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Purpose: Existing data offer limited guidance on TB control strategies for the non-elderly population, hampering effective epidemic
management. This study aimed to analyze TB transmission and molecular resistance profiles among non-elderly patients (<60 years) in
Luoyang City.

Patients and Methods: From 2019-2023, 24,706 non-duplicate sputum samples from 10 TB-designated hospitals were tested
for Mycobacterium tuberculosis complex (MTBC) via 1S6110-targeted real-time PCR. MTBC-positive specimens underwent multi-
color melting curve analysis (MMCA) to assess resistance to isoniazid (INH), rifampin (RFP), streptomycin (SM), and ethambutol
(EMB). Age-stratified analyses were performed to compare drug-resistant TB (DR-TB) prevalence between elderly and non-elderly
groups, with multivariate regression identifying resistance risk factors in non-elderly patients.

Results: Non-elderly individuals exhibited significantly higher TB (17.54% vs 15.26%) and DR-TB (26.82% vs 21.62%) rates than
the elderly (all, P < 0.001). Among non-elderly patients, males, retreatment cases, main urban residents and smear-positive groups had
significantly elevated MTBC detection rates. The predominant resistance patterns of multidrug-resistant tuberculosis (MDR-TB) and
poly-resistant tuberculosis (PDR-TB) were MDR4 (INH + RFP + EMB + SM) and PDR2 (INH + SM), with detection rates of 5.52%
(142) and 2.33% (60), respectively. MTBC positive rate peaked at 30-34 years (23.10%), while the resistance rate peaked at 35-39
years. After adjusting for the effects of smear results and diagnosis year, the multivariate regression analysis model indicated that male
sex, retreatment, and the main urban area were high-risk factors for TB resistance in non-elderly cases.

Conclusion: The non-elderly population demonstrates a significantly higher burden of both TB detection and resistance, particularly
among males, retreatment cases, and main urban patients. The emergence of complex drug resistance patterns, combined with
a distinct trend of younger age at infection, highlights the critical need for targeted interventions tailored to specific epidemiological
and resistance profiles of MTBC-infected populations.

Keywords: TB, non-elderly, dissemination, molecular resistance

Introduction

TB remains a major respiratory infectious disease and persistent public health threat. As of 2022, an estimated
10.6 million new cases of TB (95% UI: 9.9-11.4 million) and around 1.3 million (95% UI: 1.18-1.43 million) TB-
related deaths.' Despite a gradual decline in incidence, China still bears a heavy TB burden.? In 2022, the incidence rate
was 52 per 100,000, far from the 33 per 100,000 target set by the WHO’s “End TB Strategy” for 2025, highlighting the
urgency of enhanced control efforts.> China’s TB epidemiology exhibits marked complexity due to vast geographic
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disparities, uneven economic development, and heterogeneous population dynamics.* The COVID-19 pandemic has
substantially exacerbated this complex scenario. Multiple factors including diagnostic delays, treatment interruptions,
immunological interactions between the diseases, and socioeconomic determinants have significantly altered TB epide-
miological characteristics.’

Distinct age groups exhibit differences in TB epidemiological characteristics, clinical phenotypes, and sociobeha-
vioral factors.® Elderly patients, affected by immunosenescence and polypharmacy, need integrated interventions
combining TB and comorbidity management.” In contrast, non-elderly individuals often struggle with treatment
adherence due to occupational/academic pressures, drug tolerance, and lack of psychosocial support.> ' Therefore, the
implementation of age-stratified precision prevention and development of differentiated control measures tailored to the
specific needs of each age group are essential for effectively reducing TB transmission and associated public health
burdens.

In recent years, Luoyang’s accelerating urbanization and tourism growth have intensified population mobility -
a recognized TB transmission amplifier.'* Despite the implementation of a centralized TB diagnosis and treatment
model locally, significant differences exist between elderly and non-elderly patients regarding epidemiological features,
social behavioral patterns, and drug resistance risks.'® Since 2022, systematic analyses of the region’s TB epidemiology
and drug resistance patterns have revealed that TB transmission and drug-resistant TB are predominantly concentrated in
the non-elderly population (<60 years).'*'> Nevertheless, key aspects of TB in this groups—including transmission
characteristics, drug resistance distribution, nd risk factors — remain poorly understood. This limitations in TB
surveillance data hinder accurate assessment of the disease burden in non-elderly populations and obscure a deeper
understanding of TB and drug resistance risks in this group.

This study aims to comprehensively delineate the TB epidemic among Luoyang’s non-elderly population, generating
evidence to guide the design of context-specific control measures tailored to the region’s socioeconomic and healthcare
landscape. The findings will also inform post-pandemic TB control strategies and enhance the evidence base for public

health interventions against TB.

Materials and Methods
Study Area

Luoyang is an important industrial and tourist city in central China. Its main urban area encompasses six adminis-
trative regions, while nine county and township areas — Luanchuan, Luoning, Mengjin, Ruyang, Song, Xin’an,
Yanshi, Yichuan, and Yiyang counties — fall under its jurisdiction. The city covers a total area of 15,230 square
kilometers. By the end of 2023, its resident population was 7.0779 million, among which 5.662 million were under the
age of 60.'°

Study Design and Data Collection
We conducted a systematic retrospective analysis of the molecular epidemiology and drug-resistance patterns among
non-elderly TB patients in Luoyang, China from January 2019 to December 2023., The sputum samples were collected
from 24,706 patients at 10 designated TB medical institutions in Luoyang City (including one municipal-level in the
main urban area and nine county-level in the county and township areas under its jurisdiction). The samples were then
sent to Luoyang Infectious Disease Hospital for fluorescent real-time PCR testing to identify MTBC strains and assess
their resistance to first-line anti-TB drugs. The results were stratified by age, with 9,545 elderly cases (> 60 years) and
15,161 non-elderly cases (< 60 years). The study aimed to further elucidate the tuberculosis prevalence among local non-
elderly populations by comparing transmission dynamics and resistance patterns between the two age groups.
According to the relevant provisions of the Law of the People’s Republic of China on the Protection of the Rights and
Interests of the Elderly, non-elderly and elderly people refer to groups under the age of 60 (<60 years) and 60 years or
older(>60 years), respectively.'” Information such as the gender, age, and history of TB treatment was collected by
trained medical personnel from the electronic medical records (EMRs) and TB reporting system.
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Laboratory Methods

