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Background: Tuberculosis (TB) is one of the major global health issues due to its high mortality rate, especially in low- and middle-income countries. One of the key success points of the TB eradication program is early TB diagnosis, which requires rapid and accurate diagnostic testing. This study aimed to evaluate the performance of a newly developed RT-PCR kit (Indigen MTB/DR-TB RT-PCR) in a routine TB clinical setting.

Method: A multi-fluorescence RT-PCR assay was designed and developed to detect regions within IS6110, rpoB, katG, and inhA of the Mycobacterium tuberculosis (MTB) genes. Sputum specimens were obtained from suspected TB patients who visited TB healthcare facilities in two major cities of Indonesia from September 2022 to May 2023. Specimens were assessed using Indigen MTB/DR-TB RT-PCR, acid-fast bacillus (AFB) smear microscopy, MTB culture, and drug susceptibility testing (DST) methods. Fisher’s exact test (χ2) was used to analyze the Indigen performance relative to culture methods.

Result: The performance of Indigen MTB/DR-TB RT-PCR to detect MTB was assessed using 610 sputum specimens obtained from suspected patients. The overall sensitivity and specificity were 94.12% (95% CI: 90.86–96.48%) and 98.32% (95% CI: 96.20–99.46%), respectively. When the analysis was performed on AFB smear-negative TB subjects (386 subjects), a lower sensitivity level was found at 78.57% (95% CI: 68.26–86.78%), while the specificity level remained similar at 98.34% (95% CI: 96.18–99.46%). The overall performance of Indigen MTB/DR-TB RT-PCR to detect MTB showed substantial agreement with the MTB culture method (kappa value 0.93). In comparison to DST, the sensitivity and specificity levels of Indigen to detect RIF resistance or INH resistance were 78.2% (95% CI: 61.8–90.2%) and 82.8% (95% CI: 64.2–94.2%), respectively, while the specificity level for both groups was at 100% (95% CI, 87.7–100%).

Conclusion: Indigen MTB/DR-TB RT-PCR demonstrated reliable performance for TB molecular diagnostic testing and can be implemented in routine TB diagnostic settings.
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1 Introduction

Tuberculosis (TB) remains the leading cause of death by a single infectious agent globally. The World Health Organization (WHO) reported that there were an estimated 10.6 million new cases of disease and 1.6 million deaths from TB in 2022 (World Health Organization, 2023). Most of the cases were contributed by low- and middle-income countries, which accounted for two-thirds of the global total cases (Chakaya et al., 2020). Of those countries, Indonesia ranked as having the second highest burden of TB behind India. Indonesia was estimated to have 969,000 TB cases in 2023 (Ministry of Health Republic Indonesia, 2020), and two-thirds of the cases were found in Java and Bali, predominantly in urban areas (Ministry of Health Republic Indonesia, 2023).

Early TB diagnosis followed by precise treatment is critical to stopping the transmission of the disease. Substantial efforts have been made by Indonesia’s national program to find TB cases in the last 5 years, including scaling up the TB diagnostic technology with a nucleic acid amplification test (NAAT)-based platform. Currently, the GeneXpert MTB/RIF assay is being used by the Indonesian government as the recommended NAAT-based diagnostic testing in the TB national program (Ministry of Health Republic Indonesia, 2023). This kit allows completely automated nucleic acid preparation and amplification in a simple and rapid TB detection process. The efforts successfully increased the case notification from 360,000 cases in 2016 to 570,000 cases in 2018. However, there were an estimated 275,000 cases in 2018 (Ministry of Health Republic Indonesia, 2020) that were still underreported, and unfortunately, the gap remains unchanged at 244,691 in 2023 (Ministry of Health Republic Indonesia, 2023).

