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ABSTRACT

Objectives: Tuberculosis (TB) and drug-resistant TB (DR-TB) are national health burdens in 
Vietnam. In this study, we investigated the prevalence of rifampicin (RIF) and/or isoniazid 
(isonicotinic acid hydrazide, INH) resistance in patients with suspected TB, and applied 
appropriate techniques to help rapidly target DR-TB. 
Methods: In total, 1,547 clinical specimens were collected and cultured using the BACTEC MGIT 
system (Becton Dickinson and Co.). A resazurin microtiter assay (REMA) was used to determine 
the proportions of RIF and/or INH resistance. A real-time polymerase chain reaction panel 
with TaqMan probes was employed to identify the mutations of rpoB and katG associated with 
DR-TB in clinical isolates. Genotyping of the identified mutations was also performed. 
Results: A total of 468 Mycobacterium tuberculosis isolates were identified using the REMA. Of 
these isolates, 106 (22.6%) were found to be resistant to 1 or both antibiotics. Of the resistant 
isolates, 74 isolates (69.8%) were resistant to isoniazid (INH) only, while 1 isolate (0.94%) was 
resistant to RIF only. Notably, 31 isolates (29.24%) were resistant to both antibiotics. Of the 41 
phenotypically INH-resistant isolates, 19 (46.3%) had the Ser315Thr mutation. There were 
8 different rpoB mutations in 22 (68.8%) of the RIF-resistant isolates. The most frequently 
detected mutations were at codons 531 (37.5%), 526 (18.8%), and 516 (6.3%). 
Conclusion: To help prevent new cases of DR-TB in Vietnam, it is crucial to gain a comprehensive 
understanding of the genotypic DR-TB isolates. 
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Introduction 

Tuberculosis (TB) poses a significant health burden worldwide, 
and drug-resistant TB (DR-TB) is one of the biggest challenges 
to TB treatment [1−3]. Therefore, developing diagnostic 
methodologies for TB and DR-TB is a critical aspect of TB 
management. In 2019, the World Health Organization (WHO) 
estimated that 10.4 million patients had TB, and 1.5 million 
deaths were attributed to the disease. Vietnam is currently 
ranked 16th among the 30 countries with high burdens of TB 
and 13th among the 30 countries with the highest prevalence 
of DR-TB [4]. Although the Vietnam National Tuberculosis 
Control Program has nationwide coverage, diagnosing, 
treating, and managing TB and DR-TB remains a significant 
public health challenge [5,6]. Commercial drug susceptibility 
testing (DST) systems such as the liquid-medium BACTEC 
MGIT 960 (Becton Dickinson and Co.) and molecular DST 
methods such as the GeneXpert MTB/RIF (Cepheid) provide 
rapid results and reduce turnaround time [1,7]. However, 
they require costly reagents, modern equipment, and only 
detect some drugs, limiting their availability in Vietnamese 
laboratories. Therefore, developing phenotypic DST for 
Mycobacterium tuberculosis that determines the minimum 
inhibitory concentration (MIC) values of many TB drugs will 
help doctors make better treatment decisions by considering 
the level of resistance of each drug. These methods are simple, 
reliable, and cost-effective, making them necessary in 
countries with a high prevalence of DR-TB [8−10]. Moreover, 
there are limited genetic studies that characterize the 
genotype of M. tuberculosis isolates in central Vietnam. A 
thorough understanding of the genotypic DR-TB isolates 
helps support a focus on infection control and surveillance 
to prevent new cases of DR-TB in this region. To reduce 
the morbidity and mortality of DR-TB, accurate and rapid 
diagnosis in the early stages of TB is important. This requires 
implementing a molecular assay that can detect the wide 
variety of drug-resistant mutations in clinical isolates of 
M. tuberculosis. Evaluating the molecular assays that can 
detect a wide variety of M. tuberculosis-resistant mutations 
in clinical isolates is vital in the effort to reduce DR-TB 
morbidity and mortality by enabling accurate and rapid 
diagnosis in the early stages [11,12]. Therefore, to assist 
in decreasing DR-TB cases in Vietnam, it is necessary to 
combine phenotypic and molecular methods until more 
is understood about the clinical relevance of phenotypic 
susceptibility in isolates with drug-resistant mutation 
mechanisms. This study evaluated the frequency of TB 
resistance to rifampicin (RIF) and isoniazid (isonicotinic 
acid hydrazide, INH), which are the most effective first-line 
drugs in TB treatment. 