Strain Identification

According to the requirements of the experiment, the sputum samples of patients treated in designated TB hospitals were
collected, and were sent to the laboratory by special personnel and special vehicles.'"® After checking the sample
numbers, acid staining and microscopic examination were carried out to determine the quality of sputum samples.'’
When recording the results of acid-fast staining, for unqualified specimens, we arranged for the patient to collect the
sputum specimen again after further professional guidance. For qualified sputum specimens, the nucleic acid extraction
and real-time fluorescence PCR analysis were carried out in strict accordance with the instructions of commercial
reagents (Zhishan, Xiamen), and the MTBC-specific insertion sequence 6110 (IS6110) was detected to confirm whether
the isolate was an MTBC member.

Molecular Susceptibility Testing

For the specimens with a positive identification of MTBC strains, the MMCA technique is performed to determine the
molecular mutation mechanisms underlying their resistance to the first-line anti-TB drugs. The INH resistance (INH-R)
detection region focused on mutations in the aipC promoter (—44 to —30 and —15 to 3 sites), inhA94 codon, inhA
promoter (—17 to —8 sites), and katG315 codon. The detection region for RFP resistance (RFP-R) focuses on the mutation
status within the region of 27 amino acid codons (81 base pairs, the rifampicin resistance-determining region) from the
codon 507-533 of the rpoB gene. The EMB resistance (EMB-R) detection region were mutations at codon embB3006,
embB378, embB406, and embB497. The SM resistance (SM-R) detection regions were mutations at codons 43 and 88 of
the gene rpsL, as well as the codons 513-517 and 905-908 of the gene rrs. The drug resistance detection is carried out in
accordance with the standard operating procedures of the commercial kit instructions (Zhishan, Xiamen), and the quality
control operations are performed as required.

Quality Control

The experimental operations, data analysis, and the execution of quality procedures are all carried out by two profes-
sional personnel. This laboratory is regularly evaluated by the national reference laboratory. The positive control is
a plasmid containing the wild-type amplified target gene (the natural, non-mutated form of the gene). The negative
control is a solution containing no target gene (Tris, EDTA-2H,0 sodium, and Triton X-100). Negative/positive quality
control was established for each batch of experiments to assess the experimental quality and ensure the reliability of the
experimental results.

Inclusion and Exclusion Criteria

Inclusion criteria: Sputum specimens were collected from non-elderly patients (including TB-confirmed and TB-suspected
cases) at designated tuberculosis hospitals between 2019 and 2023.%° Prior to analysis, duplicate cases were excluded
through cross-referencing demographic data (including name, gender, date of birth, TB treatment history, and geographic
origin). Furthermore, sputum specimens failing to meet quality standards - including those with volume <1 mL, excessively
watery consistency, or visible contaminants (eg, food particles or pigmentation) - were excluded based on acid-fast staining
criteria (specimens containing >10 squamous epithelial cells or <25 white blood cells per low-power field were considered
inadequate).?!

Statistical Analysis

Pearson’s chi-square test and Fisher’s exact test were used to determine the distribution differences of MTBC positivity
and drug resistance between the non-elderly and elderly groups. The age distribution trend charts of local MTBC
dissemination and different drug-resistance types were mapped. Then, variables potentially associated with drug-
resistance outcomes were included in a multivariate logistic regression model to identify the risk factors for TB drug
resistance in the non-elderly group. The odds ratio and the 95% confidence interval were used as relevant measures, and
a p-value less than 0.05 was considered statistically significant. All analyses were conducted using STATA/SE 15.1.

Infection and Drug Resistance 2025:18 hetps: 3089



Wang et al

Results
Patients’ Characteristics

A total of 24,706 non-replicate samples were included in this study. The number of samples in the non-elderly group
(<60 years) was 1.46 times that of the elderly group (>60 years), with 14,673 samples in the non-elderly group and

10,033 samples in the elderly group. Among the non-elderly group, there were more males (66.47% vs 33.53%), newly

diagnosed patients (96.23% vs 3.77%), individuals from county and township areas (81.11% vs 18.89%), and smear-

negative cases (86.04% vs 13.96%). The distribution characteristics of the elderly group in terms of gender, treatment

history, and regional origin were similar to those of the non-elderly group (Table 1).

Epidemiological Characteristics of MTBC
The detection rate of MTBC was significantly higher in the non-elderly group than in the elderly group (17.54% vs
15.26%, P < 0.001). The differences in the positive rate of MTBC between the non-elderly and the elderly were also

observed in subgroups of males, females, new patients, county and township area cases, smear-negative patients, and