Despite the advantages offered by GeneXpert/MTB/RIF assay, it also has shortcomings such as high cost, closed system, and requirement for imported material that need to be addressed. Given the circumstances, implementing local NAAT testing to cover the underreported gap in TB case notification is imperative. Meanwhile, there was a considerable increase in the number of laboratories equipped with advanced real-time polymerase chain reaction (RT-PCR) machines and molecular infrastructure readiness as an impact of the COVID-19 pandemic situation (Ministry of Health Republic Indonesia, 2023) waiting to be leveraged. RT-PCR itself has been accepted as a robust method for detecting Mycobacterium tuberculosis (MTB), making its implementation highly recommended (Espy et al., 2006; Babafemi et al., 2017).

To address the abovementioned issue, we developed an open platform RT-PCR assay that can be run on the same RT-PCR instruments that have been placed in several healthcare facilities across Indonesia, including labs that use COVID-19 diagnostic testing facilities. The assay was designed to detect the region within the insertion sequence of the IS6110, rpoB, katG, and inhA (C15T) genes of MTB. The IS6110 region has been widely used as a target for MTB detection due to its relatively high sensitivity related to its presence in multiple copies (ranging from 1 to 25 copies depending on bacterial strains) within the MTB genome (Eisenach et al., 1990; Peng et al., 2017). Meanwhile, mutations within the 81-base pair core region of rpoB, corresponding to codons 507–533, are associated with resistance to rifampicin (RIF), the first-line and most common antibiotic for treating TB. Within this rpoB hot spot region, we targeted two of the most prevalent mutations, which are mutations at codons 531 and 526 (Ramaswamy and Musser, 1998; Peng et al., 2017). On the other hand, mutations at codon 315 of katG and codon 15 of Inh genes were known to be the most prevalent hot spot mutations related to resistance to isoniazid (INH), the other first-line drug against TB worldwide (Ramaswamy and Musser, 1998). Harnessing the ability of Indigen MTB/DR-TB RT-PCR to detect MTB while at the same time detecting MTB RIF-resistant and INH-resistant strains, as well as common NTM infections, would be the strongest value proposition of the kit for leveraging TB capacity testing in Indonesia.

We evaluated the Indigen MTB/DR-TB RT-PCR assay performance by conducting a clinical validation study in Jakarta and Bandung, the two major cities in Indonesia with more than 250 TB incidences per 100,000 (Alisjahbana et al., 2021; Ministry of Health Republic Indonesia, 2023). In order to assess the use of Indigen in the routine clinical TB setting, the protocol was applied in such a way that the workflow and diagnostic methodologies were maintained as recommended by national TB guidelines.



2 Methods


2.1 Study design, clinical specimens, and ethics consideration

The clinical performance study was designed as a non-interventional and multicenter study from September 2022 to May 2023. Sputum specimens were obtained from suspected TB patients who visited primary healthcare facilities in Bandung, i.e., UPF BBKPM and Dr. H. A. Rotinsulu Pulmonary Hospital, or from routine sputum specimens that were sent to the national referral TB diagnostic laboratory at Bandung (West Java Provincial Health Laboratory/WJPHL) and Jakarta (BBLK Jakarta). Only raw sputum with a minimum volume of 4 mL was included in this study. In addition to these, we assessed archived specimen leftovers from the Research Center for Care and Control of Infectious Disease (RC3ID) Universitas Padjadjaran Bandung. Acid-fast bacilli (AFB) smears and culture assays were performed at the respective laboratories, whereas Indigen RT-PCR was performed at Stem Cell and Cancer Institute (SCI) Jakarta, WJPHL in Jakarta, and BBLK in Jakarta. Each sputum sample represented one subject. In order to obtain sufficient power to determine sensitivity and specificity to the 95% confidence interval level for this study, we were targeting to get as few as 300 MTB positive and 300 MTB negative sputum samples based on MTB culture as reference method (Mattocks et al., 2010). All the testing methods were performed blindly between methods and between sites to obtain accountable results.

This study was approved by the Ethics Committee at the Universitas Padjadjaran Bandung, under ethical approval number 876/UN6.KEP/EC/2022. The specimen collection process was a part of the TB-routine clinical diagnostic setting; therefore, informed consent was not required.