Materials and Methods 

Sample Collection 
From June 2019 to June 2020, samples were collected from 
patients suspected of TB, and M. tuberculosis isolates were 
cultured for DST at various locations in central Vietnam, 
including Da Nang Lung Hospital, Central Hospital 71, Thanh 
Hoa, and the Department of Microbiology at Hue Central 
Hospital in Hue city. The Carlo Urbani Center’s Department 
of Microbiology at Hue University of Medicine and Pharmacy 
conducted the real-time (RT)-polymerase chain reaction 
(PCR) TaqMan allelic discrimination assays. 

Drug Susceptibility Testing 
DST was performed using the resazurin microtiter assay 
(REMA) method. A total of 1,547 clinical samples were 
inoculated in the BACTEC MGIT 960 (Becton Dickinson and 
Co.), of which 500 were found to be positive for M. tuberculosis. 
The M. tuberculosis strain H37Rv (ATCC 27294) was utilized as 
the susceptible control strain, while a previously identified 
multidrug-resistant (MDR)-TB strain from the microbiology 
department at Da Nang Lung Hospital was employed as the 
resistant control strain. 

Middlebrook 7H9 broth was dispensed into each well of 
a Corning 96-well plate for the REMA. All drugs (HiMedia 
Laboratories Private Ltd.) were used in lyophilized form 
and subsequently rehydrated and filtered to make the 
stock solution. INH was diluted with sterile water to reach 
a concentration of 1 mg/mL, while RIF was diluted with 
methanol to achieve a concentration of 10 mg/mL. The INH 
concentration ranged from 1.00 to 0.031 µg/mL, and the RIF 
concentration ranged from 2.00 to 0.061 µg/mL. To determine 
the resistance or susceptibility of M. tuberculosis, a strain 
was considered resistant to INH if the MIC was ≥ 0.25 µg/
mL, while a strain was deemed resistant to RIF if the MIC was 
≥ 0.5 µg/mL. This method, developed by Palomino et al. [9] 
in 2002 and Martin et al. [13] in 2005 using the colorimetric 
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Tuberculosis (TB) and drug-resistant TB (DR-TB) are 
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urgently needed to manage and reduce the mortality 
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settings. To prevent new cases of DR-TB in Vietnam, a 
comprehensive understanding of the genotypes of DR-
TB isolates is crucial so that the most appropriate and 
effective diagnostic methods for detecting DR-TB can 
be developed and implemented.
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indicator resazurin, has been proposed for the DST of 
M. tuberculosis. To confirm continued susceptibility or 
resistance, independent of the MIC, the results of the REMA 
were compared with those of the reference method using a 
liquid culture in the BACTEC MGIT mycobacterial detection 
system (Becton Dickinson and Co.). The commercial kits that 
we utilized were supplied with fixed concentrations of 0.1 
µg/mL and 1.0 µg/mL, for INH and RIF, respectively (Figure 1) 
[9,13]. 

RT-PCR TaqMan Allelic Discrimination Assay 

DNA extraction 
A total of 52 clinical isolates of M. tuberculosis (31 MDR, 1 

RIF mono-resistant, 10 INH mono-resistant, and 10 drug-
sensitive isolates) were used to extract genomic DNA. A 
200-µL sample was placed in an Eppendorf tube and 400 µL 
of InstaGene Matrix (Bio-Rad Laboratories) was added. This 
was followed by vortexing and incubating the mixture at 
100°C for 10 minutes. The mixture was then centrifuged at 
14,000 rpm for 2 minutes, and the DNA in the supernatant 
was collected and stored at −20°C. 

