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Abstract: Drug-resistant tuberculosis (DR-TB) poses a critical public health challenge in Jiangxi Province, China,
where regional resistance patterns remain understudied. This retrospective study analyzed 9,041 suspected TB patients
(2022-2023), identifying 3,104 Mycobacterium tuberculosis (M. tuberculosis) cases via PCR-reverse blot hybridization
assay (PCR-REBA). Among M. tuberculosis-positive cases, 19.3% exhibited drug resistance, including mono- (9.2%),
double- (4.6%), triple- (3.8%), and quadruple-drug resistance (1.7%). Males had higher odds of rifampicin (OR = 1.407,
95% CI: 1.086-1.824, p = 0.01) and isoniazid (OR = 1.959, 95% CI: 1.538-2.495, p < 0.001) resistance. Dominant
mutations included rpoB Ser531Leu (32.1%) for rifampicin and katG Ser315Thr (53.6%) for isoniazid resistance.
Extrapulmonary TB showed higher susceptibility than pulmonary TB (e.g., rifampicin: 93.47% vs. 87.25%, p = 0.002).
These findings highlight the urgent need for rapid molecular diagnostics and targeted interventions in Jiangxi to address

distinct DR-TB patterns and demographic disparities.
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1. Introduction

Tuberculosis (TB), an ancient and formidable disease,
remains one of the world's most lethal public health
challenges (/). The causative agent, Mycobacterium
tuberculosis (M. tuberculosis), was first isolated and
identified by the pioneering Dr. Robert Koch in 1882 (2).
Historically, TB has been the leading cause of death from
a single infectious disease, only surpassed by SARS-
CoV-2 during the 2020-2021 pandemic, and consistently
been the foremost cause of mortality attributed to a single
infectious agent (3). According to the World Health
Organization's annual Global Tuberculosis Report, an
estimated 10.6 million people worldwide contracted TB
in 2022, leading to the devastating loss of 1.6 million
lives, including 5.8 million men, 3.5 million women,
and 1.3 million children (4). Despite its widespread
prevalence, tuberculosis — a disease primarily affecting
the lungs — continues to be a significant contributor
to global morbidity and mortality. Nevertheless, its
curability and the existence of preventive measures
offer a glimmer of hope (5). Approximately 90-95%
of individuals with latent tuberculosis infection (LTBI)
remain asymptomatic, and it is estimated that 5-10% of

these latent infections will progress to active tuberculosis
(ATB) over their lifetimes (6). Drug-sensitive
tuberculosis is typically treated with a six-month multi-
drug regimen of first- and second-line antibiotics to
prevent relapse and drug resistance; however, the
treatment duration for drug-susceptible TB can extend up
to nine months, challenging medication adherence and
raising the risk of treatment failure and resistance (7).
The escalating issue of antimicrobial resistance,
particularly in the form of multidrug-resistant
tuberculosis (MDR-TB), is anticipated to significantly
impact global healthcare delivery and contribute to
a rise in attributable deaths, necessitating an urgent,
multifaceted strategy to foster the development of
new antimicrobials, enhance diagnostic capabilities,
and ensure the judicious and regulated use of existing
treatments (8). MDR-TB, characterized by resistance
to at least rifampicin and isoniazid, poses a growing
public health threat, particularly in Eastern Europe,
Russia, Asia, and sub-Saharan Africa, where it is
difficult to diagnose, leads to higher mortality and
morbidity, and often results in severe post-TB lung
damage, despite recent advancements in diagnostics and
therapeutics (9). Drug susceptibility testing is crucial for
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accurately diagnosing MDR-TB, traditionally achieved
through phenotypic methods that involve isolating M.
tuberculosis from patient sputum and testing its growth
in the presence of anti-TB drugs, but these methods are
time-consuming, costly, and complex, often rendering
them inaccessible in resource-limited settings (/0). The
spoligotyping technique has been successfully applied
for detecting resistance-related mutations, and molecular
diagnostic tools such as the PCR-based reverse blot
hybridization assay (PCR-REBA) have been developed
to address these challenges (/7). PCR-REBA offers rapid
detection of antimicrobial resistance genes in clinical
specimens, which is particularly advantageous for timely
and accurate diagnosis of drug-resistant tuberculosis
(DR-TB).

