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BACKGROUND: Patients with end-stage renal disease (ESRD) undergoing hemodialysis 
exhibit a 10-25 times greater risk of tuberculosis (TB), underscoring the urgent 
need for optimized treatment strategies to improve prognosis.
OBJECTIVE: The present study evaluates the efficacy and pharmacokinetics of 
personalized anti-TB dosing in hemodialysis patients with ESRD and TB, to guide 
treatment optimization.
METHODS: This retrospective study included 90 hemodialysis patients with ESRD 
and TB (2020 - 2024). The control group (n = 45) received conventional anti-TB 
dosing; the study group (n = 45) received individualized dosing/timing. All 
received HRZE (isoniazid, rifampicin, pyrazinamide, ethambutol) and high-flux 
hemodialysis or hemodiafiltration. Efficacy endpoints included sputum conversion 
(4, 8, and 12 weeks), imaging at 12 weeks, and clinical effectiveness. Blood 
samples were collected before/during/after/dialysis intervals to calculate Cmax, 
Cmin, AUC0-24, CL, CLDAA, ER, t½, and adverse reactions.
RESULT: No significant baseline differences existed between groups (P > 0.05). 
The study group showed higher sputum conversion rates, 12-week radiographic 
improvement, and overall effectiveness (P < 0.05). Pharmacokinetic (PK) analysis 
revealed elevated Cmax, Cmin, AUC0-24 for all anti-TB drugs (P < 0.05). 
Rifampicin clearance was unchanged (P > 0.05), while others decreased (P < 
0.05). Half-life shortened on dialysis days (P < 0.01). Adverse reactions were 
markedly reduced in the study group (P < 0.01).
CONCLUSIONS: For hemodialysis patients with ESRD and TB, tailoring anti-TB drug 
regimens based on PK profiles can enhance efficacy and minimize adverse effects, 
offering a safe and personalized treatment pathway.
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BACKGROUND: Linezolid (Lzd) is a cornerstone for drug-resistant and complex 
tuberculosis (TB), but its utility is severely limited by hematological and 
neurological toxicities. Contezolid (Czd), a novel oxazolidinone, offers a 
potentially safer profile. However, real-world evidence remains limited.
OBJECTIVE: To evaluate the real-world effectiveness and safety of Czd in 
patients with complex TB, focusing on its role in managing Lzd toxicity through 
two distinct strategies: salvage therapy for Lzd-intolerant patients and 
proactive initiation in patients at high risk for Lzd-related adverse events.
METHODS: We conducted a retrospective study of TB patients treated with 
Czd-containing regimens. Patients were categorized into two groups: Group A 
switched from Lzd to Czd due to Lzd intolerance; Group B received Czd as initial 
treatment due to high risk of Lzd toxicity. Treatment outcomes, adverse events 
(AEs), and resolution of Lzd-related AEs after switching to Czd were analyzed.
RESULTS: All 31 patients in Group A experienced Lzd-related AEs (100%), with 
median onset of 45 days. Anemia was the most common AE (90%). After switching to 
Czd, significant recovery occurred in all AEs, with 52% achieving complete AE 
resolution. In Group B, no significant changes were observed. Treatment outcomes 
were excellent in both groups, with 100% clinical improvement and high sputum 
culture conversion rates (90% vs. 88%).
CONCLUSION: Czd represented an effective salvage strategy for Lzd intolerance, 
significantly improving toxicity, ensuring therapeutic continuity, and 
suggesting preliminary evidence of maintained efficacy in complex TB. For 
patients at high risk of Lzd-related AEs, selecting Czd as initial therapy may 
prevent severe toxicity.