Primers and probes 
To conduct the allelic discrimination test, primers were 
designed to amplify a sequence of 208 base pairs (bp) in the 
rpoB gene and 110 bp in the katG gene. Four TaqMan probes, 
which could distinguish one-base mismatches, were used 
to detect genetic variation in the wild-type M. tuberculosis 
strain (H37Rv) in both rpoB and katG. All primers and probes 
used in this study were manufactured by Integrated DNA 
Technologies Inc. (Table 1) [14,15]. 

Procedure 
To detect mutations in the selected regions of the rpoB 
and katG genes, 2 separate reactions were conducted in 
tube A (for rpoB mutation detection) and tube B (for katG 
mutation detection) with a final reaction volume of 25 µL. The 
master mix used in this study was produced by Integrated 
DNA Technologies Inc. An optimized multiplex-probe RT-
PCR reaction was established, and PCR amplification was 
performed as follows: initial denaturation at 94°C for 10 
minutes, followed by 40 cycles at 94°C for 25 seconds and 
60°C for 55 seconds, using the Mx3000P qPCR System (Agilent 
Technologies Inc.). 

Figure 1. The resazurin microtiter assay results in a study of 
Mycobacterium tuberculosis isolates for analysis of drug-resistant 
tuberculosis in Vietnam.

Table 1. Primers and probes used in the RT-PCR TaqMan allelic discrimination assay

Primer or probe Target region Concentration (µM) Oligonucleotide Product size (bp) Design

RT-PCR
 Primers rpoB 1.0 F: 5’-TCACACCGCAGACGTTGATC-3’ 208 [14]

R: 5’-CGTAGTGCGACGGGTGC-3’
KatG 1.0 F: 5’-GGGCTTGGGCTGGAAGA-3’ 110

R: 5’-GGAAACTGTTGTCCCATTTCG-3’
 Probes [14]

rpoB TB control 0.5 5’-HEX-CGATCAAGGAGTTCTTCGGCACCA- 
BHQ-3’

rpoB1 510-516 0.5 5’-FAM-CAGCTGAGCCAATTCATGGACCAGA- 
BHQ-1-3’

rpoB2 526-531 0.5 5’-HEX-CACAAGCGCCGACTGTCGGC-BHQ-1-3’
katG 311-316 0.5 5’-FAM-ACGCGATCACCAGCGGCA-BHQ-1-3’

Sequencing primers rpoB 1.0 F: 5’- GTCAGACCACGATGACCGTT-3’ 445 This study
1.0 R: 5’- GAGCCGATCAGACCGATGTT-3’

KatG 1.0 F: 5’- CCCATGTCTCGGTGGATCAG-3’ 475
1.0 R: 5’- GGCGGTCACACTTTCGGTAA-3’

RT, real-time; PCR, polymerase chain reaction; bp, base pairs; TB, tuberculosis.
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Allelic discrimination data analysis 
We determined the cycle threshold (Ct) value from the TB 
control probe that bound to the 81 bp hot spots outside 
the target regions in the rpoB gene, and calculated the 
∆Ct value, which represented the difference between the 
control TB probe and each specific probe (∆Ct = mutant 
Ct−contr ol TB Ct). In the mutant genotypes, a single base 
variation in the target sequence of rpoB or katG could lead 
to mismatching of the corresponding probe and failure to 
combine with the target, resulting in probe dropout from 
the sequence. This would generate negative fluorescence 
signals during amplification, and the Ct values of the mutant 
sequences would be recorded as zero (Ct = 0). Ultimately, M. 
tuberculosis was identified using the TB control probe. 

rpoB and katG sequencing 
DNA samples extracted from the 52 isolates that had been 
identified as M. tuberculosis by RT-PCR, were used to amplify 
rpoB and katG using the primer sequences presented in 
Table 1. PCR amplification was performed as follows: an initial 
denaturation step at 95°C for 10 minutes, followed by 36 
cycles of 95°C for 30 seconds, 55°C for 30 seconds, 72°C for 
30 seconds, and a final extension step at 72°C for 5 minutes 
in the Veriti Thermal Cycler (Thermo Fisher Scientific Inc.). 
The PCR products were then sent to Apical Scientific Sdn Bhd 
for Sanger sequencing. The sequencing data were initially 
analyzed using Sequencing Analysis Software ver. 6.0, and 
quality control was checked by Sequence Scanner Software 
(both from Thermo Fisher Scientific Inc.). 