This study aims to conduct a molecular epidemiology
analysis of DR-TB circulation from clinical specimens
obtained from patients in Jiangxi Province, China from
April 2022 to December 2023. Employing PCR reverse
dot hybridization technology, it systematically identified
mutant genes associated with resistance to rifampicin,
isoniazid, streptomycin, and ethambutol, focusing
on specific mutations in key genes. This approach
specifically targeted key gene mutations, including
rpoB, katG, fabGl, rpsL, and embB, which are known
to be associated with resistance to first-line TB drugs.
By elucidating the molecular epidemiology of DR-
TB in Jiangxi Province, the findings aim to inform the
development of more effective strategies for prevention,
diagnosis, and treatment of this critical public health
issue.

2. Materials and Methods
2.1. Ethics approval and consent to participate

This study was conducted in accordance with the
Declaration of Helsinki. Ethical approval was granted
by the Ethics Committee of Jiangxi Province Chest
Hospital (Jiangxi Third People's Hospital) with a waiver
of informed consent due to the retrospective nature of the
research and the use of anonymized data collected as part
of routine clinical care.

2.2. Study design, site, and population

This research focused on TB and suspected TB patients
admitted to the designated TB hospital in Jiangxi Province
(the Third People's Hospital of Jiangxi Province, China)
from April 2022 to December 2023. The patient data
was collected and evaluated from archived results for the
specimens detected using PCR-REBA. During the study
period, patients were included if they were clinically
suspected of TB and had PCR-REBA results. Only initial
test results were analyzed for patients with multiple tests.
Pulmonary TB was defined as M. tuberculosis detected in
lung specimens; extrapulmonary TB involved other sites.

Prior treatment history was unavailable for retrospective
analysis.

2.3. Specimen collection

All specimens were obtained from patients clinically
suspected of having TB, encompassing various
bodily secretions or fluids such as sputum cultures,
nasopharyngeal swabs, bronchoalveolar lavage, lymph
node aspirates, cerebrospinal fluid, and pleural fluid, as
well as tissue samples including fine-needle aspirations,
pleural biopsies, and lung biopsies.

2.4. Specimen processing

Purulent specimens, such as sputum, purulent fiberoptic
bronchoscopy samples, and purulent pleural fluid, were
treated with an equal volume of 4% NaOH and incubated
for 10 minutes. After centrifugation at 12,000g for 5
minutes, the supernatant was removed. Solid specimens,
including tissue and biopsy samples, were homogenized
with an equal volume of sterile water. Fluid specimens,
such as urine, cerebrospinal fluid (CSF), and clear
pleural fluid, were centrifuged at 12,000g for 5 minutes,
followed by the removal of the supernatant. After a
subsequent centrifugation at 12,000g for 3 minutes, the
supernatant was discarded.

2.5. DNA isolation

The bacterial pellet was resuspended in DNA lysis solution
(Yaneng BioSciences, Shenzhen, China), followed by
incubation at 100°C for 10 minutes. Subsequently, the
mixture was centrifuged at 12,000 r/min for 3 minutes.
The resulting supernatant, containing genomic DNA,
was either utilized immediately or stored at -80°C for
subsequent analysis.

2.6. Real-time polymerase chain reaction (PCR)

Five microliters of each DNA sample were carefully
added to the PCR tubes provided by Yaneng
BioSciences, Shenzhen, China. These tubes were pre-
filled with a reaction mixture comprising primers,
TagMan polymerase, and dNTPs. The experimental
protocol and the real-time PCR program on the ABI
instrument were set up as detailed below: The procedure
began with an initial incubation at 50°C for 2 minutes,
followed by a single cycle. The temperature was
gradually increased from 50°C to 95°C at a rate of
1.4°C per second. This was maintained at 95°C for 10
minutes, completing the initial cycle. Subsequently, a
denaturation step was carried out at 95°C for 45 seconds,
transitioning to 62°C at a rate of 1.4°C per second, and
then an annealing/extension step at 60°C for 30 seconds,
which was repeated for 30 cycles. Following this, the
temperature was ramped up from 62°C to 95°C at 1.4°C
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per second, denaturing at 95°C for 30 seconds. It then
transitioned from 95°C to 54°C at a rate of 1.4°C per
second, annealed at 54°C for 30 seconds, and extended
at 68°C for 45 seconds, repeated for another 30 cycles.
The program concluded with a final extension at 68°C
for 5 minutes. The reaction mixture was then prepared
to detect the amplification of the target bacterial DNA
using the 7500 Real-Time PCR System from Thermo
Fisher Scientific in Waltham, MA, USA. The analysis of
real-time PCR results was facilitated by Real-Time PCR
Software, version 1.2.3. The amplification plots were
reviewed for baseline and threshold value adjustments to
ensure accuracy.

