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Introduction

GeneXpert detects Mycobacterium tuberculosis complex (MTBC) at low bacterial loads, exhibiting high sensitivity and specificity for smear-negative samples.1 It was reported that GeneXpert® MTB/RIF (Sunnyvale, CA, United States [US]) incorrectly identified several American Type Culture Collection group (ATCC) non-tuberculous mycobacteria (NTM) (Mycobacterium abscessus, Mycobacterium marinum, Mycobacterium smegmatis, Mycobacterium phlei and Mycobacterium aurum) as MTBC when high bacterial loads [106 colony forming units/millilitre (CFU/mL)] were present.2 In these studies, high (> 30) cycle threshold values for probe E resulted in M. abscessus and M. smegmatis flagging as rifampicin resistant.2 Similar findings were noted between GeneXpert® MTB/RIF probe A and M. intracellulare that produced positive signals, most likely because of a mismatch between the probe and the deoxyribonucleic acid (DNA) target.3 The outcomes and prognosis for a patient receiving anti-tuberculosis (TB) regimens when harbouring a clinically significant NTM is potentially poor, with a high risk of treatment failure.2 Hence, this study aimed to investigate whether the GeneXpert®MTB/RIF Ultra (Ultra, Sunnyvale, CA, USA) assay could yield true-negative results on high bacterial load dilutions of NTM commonly occurring in clinical samples. In addition, a secondary objective assessed the presence of the four probes covering the 81-base pair core region within the ribonucleic acid (RNA) polymerase β-subunit gene (rpoB), as identified by the Xpert Ultra assay, among NTM and among NTM and a selection of other bacteria.

Methods

A total of 12 NTM species obtained from clinical samples, and 11 other bacteria from an ATCC group were included in the study (Table 1). Pure NTM organisms were cultured on Löwenstein–Jensen media (Thermo Scientific™) slants at 35 °C ± 2 °C between 1 week and 4 weeks, dependent on the different NTM growth rates. A Ziehl-Neelsen stain was done on all NTM cultures to check for acid-fast bacilli and rule out contamination. Identification of NTM species was confirmed with Genotype® Mycobacterium CM and AS (Bruker, Billerica, MA, US) line probe assays (LPA). Bacteria, distinct from NTM, encompassed in the investigation were cultured on 2% blood agar and boiled blood agar, with an incubation period of 24 h - 48 h (Table 1). The NTM and other bacteria were collected from the solid media and homogenised in sterile water to reach the desired 0.33 McFarland, representing 1 × 108 CFU/mL. Xpert Ultra testing was performed in duplicate according to the manufacturer’s instructions.4
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Results

Mycobacterium tuberculosis complex was not detected in any NTM or other bacterial samples evaluated in the cohort selected (Table 1). Furthermore, the rpoB2 probe signal was noticed in 10/12 NTM samples and 0/11 from other bacteria. From the 10 NTM with positive rpoB probe signals, 6 showed an isolated rpoB2 positive probe, while combinations ([rpoB1 + rpoB2]; [rpoB2 + rpoB3]; [rpoB2 + rpoB4]; [rpoB1 + rpoB2 + rpoB4]) together with other rpoB probes were positive in 4 isolates (Table 1).

Discussion

Non-tuberculous mycobacteria infection is an emerging disease with complex and extended antibiotic treatment regimens.5 A 5-year all-cause mortality study of > 9000 patients with NTM pulmonary disease estimated a case fatality rate of 27% (95% confidence interval: 21.3–37.8).6 Clinical and radiological features of pulmonary NTM disease can appear similar to MTBC disease.7 Therefore, accurate diagnosis of NTM disease remains essential. Xpert Ultra is a front-line diagnostic test for identifying TB in many countries, such as South Africa. The current study confirms the specificity of Xpert Ultra to accurately distinguish between NTM and MTBC, providing confidence in diagnosing TB and starting treatment if clinically indicated.

The current South African TB diagnostic algorithm places its primary emphasis on detecting MTBC at the time of a patient’s initial presentation. Consequently, it may overlook the presence of NTM unless cultures are specifically conducted for further LPA analysis. An Xpert Ultra MTBC-negative sample with a positive rpoB gene signal could suggest an NTM (Table 1). However, the absence of positive rpoB probes does not preclude the presence of NTM. In circumstances where MTBC is not present, the utilisation and interpretation of rpoB signals on Xpert Ultra remain unclear. This could be relevant on a case-by-case basis in recurrent Xpert Ultra-negative patients with constitutional symptoms and radiological chest X-ray changes, such as cavities, a scenario sometimes encountered in the clinical setting. Additional investigation is imperative with a more comprehensive exploration of these intriguing findings within the realm of NTM/MTBC diagnostics. It remains uncertain whether larger NTM cohorts will demonstrate similar results or if these findings hold any relevance within existing diagnostic algorithms. Further research is essential to shed more light on this matter. In addition, we acknowledge that future investigations should incorporate sputum samples to better reflect the in vivo environment. Lastly, the question of ‘… are we doing everything with the data we have …’ was asked at the PathRed 2023 conference in Johannesburg, South Africa.9 The current approach suggested in this study allows us to do more with the data we already have, providing the opportunity for deeper data mining of our TB diagnostic results.
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TABLE 1: GeneXpert MTB/RIF Ultra (cycle thresholds) performend on non-tuberculous mycobacteria and a selection of other bacteria.