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We collected data on tuberculosis incidence and influencing factors (demographic 
factors, socioeconomic factors, medical resources, population mobility, and air 
pollutants) in 31 provinces of China from 2012 to 2020. Using a Bayesian 
spatio-temporal model, we studied the spatio-temporal distribution and its 
influencing factors of tuberculosis in various regions of China from 2012 to 
2020. The spatial clustering effect of tuberculosis incidence in China showed an 
overall increasing trend during the study period, but there was a significant 
decline in 2018, followed by a continued increase. High-risk areas for 
tuberculosis incidence are primarily concentrated in the northwest and southwest 
regions, while low-risk areas are mainly distributed in the eastern coastal 
provinces. The number of healthcare institutions (NHI), illiteracy rate (IR), 
rural residents' disposable income (PDIR), passenger flow (PRV), and sulfur 
dioxide emissions (SO2) are statistically correlated with tuberculosis 
incidence. The IR,PRV, and SO2 are positively correlated with tuberculosis 
incidence, with relative risks of 2.191, 1.759, and 1.126, respectively.
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BACKGROUND: Tuberculous pleurisy is the most common form of extrapulmonary 
tuberculosis. Diagnosis remains challenging due to the paucibacillary nature of 
pleural effusions, leading to low sensitivity of conventional microbiological 
methods and frequent reliance on invasive biopsy. Cell-free DNA (cfDNA), 
comprising fragmented genetic material released from host cells and pathogens 
into biofluids, presents a promising minimally-invasive biomarker. This protocol 
outlines a systematic review and meta-analysis designed to evaluate the overall 
diagnostic accuracy of cfDNA for tuberculous pleurisy and to identify factors 
influencing its performance.
METHODS: This protocol is prospectively registered with PROSPERO. We will 
systematically search PubMed, Embase, Web of Science, Scopus, The Cochrane 
Library from inception to June 2027. Diagnostic accuracy studies directly 
comparing cfDNA detection (in pleural fluid, plasma/serum) against a composite 
reference standard for tuberculous pleurisy (including microbiological, 
histological, or clinical diagnosis) will be included. Two reviewers will 
independently screen studies, extract data, and assess risk of bias using the 
QUADAS-2 tool. A bivariate random-effects meta-analysis will be performed to 
calculate pooled sensitivity, specificity, positive/negative likelihood ratios, 
and diagnostic odds ratios. A hierarchical summary receiver operating 
characteristic curve will be plotted. Subgroup analyses and meta-regression will 
explore sources of heterogeneity. The GRADE approach will be used to evaluate 
the certainty of evidence.
CONCLUSION: This review will provide pooled estimates of the diagnostic 
sensitivity and specificity of cfDNA for tuberculous pleurisy, evaluate its 
clinical utility, and identify key factors-such as sample type, detection 
technology, and pre-analytical procedures-associated with optimal performance. 
The findings will offer high-level evidence to guide clinical application and 
future research. Systematic review registration: PROSPERO Registration number: 
CRD420261424501.
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BACKGROUND: Tuberculosis (TB) remains a major poverty-associated infectious 
disease worldwide. This study is the first to quantify the incidence and 
determinants of catastrophic costs among drug-susceptible TB patients in 
Guangxi, providing critical evidence for developing poverty alleviation policies 
and promoting equitable TB care access.
METHODS: The study included 250 drug-susceptible TB patients who were registered 
and completed treatment between June 2023 and June 2024 in local designated TB 
hospitals across three counties in Guangxi with different per capita disposable 
income. Using structured questionnaires, we collected comprehensive data on 
socioeconomic characteristics and TB-related direct/indirect costs. All 
statistical analyses were performed using SPSS 27.0.
RESULTS: During the pre-diagnosis stage, post-diagnosis stage, and the entire 
course of TB care, the median out-of-pocket payments per TB patient were 2501.5 
RMB, 2323.8 RMB, and 6323.7 RMB, respectively. Direct medical costs constituted 
the largest proportion of total costs at each stage of TB care. The incidence of 
catastrophic costs due to TB was 45.6% (114/250). The results of the x2 test 
showed that there were statistically significant differences in the incidence of 
catastrophic costs according to education levels, annual household income, 
medical insurance type, and number of hospitalization days after diagnosis 
(p < 0.05). The results of the binary logistic regression analysis showed that 
patients with annual household income ≦20,000 RMB and those with more than 7 
hospitalization days after diagnosis had a higher risk of catastrophic costs due 
to TB, and the ORs (95%CI) were 34.168 (12.742-91.625) and 7.488 (2.474-22.664), 
respectively.