Table | Clinical and Demographic Characteristics of Participating Numbers

Variables Participating Numbers
Total n (%) | Age<60 Years, n (%) | Age=60 Years, n (%)
Total 24706(100.00) 14673(100.00) 10033(100.00)
Gender
Male 16693(67.57) 9753(66.47) 6940(69.17)
Female 8013(32.43) 4920(33.53) 3093(30.83)
TB treatment history
New cases 23822(96.42) 14120(96.23) 9702(96.70)
Previously treated cases 884(3.58) 553(3.77) 331(3.30)
Region
Main urban area 4153(16.81) 2772(18.89) 1381(13.76)
Country and township areas | 20553(83.19) 11901(81.11) 8652(86.24)
Luanchuan 1589(6.43) 948(6.46) 641(6.39)
Luoning 2616(10.59) 1658(11.30) 958(9.55)
Mengjin 2836(11.48) 1513(10.31) 1323(13.19)
Ruyang 2147(8.69) 1150(7.84) 997(9.94)
Songxian 2304(9.33) 1477(10.07) 827(8.24)
Xinan 1764(7.14) 969(6.60) 795(7.92)
Yanshi 3594(14.55) 1890(12.88) 1704(16.98)
Yichuan 2485(10.06) 1591(10.84) 894(8.91)
Yiyang 1218(4.93) 705(4.80) 513(5.11)
Smear grade
Negative 21377(86.53) 12625(86.04) 8752(87.23)
Positive 3329(13.47) 2048(13.96) 1281(12.77)
<9 492(1.99) 325(2.21) 167(1.66)
I+ 1399(5.66) 841(5.73) 558(5.56)
2+ 843(3.41) 501(3.41) 342(3.41)
3+ 383(1.55) 248(1.69) 135(1.35)
4+ 212(0.86) 133(0.91) 79(0.79)
Year diagnosed
2019 3505(14.19) 2139(14.58) 1366(13.62)
2020 5427(21.97) 3372(22.98) 2055(20.48)
2021 6475(26.21) 3812(25.98) 2663(26.54)
2022 4729(19.14) 2806(19.12) 1923(19.17)
2023 4570(18.50) 2544(17.34) 2026(20.19)
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smear-positive patients (19.16% vs 16.46%, P < 0.001; 14.31% vs 12.58%, P = 0.028; 16.33% vs 14.04%, P < 0.001;
13.21% vs 11.34%, P < 0.001; 6.98% vs 6.06%, P = 0.008; 82.62% vs 78.14%, P = 0.001). While in the main urban area,
the detection rate of MTBC is higher among the elderly population (39.83% vs 31.82%, P < 0.001).

In the non-elderly population, the detection rate of MTBC showed a downward trend, with a statistically significant
difference between 2019 and 2023 (25.01% vs 17.69%, P < 0.001). And, the males, retreatment patients, main urban
cases, and smear-positive patients had higher MTBC detection rates (19.16% vs 14.31%, P < 0.001; 48.28% vs 16.33%,
P <0.001; 31.82% vs 13.21%, P < 0.001; 82.62% vs 6.98%, P < 0.001). The characteristics of population distribution
related to MTBC dissemination in the elderly population were highly consistent with those of the overall non-elderly
population (Table 2).

Table 2 Differences in MTBC Detection Between Elderly and Non-Elderly

Variables MTBC+ P-value* | P-value™ | P-value®**
Total n (%) | Age<60 Years, n (%) | Age>60 Years, n (%)
Total 4104(16.61) 2573(17.54) 1531(15.26) <0.001
Gender
Male 3011(18.04) 1869(19.16) 1142(16.46) <0.001 <0.001 <0.001
Female 1093(13.64) 704(14.31) 389(12.58) 0.028
TB treatment history
New cases 3668(15.4) 2306(16.33) 1362(14.04) <0.001 <0.001 <0.001
Previously treated cases 436(49.32) 267(48.28) 169(51.06) 0.424
Region
Main urban area 1432(34.48) 882(31.82) 550(39.83) <0.001 <0.001 <0.001
Country and township areas | 2553(12.42) 1572(13.21) 981(11.34) <0.001
Luanchuan 196(12.33) 128(13.50) 68(10.61) 0.085
Luoning 327(12.5) 217(13.09) 110(11.48) 0.232
Mengjin 241(8.5) 128(8.46) 113(8.54) 0.938
Ruyang 180(8.38) 108(9.39) 72(7.22) 0.070
Songxian 254(11.02) 166(11.24) 88(10.64) 0.660
Xinan 229(12.98) 138(14.24) 91(11.45) 0.082
Yanshi 500(13.91) 305(16.14) 195(11.44) <0.001
Yichuan 391(15.73) 244(15.34) 147(16.44) 0.467
Yiyang 235(19.29) 138(19.57) 97(18.91) 0.771
Smear grade
Negative 1411(6.6) 881(6.98) 530(6.06) 0.008 <0.001 <0.001
Positive 2693(80.9) 1692(82.62) 1001(78.14) 0.001
<9 402(81.71) 266(81.85) 136(81.44) 0912
I+ 1002(71.62) 622(73.96) 380(68.10) 0.017
2+ 710(84.22) 431(86.03) 279(81.58) 0.082
3+ 371(96.87) 242(97.58) 129(95.56) 0.277
4+ 208(98.11) 131(98.50) 77(97.47) 0.992
Year diagnosed
2019 844(24.08) 535(25.01) 309(22.62) 0.106 <0.001 <0.001
2020 848(15.63) 568(16.84) 280(13.63) 0.002
2021 991(15.31) 593(15.56) 398(14.95) 0.502
2022 665(14.06) 427(15.55) 238(12.38) 0.006
2023 756(16.54) 450(17.69) 306(15.10) 0.019

Note: *P indicates the difference in MTBC detection rate between the non-elderly (< 60 years) and elderly (= 60 years) populations in corresponding subgroups (such as
gender, TB treatment history, region, smear result, year of diagnosis). **P and ***P indicate differences in MTBC detection rates between categories of these variables:
gender (male and female), TB treatment history (new and retreatment cases), region (main urban and county and townships), smear results (negative and positive),
and year of diagnosis (2020 and 2022) in the non-elderly and elderly populations.

