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Studying pathogenic Mycobacterium spp. (e.g., M. tuberculosis, M. bovis) 
requires Biosafety Level 3 (BSL-3) laboratories, which limits research 
opportunities. Safe surrogates that mimic these pathogens are therefore crucial 
for enabling studies in BSL-1/2 settings and advancing public health. This 
review examines studies that used the term 'surrogate' in relation to 
mycobacteria, aiming to identify effective surrogate models and highlight 
existing research gaps. We categorized the research topics for which surrogates 
were used, based on the primary goals of each study. Most research focused on 
Mycobacterial physiology group studies, followed by chemical control, while 
environmental studies remain largely unexplored. Mycobacterium smegmatis emerged 
as the most frequently used surrogate, valued for its relatively rapid growth 
compared to pathogenic Mycobacterium species, along with its genetic 
tractability and non-pathogenic nature. Mycobacterium marinum, a BSL-2 organism, 
has contributed to understanding virulence, stress responses and disease 
modeling. M. bovis BCG has been primarily used in vaccine studies but also 
appears in drug testing. Surrogate models have advanced our understanding of 
pathogenic mycobacteria, supporting the development of drugs, vaccines, and 
diagnostics without the constraints of BSL-3 laboratories. However, limitations 
remain-particularly in drug screening with M. smegmatis and the 
underrepresentation of environmental studies. The use of surrogates supports 
safer, cost-effective research in lower biosafety settings. Expanding ecological 
research in soil and water and refining model selection are key to improving 
control strategies.
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The complexity of bovine tuberculosis (TB) epidemiology, especially in extensive 
livestock systems with wildlife reservoirs, calls for novel control strategies 
such as vaccination. This study evaluated the comparative efficacy of homologous 
and heterologous inactivated vaccines against that of the live Bacille 
Calmette-Guérin (BCG) vaccine on M. bovis isolation, gross TB lesions, and 
immune responses. Data from four controlled vaccination and challenge trials 
involving 41 calves were analysed. Animals were vaccinated with live BCG or 
heat-inactivated M. bovis via oral or parenteral routes, and immunologic and 
post-mortem analyses were conducted to evaluate vaccine performance. Compared 
with nonvaccinated controls, all vaccination strategies significantly reduced M. 
bovis bacterial loads in the lungs (up to 99%). However, bacterial loads in 
lymphoid tissues increased, confirming that tuberculosis is primarily a 
lymphatic disease. Diagnostic interference varied by vaccine type and 
administration route, with oral administration resulting in lower interference. 
Gross lesion scores were inconsistent across groups, suggesting limited utility 
as a measure of vaccine efficacy. Immune responses revealed increased detection 
of infection, particularly with inactivated vaccines. The lung bacterial load 
appeared to be decoupled from cellular immune responses, lymph node lesions and 
bacterial load, which were negatively correlated. Inactivated vaccines can offer 
a safe and effective means of reducing the bovine TB reproductive rate (R₀) even 
without total bacterial clearance. These findings highlight the need for revised 
evaluation criteria and support the integration of inactivated vaccines into TB 
control strategies.
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BACKGROUND: While Dolutegravir (DTG) containing antiretroviral therapy (ART) has 
become the preferred regimen for people living with HIV (PLHIV), the pace and 
equity of its adoption, especially among subgroups with tuberculosis (TB) 
symptoms and advanced HIV disease (AHD), remain understudied in high-burden 
settings like rural KwaZulu-Natal (KZN), South Africa. This study describes the 
transition to DTG and examines the effect of TB and AHD (CD4 count < 200 
cells/mm3) on the likelihood of transitioning to DTG in rural KZN, South Africa.
METHODS: We conducted a longitudinal cohort analysis using routine HIV program 
data from 69,916 PLHIV aged ≥ 15 years attending 19 HIV clinics in rural KZN, 
between 1st October 2019, and December 31st 2023. Kaplan-Meier analysis 
estimated time to DTG transition, while a multivariate mixed-effect Cox 
proportional hazards model evaluated factors associated with transitioning to 
DTG.