Ethics Approval 
Ethical approval for this study was granted by The Ethical 
Committee in Biomedical Research of the University of 
Medicine and Pharmacy-Hue University (No: H2019/350).  

The director of each hospital granted permission to 
conduct the study. Before specimen collection, patients/
guardians were provided with information about the study 
and asked to provide written informed consent. Participants 
were informed of their right to voluntarily participate in the 
study. 

Results 

Among the 1,547 clinical specimens collected from patients 
suspected of having TB, 32.3% (500/1,547 samples) were 
identified as positive through the BACTEC MGIT 960 system 
(Becton Dickinson and Co.). RT-PCR was also able to detect 
all M. tuberculosis isolates. Of the 500 isolates, 6.4% (32/500 
samples) were excluded from the DST because they were 

heavily contaminated. 

Phenotypic DST by REMA 
A total of 468 M. tuberculosis isolates underwent REMA 
testing, which revealed that 106 (22.6%) were drug-resistant. 
Specifically, 74 (69.8%; 95% confidence interval [CI], 
60.1%−78.4%) wer e resistant to INH, while 1 (0.94%; 95% CI, 
0.02%−5.1%) was r esistant to RIF, and 31 (29.24%; 95% CI, 
20.8%−38.9%) wer e resistant to both antibiotics (MDR-TB 
strains). When the REMA results were compared to those 
independently obtained using the BACTEC MGIT 960 system 
(Becton Dickinson and Co.), the sensitivity and specificity 
for INH resistance were 100% and 99.19%, respectively. 
The sensitivity and specificity for RIF resistance were both 
100%, the overall concordance for MDR-TB was 99.78%, and 
the positive predictive value and negative predictive value 
for MDR-TB detection were 96.77% and 100%, respectively 
(Table 2). 

Genotypic Detection of Drug-Resistant Isolates 
Of the phenotypic INH-resistant isolates, 46.3% (19/41) had 
a Ser315Thr mutation (AGC > ACC). Among the 31 MDR and 
1 RIF-resistant isolates, 22/32 (68.8%) had 8 types of rpoB 
mutations. The most frequent rpoB mutations were found 
at codons 531, 526, and 516, accounting for 37.5% (12/32), 
18.8% (6/32), and 6.3% (2/32), respectively. Sequencing 
analysis detected the point mutation Ser522Leu (TCG > TTG) 
outside of the 2 probes used to determine mutations in 
rpoB. None of the 11/11 INH-susceptible isolates and 20/20 
RIF-susceptible isolates had mutations in katG and rpoB 
(Figure 2). 

The RT-PCR allelic and DNA sequencing results showed a 
sensitivity and specificity of 95.5% and 100%, respectively, 
for detecting INH resistance through mutation analysis of 
katG codons 311− 316. Compared to the sequencing for katG, 
this method had an accuracy of 98.08%. For the detection 
of RIF resistance, the RT-PCR allelic and DNA sequencing 
results had a sensitivity and specificity of 95.00% and 100%, 
respectively, for mutation analysis in the rpoB codons 510− 
531 (Figure 3). 

Table 2. Proportion of drug-resistant Mycobacterium tuberculosis 
according to patient groups in Vietnam

History Overall (%) INH (%) RIF MDR-TB (%)

New TB cases 413 (88.2) 89 (21.6) 0 23 (5.6)
Previous TB cases 55 (11.8) 16 (29.1) 1 8 (14.5)
p 0.006 0.208 NA 0.012

TB, tuberculosis; INH, isoniazid (isonicotinic acid hydrazide); RIF, rifampicin; 
MDR-TB, multidrug-resistant tuberculosis; NA, not available.
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Discussion 

This study evaluated the rate of phenotypic INH and/or RIF 
resistance in M. tuberculosis isolates from 3 hospitals in 
central Vietnam using REMA as a DST method. The REMA 
plate method, which was developed by Palomino et al. [9] in 
2002 and Martin et al. [16] in 2003 and uses the colorimetric 
indicator resazurin, was employed for this purpose. REMA 
is a useful tool for the DST of both first-line and second-
line TB drugs and can also determine resistance levels by 
assessing the MIC value, thus assisting clinicians in making 
better treatment decisions. 