Abbreviation: MTBC, mycobacterium tuberculosis complex.
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Drug-Resistance Patterns

Among the non-elderly population, 26.82% (690) were DR-TB cases. The detection rates of resistance to first-line anti-
TB drugs from high to low were INH (19.70%) > SM (18.42%) > RFP (14.81%) > EMB (7.66%). The detection rate of
mono-resistant tuberculosis (MR-TB) was 10.30% (265), with MR-TB(SM) and MR-TB(INH) having high detection
rates, accounting for 4.28% and 4.35%, respectively. The detection rates of different resistance patterns of MDR from
high to low were MDR4 (INH + RFP + EMB + SM) at 5.52%, MDR3 (INH + RFP + SM) at 4.47%, MDR1 (INH +
RFP) at 1.98%, MDR2 (INH + RFP + EMB) at 0.54%. While, PDR2 (INH + SM) had the highest detection rate among
the PDR, reaching 2.33% (60). The detection rates of INH-R, RFP-R, SM-R, MR, and MDR in non-elderly TB patients
were higher compared with those in elderly TB patients (19.70% vs 14.89%, P < 0.001; 14.81% vs 9.60%, P < 0.001;
18.42% vs 15.41%, P = 0.014; 10.30% vs 8.36%, P = 0.041; 12.51% vs 7.51%, P < 0.001). However, the differences in
the detection rates of various patterns of MR and MDR2 (INH + RFP + EMB) were not significant between the two
groups. The PDR had a higher detection rate in the older population (5.75% vs 4.00%, P = 0.010), but this difference was
only significant in the detection of PDR6 (0.72% vs 0.16%, P = 0.006) (Table 3).

MTBC Positive and Drug Resistance Age Distribution Trends

The median age of the MTBC positive group was 53.5 years (IQR: 34, 66). The highest overall detection rate of MTBC
was observed in the 30-34 age group (23.10%), followed by the 20-24 age group (22.84%).In the overall population and
each subgroup classified by variables (county and townships, main urban, males, new cases, previously treated cases,

Table 3 Drug Resistance Patterns of MTBC Between Elderly and Non-Elderly

Resistance Patterns Resistance Numbers P-value
Age<60 Years, n (%) | Age=60 Years, n (%)

DR-TB (Total) 690(26.82) 331(21.62) <0.001

Any resistance to first-line drugs (Total) 1599(62.15) 721(47.09) <0.001
INH 507(19.70) 228(14.89) <0.001
RFP 381(14.81) 147(9.60) <0.001
EMB 197(7.66) 110(7.18) 0.578
SM 474(18.42) 236(15.41) 0.014

MR-TB(Total) 265(10.30) 128(8.36) 0.041
INH 112(4.35) 53(3.46) 0.160
RFP 33(1.28) 11(0.72) 0.116
EMB 10(0.39) 1(0.07) 0.063
SM 110(4.28) 63(4.11) 0.805

MDR-TB (Total) 322(12.51) 115(7.51) <0.001
MDRI (INH + RFP) 51(1.98) 15(0.98) 0.014
MDR2 (INH + RFP + EMB) 14(0.54) 10(0.65) 0.658
MDR3 (INH + RFP + SM) 115(4.47) 29(1.89) <0.001
MDR4 (INH + RFP + EMB + SM) 142(5.52) 61(3.98) 0.028

PDR-TB 103(4.00) 88(5.75) 0.010
PDRI (INH + EMB) 2(0.08) 3(0.20) 0.369
PDR2 (INH + SM) 60(2.33) 46(3.00) 0.189
PDR3 (INH + EMB + SM) 11(0.43) 11(0.72) 0217
PDR4 (RFP + EMB) 2(0.08) 3(0.20) 0.369
PDRS5 (RFP + SM) 20(0.78) 7(0.46) 0.220
PDR6 (RFP + EMB + SM) 4(0.16) 11(0.72) 0.006
PDR7 (EMB + SM) 4(0.16) 7(0.46) 0.114

Abbreviations: DR-TB, drug-resistant tuberculosis; INH, isoniazid; RFP, rifampin; EMB, ethambutol; SM, streptomycin;
MR-TB, mono-drug resistance tuberculosis; MDR, multidrug resistance tuberculosis; PDR, polydrug resistance
tuberculosis.
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smear-positive, smear-negative), the age range with the highest absolute number of MTBC detections was 55-59 years
old, with case numbers being 440, 261, 179, 364, 391, 149, 293, and 147 respectively. However, for females, the age
range with the highest number of detections was 30-34 years old, with 123 cases. The peak MTBC detection rates in
county and township areas, among males, and in the overall population were observed in the 30-34 age group, reaching
17.64%, 22.98%, and 23.10% respectively. Among the female, new patient, and smear-negative case groups, the highest
MTBC detection rates were in the > 90 age group (27.27%, 22.64%, and 10.23% respectively). However, the detection
rates were also notably high in the 20-24 age group, at 24.12%, 21.81%, and 10.24% respectively. The MTBC detection
rate peaked at 48.25% in the main urban area group at 80—84 years of age, 67.74% in the retreatment group at 35-39
years of age, and the overall detection rate was high in the smear-positive group, peaking at 94.44% at < 15 years of age
(Figure 1A). The median ages of INH-R, RFP-R, EMB-R, and SM-R were 52 years (IQR: 34, 63), 49 years (IQR: 32,
61), 51 years (IQR: 32, 61), and 50 years (IQR: 33, 64), respectively. The highest resistance rates of INH, RFP and SM
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Figure | MTBC positive results and resistance patterns in subgroups stratified by age category. (A) Trends in the number and proportion of MTBC-positive cases in
subgroups; (B) resistance profiles of MTBC-positive cases to INH, RFP, EMB, and SM in subgroups; (C) Detection characteristics of MR-TB, MDR-TB, and PDR-TB in MTBC-
positive case subgroups.

