as cerebrospinal
fluid (CSF) that often represent true positives.

Performance for the diagnosis of extrapulmonary
tuberculosis

Many studies have addressed the performance of Xpert for the
diagnosis of extrapulmonary tuberculosis showing that sensitivity
may vary according to the specimen tested. A recent Cochrane
study conducted on Xpert reported the following sensitivity and
specificity: 71.1% and 98% for CSF, 50.9% and 99.2% for pleural fluid,
82.7% and 98.7% for urine samples [26]. So far only a few studies
have addressed the performance of Ultra for the diagnosis of
extrapulmonary tuberculosis. The study was conducted only on
smear-negative specimens and reported an overall sensitivity and
specificity of 75.9% and 100%, respectively [27] (Table 1). The
sensitivity on pleural fluid, a paucibacillary specimen of poor
sensitivity [28,29] was only 60.5%. When considering other sterile
sites, the sensitivity was 100% (3/3) for CSF, 87.5% (7/8) for joint
fluid, 33.3% (1/3) for ascitic fluid, and 66.6% (2/3) for pericardial
fluid. The sensitivity was 100% (12/12) for urine samples. In this
study, the specificity was 100% for all tested specimens. However,
because of the small number of samples, the calculated perfor-
mances require confirmation with larger studies. In a prospective



Fig. 2. Performance of Xpert MTB/RIF and Xpert MTB/RIF Ultra. Representation of the performance of some microbial diagnostic tests for tuberculosis.
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study that included 200 cases of extrapulmonary tuberculosis the
overall sensitivity of Ultra and Xpert was 83.7% and 67.4%, respec-
tively, and the specificity was 92% and 96%, respectively [30]. The
study included 103 pleural fluid samples for which the detection
rate of Ultra and Xpert were 43.7% and 20.4%, respectively. The
study also included 71 fine-needle aspirations of tissues for which
the detection rate of Ultra and Xpert was 78.9% and 63.4%,
respectively; this was slightly higher than that of pleural fluid.
Among smear-negative specimens, the sensitivity of Ultra and
Xpert on pleural fluid (n ¼ 108) was 61.11% versus 34.26% [31].

Tuberculous meningitis

The diagnosis of tuberculous meningitis, a life-threatening
manifestation of extrapulmonary tuberculosis, remains chal-
lenging and is often delayed and associated with a high mortality
rate (>60% in HIV-infected patients) [32,33]. In particular, the
sensitivity of the microbial diagnostics in CSF is not satisfying
because tuberculous meningitis is a paucibacillary infection. Ultra
and Xpert were not initially considered for CSF but have been tested
in several studies. Wang and colleagues observed an increased
sensitivity of Ultra (44.19%) when compared with Xpert (18.60%) on
CSF of HIV-negative patients (n ¼ 43 patients with tuberculous
meningitis) [31]. In another study performed in HIV-positive
patients (n ¼ 23 patients with probable or definite tuberculous
meningitis), the sensitivity of Ultra and Xpert for the diagnosis of
tuberculous meningitis in HIV positive patients was 70% and 43%,
respectively (Table 1, Fig. 1) [34]. When using a composite defini-
tion of tuberculous meningitis, as any CSF that tested positive by
microscopy, Xpert, Ultra or Culture, sensitivity of Ultra and Xpert
and culture was 95%, 45% and 45%, respectively. Tuberculous
meningitis is challenging because CSF volume is often limited. In
this study, 1 mL of centrifuged CSF was analysed with Xpert and
Ultra [32]. Microbiological diagnosis positively correlates with the
volume of specimen; however, a large initial volume of CSF is not
always available in routine diagnostics. This study also underlines
the high rate of culture-negative tuberculous meningitis [34].

Altogether, these data suggest an increased sensitivity of Ultra
when compared to Xpert for the diagnosis of extrapulmonary
tuberculosis. Nevertheless, care must be taken because of the
limited number of studies and the limited number of samples.
Noteworthy, the performance of these rapid molecular tests may
largely vary depending on the sample.

