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Background

Tuberculosis (TB) is a global disease, found in every country in the world. It is the leading infectious cause of death worldwide. The causative agents of TB in
humans include the species belonging to M. tuberculosis complex (MTBC), but other infections from the Mycobacterium genus can also cause clinical problems,
such as the species belonging to M. avium complex (MAC). These species have now become threats to individuals infected with the human immunodeficiency virus
(HIV).
Anti-TB medicines have been used for decades, and resistance to them is widespread. Disease strains that are resistant to at least one anti-TB medicine have been
documented in every country surveyed. The growing crisis of multidrug-resistant tuberculosis (MDR-TB) is so serious that tuberculosis specialists have called it a
“time bomb”, and multiple deadly explosions have already been reported globally.
Three priority actions to address the global MDR-TB crisis are:
• Prevent the development of drug resistance through high quality treatment of drug-susceptible TB;
• Expand rapid testing and detection of drug-resistant TB cases;
• Develop new antitubercular drugs, highly active against M. tuberculosis sensitive and resistant strains.
The application of nucleic acid amplification techniques for TB diagnosis is promising, as it can be done directly on patient specimens with corresponding high
sensitivity/specificity and a rapid turnaround time, characteristics that have led to their endorsement by the WHO. Real-time PCR provides an advanced
methodology, due to its unique ability to monitor the complete DNA amplification process, and identify specific products within the same reaction using
fluorescence techniques. Moreover, recently, several different classes of promising new anti-TB agents, as the Benzothiazinones (BTZ), were discovered. Many of
these drugs hit the same target, DprE1, an enzyme involved in arabinogalactan biosynthetic pathway.

Figure 4: A) LOD of MTBC test: Real-Time PCR amplification plot of three 10-fold serial dilution of M. tuberculosis genomic DNA in green, corresponding to a)
100, b) 10, c) 1 gEq; human beta globin gene (IC, internal amplification control) amplification in orange; No Template Control (NTC). B) LOD of MAC test: Real-
Time PCR amplification plot of three 10-fold serial dilution of M. avium genomic DNA in blue, corresponding to a) 1000, b) 100, c) 10 gEq; human beta globin
gene (IC, internal amplification control) amplification in orange; No Template Control (NTC).

The results show that this kit is very robust and accurate. The clinical validation of this kit will be performed in the near future, indeed agreements have already
been concluded with several hospitals, that are reference centers for mycobacterial infections disease.

STAT-NAT® Drug-Resistant TB Kit

The genomic DNA obtained from M. tuberculosis BTZ-resistant mutants (Figures 5A and 5B), M. tuberculosis MDR and wild type (wt) strains, was tested using the
two tests of this kit (dprE1 gene and rpoB gene).

Figure 5: M. tuberculosis dprE1 gene test: A) Real-Time PCR melting curve analysis of M. tuberculosis wt genomic DNA with melting temperature (Tm) of
64,1 (a), M. tuberculosis BTZ-resistant mutants Ntb1 with Tm of 54,2 (b), M. tuberculosis BTZ-resistant mutants Ntb9 with Tm of 53,1 (c), No Template Control
(NTC). B) Real-Time PCR melting curve analysis of human beta globin gene (IC, internal amplification control) with Tm of 61 , No Template Control (NTC).

The presence of different Tm shows unambiguous discrimination between mycobacterial strains that are resistant or sensitive to DprE1 inhibitors such as BTZ.

Similar results were obtained using the test that identify the Rifampicin (RIF) sensitive/resistant strains. The discrimination between M. tuberculosis mutant rpoB
gene and M. tuberculosis wt rpoB gene was successfully detected; the wt peak clearly differ from the mutant peaks highlighting distinct melting temperatures.

Conclusion

The STAT-NAT® MTBC/MAC and the STAT-NAT® Drug-Resistant TB proved to be two quick and effective new diagnostic kits for rapid discrimination of MTBC or
MAC species and identification of DprE1 inhibitors or Rifampicin (RIF) sensitive/resistant strains. These two Kits are storable at room temperature and can be
easily and rapidly performed also in developing countries. The STAT-NAT® MTBC/MAC and the STAT-NAT® Drug-Resistant TB kits are two simple and useful
alternative to the conventional molecular and microbiological assays for the rapid identification of TB or MAC infections and the rapid diagnosis of tuberculosis
drug-resistance.
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Abstract

Introduction: Tuberculosis (TB) is a global emergency. The high level of deaths from TB has been mainly due to the impact of the joint TB and HIV epidemics and the increasing problem of MDR and XDR strains of M. tuberculosis. However, other mycobacterial species, other than the M. tuberculosis complex (MTBC), can cause severe infections mainly in AIDS patients such as those belonging to M. avium complex (MAC).
Recently, different classes of promising new anti-TB agents, as the Benzothiazinones (BTZs), that results active against M. tuberculosis drug-susceptible, MDR and XDR clinical isolates, were discovered. Many of these drugs hit the same target, DprE1, an enzyme involved in arabinogalactan biosynthetic pathway.
Based on the analysis of dprE1 gene, two ready-to-use assays were developed, one for TB diagnosis and identification of MTBC or MAC infections and one to identify single point mutations associated with resistance in M. tuberculosis.
Methods: The two assays were based on Real-Time PCR analysis. Each test tube contains all the required PCR components in a freeze-dried form, exploiting STAT-NAT® technology that allows the room-temperature storage of the mix for two years. The MTBC/MAC screening kit include specific sets of primers and probes, one to amplify a fragment of M. tuberculosis IS6110 direct repeat region and one to amplify a fragment of M. avium dprE1 gene. For drug resistant TB assay, the STAT-NAT®