CONCLUSION: Most costs were incurred before diagnosis and were primarily direct 
medical costs. To reduce catastrophic costs, we recommend targeted TB health 
education, enhanced screening/treatment monitoring, improved multi-tiered 
insurance coverage, support for rural low-income populations, early cost-warning 
systems, and sustainable TB-related poverty prevention mechanisms.
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BACKGROUND: How to increase the diagnosis rate of pulmonary tuberculosis (PTB) 
has always been a major challenge in medicine. Compared with conventional 
microbiological tests (CMTs), nanopore targeted sequencing (NTS) is undoubtedly 
a faster and more effective diagnostic method. This study explores the 
feasibility of combining chest CT imaging screening with NTS to improve PTB 
diagnosis.
METHOD: This retrospective observational study was conducted from March 2023 to 
December 2024, enrolling 380 patients from a single center who underwent 
bronchoalveolar lavage fluid (BALF) analysis and NTS testing. We compared the 
diagnostic accuracy of radiologists with varying experience levels to determine 
the most suitable preliminary screening protocol for PTB. Additionally, we 
compared NTS results with CMTs (including mycobacterial culture, acid-fast 
bacilli smear and Xpert MTB/RIF) to evaluate differences in diagnostic 
performance between NTS and CMTs.
RESULTS: We conducted a horizontal comparison of PTB diagnostic accuracy among 
three radiologists with different levels of experience. The most experienced 
radiologist had the lowest missed diagnosis rate. When combining cases suspected 
by all three radiologists (202 cases), the missed diagnosis rate dropped to as 
low as 9.09% (27.27% [95% CI: 16.77-40.70%] vs. 30.91% [95% CI: 19.73-44.51%] 
vs. 16.36% [95% CI: 8.38-29.82%] vs. 9.09% [95% CI: 3.80-19.84%], p = 0.019). 
Furthermore, we analyzed the diagnostic performance of NTS and CMTs in PTB 
patients and found that NTS had significantly higher sensitivity than Xpert 
MTB/RIF, mycobacterial culture, and acid-fast bacilli smear (89.09% [95% CI: 
78.17-95.02%] vs. 78.18% [95% CI: 65.44-87.12%] vs. 23.64% [95% CI: 
13.99-36.99%] vs. 16.36% [95% CI: 8.38-28.82%], p < 0.001). ROC analysis 
demonstrated that incorporating NTS into the testing of suspected PTB specimens 
significantly improved diagnostic capability (AUC = 0.990, 95% CI: 0.968-1.000).
CONCLUSION: Radiologists' experience in PTB imaging diagnosis can reduce missed 
diagnoses. Additionally, combining NTS with CMTs helps improve early diagnosis 
in suspected PTB patients. The combined use of NTS and Xpert MTB/RIF yielded the 
highest diagnostic accuracy (AUC 0.990).
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BACKGROUND: Drug-resistant tuberculosis (DR-TB) is associated with low treatment 
success rates and increased mortality. Household contacts (HHCs) face an 
elevated risk of infection and disease progression due to prolonged exposure. 
Consequently, systematic screening and tuberculosis preventive treatment (TPT) 
are critical to interrupt transmission within households. However, screening 
practices and TPT regimens vary substantially across countries and settings 
worldwide, and the available evidence remains fragmented. This study aims to 
synthesize evidence on screening strategies and TPT regimens for HHCs of 
patients with DR-TB, identify implementation barriers and research gaps, and 
inform future contact management approaches.
METHODS: We systematically searched nine databases including PubMed, Embase, and 
Web of Science. Each database was searched from inception to November 13, 2025. 
Eligible studies included observational studies (including cohort and 
cross-sectional studies), implementation studies, and randomized controlled 
trials reporting on screening approaches or TPT strategies among HHCs of 
patients with DR-TB. Data extraction was conducted in accordance with the Joanna 
Briggs Institute (JBI) methodological framework for scoping reviews, and 
reporting followed the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses for Scoping Reviews (PRISMA-ScR) guidelines. Two reviewers 
independently extracted data using a standardized form, including study 
characteristics, screening strategies, diagnostic methods, TPT regimens, safety 
and adherence outcomes, and implementation-related factors. The findings were 
summarized descriptively and presented as a structured narrative synthesis 
organized by thematic domains.