2.7. PCR-reverse blot hybridization assay (PCR-REBA
Myco-ID)

The amplified PCR products were analyzed for the
identification of DR-TB using the PCR-REBA Myco-
ID kit (Yaneng BioSciences, Shenzhen, China), in
accordance with the manufacturer's protocol.

2.7.1. Hybridization

The nylon membrane strip, labeled with probes, was
placed into a 15ml conical centrifuge tube. It was then
gently mixed with Sml of a hybridization buffer, which
consisted of 1x SSC (Saline Sodium Citrate) and 0.1%
SDS (Sodium Dodecyl Sulfate). Additionally, 25ul of
PCR product was incorporated into the mixture. The tube
was securely capped and submerged in a boiling water
bath set at 100°C for a duration of 10 minutes, ensuring
that the hybridization liquid remained below the water
level. After this pre-treatment, the tube was transferred to
a hybridization box and maintained at a temperature of
59°C for 1.5 hours to facilitate the hybridization process.

2.7.2. Washing strips

A 40 mL volume of wash buffer, comprising 0.5x SSC
and 0.1% SDS, was transferred into a 50 mL conical
centrifuge tube equipped with a screw-top cap and
preheated to 57°C within a water bath. Subsequently, the
membrane strips were carefully removed from the 15
mL tube and immersed into the preheated wash buffer at
57°C, where they were subjected to gentle shaking for a
duration of 15 minutes.

2.7.3. Colorimetric analysis

The strips were immersed in a 1:2,000 dilution
of hybridization buffer for 30 minutes at ambient
temperature. Subsequently, they were rinsed twice, each
for 5 minutes, with the hybridization buffer at room
temperature, followed by a brief cleaning in 0.1 mol/L
sodium citrate for 2 minutes. The strips were then treated
with a freshly prepared substrate solution consisting of

0.01% w/v tetramethylbenzidine dihydrochloride (TMB)
(Yaneng BioSciences, Shenzhen, China) and 0.006%
v/v hydrogen peroxide in 0.1M sodium citrate, while
kept in the dark for 10 minutes. The color development
process was halted by gently rinsing the membranes
with distilled water, after which the band pattern of the
colorimetric hybridization was visually assessed.

2.8. Statistical analysis

The statistical analysis was conducted using SPSS
27.0. Variables (age, sex, TB type) were selected
based on known DR-TB risk factors identified in prior
literature. Univariate logistic regression was performed
to assess associations between demographic factors
(age groups, sex) and resistance to individual drugs
(rifampicin, isoniazid, streptomycin, and ethambutol),
with the > 65 age group and females as reference
categories. Multivariable logistic regression adjusted for
potential confounders, including age and sex, to isolate
independent effects. Prevalence estimates were reported
with 95% confidence intervals (CIs). To address multiple
comparisons, Bonferroni correction was applied, and
a significance threshold of p < 0.05 was maintained.
Categorical data were presented as frequencies and
percentages, and chi-square tests compared susceptibility
patterns between pulmonary and extrapulmonary TB.
Adjusted p-values and Cls for odds ratios (ORs) were
included to ensure robust inference. All analyses were
conducted using anonymized data to ensure patient
confidentiality.

3. Results
3.1. Prevalence and patterns of DR-TB

Among the 9,041 nonrepeating patients included in the
study, M. tuberculosis infection was identified in 3,140
cases (34.7%) via PCR-REBA, of which 599 (19.1%)
exhibited DR-TB (Figure 1). The resistance patterns
among the 3,140 M. tuberculosis-positive cases were as
follows: 287 (9.2%) were resistant to a single first-line
anti-tuberculosis drug (mono-resistant TB), 142 (4.6%)
to two drugs (double-drug resistant TB), 118 (3.8%) to
three drugs (triple-drug resistant TB), and 52 (1.7%) to
all four first-line drugs (quadruple-drug resistant TB)
(Table 1). The remaining 2,505 cases (80.6%) were
susceptible to all tested drugs.