2.2 Acid-fast bacilli (AFB) smear microscopy and culture

The presence of AFB was assessed using the Ziehl–Neelsen staining method. It was performed directly in unprocessed sputum at each laboratory site, and the remaining samples were then processed for MTB culture and RT-PCR procedure. In brief, the sputum samples were decontaminated and homogenized using NaLC-4% NaOH according to the protocol recommended by the Ministry of Health for TB diagnostic laboratory guidelines (Ministry of Health Republic of Indonesia, 2021). Following sediment resuspension with phosphate-buffered saline (PBS), the suspension was inoculated into a Lowenstein–Jensen (LJ) tube (0.5 mL) or inoculated into a liquid Bactec mycobacteria growth indicator tube (MGIT) 960 (0.2 mL) (Becton Dickinson, Sparks, MD, USA) at 37°C or at 35°C for 8 weeks, respectively (Vinuesa et al., 2018; Ministry of Health Republic of Indonesia, 2021). Every positive culture was subjected to Ziehl–Neelsen staining to confirm the presence of AFB and cord formation and to exclude contamination. Drug susceptibility testing (DST) was conducted to determine the phenotype of mycobacterial strains against RIF and INH and used as the gold standard reference for Indigen DR/MDR-TB RT-PCR performance to detect MTB RIF- or INH-resistance strains (Ministry of Health Republic of Indonesia, 2021).



2.3 Indigen MTB/TB-DR RT-PCR assay

The Indigen MTB/TB-DR RT-PCR assay was designed to detect key mutations in four gene regions associated with RIF/INH resistance as well as MTB presence. Five dually labeled probes and four pairs of primers have been designed based on (Peng et al., 2017, Supplementary Table 1). Since most of the RT-PCR machines placed in laboratories are available in a 4-channel model, we designed the assay to have two PCR reactions for each sample. Four fluorophores (FAM, HEX, ROX, and Cy5) are attached at the 5′ end of probes, which allows the detection of the target biomarkers in a single PCR reaction simultaneously. In brief, 750 μL of raw sputum or decontaminated or sediment sputum was mixed with an equal volume of lysis buffers in a microcentrifuge tube. The mixture was incubated at room temperature for 30 min with intermittent agitation. Following centrifugation at 14,000 rpm for 3 min, the supernatant was discarded and replaced by 1 mL of saline buffer. The mixture was centrifuged at 14,000 rpm for 3 min, and the supernatant was discarded. A measure of 200 μL of Chelex® solution was added, followed by incubation at 100°C and then centrifugation at 14,000 rpm for 10 min. The supernatant was transferred to a new microcentrifuge tube and used directly as a PCR template or stored at -20°C. All reagents for the DNA extraction procedure were provided in the kit. PCR mixture contained 2 μL of 10 × PCR buffer, 1.6 μL of dNTP (each 2.5 μM), 0.8 μL of MgCl2 (25 mM), 0.2 μL of Taq-polymerase (5 U/ul), 2 μL of primers and probes extracted DNA template of 1 μL, and Milli-Q H2O to make up the whole PCR mixture volume to 20 μL for each PCR reaction. The PCR cycle was run in a Rotor-Gene Q real-time rotary analyzer (Qiagen, Hilden, Germany) or in a LightCycler instrument (Roche). Cycling parameters consist of denaturation denaturation at 95°C for 15 min, followed by 45 cycles of amplification at 95°C for 15 s, and elongation at 60°C for 1 min. An internal extraction control (IC) for each sample, as well as a negative and positive control for each run, were also included.

Result interpretation was performed based on a simple algorithm. First, the positive signal at the IS6110 probe represents MTB positivity. Second, signals of the other four drug-resistant probes were investigated. When all RIF and INH probes show a negative signal, it is classified as MTB drug-susceptible. On the other hand, when the RIF probes show positive signals, either at S531L and/or H526Y, the sample is classified as RIF resistance. Similarly, the sample is classified as INH resistance when katG and/or inhA probes are positive. Drug-susceptible TB patients can be treated with first-line TB therapy, while TB patients with RIF-mono resistance or INH-mono resistance are considered to receive first-line anti-TB drugs, except RIF or INH, respectively. In addition to this, when both RIF and INH resistance are present, the TB patients are classified as multi-drug resistant and considered to receive a combination of second-line anti-TB drugs (Ministry of Health Republic of Indonesia, 2021).