Notes: The proportion of cases testing positive for MTBC in each subgroup was calculated as follows: (number of positive cases in each subgroup / overall number of
participants in TB screening in each subgroup) % 100%. Resistance rates to different drugs in each subgroup were calculated as follows: (number of cases with resistance to
different drugs in each subgroup / number of MTBC-positive cases in the same subgroup) % 100%.
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were all concentrated in the age group of 35-39 years, at 27.51%, 21.69% and 25.93%, respectively. The age range of
peak EMB-R rate was 20-24 years old (11.95%), while there was also a high detection rate (11.64%) at 35-39 years
(Figure 1B). The median ages of MR, MDR and PDR were 53 years (IQR: 35, 64), 48 years (IQR: 32, 61), and 57 years
(IQR: 36, 70) respectively. The highest detection rates of them were concentrated in the age groups of 50-54 years,
35-39 years, and 60-64 years respectively, at 11.93%, 18.82%, and 6.97% respectively (Figure 1C). Note: In the analysis
of drug resistance patterns in different subgroups stratified by age category, the groups aged under 15 years and over 91
years were not included in the statistics due to the small number of drug-resistant cases.

Risk Factor Analysis for Resistance Outcome

In the multivariable logistic regression model, after accounting for the effects of sputum smear and detection year, males
had 1.655 times (95% CI: 1.300, 2.107), 1.795 times (95% CI: 1.356, 2.377), 1.413 times (95% CI: 1.112, 1.795), 1.428
times (95% CI: 1.051, 1.941), and 1.702 times (95% CI: 1.263, 2.294) higher odds than females for INH-R, RFP-R, SM-
R, MR and MDR, respectively. Individuals with a history of TB treatment had 1.531 times (95% CI: 1.137, 2.060), 2.112
times (95% CI: 1.547, 2.882), 1.854 times (95% CI: 1.242, 2.768), 2.030 times (95% CI: 1.521, 2.708), and 2.034 times
(95% CI: 1.463, 2.827) higher odds than new patients with INH-R, RFP-R, EMB-R, SM-R and MDR, respectively. Main
urban residents had 1.685 times (95% CI: 1.376, 2.062), 1.553 times (95% CI: 1.237, 1.951), 1.633 times (95% CI:
1.205, 2.212), 1.577 times (95% CI: 1.280, 1.942), 1.562 times (95% CI: 1.120, 2.032), 1.542 times (95% CI: 1.209,
1.968), and 1.528 times (95% CI: 1.020, 2.290) higher odds than those in county and township areas of being diagnosed
with INH-R, RFP-R, EMB-R, SM-R, MR, MDR and PDR, respectively (Table 4).

Resistance Rate Differences During Different Stages of the COVID-19 Pandemic

(2019, 2020 - 2022, 2023)

We divided the diagnosis years into three stages: “pre-COVID-19”, “mid-COVID-19”, and “post-COVID-19”,
corresponding to 2019, 20202022, and 2023 respectively. During the study period, the rate of TB resistance
showed a downward trend. The significant declines were mainly observed between the “pre-COVID-19” and “mid-

Table 4 The Model of Multinomial Logistic Regression for the First-Line Anti-TB Drugs

Variables INH-R RFP-R
n (%) aOR(95% ClI) P-value n (%) aOR(95% CI) P-value

Gender

Female 101(14.35) Reference 70(9.94) Reference

Male 406(21.72) 1.655(1.300,2.107) <0.001 311(16.64) 1.795(1.356, 2.377) <0.001
Treatment

New cases 437(18.95) Reference 316(13.7) Reference

Previously treated cases 70(26.22) 1.531(1.137,2.060) 0.005 65(24.34) 2.112(1.547, 2.882) <0.001
Region

Country and township areas 257(16.35) Reference 195(12.40) Reference

Main urban area 250(28.34) 1.685(1.376,2.062) <0.001 186(21.09) 1.553(1.237, 1.951) <0.001
Smear grade

Negative 154(17.48) Reference 107(12.15) Reference

Positive 353(20.86) 1.129(0.907, 1.405) 0276 274(16.19) 1.347(1.047, 1.734) 0.020
Year diagnosed

2019 121(22.62) Reference 108(20.19) Reference

2020 112(19.72) 0.842(0.628, 1.129) 0.251 81(14.26) 0.652(0.473, 0.898) 0.009

2021 132(22.26) 0.991(0.745, 1.318) 0.951 102(17.20) 0.815(0.600, 1.107) 0.191

2022 62(14.52) 0.596(0.423, 0.838) 0.003 38(8.90) 0.386(0.259, 0.576) <0.001

2023 80(17.78) 0.680(0.492, 0.937) 0.019 52(11.56) 0.457(0.316, 0.659 <0.001

(Continued)
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Table 4 (Continued).

Variables EMB-R SM-R
n (%) aOR(95% CI) P-value n (%) aOR(95% CI) P-value

Gender

Female 48(6.82) Reference 107(15.2) Reference

Male 149(7.97) 1.191(0.845, 1.682) 0318 367(19.64) 1.413(1.112, 1.795) 0.005
Treatment

New cases 163(7.07) Reference 395(3.43) Reference

Previously treated cases 34(12.73) 1.854(1.242, 2.768) 0.003 79(29.59) 2.030(1.521, 2.708) <0.001
Region

Country and township areas 100(6.36) Reference 250(15.9) Reference

Main urban area 97(11.00) 1.633(1.205, 2.212) 0.002 224(25.4) 1.577(1.280, 1.942) <0.001
Smear grade

Negative 71(8.06) Reference 166(18.84) Reference

Positive 126(7.45) 0.916(0.665, 1.261) 0.592 308(18.2) 0.890(0.715, 1.108) 0.298
Year diagnosed