3.2. Age and gender disparities in DR-TB

Univariate logistic regression analysis revealed that,
compared to the > 65 years group, rifampicin resistant
TB showed a significant difference in the 45-54 years
group (OR = 1.497, 95% CI: 1.079-2.077, p = 0.016)
(Table 2), but no significant differences were observed
in other age groups. Similarly, compared to females,
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Figure 1. Schematic overview of the study's analysis on the circulation of DR-TB. DR-TB: drug-resistant tuberculosis.

Table 1. Resistance patterns of M. tuberculosis strains to
first-line drugs

Types of DR-TB Cases (n)  Frequency (%)
Mono-drug resistant TB 287 9.2
Double-drug resistant TB 142 4.6
Triple-drug resistant TB 118 3.8
Quadruple-drug resistant TB 52 1.7
Total DR-TB 599 19.3
Total M. tuberculosis-positive cases 3,104 100

DR-TB: drug-resistant tuberculosis; TB: tuberculosis.

rifampicin resistant TB was significantly more prevalent
in males (OR = 1.407, 95% CI: 1.086-1.824, p =
0.01). In contrast, isoniazid resistant TB did not show
significant differences across age groups when compared
to the > 65 years group. However, isoniazid resistant TB
was significantly more common in males compared to
females (OR = 1.959, 95% CI: 1.538-2.495, p < 0.001).
Additionally, streptomycin resistant TB did not exhibit
significant differences across age groups or between
sexes. Regarding ethambutol resistant TB, a significant
difference was observed in the 35-44 years group
compared to the > 65 years group (OR = 2.050, 95% CI:
1.050—4.002, p = 0.035), but no such differences were
found in other age groups. Similarly, ethambutol resistant
TB was significantly more prevalent in males compared
to females (OR = 1.748, 95% CI: 1.065-2.869, p = 0.027).

3.3. Comparative analysis of antibiotic susceptibility in
pulmonary and extrapulmonary TB

In this study, it compared the distribution of susceptibility
and resistance patterns to four anti-TB drugs (rifampicin,
isoniazid, streptomycin, and ethambutol) in pulmonary
and extrapulmonary TB cases. For rifampicin, most
pulmonary cases (87.25%) were susceptible, whereas
a higher proportion of extrapulmonary cases (93.47%)
showed susceptibility (Table 3). Conversely, resistance

was more frequent in pulmonary cases (12.75%)
compared to extrapulmonary cases (6.53%). The > test
confirmed a statistically significant difference (3> =
9.557, p = 0.002). Similarly, for isoniazid, pulmonary
cases exhibited a susceptibility rate of 86.59%, while
extrapulmonary cases had a slightly higher rate of
92.03%. Resistance was more common in pulmonary
cases (13.41%) than in extrapulmonary cases (7.97%),
with the difference being statistically significant (x>
= 6.602, p = 0.01). For streptomycin, susceptibility
rates were 90.99% in pulmonary cases and 94.53%
in extrapulmonary cases, while resistance was more
prevalent in pulmonary cases (9.01%) compared to
extrapulmonary cases (5.47%). The y? test showed a
borderline significant difference (y* = 3.926, p = 0.048).
Lastly, ethambutol demonstrated high susceptibility
rates in both groups, with 96.17% in pulmonary cases
and 98.87% in extrapulmonary cases. Resistance was
minimal, with only 3.83% and 1.13% observed in
pulmonary and extrapulmonary cases, respectively. The
difference was statistically significant (y*> = 5.119, p =
0.024).