2.4 Limit of detection and analytical specificity of Indigen MTB/DR-TB RT-PCR

We prepared solution of each bacterial isolate (MTB HRa37, MTB with rpoB S531L, MTB with rpoB H526Y, MTB with katG S315T, MTB with inhA C15T, and M. smegmatis) corresponding to McFarland standard no. 1. The limit of detection (LoD) was initially performed by 10-fold dilution of each bacterial isolate in triplicates. The expected LoD was determined, and all replicates were positive. The LoD was then confirmed by repeating the assay using five different serial dilutions of concentration covering the expected range of LoD, which was performed in 20 replicates for each dilution. Final LoD was determined based on the lowest colony forming unit per milliliter (CFU/mL) at ≥95% positivity rate of each bacterial isolate.

The analytical specificity of the probe sequence of IS6110 was conducted in silico. Sequence alignment was performed against PCR products and surrounding sequences of 35 types of mycobacteria, 66 types of non-mycobacteria bacteria, 12 types of fungi, and 14 types of viruses. All sequences were downloaded from https://blast.ncbi.nlm.nih.gov/Blast.cgi. If the designed probes have less than 80% homology in terms of the matched base pair amount with target organisms, potential cross-reactivity may be prevented.



2.5 Sequencing

Bidirectional sequencing was performed on samples with discrepant results using the BigDye Terminator Cycle Sequencing kit, according to the manufacturer’s recommendations in a 3130xl Genetic Analyzer (Applied Biosystems). Traces were analyzed with BioEdit v7 2.5.



2.6 Statistical analysis

Fisher’s exact test (χ2) was used to analyze the sensitivity and specificity level of Indigen MTB RT-PCR assay on sputum samples compared to culture, which is considered the TB gold standard method for TB diagnosis. The kappa test was used to measure agreement between the two methods (MedCalc Software Ltd, 2023).




3 Results


3.1 Sputum samples and phenotypic analysis based on AFB smears and MTB culture

A total of 610 sputum samples from 610 TB-suspected subjects were collected from our five study sites. Most of our prospectively collected samples were collected from WJPHL (305 samples), followed by UPF BBKPM, BBLK Jakarta, and Dr. H. A. Rotinsulu Pulmonary Hospital with 105, 89, and 22 samples, respectively. Meanwhile, our archived samples from RC3ID Laboratory were 89 samples. Overall, our cohort samples consist of 306 MTB culture-positive and 304 MTB culture-negative samples. Stratification of samples based on the AFB smear method resulted in 224 smear-positive samples and 386 smear-negative samples, as described in Table 1.



TABLE 1 Performance of Indigen MTB/DR-TB RT-PCR for detecting MTB in all sputum samples and in samples stratified according to smear results.
[image: Table1]



3.2 Limit of detection and analytical specificity of Indigen MTB/DR-TB RT-PCR

The LoD of Indigen MTB/TB DR RT-PCR is 400 CFU/mL for the IS6110 detection, 6,000 CFU/mL for the rpoB S531L and rpoB H526Ydetection, 400 CFU/mL for the katG S315T detection, and 6,000 CFU/mL for the inhA C15T detection (Supplementary Data 1). Analytical specificity test demonstrated that the IS6110 probe has no homology with greater or equal to 80% against listed bacteria (mycobacteria and non-mycobacteria), fungi, and viruses (Supplementary Data 2).