RESULTS: A total of 26 studies were included. Most studies (20/26) employed a 
sequential cascade screening strategy combining symptom assessment, imaging 
evaluation (when clinically indicated), and molecular or microbiological 
confirmation, often supplemented by tuberculin skin test (TST) or 
interferon-gamma release assays (IGRAs) for latent tuberculosis infection (LTBI) 
detection. Most studies were conducted in high TB burden low- and middle-income 
countries, particularly in Pakistan, South Africa, and China, with several 
multicenter studies spanning countries in Africa, Asia, and Latin America. 
Pediatric studies frequently incorporated gastric aspiration as an adjunct 
diagnostic method. TPT was implemented in 14 studies, with initiation rates 
ranging from 2% to 98.8%. Levofloxacin-based regimens were the predominant 
preventive treatment strategy. Compared with combination regimens, levofloxacin 
monotherapy generally achieved higher treatment completion rates (68.4%-100% vs. 
56%-70.3%). Children experienced fewer adverse events than adults (10% vs. 37%). 
Frequently reported implementation barriers included resource limitations, 
transportation difficulties, stigma, and poor treatment adherence.
CONCLUSION: Screening and TPT for HHCs of patients with DR-TB were commonly 
implemented using sequential cascade screening approaches and levofloxacin-based 
preventive treatment regimens across diverse settings. Included studies 
generally reported acceptable treatment completion and safety outcomes, 
particularly for levofloxacin-based monotherapy, although implementation 
outcomes varied substantially across regions and populations. Resource 
limitations, stigma, transportation difficulties, and poor adherence were 
frequently reported as barriers to implementation. Given the substantial 
heterogeneity in study design, screening strategies, and implementation 
contexts, findings should be interpreted cautiously. Further research is needed 
to improve evidence on standardized screening approaches, regimen effectiveness, 
and implementation feasibility across different settings, particularly among 
high-risk populations such as young children and people living with human 
immunodeficiency virus (HIV).
CLINICAL TRIAL NUMBER: Not applicable.
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BACKGROUND: The incidence of secondary infectious complications following 
percutaneous vertebroplasty is less than 1%. Among these complications, 
tuberculous spondylitis is particularly rare, with only a few cases reported in 
the literature since this condition is usually caused by the hematogenous spread 
of a pre-existing latent Mycobacterium tuberculosis infection rather than by 
direct intraoperative contamination. Misdiagnosis and improper treatment of such 
a condition may lead to catastrophic consequences including infection 
dissemination, nerve damage, and progressive kyphotic deformity.
CASE REPORT: This report describes a 76-year-old male patient who underwent 
percutaneous vertebroplasty for a T11 vertebral fracture at a local hospital one 
month earlier. After admission, imaging examinations and needle biopsy confirmed 
the diagnosis of spinal tuberculosis. Given the patient's rapidly progressive 
condition and risk of incomplete paraplegia, we adopted a staged surgical 
strategy: first, emergency posterior laminectomy with decompression and lesion 
debridement was performed to relieve neural compression and control infection, 
which preserved the previously injected vertebral bone cement. Once the 
infection was controlled and stabilized, a second-stage procedure with pedicle 
screw internal fixation was performed to restore spinal stability. This staged 
approach with bone cement retention has not been previously reported in the 
literature. Postoperatively, the patient showed significant improvement in 
bilateral lower limb numbness and muscle strength, and achieved functional 
mobility with thoracolumbar brace support. At the 12-month follow-up, the 
patient was able to walk independently with no recurrence of low back pain, and 
no complications such as tuberculosis recurrence or internal fixation loosening 
were detected.
CONCLUSION: This case report documents a rare case of postoperative tuberculous 
spondylitis following percutaneous vertebroplasty, which was successfully 
managed with a unique staged surgical approach featuring bone cement retention. 