In this study, REMA was used to test the drug susceptibility 
of 500 M. tuberculosis isolates. Although 468 isolates gave 
interpretable results, 32 strains (6.4%) provided invalid 
results due to suspected contamination, likely resulting 
from poor storage. This outcome is consistent with the 
WHO’s 2020 epidemiological report on DR-TB in Vietnam, 
which reported a rate of 3.6% for new MDR-TB cases and 
17% for previously treated cases. INH resistance can be a 
precursor to the emergence of MDR-TB, and the drug plays 
a crucial role in treating TB and latent TB infection [17,18]. 
However, despite the effectiveness of the GeneXpert MTB/
RIF test in detecting M. tuberculosis and RIF resistance in 

AA BB

Figure 2. Analysis of the DNA from Mycobacterium tuberculosis isolates with 4 Taqman probes by multi-fluorescence 
real-time polymerase chain reaction. 
(A) No mutation. (B) rpoB1510-516 ΔCt>10 Ct, KatG315 Ct=0. Ct, cycle threshold; dR, baseline subtracted fluorescence reading. 

Figure 3. Schematic representations of rpoB gene mutations in RIF-resistant Mycobacterium tuberculosis isolates.
Bp, base pairs; RIF, rifampicin.
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the process of identifying MDR-TB cases, many pulmonary 
hospital laboratories in Vietnam may miss cases of INH 
mono-resistance, which are difficult to treat in patients 
with TB and latent TB infection. Our study suggests that 
this strategy may not be adequate since a high proportion 
(99%) of RIF-resistant isolates are also resistant to INH. In 
addition, REMA is a cost-effective alternative to commercial 
phenotypic DST and cultures, with an estimated cost of 
3 United States dollars (USD) per strain tested, whereas 
the cultures and DST of many drugs in Vietnam by the 
BACTEC MGIT 960 can cost up to 35 USD for each strain 
tested. Therefore, REMA can be an effective method for 
detecting MDR-TB cases, especially in countries with a 
high prevalence of TB and limited resources. Its low cost, 
simplicity, and ease of execution do not demand highly 
technical skills [16,19]. Finally, the prompt screening of drug 
resistance in pulmonary hospital laboratories and the quick 
availability of results will facilitate the detection of MDR 
strains in these hospitals and enable the prescription of 
suitable treatment for the patient [8]. Since it demonstrates 
higher sensitivities and specificities than other methods, 
REMA can help reduce the incidence of TB and DR-TB. In 
addition, we plan to use REMA for the DST of other first-line 
and second-line anti-TB drugs to detect extensively drug-
resistant TB at an early stage. The results of the present 
study may contribute to reducing the rate of TB and drug-
resistant TB by demonstrating the high sensitivities and 
specificities of REMA. Our results are compared to the 
results of other authors in Table 3 [8,9,13,20−23]. 

Genotypic DST by RT-PCR TaqMan Allelic Discrimination 
Assay 
Although conventional DST is considered the “gold 
standard” for assessing DR-TB, its disadvantages include 
slow turnaround times and high rates of contamination. 
In contrast, molecular assays offer faster results without 
compromising sensitivity and specificity [24,25]. In this 
study, we used the RT-PCR TaqMan allelic discrimination 
assay to test 52 M. tuberculosis clinical isolates, including 31 
MDR, 1 RIF mono-resistant, 10 INH mono-resistant, and 10 
drug-sensitive isolates. Previous research has shown that 
drug-resistant strains of M. tuberculosis can be detected 
by observing curve patterns or Ct values using 3 TaqMan 
probes (without minor groove binder) in an RT-PCR format 
[14]. The proposed method was optimized and evaluated for 
analytical sensitivity and specificity in the clinical isolates. 
When compared with DNA sequencing, this method 
provided good sensitivity and specificity in the results of 
our study and of other studies [26,27]. Since there is a lack of 
information on the genetic characteristics of M. tuberculosis 
isolates in central Vietnam, the use of molecular DST could 
aid in identifying the diversity of drug resistance-associated 
mutation patterns and provide insights into the genotypic 
DR-TB isolates in Vietnam. This will support a focus on 
infection control and surveillance to prevent new cases of 
MDR-TB in the region. 