RESULTS: Of the 69,916 PLHIV included in the cohort, 49,365 (70.6%) were female, 
and the median age of the PLHIV was 40 years (IQR: 32-49). By the end of the 
follow-up period, 70.9% (n = 49,598) of the PLHIV transitioned to DTG in 165,880 
person-years. The median time to DTG transition was 14 months among PLHIV 
without TB symptoms, compared to 22 months among those with TB symptoms. 
Similarly, PLHIV with CD4 counts ≥ 350 cells/mm³ transitioned at a median of 14 
months, while those with CD4 < 200 cells/mm³ transitioned 14 months later. The 
likelihood of transitioning to DTG was 22% lower among PLHIV with TB symptoms 
(aHR = 0.78, 95% CI: 0.76, 0.82) compared to their counterparts without TB 
symptoms, and 43% lower among PLHIV with AHD (aHR = 0.57, 95% CI: 0.54,1.59) 
compared to their counterparts without AHD.
CONCLUSION: Our analysis showed that over a quarter of the PLHIV in rural KZN 
remained on non-DTG-containing regimens by 31st December 2023. PLHIV coinfected 
with TB and having AHD transitioned at a slower pace than their counterparts.
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Central nervous system (CNS) tuberculosis is a rare but serious manifestation of 
Mycobacterium tuberculosis infection, especially in the paediatric population. 
We report a rare case of an eight year old male child from a suburban region 
presenting with intracranial tuberculomas, tubercular meningitis, and spinal 
hydrosyringomyelia (HSM). Magnetic Resonance Imaging (MRI) revealed multiple 
brain tuberculomas, basal exudates, abnormal meningeal enhancement, spinal HSM 
with features of arachnoiditis. The patient was operated for removal of 
tuberculomas and placement of ventriculo-peritoneal (V-P) shunt and responded 
well to antitubercular therapy and corticosteroids.Tuberculosis should be 
considered in the differential diagnosis in children presenting with unexplained 
neurological symptoms in endemic regions. Early neuroimaging is critical in 
avoiding morbidity and permanent neurological damage.
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α-Methylacyl-CoA racemase (AMACR; P504S) is a pivotal enzyme involved in the 
β-oxidation of branched-chain fatty acids and bile acid intermediates, 
catalyzing the conversion between (2R)- and (2S)-2-methylacyl-CoA thioester 
epimers. The AMACR reaction enables downstream catabolism of these thioesters 
via stereospecific enzymes within the β-oxidation pathway. The AMACR homolog in 
Mycobacterium tuberculosis (MCR) has emerged as a tractable model for dissecting 
the mechanistic underpinnings of the racemization reaction and presents a 
promising therapeutic target given the pathogen's dependence on lipid metabolism 
for persistence and virulence. Previously we reported the detailed molecular 
structure of wild-type MCR and in complex with a diverse set of acyl-CoA 
substrates. They revealed conserved active site residues that mediate substrate 
anchoring and epimerization and highlighted distinct molecular interactions that 
confer selectivity toward 2-methyl-branched substrates. Complementing these 
results, in this report we present high-resolution structures for 
2-arylthiopropanoyl-CoA inhibitors in complex with MCR and a comprehensive set 
of enzyme inhibition assays to delineate structure-activity relationships and 
probe competitive binding modes. Our findings underscore the importance of 
inhibitor side-chain branching and CoA anchoring in modulating enzymatic 
turnover and inhibition. Together, these data enhance our understanding of the 
racemization mechanism of MCR and establish a structural foundation for the 
rational design of selective inhibitors. Targeting MCR could represent a novel 
future therapeutic strategy for M. tuberculosis based on impairing fatty acid 
utilization.
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Acid-fast stains (AFS) remain indispensable in modern diagnostic microbiology; 
they are used for detecting mycobacteria (including Mycobacterium tuberculosis 
and Mycobacterium leprae), acid-fast parasites, and some acid-variable bacteria 
as well as in histopathology. Fluorescent AFS surpass brightfield AFS 
(Ziehl-Neelsen) in sensitivity, particularly when pathogen loads are low. 