This strategy effectively balanced infection control and spinal stability, 
ultimately achieving favorable clinical outcomes and providing a novel 
therapeutic reference for the management of such complex complications.
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BACKGROUND: Drug-resistant tuberculosis (TB) remains a major obstacle to global 
TB control, particularly in high-burden settings where timely detection of 
resistance is limited. This study aimed to integrate whole-genome sequencing and 
machine learning approaches to characterize the genomic architecture of drug 
resistance and develop predictive models for phenotypic resistance in clinical 
Mycobacterium tuberculosis isolates from Kashi, Xinjiang, China.
METHODS: A total of 160 clinical M. tuberculosis isolates were collected from 
culture-confirmed pulmonary tuberculosis patients at First People's Hospital of 
Kashi over a five-year period (January 2020-December 2024). Whole-genome 
sequencing was performed, and sequencing reads were mapped to the H37Rv 
reference genome for high-confidence single nucleotide polymorphism (SNP) and 
insertion/deletion (INDEL) calling. Resistance-associated mutations were 
identified using curated resistance mutation catalogues, and comparative genomic 
analyses were conducted to assess mutation burden across phenotypic resistance 
groups. Phylogenetic reconstruction based on genome-wide SNPs was performed to 
evaluate lineage distribution and clustering of resistant strains. In addition, 
random forest machine learning models were trained using WGS-derived coding and 
promoter mutations to predict phenotypic resistance to first-line 
anti-tuberculosis drugs.
RESULTS: Phenotypic drug susceptibility testing classified 63 isolates (39.4%) 
as drug-sensitive, 67 (41.9%) as single-drug resistant (SDR), and 28 (17.5%) as 
multidrug-resistant (MDR), with a small number of extensively drug-resistant 
isolates. Resistance was dominated by first-line drugs, particularly isoniazid, 
streptomycin, and rifampicin. Phylogenetic analysis revealed non-random 
distribution of resistant isolates, with enrichment of MDR strains within 
Lineage 2 (Beijing lineage). Genomic profiling demonstrated a progressive 
increase in resistance-associated mutational burden from drug-sensitive to SDR 
and MDR isolates, characterized by accumulation of canonical mutations in rpoB, 
katG, embB, gyrA, pncA, and rrs. Machine learning-based prediction achieved 
strong performance for rifampicin, isoniazid, and streptomycin resistance, with 
key resistance-conferring mutations and promoter variants emerging as dominant 
predictive features.
CONCLUSION: This study demonstrates the potential utility of integrating 
phenotypic testing, whole-genome sequencing, and interpretable machine learning 
approaches for characterizing and predicting drug-resistant M. tuberculosis. The 
observed burden of resistance-associated mutations and lineage-associated 
phylogenetic clustering of resistant isolates support the value of WGS-based 
surveillance and predictive modelling for tuberculosis control strategies.
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Drug resistance in Mycobacterium species, particularly Mycobacterium 
tuberculosis, remains a protracted and severe challenge to global public health. 
Recent studies have revealed that heteroresistance, serving as a critical 
precursor stage to full resistance, plays a pivotal role in treatment failure 
and disease relapse. Heteroresistance is characterized by the co-existence of 
susceptible and resistant subpopulations within a single bacterial population; 
however, due to the low proportion of the resistant subpopulation, it is highly 
susceptible to being missed in routine clinical diagnosis. This review 
summarizes the genetic and phenotypic mechanisms underlying the emergence of 
heteroresistance in Mycobacterium tuberculosis, evaluates the utility of various 
molecular detection technologies in identifying heteroresistance, and discusses 
its impact on clinical treatment regimen adjustments and the evolutionary 
trajectory of drug resistance. Ultimately, this review aims to provide a 
theoretical foundation for optimizing individualized, precision treatment for 
patients infected with Mycobacterium tuberculosis.

Copyright © 2026 Liu, Chen, Zhang and Zhu.