In this study, sequencing of the katG gene confirmed 
the presence of the Ser315Thr (AGC > ACC) mutation in 
19 of 41 (46.3%) INH-resistant isolates, including 15 of 31 

Table 3. The sensitivities and specificities of REMA results in the present study compared to the DST results of previous 
studies

Study Country No. of clinical  
isolates

Reference  
test

Sample size  
(no. of resistant/ 

no. of susceptible)
Sensitivity (95% CI) Specificity (95% CI)

INH
 Palomino et al. [9] (2002) Belgium 80 LJ 54/26 1.00 (0.93–1.00) 0.96 (0.80–1.00)
 Martin et al. [13] (2005) Belgium 203 LJ 82/212 0.98 (0.91–1.00) 0.98 (0.93–0.99)
 Nateche et al. [8] (2006) Algeria 136 LJ 17/119 1.00 (0.80–1.00) 0.99 (0.95–1.00)
 Coban et al. [21] (2006) Turkey 73 BACTEC 35/38 1.00 (0.85–1.00) 0.95 (0.76–0.99)
 Dixit et al. [22] (2012) India 105 LJ 51/54 0.93 0.98
 Nour et al. [23] (2013) Egypt 30 PM 20/10 1.00 0.98
 This study Vietnam 468 BACTEC 105/363 100 (0.96–1.00) 0.99 (0.98–1.00)
RIF
 Palomino et al. [9] (2002) Belgium 80 LJ 49/31 1.00 (0.93–1.00) 1.00 (0.89–1.00)
 Martin et al. [13] (2005) Belgium 203 LJ 102/101 0.98 (0.93–1.00) 0.99 (0.95–1.00)
 Nateche et al. [8] (2006) Algeria 136 LJ 12/124 0.92 (0.62–1.00) 0.99 (0.96–1.00)
 Coban et al. [21] (2006) Turkey 73 BACTEC 21/52 1.00 (0.81–1.00) 0.94 (0.89–1.00)
 Dixit et al. [22] (2012) India 105 LJ 52/53 0.95 1.00
 Nour et al. [23] (2013) Egypt 30 PM 13/17 0.95 0.93
 This study Vietnam 468 BACTEC 32/436 0.99 (0.88–1.00) 0.94 (0.98–0.99)

REMA, resazurin microtiter assay; DST, drug susceptibility testing; CI, confidence interval; INH, isoniazid (isonicotinic acid hydrazide); RIF, rifampicin.
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(48.4%) MDR-TB isolates and 4 of 10 (40.0%) INH mono-
resistant isolates. This study only investigated mutations 
from codon 256 to codon 420 of the katG gene, and Ser315 
was found to be the most frequently encountered mutation 
associated with INH resistance. This is consistent with 
other research findings such as a systematic review of 
118 publications analyzing 11,411 M. tuberculosis isolates 
from 49 countries, which found that 64% of all observed 
phenotypic INH resistance was associated with mutation 
katG315 [28]. A study by Chikamatsu et al. [29] reported that 
54.5% of isolates harbored the katG315 mutation in Japan. 
In addition, van Doorn et al. [30] found that 55% of INH-
resistant strains had a mutation in codon 315 of katG, while 
Riahi et al. [27], reported approximately 53.55%. 

In a recent study by Sadri et al. [31] in Iran, of 125 M. 
tuberculosis clinical isolates, 34 strains were INH-resistant, 
and 91 strains were INH-sensitive. Of the 34 INH-resistant 
strains, 32% of the mutations were identified in katG315 
(Ser→Thr), 14% in katG315 (Ser→ Asn), 52% in  InhA 15 (C→T), 
and 2.9% in  InhA 17 (G→T). 