technology was associated with a novel quenching probe (Qprobe, J-bio 21). The assay allows the discrimination between the DprE1 inhibitors and Rifampicin (RIF) sensitive/resistant strains. Specific sets of primers and Qprobes were designed to amplify fragments of M. tuberculosis dprE1 gene and rpoB gene. In each assay, another set of primers and probe was included as an internal amplification control.
Results: The LOD of MTBC/MAC screening assay was 1 and 10 copies/reaction for MTBC and MAC species, respectively. The assays did not cross-react with any of the other mycobacterial species tested. Regarding the drug resistant TB assay, the genomic DNA obtained from M. tuberculosis DprE1 inhibitors-resistant mutants, M. tuberculosis MDR and wild type strains, was tested using this assay. The results showed unambiguous discrimination between mycobacterial strains that are resistant
or sensitive to RIF or DprE1 inhibitors.
Conclusions: The high-sensitivity and specificity of these two assays, associated with the ready-to-use and room temperature storage of the STAT-NAT® technology, would have a direct impact on the early and correct management of the affected patients. Overall, these technologies would be a valuable tool in the rapid diagnosis of other tuberculosis drug-resistance.
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Results

STAT-NAT® MTBC/MAC Kit

To evaluate the specificity of the Kit, a cross-reactivity test was performed. Twenty different mycobacterial species, including MTBC and MAC species, were
tested. The two tests of this Kit did not cross react with mycobacterial species not belonging to MTBC or MAC (Figure 3).

Figure 3: Positivity (+) or Negativity (-) of 20 interesting pathogenic species of the Mycobacterium genus, including MTBC and MAC species, using genomic
DNA as template and the STAT-NAT® MTBC and MAC Kit.

Detection kit proved to be specific for MTBC and MAC species which are clinically important also in the case of TB/HIV co-infection. This would have a direct
impact on the early and correct management of the affected patients.

Genomic DNA of M. tuberculosis and M. avium species was used as positive control for the experiments by Real-Time PCR. The genomic DNA was tested in 10-
fold serial dilutions:

• 100, 10, and 1 genome Equivalents (gEq) of M. tuberculosis genomic DNA;
• 1000, 100, 10 genome Equivalents (gEq) of M. avium genomic DNA.

The genomic DNA of M. tuberculosis and M. avium species was mixed with human genomic DNA, simulating human samples.

The results showed that the Limit of Detection (LOD) was very low, 1 and 10 gEq/reaction for MTBC and MAC species respectively (Figures 4A and 4B), and
more competitive compared to other TB molecular assays.

STAT-NAT® Drug-Resistant TB Kit

Two specific set of primers and Qprobes were designed to amplify fragments of M. tuberculosis dprE1 gene and rpoB gene; an additional set of primers and
Qprobe amplifies the human beta globin gene fragment, used as an internal amplification control (IC). The dprE1 gene/IC and rpoB gene/IC targets are co-
amplified and detected by 7500 Real-Time PCR instruments (Life Technologies) (Table B).

Table B: STAT-NAT® Drug-Resistant TB Kit thermal cycler protocol.

STAT-NAT® Drug-Resistant TB performances were evaluated on genomic DNA of M. tuberculosis BTZ-resistant mutants (Ntb1 and Ntb9) and M. tuberculosis
MDR clinical isolates. supplemented with human genomic DNA as IC.

Materials and Methods

The STAT-NAT® MTBC/MAC and STAT-NAT® Drug-Resistant TB are freeze-dried and ready-to-use Kits that include all the required elements for the amplification of
nucleic acid targets (Figures 1A and 1B). STAT-NAT® MTBC/MAC contains two amplification mixes, one for identification of MTBC and the other to identify MAC
species. Likewise the STAT-NAT® Drug-Resistant TB consists of two amplification mixes for DprE1 inhibitors or Rifampicin (RIF) sensitive/resistant strains
identification, respectively.

Figure 1: A) STAT-NAT® MTBC/MAC and STAT-NAT® Drug-Resistant TB  components; B) Example of STAT-NAT® MTBC/MAC or STAT-NAT® Drug-Resistant TB 
freeze-dried mix.

STAT-NAT® MTBC/MAC Kit

Two specific sets of primers and probe were designed to identify MTBC species and MAC species, respectively; an additional set of primers and probe amplifies the
human beta globin gene fragment, used as an internal amplification control (IC). The MTBC/IC and MAC/IC targets are co-amplified and detected by 7500 Real-
Time PCR instruments (Life Technologies) (Table A).

Table A: STAT-NAT® MTBC/MAC Kit thermal cycler protocol.

STAT-NAT® MTBC/MAC performances were evaluated on:

• Three different concentrations of M. tuberculosis and M. avium genomic DNA supplemented with human genomic DNA as IC;

• A genomic DNA of 20 interesting pathogenic species of the Mycobacterium genus to evaluate the presence/absence of cross-reactivity (Figure 2);

Figure 2: Twenty interesting pathogenic species of the Mycobacterium genus, including MTBC and MAC species. 
All these species are related to several human pathologies as indicate in Figure.

Mycobacterial Species
MTBC 
assay 

MAC 
assay

M. tuberculosis + -

M. bovis + -

M. africanum + -

M. canettii + -

M. avium - +

M. a. paratuberculosis - +

M. intracellulare - +

M. leprae - -

M. xenopi - -

M. celatum - -

M. scrofulaceum - -

M. simiae - -

M. kansasii - -

M. gastri - -

M. malmoense - -

M. marinum - -

M. ulcerans - -

M. fortuitum - -

M. chelonae - -

M. abscessus - -
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