DOI: 10.3389/fcimb.2026.1894646
PMCID: PMC13437350
PMID: 42558156 [Indexed for MEDLINE]

12. Front Cell Infect Microbiol. 2026 Jun 19;16:1847443. doi: 
10.3389/fcimb.2026.1847443. eCollection 2026.

Harnessing the gut microbiome to combat tuberculosis: a technological and 
clinical review.

Sun W(#)(1), Xiao M(#)(2)(3), Ali SL(#)(4), Jin C(#)(5), Khan A(4), 
Shakirullah(6), Ni R(1)(7), An Y(1)(7), Zhang M(1)(7), Tian Y(1)(7), Kaushik 
S(8), Zhang Y(9), Gong W(1)(7).

Weiguo Sun, Meng Xiao, Syed Luqman Ali, Chanyuan Jin, Asifullah Khan, Shakirullah, Ruizi Ni, Yajing An, Mingming Zhang, Yuan Tian, Shradha Kaushik*, Yuhang Zhang*, Wenping Gong*
*CORRESPONDENCE Wenping Gong，gwp891015@whu.edu.cn ；Yuhang Zhang， yuhang@pkufh.cn ；Shradha Kaushik，kaushi91@uwindsor.ca

Author information:
(1)Beijing Key Laboratory of Emergency Vaccine Development and Process 
Translation, Senior Department of Tuberculosis, Chinese PLA General Hospital, 
Beijing, China.
(2)Computer Network Information Center, Chinese Academy of Sciences, Beijing, 
China.
(3)DUKE-NUS Medical School, National University of Singapore, Singapore, 
Singapore.
(4)Department of Biochemistry, Abdul Wali Khan University Mardan, Mardan, KPK, 
Pakistan.
(5)2nd Dental Center, Peking University School and Hospital of Stomatology, 
Beijing, China.
(6)Department of Zoology, Abdul Wali Khan University Mardan, Mardan, KPK, 
Pakistan.
(7)Graduate School, Hebei North University, Zhangjiakou, Hebei, China.
(8)Department of Biomedical Sciences, University of Windsor, Windsor, ON, 
Canada.
(9)Institute of Clinical Pharmacology, Peking University First Hospital, 
Beijing, China.
(#)Contributed equally

Tuberculosis (TB), especially multidrug-resistant and extensively drug-resistant 
strains, remains a severe global health threat. Advances in high-throughput 
sequencing, omics technologies and artificial intelligence have revealed the 
critical involvement of the gut microbiome (GM) in TB pathogenesis, diagnosis 
and treatment via the gut-lung axis. The GM modulates host immunity and 
metabolism; TB patients typically show reduced microbial diversity and enriched 
pro-inflammatory taxa closely linked to disease severity and treatment 
responses. Omics research has identified promising biomarkers and pathways for 
early diagnosis and personalized management, while artificial intelligence 
improves diagnostic accuracy and treatment outcome prediction. GM-targeted 
interventions, including probiotics, dietary adjustment and fecal microbiota 
transplantation, can enhance therapeutic efficacy and relieve adverse drug 
reactions. Current limitations include insufficient validation of the gut-lung 
axis' causal mechanisms, lagged clinical translation of biomarkers, biases and 
errors in diagnosis and prediction, data privacy and security concerns, gaps in 
intervention research, and poor accessibility of related technologies in 
resource-scarce medical regions. Future studies need rigorous causal analyses, 
real-time monitoring tools and large-scale multicenter trials to validate 
microbiome-based strategies. This review highlights the translational potential 
of GM interventions to optimize personalized TB prevention, diagnosis and 
treatment and improve clinical outcomes.
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INTRODUCTION: Differentiating Mycobacterium tuberculosis lung disease (MTB-LD) 
from nontuberculous mycobacterial lung disease (NTM-LD) remains clinically 
challenging because of overlapping symptoms and imaging features, as well as the 
slow turnaround of conventional culture-based diagnostics.