Rifampicin resistance detection

A major limitation of Xpert was the occurrence of false-positive
results for rifampicin detection. The positive predictive value of



Fig. 3. Correlation between DNA burden and smear microscopy results. The semi-quantitative results of Xpert and Ultra high, medium, low, very low (trace for Ultra only) and
negative were found to positively correlate with acid-fast bacilli detection (smear microscopy) and could be used to evaluate patient's transmission potential and guide isolation
decision in smear-independent algorithms. Patients with negative Xpert could be considered poorly infectious, whereas patients with positive results high and medium should be
considered as the most infectious; patients with Xpert low, very low or trace should be considered as potentially infectious and other clinical information should be considered to
guide isolation measures. This algorithm may apply for any quantitative or semi-quantitative nucleic acid amplification test.
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rifampicin resistance detection ranged from 70% to 90% for setting
of MDR-TB<5% andMDR-TB>15% [8e11,15]. This was due to the fact
that the detection of rifampicin resistance relies, with Xpert, on the
absence of binding of specific DNA probes on the 81-bp region of
the rpoB genes in which mutations occur and were more likely to
occur in specimens with low bacterial load. In the new Ultra car-
tridge, the resistance to rifampicin is detected through a new
resistance detection algorithm analysing molecular probes melting
curves [13]. Thus, the Ultra is unlikely to produce false-positive
results. Ultra and Xpert display similar sensitivity for the detec-
tion of rifampicin resistance (92.7e95%), this is due to the fact that
both tests target the single-copy gene rpoB [12,13]. Interestingly, no
significant difference in specificity for rifampicin resistance detec-
tion was observed between Ultra (98%) and Xpert (99%) [12,13]
(Table 1). Larger studies including a higher number of paucibacil-
lary tuberculosis, corresponding to specimens with very low
quantities ofM. tuberculosisDNA, might be necessary to address the
benefit of the new resistance-detection algorithm.

Correlation between the semi-quantitative result of ultra and
smear microscopy

Several publications have reported on the correlation between
the semi-quantitative results of Xpert and smear microscopy [35].
This positive correlation made Xpert semi-quantitative results
useful to estimate patients' infectious potential and to guide
airborne isolation strategies when integrated with other clinical
features in smear independent algorithms [36e38] (Fig. 3).
Similarly, a correlation is also observed between the semi-
quantitative result of Ultra and smear microscopy. Thus, Ultra
might also help to rapidly identify the most infectious patients
(those with Ultra-positive medium and high) as well as the less
infectious patients, those with ultra-negative [12,16]. Studies
making a direct link between the DNA load and the transmission
potential are still missing.

Conclusions

The molecular test Xpert and more recently the Ultra rapidly
became widespread. It is important to understand in detail their
advantages and their limits in order to achieve optimal use but also
because they have opened the way for future molecular POCTs for
the diagnosis of tuberculosis. We conducted a narrative review to
address the performance of Ultra and Xpert with particular interest
to articles that compared the performance of both tests on the same
sets of samples. Ultra displays an overall higher sensitivity than
Xpert. A significant improvement is observed for HIV-positive pa-
tients for which pulmonary tuberculosis often presents as a pau-
cibacillary infection, especially for miliary tuberculosis [39].
Increased sensitivity is observed for other paucibacillary infections
such as pleural tuberculosis and smear-negative tuberculosis.
Increased sensitivity of Ultra is the result of an increased reaction
volume and the use of multicopy genes IS6110 and IS1810 as PCR
targets. The copy number of IS6110 may vary widely amongst
mycobacteria from the complex tuberculosis in a lineage-specific
manner and hence could affect molecular test sensitivity [40].
Animal-adapted mycobacteria have fewer copies of IS6110; it is
generally accepted that Mycobacterium bovis contains only one
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copy of this gene. The East African Indian Lineage 1 strain also
contains a limited number of IS6110. In contrast isolates from
modern lineage 2 (Beijing/W), 3 (CAS) and 4 (Haarlem, T4, S, X) can
contain more than 20 copies of IS6110. Therefore, comparative
studies achieved in various regions, and in various populations are
still necessary.