The question remains, which genetic variants in INH-
resistant bacteria are related to the prevalence of genetic 
mutations conferring M. tuberculosis drug resistance in 
these different geographic regions. INH resistance was 
found to be more difficult to detect because the mutations 
were associated with multiple genes. In our study, we only 
investigated katG at codon 315. Further studies are needed 
to gain a complete understanding of the genetic variations 
in M. tuberculosis resistance to INH drugs, and to determine 
the prevalence of resistant mutations among M. tuberculosis 
isolates in the different geographic regions of Vietnam. 

We utilized 2 wild-type probes for the rpoB gene to 
determine RIF resistance in this region, including the point 
mutations mentioned above. The most frequently detected 
mutation was rpoB Ser531Leu (TCG > TTG) at 37.5%. We 
identified 4 different types of amino acid substitution in 
codon 526, with His526Asp (CAC > GAC) mutations present in 
2 isolates, and His526Tyr (CAC > TAC) mutations present in 2 
isolates. One isolate had a His256Asn (CAC > AAC) mutation, 
and 2 isolates had His256Pro (CAC > CCC) mutations. 
Only 2 strains (6.25%) had mutations at codon Asp516Tyr 
(GAC > TAC). One strain had a double point mutation in 
L511Pro (CTG > CCG) and Met515Val (ATG > GTG). Only 1 case of 
RIF mono-resistance (0.21%) was detected, with a mutation 
in rpoB S531L. In a recent study in southern Vietnam, 56 
isolates (approximately 76%) had mutations in the rifampin 
resistance-determining region (RRDR) of the rpoB gene, 
at codons 531 (37.8%), 526 (23%), and 516 (9.46%). In other 
research, 104 RIF-resistant isolates had mutations in the 
81bp RRDR of the rpoB gene; the most prevalent mutations 

were at codons 531 (43%), 526 (31%), and 516 (15%) [32−34]. In 
the west of Iran, a study by Hamed et al. [35] found 32 MDR 
isolates among 54 M. tuberculosis samples, while the other 
22 isolates were INH and RIF sensitive. Among the 32 MDR 
isolates, 22 strains (70%) had katG codon 315 mutations, 
1 strain (3%) had inhA mutations, and 9 strains (28%) had 
no mutations at all. Regarding RIF, mutations associated 
with the rpoB gene in codons 531, 516 and 626 comprised 21 
strains (66%), 7 strains (22%) and 1 strain (3%) respectively, 
and no mutations were found in 3 strains (9%). 

In another study by Mohajeri et al. [36], 35 (28.0%) of 125 
M. tuberculosis isolates were found to be RIF-resistant with 
S512T (AGC > ACC; 20%), D516V (GAC > GTC; 20%), H526D 
(CAC > GAC; 6%), H526R (CAC > CGC; 20%), H526Y (CAC > TAC; 
23%), and S531W (TCG > TGG; 8%), and the most frequent site 
mutations were L511P (CCG > CTG; 46%), followed by S531l 
(TCG > TTG; 40%) and D516Y (GAC > TAC; 26%). This study 
detected resistance in strains with mutations within the 
hotspot at 81 bp but did not find cases with mutations located 
outside the hot spot of rpoB. Our study could only examine a 
short segment of the rpoB and did not observe the rpoA and 
rpoC of M. tuberculosis. 

Conclusion 

This study highlights the importance of developing molecular 
tests that allow quick screening for INH and RIF resistance-
related mutations in Vietnam, where a significant percentage 
of patients with TB remain undiagnosed and untreated. 
The use of the RT-PCR TaqMan allelic assays, followed by 
the determination of MIC values using REMA, can assist 
clinicians when deciding on effective drug resistance 
regimens for their patients with DR-TB. This approach can 
help control the spread of MDR-TB, not only in Vietnam 
but globally as well. Therefore, it is recommended that 
laboratories in pulmonary hospitals adopt this approach to 
improve the diagnosis and treatment of DR-TB patients.  
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