However, latest evidence suggests that these stains target nucleic acids, 
whereas lipid-rich, intact cell walls merely prevent decolourisation; this 
evidence corrects the long-held assumption that AFS bind to mycolic acids. This 
mechanism explains morphological features, such as the characteristic beading in 
mycobacteria, with direct implications for training microscopists and advancing 
artificial intelligence-assisted image analysis. This mechanism also facilitates 
protocol enhancements, including the use of high-yield fluorochromes or novel 
approaches to reduce background fluorescence. The latest novel applications, 
such as the detection of a low number of Schistosoma spp eggs, exemplify the 
broader utility of AFS. Combined with artificial intelligence-based slide 
interpretation, these advances in understanding staining mechanisms and 
expanding diagnostic applications show that AFS remain an important diagnostic 
laboratory modality, with considerable potential for future improvements.
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RATIONALE: The United States (US) experienced a considerable decline in 
tuberculosis (TB) incidence in 2020 following the COVID-19 pandemic.
OBJECTIVES: While TB rates have since returned to near pre-pandemic levels, 
analyzing the pandemic's impact offers insight into TB epidemiology in the US.
METHODS: Focusing on California, Florida, New York, and Texas - the four states 
with the highest TB incidence - we explored three potential mechanisms of 
pandemic-related disruption on TB epidemiology: (i) reduced immigration; (ii) 
reduced Mtb transmission (through social distancing and other behavior changes); 
and (iii) delays in care-seeking. We used data on volume of non-immigrant 
arrivals and new permanent residents, Google mobility and US transit data, and 
data on volume of emergency department visits and cancer screenings to inform 
the magnitude of these effects at the state level, adapting previously developed 
state-specific transmission models. We then estimated the impact of each 
mechanism and projected future TB incidence through 2032.
MEASUREMENTS AND MAIN RESULTS: Disruptions to migration and care-seeking across 
all four states were considerable but short-lasting, with 70-90% reductions in 
the first four months of the pandemic that returned to pre-pandemic levels by 
2021. In contrast, transmission disruptions were moderate but more prolonged, 
with mobility still 10-20% lower than pre-pandemic in 2022. No statistical 
evidence was identified to favor models emphasizing immigration, transmission, 
versus access to care.
CONCLUSIONS: Revised projections for pandemic-related disruptions did not 
substantially differ from pre-pandemic projections beyond 2024. Future declines 
in TB incidence in the four states are likely to be small without additional 
interventions.
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BACKGROUND: Choroidal granuloma is one of the common manifestations of ocular 
tuberculosis. Tubercles indicate hematogenous dissemination of the disease. 
Tubercular granulomas respond to Anti-Tubercular Treatment (ATT) and systemic 
corticosteroids. However, in some patients with large granulomas involving 
macula, adjunct treatment with intravitreal anti-VEGF may be required for prompt 
management of the granuloma.
FINDINGS: We report a case of bilateral Tubercular granuloma in a patient with 
miliary Tuberculosis (TB). The patient was an immunocompetent young female with 
miliary tuberculosis. Mantoux was positive. HRCT chest suggested miliary TB. The 
patient was already on ATT. Clinical examination showed multiple TB granulomas 
in both eyes, with a large granuloma involving the fovea in the left eye. She 
underwent intravitreal injection of the anti-VEGF drug bevacizumab (1.25 mg/0.05 
mL) (off-label use) with moxifloxacin (500 µg/0.1 mL) (off-label use) in the 
left eye. She was continued on ATT and was started on oral steroids. After seven 
weekly intravitreal injections in the left eye at the second-month follow-up, 
lesions were consolidated and scarred. Optical coherence tomography showed a 
decrease in the size of the choroidal bump.
CONCLUSION: Weekly administration of intravitreal Anti-Vascular endothelial 
growth factor(VEGF) and moxifloxacin, along with ATT and oral corticosteroids, 
has controlled inflammation and has caused consolidation and scarring of TB 
granulomas in a patient with miliary TB.