3.3 Performance of Indigen MTB/DR-TB RT-PCR on detecting MTB in sputum

The results of culture, AFB smear microscopy, and Indigen MTB/DR-TB RT-PCR are given in Table 1. Compared to culture, the overall sensitivity and specificity of Indigen MTB/DR-TB RT-PCR in detecting MTB were 94.12% (95% CI 90.86–96.48) and 98.36% (95% CI 96.20–99.46), respectively. The positive predictive value (PPV) and negative predictive value (NPV) were 98.29% (95% CI 96.02–99.28) and 94.41% (95% CI 91.39–96.30). However, when the analysis was stratified based on AFB smear-negative samples (386 samples), a lower sensitivity level was found at 78.57% (95% CI, 68.26–86.78%), while the specificity remained similar at 98.34% (95% CI, 96.18–99.46%). On the other hand, the PPV and NPV levels for these AFB smear-negative samples were 92.96% (95% CI 84.60–96.94) and 94.29% (95% CI 91.63–96.13). Corresponding values for sensitivity, specificity, PPV, and NPV of the other 224 AFB smear-positive samples were 100 (95% CI 98.35–100.00), 100 (95% CI 15.8–100.00), 100 (95% CI 98.35–100.00), and 100 (95% CI 15.81–100.00), respectively. Overall agreement between culture and Indigen MTB/DR-TB RT-PCR was 96.23% (95% CI 94.40–97.60).



3.4 Performance of Indigen MTB/DR-TB RT-PCR on detecting MTB RIF/INH resistance in sputum

We assessed the Indigen MTB/DR-TB RT-PCR ability to detect drug-resistant (MTB DR) on 65 samples that already had DST results and sufficient volume for RT-PCR. Of these samples, 28 were MTB drug-susceptible, and the remaining 37 samples were MTB DR samples. Based on the DST result, the MTB DR samples mainly consisted of 78.4% (29/37) double RIF- and INH-resistant and 21.6% (8/37) RIF-mono-resistant. Our result showed that the sensitivity and specificity levels of Indigen MTB/DR-TB RT-PCR to detect RIF resistance and INH resistance were 78.2% (95% CI, 61.8–90.2%) and 82.8% (95% CI, 64.2–94.2%), respectively, while the specificity level for both groups is at 100% (95% CI, 87.7–100%) (Table 2).



TABLE 2 Performance of Indigen MTB/DR-TB RT-PCR based on rifampicin and isoniazid phenotypic susceptibility testing.
[image: Table2]

We found eight samples with false-susceptible results for RIF resistance. These samples contained MTB with mutations other than the targets of Indigen TB DR/MDR RT-PCR. Of these samples, three contained MTB with single amino acid substitutions at D526Y/H526D/H526H, while five contained multiple amino acid substitutions, including G523G, D516Y, H526N, H526Q, L521L, L524L, L530L, P520P, R528R, R529R, S522A, S522G, S531F, S531N, and 518-Del (Table 3). Meanwhile, we found five false-susceptible samples for INH resistance. Of these samples, four were confirmed susceptible, while one sample contained amino acid substitution at katG (S315T) (Table 3).



TABLE 3 Sanger sequencing analysis for samples with discordant susceptibility results.
[image: Table3]




4 Discussion

Early TB diagnosis followed by precise treatment is critical to stopping the transmission of TB disease. Despite a significant increase in NAAT implementation for TB diagnosis such as GeneXpert MTB/RIF in Indonesia, considerable underreporting of TB cases remains to be addressed (Ministry of Health Republic Indonesia, 2020, 2023). In this study, we demonstrated the clinical performance of a newly developed TB NAAT, the Indigen DR/MDR RT-PCR, on 610 sputum samples obtained from 610 TB-suspected patients. This kit was designed as an open-system RT-PCR that can be implemented in any molecular laboratory equipped with an RT-PCR machine. The clinical performance of Indigen DR/MDR RT-PCR on detecting MTB, RIF, and INH resistance was almost in perfect agreement with MTB culture and DST, as shown by a kappa value of ≥0.8 in all analyses: overall samples, stratified based on AFB smear microscopy results, DR samples, and MDR samples. The findings support the potential use of Indigen MTB/DR-TB RT-PCR as an early TB diagnostic in clinical laboratory settings.