Organism Sample processing  Insertion sequences Probet Probe Test result
controlt+ 151081/156110+ p— o2 o vy check controlt+

Mycobacterium lentiflavumt 26.1 [ 0 34.0 0 0 Pass MTBC not detected

Mycobacterium chelonae 255 0 0 0 0 0 Pass MTBC not detected

Mycobacterium scrofulaceum 2.4 0 0 26.0 0 0 Pass MTBC not detected

Mycobacterium avium 2.4 0 0 320 0 0 Pass MTBC not detected

Mycobacterium gordonae 25.8 0 0 237 0 336 Pass MTBC not detected

Mycobacterium palustre§ 223 0 0 188 34.1 0 Pass MTBC not detected

Mycobacterium kansasii 220 0 385 186 0 37.8 Pass MTBC not detected

Mycobacterium szulgai 249 0 37.8 20.1 0 0 Pass MTBC not detected

Mycobacterium mucogenicum? 238 0 0 2.6 0 o Pass MTBC not detected

Mycobacterium septicums 238 0 0 296 0 0 Pass MTBC not detected

Mycobacterium fortuitum group 241 0 0 0 0 0 Pass MTBC not detected

Mycobacterium abscessus subsp. 234 0 0 36.1 0 0 Pass MTBC not detected

bolletiig

Klebsiella pneumonia 253 0 0 0 0 0 Pass MTBC not detected

ATCC 700603

Pseudomonas aeruginosa 259 0 0 0 0 0 Pass MTBC not detected

ATCC 27853

Staphylococcus aureus 26.7 0 0 0 0 o Pass MTBC not detected

ATCC 25923

Escherichia coli 26.1 0 0 0 0 0 Pass MTBC not detected

ATCC 25933

Salmonella typhimurium 263 0 0 0 0 0 Pass MTBC not detected

ATCC 8382

Listeria monocytogenes 26.1 0 0 [ 0 0 Pass MTBC not detected

ATCC 11916

Enterococcus faecalis 253 0 0 [ 0 0 Pass MTBC not detected

ATCC 51299

Haemophilus influenzae 263 0 0 0 0 0 Pass MTBC not detected

ATCC 49247

Streptococcus pyogenes 27.1 0 0 0 0 0 Pass MTBC not detected

ATCC 19615

Streptococcus agalactiae 27.0 0 0 0 0 0 Pass MTBC not detected

ATCC 55617

Streptococcus pneumonia 232 0 0 0 0 0 Pass MTBC not detected

ATCC 49619

Mycobacterium tuberculosis 295 162 173 174 18.0 203 Pass MTBC detected

complex (H37Rv){

ATCC, American Type Culture Collection; IS, Insertion sequence; MBTC, Mycobacterium tuberculosis complex; rpoB, RNA polymerase (B subunit).
t, GeneXpert®MTB/RIF Ultra is a real-time, semi-quantitative, nested PCR platform (40 cycles) with four probes (rpoB1-4) that covers the 81 base pair core region of the RNA polymerase B-subunit
gene (rpoB) to detect rifampicin susceptibility. In addition, the current version has two insertion sequences (151081 and 156110) that detect the Mycobacterium tuberculosis complex. The sloppy
molecular beacons (rpoB1-4) hybridise with the rpoB gene before they are melted off the amplicon targets. Melting temperature analysis allows for the detection of rifampicin susceptibility,
including heteroresistance. In contrast, the previous version (GeneXpert'MTB/RIF assay) identified Mycobacterium tuberculosis complex when at least two of the five molecular beacons (A~E) gave
a positive signal with a cycle threshold (Ct) value of <38 cycles. Rifampicin resistance was detected when two probes had a Ct delta of 2 4.1 (delayed probe binding) or when at least one probe

showed no signal (probe dropout).#

1, Genotype®Mycobacterium AS line probe assays were implemented to identify the Mycobacterium species.
§, Selected mycobacteria were confirmed with Sanger sequencing of the heat shock gene (hsp65), submitted to the Central Analytical Facility, Stellenbosch University.
9, The American Type Culture Collection strain (H37Rv) Mycobacterium tuberculosis was used as the positive control, and sterile water was a DNA-absent control.

+, Sample processing and probe check controls confirm a valid test.
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