METHODS: This retrospective study enrolled 102 patients with microbiologically 
confirmed mycobacterial lung disease, including 53 patients with MTB-LD and 49 
patients with NTM-LD. We developed and validated an interpretable multimodal 
machine-learning framework integrating clinical symptoms, hematological 
biomarkers, and high-resolution computed tomography (HRCT) features. Three 
representative classifiers, including k-nearest neighbors, logistic regression, 
and random forest, were used to evaluate the discriminative contribution of 
different feature modalities.
RESULTS: Multimodal integration of HRCT, clinical, and laboratory features 
showed better discriminative performance than single-modality approaches. Among 
the three representative classifiers, the random forest model achieved the best 
hold-out test performance, with an AUC of 0.92, sensitivity of 0.89, specificity 
of 0.93, and F1-score of 0.90. Key predictive contributors included cystic 
bronchiectasis, tree-in-bud sign, fever, and selected laboratory biomarkers.
DISCUSSION: These findings suggest that routinely available multimodal clinical 
data may provide preliminary decision support for MTB-LD/NTM-LD differentiation. 
However, the proposed framework should be regarded as an exploratory 
decision-support tool, and external validation is required before clinical 
implementation.
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OBJECTIVE: To investigate the biomechanical characteristics and clinical 
outcomes after lesion debridement at varying degrees of sacroiliac joint 
destruction, and to assess the role of internal fixation in postoperative 
stability.
MATERIALS AND METHODS: Finite element analysis: An intact three-dimensional 
finite element model of the pelvis was established based on CT data from a 
healthy adult. On this basis, unilateral sacroiliac joint articular surface 
destruction of 25%, 50%, 75%, and 100% was simulated. For each destruction 
level, two postoperative models were constructed: debridement alone and 
debridement combined with internal fixation. Under physiological standing load 
conditions, pelvic global displacement, relative displacement of the sacroiliac 
joint surface, and displacement and stress distributions of the sacrum and ilium 
were comparatively analyzed among different models. Clinical analysis: A 
retrospective analysis was performed on 20 patients with sacroiliac joint 
tuberculosis who underwent lesion debridement at our institution between January 
2010 and December 2025. Based on preoperative imaging, all patients had mild 
sacroiliac joint destruction (<1/3 involvement). The patients were divided into 
a debridement-alone group (n = 10) and debridement combined with internal 
fixation group (n = 10). Perioperative variables, including operative time, 
blood loss, and inflammatory markers, were systematically compared between the 
two groups. Clinical efficacy was evaluated by dynamically assessing changes in 
visual analogue scale (VAS) pain scores and Majeed functional scores.
RESULTS: Finite element analysis demonstrated that, in the debridement-alone 
model, overall pelvic displacement, relative displacement across the sacroiliac 
joint, as well as local bone displacement and stress values increased 
progressively with the severity of sacroiliac joint destruction. Under mild 
destruction, changes in these biomechanical parameters were minimal and showed 
no significant differences compared with the intact model (P > 0.05). However, 
under moderate-to-severe destruction, all parameters increased significantly (P 
< 0.05), indicating a marked reduction in both global and local pelvic 
stability. Following the addition of internal fixation, overall pelvic 
displacement, local stress, and relative joint displacement were all 
significantly reduced under moderate-to-severe destruction conditions. Clinical 
results showed that, in patients with mild bone destruction, there were no 
significant differences between the debridement-alone group and the debridement 
combined with internal fixation group in terms of pain relief, functional 
recovery, or radiographic improvement during follow-up (P > 0.05). Both groups 
achieved satisfactory clinical outcomes, with no evident recurrence or 
complications.
CONCLUSION: This study provides an initial biomechanical arithmetic modeling 
framework and compares its outputs with relevant clinical findings. The degree 
of sacroiliac joint destruction is closely associated with postoperative pelvic 
stability. In cases of mild destruction, debridement alone yields satisfactory 
outcomes, with no additional benefit observed from adjunctive internal fixation. 
As the severity of destruction increases, pelvic stability progressively 
declines, and the stabilizing effect of internal fixation becomes increasingly 
evident.