3.4. Genetic mutations associated with rifampicin and
isoniazid resistance

Analysis of 599 drug-resistant M. tuberculosis isolates
revealed that mutations in the rpoB gene serve as the
principal genetic basis for rifampicin resistance. Within
the rifampicin resistance-determining region (RRDR),
the most frequently observed mutation was Ser53/Leu,
accounting for 32.1% (192/599) of cases (Table 4).
Additional mutations included His526A4sp (11.0%,
66/599), Asp516Val (4.8%, 29/599), Asp516Gly (3.8%,
23/599), and His526Tyr (4.7%, 28/599). A rare variant,
Ser531Trp, was detected in only 0.8% (5/599) of isolates.
Resistance to isoniazid was primarily linked to mutations
in the katG and fabG1 genes. The katG Ser315Thr
mutation, which confers high-level isoniazid resistance,
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Table 2. Logistic regression analysis of socio-demographic factors associated with DR-TB

Univariable Analysis* Multivariable Analysis**
Types of DR-TB Socio-demographic characteristics
Odds Ratio (95% CI) p-value Odds Ratio (95% CI) p-value
Rifampicin Resistant Age
0-14 1.077 (0.318-3.655) 0.905 1.249 (0.366—4.266) 0.723
15-24 0.833 (0.555-1.252) 0.380 0.890 (0.590-1.341) 0.576
25-34 1.050 (0.719-1.534) 0.799 1.114 (0.761-1.632) 0.578
35-44 1.331 (0.908-1.952) 0.142 1.410 (0.959-2.073) 0.080
45-54 1.471 (1.061-2.039) 0.021 1.497 (1.079-2.077) 0.016
55-64 1.275 (0.935-1.740) 0.125 1.266 (0.927-1.727) 0.138
> 65 1.000 1.000
Sex
Male 1.418 (1.100-1.828) 0.007 1.407 (1.086-1.824) 0.010
Female 1.000 1.000
Isoniazid Resistant Age
0-14 1.376 (0.465-4.076) 0.564 1.626 (0.571-4.63) 0.362
15-24 0.732 (0.482-1.112) 0.144 0.842(0.559-1.269) 0.412
25-34 1.005 (0.687-1.470) 0.981 1.108 (0.764-1.605) 0.589
35-44 1.322 (0.902-1.937) 0.153 1.270 (0.878-1.837) 0.205
45-54 1.433 (1.036-1.982) 0.030 1.038 (0.760-1.417) 0.814
55-64 1.278 (0.942—-1.735) 0.115 1.038 (0.773-1.394) 0.803
>65 1.000 1.000
Sex
Male 1.310 (1.021-1.68) 0.033 1.959 (1.538-2.495) <0.001
Female 1.000 1.000
Streptomycin Resistant Age
0-14 0 0
15-24 0.680 (0.420-1.102) 0.118 0.702 (0.431-1.141) 0.153
25-34 0.680 (0.420-1.102) 0.118 0.699 (0.430-1.136) 0.149
35-44 1.111 (0.713-1.731) 0.643 1.139 (0.729-1.781) 0.567
45-54 1.280 (0.883—1.856) 0.193 1.289 (0.888-1.869) 0.181
55-64 1.007 (0.702—-1.445) 0.969 1.003 (0.699-1.438) 0.989
>65 1.000 1.000
Sex
Male 1.245 (0.928-1.670) 0.144 1.168 (0.865-1.577) 0.310
Female 1.000 1.000
Ethambuto Resistant Age
0-14 1.440 (0.187-11.108) 0.726 1.807 (0.232-14.098) 0.573
15-24 1.337 (0.669-2.671) 0.410 1.481 (0.737-2.973) 0.270
25-34 1.407 (0.715-2.767) 0.323 1.549 (0.784-3.061) 0.208
35-44 1.885 (0.970-3.665) 0.062 2.050 (1.050-4.002) 0.035
45-54 1.665 (0.911-3.043) 0.098 1.708 (0.934-3.125) 0.082
55-64 1.003 (0.531-1.894) 0.993 0.989 (0.524-1.869) 0.974
>65 1.000 1.000
Sex
Male 1.587 (0.976-2.579) 0.062 1.748 (1.065-2.869) 0.027
Female 1.000 1.000

*Univariate analysis: Crude odds ratios for demographic factors associated with DR-TB. **Multivariable analysis: Adjusted for age, sex, and
tuberculosis type. DR-TB: drug-resistant tuberculosis.