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BACKGROUND: Quantitative markers of tuberculosis disease burden are essential 
for assessing treatment response and optimizing therapeutic strategies. This 
study evaluated the impact of antimicrobial plasma drug levels on 
time-to-positivity (TTP) trajectories in patients with drug-susceptible 
tuberculosis and explored the relationship between bacillary clearance and 
treatment outcomes.
METHODS: Patients with drug susceptible pulmonary tuberculosis initiating 
treatment were recruited in Worcester, South Africa. Weekly sputum samples were 
collected for 12 weeks, with bacterial load quantified using Mycobacterial 
Growth Indicator Tubes, yielding TTP. Nonlinear mixed-effects modeling was used 
to empirically describe longitudinal TTP, assessing rifampicin exposure and 
other participant characteristics as covariates. TTP trajectories were 
stratified by treatment outcomes to identify trends between change in TTP and 
outcome.
RESULTS: 402 participants were included, of whom 60% were male. Median age was 
37 years (IQR 26-48) and 90% had successful treatment outcomes (were cured or 
completed treatment) at 6 months with 3% who experienced treatment failure, 2% 
died, 1% transferred and 4% were lost to follow-up. Baseline smear grade and 
lung cavitation decreased baseline TTP. Higher rifampicin concentration area 
under the curve (AUC) was associated with faster longitudinal change in TTP, 
while lung cavitation and older age were associated with slower longitudinal 
change. Further, slower change in TTP during the first 12 weeks of treatment was 
linked to treatment failure at six months.
CONCLUSION: Our findings highlight the role of rifampicin plasma exposure in 
optimizing bacillary clearance and improving treatment outcomes, even within 
standard dosing regimens for drug-susceptible tuberculosis.
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Medicinal plants are a rich source of therapeutic agents. Tuberculosis (TB) is a 
highly infectious disease causing significant morbidity and mortality, primarily 
due to its causative agent, Mycobacterium tuberculosis. The incidence of TB is 
rising globally, exacerbated by the emergence of drug-resistant strains. 
Resistance has developed against first-line and second-line drugs, compli-cating 
TB control programmes and diminishing their effectiveness. The development of 
Multi-Drug-Resistant (MDR) and extensively-Drug-Resistant (XDR) strains of 
Mycobacterium tubercu-losis highlights the urgent need for novel anti-TB drugs 
with unique mechanisms of action. Medic-inal plants present promising 
alternative sources for TB treatment, especially for MDR and XDR strains. These 
plants produce various secondary metabolites, such as alkaloids, coumarins, 
flavo-noids, polyphenols, terpenoids, and quinones, which exhibit antimicrobial 
properties. These com-pounds, while not directly involved in the plant's growth 
and development, serve as defence mech-anisms and hold potential for TB control. 
According to the literature, phytochemical constituents with anti-tubercular 
activity have been identified in various plants. These phytochemicals show 
promise in treating MDR and XDR TB. This review provides an overview of the 
current synthetic drugs used for TB treatment and highlights the work done on 
anti-tubercular plants and their phyto-chemicals.
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OBJECTIVE: Post-pulmonary tuberculosis (post-PTB) sequelae, including impaired 
lung function, reduced exercise capacity, and diminished quality of life (QoL), 
pose significant challenges even after successful anti-tuberculosis treatment. 
While pulmonary rehabilitation (PR) is an established intervention for chronic 
respiratory diseases, its long-term effectiveness in post-PTB patients is not 
well-documented. This study aimed to evaluate the long-term impact of an 8-week 
outpatient PR program on respiratory function, exercise performance, and QoL in 
post-PTB patients.
MATERIAL AND METHODS: In a randomized controlled trial, 90 post-PTB patients 
aged ≥18 years were allocated to either the PR group or a control group. The PR 
program included supervised endurance and resistance training, breathing 
exercises, and patient education, delivered over 8 weeks. Primary outcomes, 
including the 6-minute walk distance (6MWD), Saint George's Respiratory 
Questionnaire (SGRQ), and pulmonary function tests, were assessed at baseline, 
immediately post-intervention, and at 12 months. Data were analyzed using 
repeated measures ANOVA.