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BACKGROUND: Frailty is a common geriatric syndrome in older adults and is 
closely associated with adverse outcomes such as prolonged hospitalization, 
functional decline, and mortality. Older patients with spinal tuberculosis often 
experience chronic inflammatory consumption, malnutrition, and activity 
limitation, which may contribute to a higher frailty burden. However, evidence 
on early identification of Fried frailty in this specific population remains 
limited.
OBJECTIVE: To develop and bootstrap internally validate a single-center model 
for identifying Fried frailty in older patients with spinal tuberculosis using 
routinely available early in-hospital clinical information.
METHODS: This was a single-center retrospective observational study including 
older patients with spinal tuberculosis who were hospitalized between January 
2024 and January 2026. Variables available at admission or during the early 
stage of hospitalization, including demographic characteristics, nutritional and 
inflammatory laboratory indicators, activities of daily living, and imaging 
burden, were collected. Frailty status was assessed using the Fried frailty 
phenotype. Candidate predictors were prespecified based on the literature, 
clinical judgment, and early availability at admission. A multivariable logistic 
regression model was then used to develop the stratification model and construct 
a nomogram. Model performance was assessed using discrimination, calibration, 
and decision curve analysis, and bootstrap resampling was used for internal 
validation.
RESULTS: Among the 323 patients included, 260 were identified as frail, yielding 
a frailty prevalence of 80.50%. Multivariable analysis showed that age (OR = 
1.124, 95% CI: 1.057-1.196), non-married status (OR = 6.078, 95% CI: 
2.902-12.730), and the number of involved vertebrae (OR = 1.278, 95% CI: 
1.014-1.610) were associated with higher odds of frailty, whereas body mass 
index (BMI) (OR = 0.835, 95% CI: 0.746-0.934) and Barthel Index score (OR = 
0.956, 95% CI: 0.934-0.978) were associated with lower odds of frailty. The area 
under the receiver operating characteristic curve of the model was 0.826 (95% 
CI: 0.779-0.873). At the Youden-derived cutoff value of 0.835, the sensitivity 
was 0.665 and the specificity was 0.905. Bootstrap internal validation showed a 
C-index of 0.826, with an optimism-corrected C-index of 0.812. The 
Hosmer-Lemeshow test yielded a p-value of 0.215, and the Brier score was 0.125, 
indicating good calibration. Decision curve analysis suggested possible net 
benefit across a broad range of threshold probabilities; however, this 
exploratory finding should not be interpreted as evidence that use of the model 
improves clinical outcomes.
CONCLUSION: The nomogram developed in this single-center retrospective study may 
serve as an auxiliary screening and early in-hospital risk-stratification tool 
for identifying Fried frailty in older patients with spinal tuberculosis. 
However, it should not be interpreted as external validation, validation of the 
Fried phenotype or individual clinical instruments, or evidence that use of the 
nomogram improves clinical outcomes. External validation and prospective impact 
studies are needed before broader clinical application.
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Culturability remains the predominant method for assessing bacterial viability 
in tuberculosis research and clinical practice. However, growth-based detection 
provides only a limited and context-dependent dimension of Mycobacterium 
tuberculosis (MTB) survival. MTB populations may evade recovery by standard 
culture while retaining molecular, metabolic, or functional features 
inconsistent with irreversible cellular death, resulting in persistent 
discrepancies between culture outcomes and other biological or clinical 
indicators. This review explores viable but non-culturable (VBNC)-like 
phenotypes and differentially culturable tubercle bacilli (DCTB) as 
detection-defined frameworks for interpreting such growth-invisible populations. 
We analyze their methodological foundations and interpretative limitations, 
emphasizing that neither reflects a discrete or stable physiological state. 
Integrating evidence from resuscitation assays, molecular viability 
measurements, and clinical observations, we propose a continuum-based 
interpretation of MTB viability in which bacterial populations occupy diverse 
physiological states spanning survival potential and growth competence. Within 
this framework, apparent non-culturability is more accurately conceptualized as 
a conditional result of physiological limitations and methodological 
sensitivity, rather than as conclusive evidence of bacterial death or dormancy. 
This perspective provides a coherent conceptual foundation for interpreting 
bacterial persistence, clearance, and treatment response in tuberculosis.
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