2019 72(13.46) Reference 117(21.87) Reference

2020 34(5.99) 0.414(0.270, 0.636) <0.001 90(15.85) 0.685(0.503, 0.932) 0.0l6

2021 45(7.59) 0.542(0.364, 0.805) 0.002 130(21.92) 1.049(0.787, 1.398) 0.746

2022 20(4.68) 0.328(0.196, 0.550) <0.001 69(16.16) 0.725(0.520, 1.013) 0.059

2023 26(5.78) 0.372(0.231, 0.598) <0.001 68(15.11) 0.610(0.435, 0.854) 0.004
Variables MR MDR PDR

n (%) aOR(95% ClI) P-value n (%) aOR(95% CI) P-value n (%) aOR(95% CI) P-value

Gender

Female 59(8.38) Reference 61(8.66) Reference 26(3.69) Reference

Male 206(11.02) 1.428(1.051, 1.941) 0.023 261(13.96) 1.702(1.263, 2.294) | <0.001 77(4.12) 1.123(0.711, 1.773) | 0.618
Treatment

New cases 239(10.36) Reference 267(11.58) Reference 87(3.77) Reference

Previously treated cases 26(9.74) 0.926(0.602, 1.424) 0.727 55(20.60) 2.034(1.463, 2.827) | <0.001 16(5.99) 1.612(0.929, 2.799) | 0.090
Region

Country and township areas 140(8.91) Reference 165(10.50) Reference 52(3.31) Reference

Main urban area 125(14.17) 1.562(1.201, 2.032) 0.001 157(17.80) 1.542(1.209, 1.968) <0.001 51(5.78) 1.528(1.020, 2.290) 0.040
Smear grade

Negative 98(11.12) Reference 95(10.78) Reference 30(3.41) Reference

Positive 167(9.87) 0.742(0.56, 0.975) 0.033 227(13.42) 1.235(0.946, 1.613) | 0.121 73(4.31) 1.189(0.761, 1.858) | 0.448
Year diagnosed

2019 39(7.29) Reference 93(17.38) Reference 22(4.11) Reference

2020 47(8.27) 1.173(0.753, 1.827) 0.481 69(12.15) 0.656(0.467, 0.922) | 0.015 20(3.52) | 0.851(0.458, 1.580) | 0.609

2021 85(14.33) 2.250(1.505, 3.363) <0.001 84(14.17) 0.785(0.567, 1.089) | 0.148 24(4.05) | 0.978(0.540, 1.773) | 0.942

2022 51(11.94) 1.839(1.183, 2.858) 0.007 31(7.26) 0.376(0.244, 0.580) | <0.001 20(4.68) 1.159(0.621, 2.161) | 0.643

2023 43(9.56) 1.356(0.858, 2.143) 0.193 45(10.00) 0.476(0.323, 0.703) | <0.001 17(3.78) | 0.837(0.435, 1.609) | 0.593

Abbreviations: aOR, adjusted odds ratio; Cl, confidence interval; INH-R, isoniazid resistance; RFP-R, rifampin resistance; EMB-R, ethambutol resistance; SM-R,
streptomycin resistance; MR, mono-drug resistance; MDR, multidrug resistance; PDR, polydrug resistance.

COVID-19” stages, and between the “pre-COVID-19” and “post-COVID-19” stages. Notably, the difference in the
detection rate of SM-R was only evident between the “pre-COVID-19” and “post-COVID-19” stages (21.87% vs
15.11%, P = 0.007). However, when considering the resistance rate of INH-R alone, there was no statistically
significant difference among the three stages. In addition, the detection rate of MR showed an upward trend and the
most significant difference was between the “pre-COVID-19” and “mid-COVID-19” stages (7.66% vs 11.52%, P =
0.006). There was no statistically significant difference in all resistance pattern detection rates between the “mid-
COVID-19” and “post-COVID-19” stages (Table 5).
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Table 5 Changes and Differences in the Detection Rate of Drug-Resistant Tuberculosis at Different Stages of COVID-19
(2019, 2020-2022, 2023)

Resistance Patterns Year Diagnosed/Years P-value* | P-value™* | P-value***
2019 n (%) | 2020-2022 n (%) | 2023 n (%)

MTBC+ 535(25.01) 1588(15.90) 450(17.69) <0.001 <0.001 0.004

Resistance patterns

DR-TB(Total) 154(28.79) 431(27.14) 105(23.33) 0.462 0.053 0.105

Any resistance to first-line drugs (Total) | 418(78.13) 915(57.62) 226(50.22) <0.001 <0.001 0.005
INH 121(22.62) 306(19.27) 80(17.78) 0.095 0.060 0.333
RFP 108(20.19) 221(13.92) 52(11.56) 0.001 <0.001 0.132
EMB 72(13.46) 99(6.23) 26(5.78) <0.001 <0.001 0.630
M 117(21.87) 289(18.2) 68(15.11) 0.062 0.007 0.084

MR-TB (Total) 39(7.66) 183(11.52) 43(9.56) 0.006 0.200 0.175

MDR-TB (Total) 93(17.38) 184(11.59) 45(10.00) <0.001 <0.001 0.257

PDR-TB (Total) 22(4.11) 64(4.03) 17(3.78) 0.934 0.789 0.734

Note: *Differences in resistance detection rates between 2019 and 2020-2022. **Difference in resistance detection rates between 2019 and 2023. *¥*
Difference in resistance detection rates between 2020-2022 and 2023. The year 2019 represents the pre-COVID-19 period, 2020-2022 represents the mid-
COVID-19 period, and 2023 represents the post-COVID-19 period.

Abbreviations: COVID-19, Coronavirus Disease 2019; MTBC, mycobacterium tuberculosis complex; DR-TB, drug-resistant tuberculosis; INH-R, isoniazid
resistance; RFP-R, rifampin resistance; EMB-R, ethambutol resistance; SM-R, streptomycin resistance; MR-TB, mono-drug resistance tuberculosis; MDR,
multidrug resistance tuberculosis; PDR, polydrug resistance tuberculosis.