RESULTS: The PR group demonstrated significant and sustained improvements across 
all measures. The 6MWD increased by 217 meters post-PR and remained 143 meters 
higher at 12 months (P < 0.05). SGRQ scores showed a 28-point reduction post-PR 
and a 32-point reduction at 12 months (P < 0.05). FEV1 improved by 41% post-PR, 
and by 45% at 12 months (P < 0.05). No significant changes were observed in the 
control group.
CONCLUSION: An 8-week PR program delivers long-term benefits in respiratory 
function, exercise capacity, and QoL in post-PTB patients. Incorporating PR into 
post-PTB care is a promising strategy to mitigate chronic sequelae and enhance 
patient outcomes.
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BACKGROUND: Studies on the tuberculosis pathogen Mycobacterium tuberculosis 
bacillus require a biosafety level 3 laboratory. This study aims to investigate 
the gender distribution of researchers working in the most hazardous 
tuberculosis laboratory.
METHODS: In this study, the original articles indexed in Web of Science between 
1970 and 2021, which include phenotypic testing methods in which the 
susceptibility results of drugs used in the treatment of tuberculosis are 
determined, were reviewed.
RESULTS: As a result of our analysis, it was found that female researchers were 
included as first name in the publications at a rate of 49%, unlike other fields 
of science, and 51% came from lower-middle-income and upper-middle-income 
countries. According to the incidence rates announced by the World Health 
Organization in the years when the articles were published, it was seen that 
female researchers participated in more studies in regions with a high incidence 
of tuberculosis to ('x̄' = 89.94).
CONCLUSION: According to our data, it was found that the proportion of female 
researchers was high in the laboratory with a high risk of contamination of 
biosafety level 3. The high proportion of female researchers in hazardous areas 
is striking.
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Mycobacterium tuberculosis is a model intracellular pathogen. The 
spatial-localization of M. tuberculosis inside macrophages is poorly defined. 
Here, we determine the spatial-localization of M. tuberculosis inside 
macrophages with reference to the nucleus. Few M. tuberculosis cells are 
perinuclear, while most are peripheral. Perinuclear M. tuberculosis are 
transported to lysosomes, have low Adenosine Triphosphate/Adenosine Diphosphate, 
are non-replicating, and tolerate front-line anti-tubercular medicines. M. 
tuberculosis pathogenicity determines its spatial location. Virulent M. 
tuberculosis strains are peripheral. However, avirulent M. tuberculosis strains 
or attenuated deletion mutants are transported to lysosomes in the perinuclear 
area. Early Secreted Antigenic Target-6 and Culture Filtrate Protein-10 play a 
critical role in inhibiting mycobacterial transport to the perinuclear space. 
Induction of centripetal transport of pathogenic M. tuberculosis-laden cargoes 
to perinuclear region enhances M. tuberculosis's delivery to the lysosomes and 
reduces mycobacterial growth. Interferon-γ directs M. tuberculosis to lysosomes 
by modulating their perinuclear localization. Interferon-γ upregulates 
Transmembrane protein 55B and JNK-interacting protein 4 via transcription factor 
EB. Increased transmembrane protein 55B and JNK-interacting protein 4 levels 
tether M. tuberculosis-laden cargoes to the dynein motor, causing their 
perinuclear delivery to lysosomes. These findings shed light on how 
mycobacterial metabolism, reproduction, and drug susceptibility are connected to 
virulence-guided spatial localization.
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Effective clearance of Mycobacterium tuberculosis (Mtb) requires targeting 
drug-tolerant populations within host macrophages. Here, we show that macrophage 
metabolic states govern redox heterogeneity and drug response in intracellular 
Mtb. Using a redox-sensitive fluorescent reporter (Mrx1-roGFP2), flow cytometry, 
and transcriptomics, we found that macrophages with high oxidative 
phosphorylation (OXPHOS) and low glycolysis harbor reductive, drug-tolerant Mtb, 
whereas glycolytically active macrophages generate mitochondrial ROS via reverse 
electron transport, imposing oxidative stress on Mtb and enhancing drug 
efficacy. Computational and genetic analyses identified NRF2 as a key regulator 
linking host metabolism to bacterial redox state and drug tolerance. 