So far, the LOD of Ultra has been evaluated only on respiratory
specimens. In addition, very few publications have addressed the
performance of Ultra for the diagnosis of extrapulmonary tuber-
culosis. Caution should be taken when using Ultra as well as Xpert
for the diagnosis of extrapulmonary specimens, in particular
pleural fluids.

As a PCR-based test, Ultra is able to detect DNA from dead bacilli
in patients with a previous history of tuberculosis [22]. Careful
anamnesis and clinical data addressing the pre-test probability are
paramount for both requesting the test and the interpretation of
any result, in particular trace results. Decreased specificity is more
likely to occur in regions of medium and high tuberculosis preva-
lence. However, low-prevalence regions can encounter patients
coming from high-prevalence countries for which the risk of a false
positive due to a previous history of tuberculosis exists.

Studies conducted so far do not reveal an increased sensitivity or
specificity of Ultra for rifampicin resistance detection. Regarding
sensitivity, no gain was expected, as the target gene for PCR is still
the single-copy gene rpoB. In contrast, a gain was expected for the
specificity due to the introduction of melting curve analysis. The
absence of significant differences between Ultra and Xpert could be
explained by the fact that the impact on specificity is more likely to
occur in regions of low prevalence of MDR-TB while thus far most
studies have been conducted in regions of medium and high
prevalence of MDR-TB.

An increased sensitivity of the Xpert MTB/RIF Ultra assay has
been reported, especially in the setting of paucibacillary infections
such as pulmonary TB in HIV-positive patients, tuberculous men-
ingitis or tuberculous pleurisy. Therefore, the data suggests that an
overall improvement for the diagnosis of tuberculosis seems
assured with the Ultra assay. Nevertheless, negative Ultra tests
cannot rule out tuberculosis. Culture remains one of the reference
methods of choice for the diagnosis of tuberculosis despite the fact
that culture-negative tuberculosis exists. Therefore, studies using
composite references or case definitions of tuberculosis based on
microbiological findings and clinical data would make the evalua-
tion of the performance of new tests more reliable. More studies
should also address the impact of molecular tests on the number of
diagnosed cases.

Increased specificity for rifampicin resistance detection is ex-
pected to occur in the setting of low prevalence of MDR-TB and on
paucibacillary specimens. Recent studies have essentially
addressed the sensitivity and specificity of Ultra. It will be impor-
tant for future studies to look at the positive and negative predic-
tive values of these tests, knowing that such characteristics are
dependent on the tuberculosis prevalence. Future studies should
also define the optimal number of samples to be tested with regard
to the diagnosis of pulmonary tuberculosis. The insertion se-
quences, at least IS6110, are also used in many other nucleic acid
amplification tests for tuberculosis [41,42]. For instance, Berhanu
and colleagues compared the performance of Ultra with the Real-
Time MTB assay (RT-MTB) (Abbott, Des Plaines, USA) [43]. Sensi-
tivity of Ultra and RT-MTB on the same specimens were 88.9% and
77.8%, respectively [19]; in contrast, Xpert and RT-MTB displayed
similar performances [44]. It would be beneficial to have more
studies that compare the performance of Xpert and Ultra with the
other tests that target the same DNA sequences, in particular for the
diagnosis of extrapulmonary tuberculosis. Finally, because of the
increasing number of MDR and XDR strains, rapid molecular tests
giving information regarding other resistance markers such as
resistance to isoniazid, quinolones or aminoglycosides would be
useful. The next generation of NAATs might also be able to
discriminate between dead and living bacteria.
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