The gold standard technique for TB diagnostics is culture; however, the process requires 2–8 weeks to complete. NAAT-based testing, such as RT-PCR, has been widely accepted for TB diagnosis as it offers great robustness and a shorter turnaround time. However, to be accepted as a TB diagnosis NAAT, an assay should demonstrate high reliability, sensitivity, specificity, and accessibility levels. To achieve those requirements, one of the most determining factors is primers specific to target sequences within the MTB genome. Most TB PCR-based assays target IS6110 to detect MTB in pulmonary and extra-pulmonary specimens (Noordhoek et al., 1994; Lee et al., 2014; Araya et al., 2021). It has been reported that the sensitivity and specificity of IS6110 sequence-based PCR for the detection of MTB differ among trials, ranging from 50 to 90% and 60 to 100%, respectively, compared to culture (Noordhoek et al., 1994). Despite this wide range of performance, our study demonstrated that the overall sensitivity and specificity of the Indigen MTB/DR-TB RT-PCR assay to detect MTB in sputum were 94.1 and 98.1%, respectively, in comparison to the standard TB culture method, along with a kappa value of ≥0.9. Concordant with our results, studies on the performance of a commercial IS6110 sequence-based PCR assay, Abbot Real-Time RIF/INH, reported a sensitivity level of 92.4% (Araya et al., 2021), while another meta-analysis study confirmed that the assay had sensitivity and specificity levels of 96 and 97%, respectively (Wang et al., 2019). Moreover, another comparison study between the IS6110-Taq Man-based PCR assay and GeneXpert RIF/INH reported that IS6110-Taq Man-based had better sensitivity (84% vs. 79%, respectively, 19). All these findings support that multicopy target IS6110, which is present at 10 to 15 copies in most genomes of MTB, contributes to the better sensitivity of the TB PCR-based assay (Eisenach et al., 1990; Araya et al., 2021).

Approximately 17% of TB transmission was attributable to the presence of AFB smear-negative, culture-positive TB patients. It was estimated that 20 to 50% of pulmonary TB patients are AFB smear negative (Sarmiento et al., 2003). The TB diagnostic assay should overcome this low-load AFB specimen to deliver good performance, allowing clinicians to deliver early correct treatment to patients and prevent disease transmission. The proportion of AFB smear-negative among culture-positive TB samples in our cohort was 84/310 (27.1%), and Indigen MTB/DR-TB was able to detect 66 of them (78.6% sensitivity) with a kappa value of ≥0.8. In line with our results, a meta-analysis approach on six studies by Sarmiento et al. (2003) reported that the sensitivity of PCR-based testing for the diagnosis of MTB in AFB smear-negative sputum was 70% compared to the standard culture method. Contrarily, the same study also reported that the sensitivity ranged between 32 and 92% depending on the type of sample and the type of study design. Another study demonstrated that the performance of an IS6110 sequence-based PCR on AFB smear-negative sputum was 64.5% (Lodha et al., 2022). In addition, another previous study revealed that IS6110-TaqMan assay performed better sensitivity than GeneXpert MTB/RIF on AFB smear-negative sputum (69 vs. 48%, 19), while another study demonstrated GeneXpert MTB/RIF had a sensitivity level of 73.1% compared to culture (Lombardi et al., 2017).

Several factors might contribute to the variability in the sensitivity of IS6110 sequence-based PCR found in different studies. Regarding this, apart from the target sequence used, the diagnosis performance might depend on the efficiency of the DNA extraction process. The Indigen MTB/DR-TB RT-PCR involves simple steps, including a lysis procedure, a heating process, followed by sedimentation through centrifugation. Although the process requires more time to complete, these manual steps could be more reliable for AFB smear-negative samples due to their better efficiency in eliminating the inhibiting substances and allowing optimal bacterial lysis compared to the cartridge-based GeneXpert MTB/RIF system (Kolia-Diafouka et al., 2018). Furthermore, a study by Tan et al. (1997) showed that a simple DNA release method did not seem to impair the sensitivity of PCR assays. This simple procedure could be easily integrated into the routine schedule of a mycobacteriology laboratory without changing the existing TB workflow. In general, the abovementioned factors might support the Indigen MTB/DR-TB’s good performance in detecting MTB in this study.