Table 3. Antibiotic susceptibility patterns in pulmonary and extra-pulmonary TB cases

Drugs Groups F’Cl;lgzgrgf;)r;/ Extgials):slrg)zr)lary Total v p-value

Rifampicin Susceptible 2,477 (87.25) 272 (93.47) 2,749 9.557 0.002
Resistant 362 (12.75) 19 (6.53) 381

Isoniazid Susceptible 2,356 (86.59) 254 (92.03) 2,610 6.602 0.010
Resistant 365 (13.41) 22(7.97) 387

Streptomycin Susceptible 2,484 (90.99) 259 (94.53) 2,743 3.926 0.048
Resistant 246 (9.01) 15 (5.47) 261

Ethambuto Susceptible 2,533 (96.17) 263 (98.87) 2,796 5.119 0.024
Resistant 101 (3.83) 3(1.13) 104

TB: tuberculosis.
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Table 4. Frequency of SNPs in rpoB, katG, and fabG1
genes among rifampicin- and isoniazid-resistant TB

Gene SNP* Cases (n) Frequency (%)
rpoB Asp516Val 29.0 4.8
rpoB Asp516Gly 23.0 3.8
rpoB His526Tyr 28.0 4.7
rpoB His526A4sp 66.0 11

rpoB Ser531Leu 192.0 32.1
rpoB Ser531Trp 5.0 0.8
katG Ser315Thr 321 53.6
fabG1 c.-15C>T 67 11.2
Total 599 100

*SNP: single nucleotide polymorphism.

was the most prevalent (53.6%, 321/599). Meanwhile,
the fabG1 c.-15C>T variant — associated with low-level

resistance due to inhA promoter upregulation — was
identified in 11.2% (67/599) of isolates.

4. Discussion

The molecular epidemiology of DR-TB in Jiangxi
Province, China, presents distinct characteristics that
both align with and diverge from patterns observed in
other regions of China and globally. The present study,
conducted from April 2022 to December 2023, revealed
a DR-TB prevalence of 19.3% among M. tuberculosis
positive cases, aligning with Hubei Province's reported
rate (19.3%) but markedly higher than the 10.5%
observed among students in Henan Province (/2,13).
However, Jiangxi's resistance profile demonstrates unique
traits. Notably, mono-resistant TB accounted for 9.2% of
cases in this study, mirroring a rising trend observed in
neighboring Hubei — where mono-resistance increased
from 8.5% (2020) to 12.9% during a similar period (12).
These parallels between the two adjacent provinces
suggest potential regional epidemiological linkages.
Additionally, while the study data showed the rpoB
Ser531Leu mutation as the most prevalent rifampicin
resistance determinant (32.1%), studies from Zhejiang
Province reported codon 526 mutations as dominant (>
75% of cases), with Ser531Leu being rare (< 5%) (14).
These regional variations underscore the importance of
localized surveillance and tailored intervention strategies.

The demographic patterns of DR-TB in Jiangxi
provide further insights into the province's unique
epidemiological landscape. The present findings
confirmed the global trend of higher TB incidence among
males (/5,16), with male patients showing significantly
greater susceptibility to both rifampicin (OR = 1.407, p
=0.01) and isoniazid resistance (OR = 1.959, p <0.001).
This gender disparity may be exacerbated in Jiangxi by
factors such as higher smoking rates and occupational
exposures among male populations. Age-specific
analysis revealed that individuals aged 45-54 years had
significantly higher rifampicin resistance (OR = 1.497,
p = 0.016) compared to those > 65 years, a pattern that

aligns with studies from Shandong Province (/7); but
contrasts with data from Western populations where
elderly patients typically show higher resistance rates
(18). This suggests that middle-aged adults in Jiangxi
may represent a particularly vulnerable group, possibly
due to chronic infection or treatment interruption during
peak working years.

The mutation profile of DR-TB strains in Jiangxi
offers critical insights for both diagnosis and treatment.
The high frequency of the katG Ser315Thr mutation
(53.6%), associated with high-level isoniazid resistance,
has important clinical implications. This mutation
renders standard isoniazid therapy ineffective (/9),
necessitating alternative regimens for affected patients.
Particularly concerning is that this mutation reduces the
efficacy of bedaquiline and linezolid-containing short-
course MDR-TB regimens (20), which are increasingly
used in China. The fabG! c.-15C>T mutation, though
less common (11.2%), presents a distinct challenge. This
mutation confers low-level isoniazid resistance through
inhA promoter upregulation (2/) and responds to higher
isoniazid doses, suggesting that routine detection of
this mutation could guide more effective, personalized
treatment strategies in Jiangxi. For instance, clinicians
could consider escalating isoniazid doses or combining
it with other agents like ethionamide, which targets the
same pathway, to overcome resistance in cases harboring
this mutation. The clinical significance of these findings
is heightened by this observation that 8.7% of DR-TB
cases showed quadruple-drug resistance, indicating the
emergence of particularly challenging strains that may
require novel therapeutic approaches.