Discussion
TB is generally thought to threaten the elderly seriously because of physical decline, chronic diseases, malnutrition, and
potential drug side-effects.”* >* However, the heterogeneous distribution of the transmission of TB and the resistance
patterns is one of the main reasons for the challenges faced in TB management.”> The 2024 global TB report revealed
that young and middle-aged adults (1544 years) account for 53% of all pulmonary TB cases, and this age group
comprises over 50% of newly diagnosed multidrug-resistant/rifampicin-resistant TB (MDR/RR-TB) cases annually.*®
Dong et al showed that the risk of TB in people aged 20-24 years was similar to that in people aged 7074 years.® The
detection of DR-TB in Qinghai Province was mainly concentrated among those aged 3059 years.”” In Anhui, the group
aged 41-60 had a higher resistance detection rate.”® In the Taiwan region, those over 65 years old are a high-burden
group for MDR-TB.?’ Study in Tianjin highlighted age (specifically, the patient group aged 40—59) as one of the crucial
factors influencing the development of DR-TB.?° While, regions such as Ethiopia, Nigeria, Sudan, and Uganda exhibit
a higher prevalence of TB among individuals aged 35-54 years.’ Our data suggests that local non-elderly have higher
rates of TB detection and resistance. The local people aged 55-59 years accounted for a relatively high proportion of TB
cases. However, the highest incidence of TB was in younger people aged 30-34 years. Under different variables, the
highest incidence of TB was in people under 40 years old. Similarly, the first-line anti-TB drug resistance also exhibits
similar characteristics, with the peak resistance rate concentrated between the ages of 20-34 years. Nowadays, non-
elderly people are the main force in social construction. They are active in academia or profession and often gather in
densely populated areas, which increases their chances of exposure to TB.*? In addition, some people in specific living
environments, such as miners, livestock practitioners and other specific occupational groups, have an increased suscept-
ibility to MTBC due to long-term exposure to high-dust and microbially contaminated environments.>* Furthermore, the
detection rate of elderly TB is often atypical, making it prone to misdiagnosis and missed diagnosis, which affects the
detection rate. Notably, the detection rate of TB in the elderly population in the main local urban area was significantly
higher than that in the non-elderly. Now, China has entered a deeply aging society. The main urban area has attracted
a large number of elderly people due to better medical resource allocation and relatively more economic opportunities,
which has increased the burden of TB among the elderly.

Although the impact of gender on TB incidence is controversial, global data in 2022 showed that 55% of TB cases
were males, and in China, 65% of new cases were males over 14 years old." A domestic study reported pulmonary TB in
84.4% of males, more than twice the rate in females.>* Globally, the male-to-female ratio of TB incidence generally
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ranges from 1.2 to 4.9.%> Our data show that the transmission of TB is more severe among non-elderly males, and the
resistance situation is also more prominent. Males play important roles in society, which makes them socialize frequently
and leads to a prevalence of unhealthy lifestyles such as tobacco dependence and excessive alcohol consumption among
them.?® Some males have low health literacy, lack sufficient knowledge of TB prevention and control, and lack the
awareness of active prevention and early screening.*® As a result, it is difficult to diagnose and intervene in a timely
manner after MTBC infection. These factors significantly increase the risk of DR-TB infection. In addition, new evidence
suggests that, apart from biological susceptibility and genetic polymorphism may also play a key potential role in the
occurrence and development of TB in males.*’ > Carry out gender-sensitive health education, such as disseminating
“cough screening” messages through male-frequented channels (eg, gas station broadcasts, sports venue posters) while
avoiding stigmatizing language. Collaborative efforts with enterprises should be established to conduct on-site screening
in male-dominated industries (transportation, construction) for early TB detection.*” Integrate smoking cessation/mod-
erate alcohol consumption interventions, such as incorporating referral services for Nicotine Replacement Therapy
(NRT) during the diagnosis and treatment of TB.*! Provide financial incentives (eg, transportation subsidies) to improve
participation, so as to narrow the gender gap in TB detection.*?

The dense population, high mobility, fast-paced life, and high psychological stress in main urban areas, along with
rapid urbanization bringing in new migrants and industrial and traffic pollution weakening the body’s resistance, which
are the main reasons for the relatively high TB burden in the main urban areas.**** In addition, combined with the
comprehensive surveillance and reporting system that can detect and report TB in a timely manner, contribute to the high
DR-TB detection rate in main urban areas.*> The WHO 2024 report highlights that 82% of global TB cases in the post-
pandemic era occur in urban areas, a phenomenon exacerbated by healthcare access disruptions during the pandemic.*®*’
Our data corroborate this finding, showing a 2.41 times higher detection rate in urban core areas compared to rural
townships (31.82% vs 13.21%). Strengthen active screening in areas with concentrated floating populations in the main
urban area (eg, via mobile X-ray units) and improved healthcare accessibility (eg, evening clinics) to reduce diagnostic
delays would help mitigate transmission risks in high-density urban environments.*® Such measures could potentially
interrupt community transmission chains and reduce the overall urban TB burden. Implementing customized health
education programs tailored to urban living conditions, including promoting proper ventilation in enclosed living spaces
and enhancing the capacity for preventive measures to reduce new cases, is also a highly effective measure.