Indigen MTB/DR-TB RT-PCR discrepant results for MTB detection were observed in 18 (5.88%) false-negative MTB samples. As expected, they were included in the AFB smear-negative samples. Of these samples, 13 showed a late cycle threshold between 35 and 37 cycles, while the remaining gave an undetectable amplification signal. Adjusting the Ct threshold value up to 40 cycles would have eliminated 13 of the 18 samples; however, this would simultaneously decrease the specificity level. Since the Indigen MTB/DR-TB assay demonstrated specificity above 97% in all analysis categories, the assay was considered to have optimum performance.

The prevalence of drug-resistant MTB strains can vary between and within countries. According to the WHO’s Global Tuberculosis Report, the prevalence of RIF-resistant TB in new cases was estimated to be approximately 3.4% in 2020 (World Health Organization, 2023), while a lower prevalence of 1.3% (12,531/969,000) was reported by the government of Indonesia in 2023 (Ministry of Health Republic Indonesia, 2023). INH resistance is often closely associated with RIF resistance, and their co-occurrence is commonly defined as MDR (Armand et al., 2011; World Health Organization, 2023). Detecting resistance mutations in primary samples enables the immediate initiation of the correct treatment. In order to support early diagnosis in DR/MDR cases, Indigen MTB/DR-TB RT-PCR was designed to detect two frequent mutations related to RIF resistance and two frequent mutations related to INH resistance. In this study, its performance was compared to DST on 65 samples. In terms of detecting RIF resistance, Indigen was able to detect 29 of 37 RIF-resistant samples (78.4% sensitivity) and correctly detect 28 MTB-susceptible samples (100% specificity). The performance was considered lower than previously established TB assays, such as Abbot Real-Time RIF/INH (Wang et al., 2019) or GeneXpert MTB/RIF (Boehme et al., 2010). The discrepant results for false RIF-susceptible were observed in 22% (8/37) of DR/MDR cases, and these were mainly because of mutations within 81-rpoB hotspot regions that were out of the target range of Indigen DR/MDR RT-PCR (Table 3). In addition to this, Indigen was able to detect 24 of 29 INH-resistant samples (82.8% sensitivity) and correctly detect 36 INH-susceptible samples (100% specificity). The sensitivity was lower than Abbot Real-Time RIF/INH18 but higher than other PCR assays that also cover INH-resistance mutations (FT-MTBDR; Hain Lifescience; 26).

Four of five false-susceptible INH discrepant results were confirmed to harbor wild-type sequences at katG and inhA (C15T). The reason for the lack of detection based on Indigen was unknown because Sanger sequencing results support our findings. One sample harbored a mutation at the katG (S315T) sequence that was actually detected nearly above our Ct value threshold. In this case, adjusting the Ct value threshold up to 40 might increase the sensitivity level; however, this would require another DR study to confirm the validity of the adjusted Ct value threshold and would be considered for our future research.

There are limitations to the current study that should be considered. First, a relatively small number of samples were included for DR-TB analysis. This may have limited the statistical power of the assessment of the Indigen MTB/DR-TB RT-PCR analysis. Second, we included archived, decontaminated frozen samples in this study. Therefore, the length of storage time might affect the quality of isolated nucleic acids, thus lowering the quantity of targeted DNA. Finally, we are fully aware of the limited coverage of the MTB RIF-resistance region of Indigen MTB/DR-TB RT-PCR; however, the kit is also equipped with probes targeting frequent INH-resistant MTB, which enable MDR detection in samples simultaneously.



5 Conclusion

The Indigen MTB/DR-TB RT-PCR assay evaluated in this study demonstrated reliable sensitivity compared to the gold standard method of culture. The Indigen MTB/DR-TB RT-PCR detects RIF resistance as well as INH resistance, providing clinicians with more resistance information to deliver prompt treatment early. Further studies are required to evaluate the performance of this kit in more clinical sputum from suspected DR-TB patients.
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