Comparative analysis with national and global data
reveals both consistencies and unique aspects of Jiangxi's
DR-TB situation. While the rpoB Ser531Leu mutation's
dominance in Jiangxi (32.1%) aligns with findings
from Guizhou (22) and Changchun (23), its prevalence
is markedly higher than in Zhejiang (/4) and lower
than in Northern Morocco (34.46%) (24) or Uganda
(40%) (25). These differences likely reflect variations
in treatment practices, strain genotypes, and population
immunity. The rare occurrence of Ser531Trp (0.8%) in
Jiangxi compared to Brazil (26) further suggests distinct
evolutionary pressures or transmission patterns. Such
regional variations emphasize the need for Jiangxi-
specific resistance databases to inform clinical decision-
making and public health planning.

The differential drug susceptibility between
pulmonary and extrapulmonary TB cases in Jiangxi
has important clinical implications. This study
found significantly higher susceptibility rates in
extrapulmonary cases across all first-line drugs, most
notably for rifampicin (93.47% vs. 87.25%, p = 0.002)
and isoniazid (92.03% vs. 86.59%, p = 0.01). This
pattern, consistent with global reports (27), may reflect
lower bacterial burdens in extrapulmonary sites or
better drug penetration (28). These findings suggest that
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standard first-line regimens may be more effective for
extrapulmonary TB in Jiangxi, while pulmonary cases
may require more aggressive monitoring and tailored
regimens. The minimal resistance to ethambutol in both
groups (3.83% pulmonary, 1.13% extrapulmonary)
supports its continued use as a cornerstone of TB
treatment in Jiangxi (29), though the emergence of even
low-level resistance warrants vigilance.

The public health implications of these findings are
substantial. The high prevalence of specific mutations
like rpoB Ser531Leu and katG Ser315Thr suggests that
molecular diagnostics should be prioritized in Jiangxi's
TB control program. Techniques like PCR-REBA
(11), used in this study, offer rapid detection of these
mutations, and could significantly improve treatment
outcomes. The data also highlight the need for targeted
interventions for high-risk groups, particularly middle-
aged males, who showed elevated resistance rates. The
presence of fabG1 mutations, though less common,
underscores the value of comprehensive genetic testing
to detect all resistance mechanisms, as these mutations
may respond differently to treatment adjustments.

Looking forward, the study identifies several critical
research needs for Jiangxi Province. Whole-genome
sequencing could elucidate transmission networks
and evolutionary pathways of resistant strains, as
demonstrated in studies from Santa Catarina, Brazil
(26). Investigation of social determinants, particularly
factors driving the high resistance rates among middle-
aged adults, could inform targeted interventions.
The development of localized treatment algorithms
incorporating Jiangxi's specific mutation patterns would
optimize therapeutic outcomes. Additionally, continuous
surveillance is essential to monitor emerging resistance
patterns, especially given the province's economic
development and increasing population mobility.

In conclusion, the present study provides a
comprehensive molecular epidemiological profile of DR-
TB in Jiangxi Province, revealing both shared and unique
characteristics compared to other regions. The high
prevalence of specific resistance mutations, demographic
disparities in resistance patterns, and differential
susceptibility between pulmonary and extrapulmonary
cases all have immediate implications for TB control
policies in Jiangxi. These findings underscore the
necessity of implementing rapid molecular diagnostics,
developing mutation-specific treatment guidelines, and
tailoring interventions to high-risk populations. As DR-
TB continues to evolve in Jiangxi, ongoing surveillance
and research will be crucial to maintain progress toward
TB elimination goals. The distinct patterns observed in
the study highlight the importance of region-specific
approaches in the global fight against DR-TB.
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