For retreatment patients, delayed detection of drug-resistant strains, irregular and prolonged treatment, and adverse
reactions resulting from drug interactions are the main obstacles to effectively managing this group.*’ Targeted
interventions can disrupt the chains of drug-resistance transmission caused by retreatment cases. Rapid molecular testing
(such as GeneXpert) should be performed on all retreatment cases whenever possible to rule out drug resistance, thereby
avoiding empirical medication use.>® For retreatment cases exhibiting complex drug resistance patterns, comprehensive
drug susceptibility testing should be performed to develop personalized treatment regimens. The implementation of
a combined “Directly Observed Treatment (DOT) with Concurrent Household Contact Screening” approach is recom-
mended to optimize treatment supervision. Complementary social support measures, including nutritional supplementa-
tion and peer support programs utilizing successfully treated patients as educators, should be incorporated to minimize
treatment discontinuation rates. Furthermore, establishing lifelong management for retreatment cases and maintaining
long-term follow-up of close contacts are essential components of an effective drug-resistant TB control strategy.’'*>

Compared with single drug resistance, the combined resistance patterns of anti-TB drugs were more serious in this
area and vary by age. Among non-elderly TB cases, the detection rates of DR-TB and MDR-TB, accounting for 26.82%
and 12.51% respectively, were higher than those in Shandong Province and the national baseline.*>>* The high drug
resistance burden among young people poses a great challenge to local anti-TB cause. Young adults have insufficient
knowledge of TB and poor treatment compliance. They often decline regular treatment because they experience only
mild symptoms, which leads to a protracted illness.”*> Therefore, enhancing their awareness of the importance of
standardized treatment, detecting latent TB in this demographic as early as possible, and implementing the full-course
supervised chemotherapy strategy are of great significance for the prevention and treatment of DR-TB.

After a long period of unremitting struggle against TB, the overall resistance rate of TB is showing a downward trend,
which is a positive result at this stage of this long-term battle against TB. However, the COVID-19 pandemic has made
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the outcome of TB treatment uncertain. It is reported that the COVID-19 pandemic has offset the progress made in the
global fight against TB over the years.>® Studies have shown that although the extensive spatial isolation measures during
the COVID-19 pandemic have had a certain positive effect on the prevention and control of TB, their effectiveness
cannot offset the negative impact caused by insufficient diagnosis.” In 2021, the number of global TB deaths reached
1.6 million, marking the first increase in the global TB death toll since 2005.%” In 2023, the number of reported cases
reached 8.2 million, hitting a historical peak since the establishment of the monitoring system in 1995.°° The
conservative modeling by the TB/COVID-19 Global Research Group predicts that the TB mortality rate may increase
by 20% within the next five years.”® Specifically, this impact is also clearly evident at the local level. Compared with the
situation before the COVID-19 pandemic (in 2019), the decline in the detection rate and resistance rate of MTBC in the
local area during the COVID-19 pandemic (from 2020 to 2022) requires a more objective and rational view. Of course,
the significant decline in the rates of TB detection and resistance are the core indicators for measuring the effectiveness
of anti-TB work, and they intuitively confirm the scientificity and effectiveness of the current prevention and control
strategies. This achievement not only demonstrates the coordinated efforts of multi-dimensional measures such as the
innovation of rapid diagnostic technologies, public health education for all, and the guarantee of medical insurance
policies, but also provides a successful example that can be used for reference prevention and treatment of TB.****° Also,
the impact of TB diagnosis and under-reporting at this stage on the actual data should be fully considered.®' In fact, the
detection rate of MTBC has increased somewhat after the epidemic (2023) compared to the epidemic period (2020—
2022). Although the detection rate of drug resistance still showed a downward trend, the detection rate of different TB
resistance patterns did not decrease significantly. All these constantly remind us that after the COVID-19 pandemic, we
should strengthen the monitoring and management of TB, improve diagnostic technology, allocate medical resources
appropriately, and ensure the supply of anti-TB drugs. Implementing these measures will help offset or reverse the impact
of COVID-19 on TB prevention and control, get the anti-TB cause back on track, and thus successfully achieve the “End
TB Strategy” by 2035.%% His remains the focus of current TB control.

Our study has some limitations. Firstly, the subjects selected for the experiment were mostly high-risk groups who
visited the designated TB medical institutions either on their own initiative or were referred after other medical
treatments. Due to the non-mandatory nature of the selection, some groups may not have been fully monitored, which
led to certain biases in the research data on TB among local high-risk groups. Secondly, although the quality screening of
the experimental samples was very strict, most of the specimens were from patients’ self-expectorated sputum, lacking
supervision throughout the whole process. As a result, some samples were not collected at the appropriate time and were
affected by factors such as medication, resulting in the failure to detect the TB strains and drug-resistant loci in a timely
manner. Despite these limitations, our study can still reflect the characteristics of TB spread and resistance across the
entire city, including the main urban area and its subordinate county and township areas. This is of great significance for
revealing the epidemiological characteristics of TB among high-risk groups. Meanwhile, our data cover the three periods
before, during, and after the COVID-19 pandemic, which can help us better understand the prevalence of TB during the
outbreaks of other infectious respiratory diseases and provide a reference for formulating more effective anti-TB plans in
response to similar situations in the future.

Conclusion

This study revealed that TB prevalence and drug resistance among non-elderly (<60) were concerning in Luoyang,
China, from 2019 to 2023. Among this population, males, the main urban patients, and retreatment cases showed higher
TB detection rates and resistance risks. Despite the TB incidence overall decline, the trend of younger cases requires
attention. The MTBC detection peak occurred in the 30-34 age group, while peak INH/RFP resistance and MDR-TB
rates all clustered in the 35-39 cohort. Therefore, precise and targeted screening strategies is the focus of effective TB
management. Active case-finding systems should be prioritized in male-dominated workplaces and urban migrant
communities, ensuring to cover patients and close contacts. Directly observed therapy (DOT) combined with social
support measures should be enforced for retreatment cases to reduce treatment interruptions and improve completion
rates. The COVID-19 pandemic hindered the expected decline in the local TB detection and resistance rates. Thus,
improving the post-pandemic monitoring system, establishing a dynamic TB resistance databases, and regularly
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screening high-risk populations are essential to address pandemic-related monitoring gaps. Overall, age- and risk-
stratified prevention strategies are crucial. Surveillance high-risk groups to track resistant strains, and enhanced
molecular resistance monitoring, will aid in developing effective drug resistance control programs and advancing TB
prevention efforts.
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