Pharmacological reprogramming of macrophages with the FDA-approved drug 
meclizine (MEC) shifted metabolism towards glycolysis, suppressed redox 
heterogeneity, and reduced Mtb drug tolerance in macrophages and mice. MEC 
exhibited no adverse interactions with frontline anti-TB drugs. These findings 
demonstrate the therapeutic potential of host metabolic reprogramming to 
overcome Mtb drug tolerance.
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Tuberculosis (TB) is an insidious disease that has been around for many 
centuries. The advent of multidrug-resistant strains of TB has caused a 
significant setback in eradicating this disease; most importantly, there are 
limited safe therapeutics available to combat multidrug- and extensively 
drug-resistant (MDR and XDR, respectively) strains of TB, hence the race to find 
highly effective antitubercular drug candidates with little to no side effects. 
Herein, we report on the design, synthesis, and biological evaluation of 33 
novel heterobicyclic (imidazothiazole- and imidazopyrimidine-containing) 
carboxamide derivatives for their antitubercular properties. These compounds 
were designed based on reported anti-TB properties of indole-2-carboxamides, 
imidazo[1,2-a]pyridine-3-carboxamides, and 
imidazo[2,1-b]pyrimidine-5-carboxamides derivatives. This effort led to the 
discovery of compounds 21 (imidazothiazole-based) and 37 
(imidazopyrimidine-based), which showed excellent anti-TB activity against 
susceptible, MDR, and XDR-TB strains (MIC: 0.2-6.36 μM). Compound 21 also 
displayed excellent drug-like properties based on its pharmacokinetic profiles 
and is void of cytotoxicity to Vero cells at the highest tested concentration. 
Importantly, compounds 21 and 37 were found to be inactive against selected 
non-TB forming mycobacteria (MIC: >40 μM) and bacteria (both gram-negative and 
gram-positive microorganisms), indicating their selectivity for Mycobacterium 
tuberculosis.
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BACKGROUND: Reliance on complex, custom-built bioinformatics pipelines is a 
barrier to the implementation of whole-genome sequencing (WGS) of Mycobacterium 
tuberculosis in high-burden settings in some low-income and middle-income 
countries (LMICs). Automated analysis pipelines could address this inequity in 
access to WGS-based diagnostics and surveillance. This study aimed to 
systematically evaluate the performance and usability of publicly available WGS 
pipelines for M tuberculosis.
METHODS: We identified automated M tuberculosis WGS analysis pipelines through 
searches of PubMed and GitHub from database inception up to Aug 31, 2024. 
Accuracy, cost, accessibility, and scalability were assessed for each pipeline. 
We evaluated the accuracy of genotypic drug susceptibility testing (gDST) using 
publicly available sequences with phenotypic susceptibility data for 12 
antituberculosis drugs. We estimated pooled sensitivity and specificity for each 
pipeline, across all drugs, by conducting a bivariate meta-analysis, with random 
effects representing between-drug variability. Lineage classifications were 
compared, and a previously epidemiologically well-characterised dataset was used 
to compare measures of genomic relatedness.
FINDINGS: Among 28 candidate pipelines, 16 were excluded as they were 
unmaintained and inexecutable. 12 pipelines (11 compatible with Illumina and 
four compatible with Nanopore), all free to use, were included for evaluation. 
Six pipelines processed and stored data remotely, but for five of these six, 
scalability was limited by the need to upload sequences through web portals. For 
local processing pipelines, scalability was dependent on substantial local 
computational resources, data storage capacity, and command-line interfaces that 
limited user-friendliness. Only one of six remote-processing pipelines removed 
human DNA sequences before server upload. gDST was similarly accurate across ten 
of 11 Illumina-compatible pipelines and three of four Nanopore-compatible 
pipelines. All pipelines classified the main lineages consistently, although 
there were differences at sublineage resolution. Outputs from three of four 
pipelines reporting genomic relatedness were compatible with commonly cited 
single nucleotide polymorphism difference thresholds.
INTERPRETATION: Numerous automated analysis pipelines capable of enhancing 
equity in M tuberculosis WGS are available. Given the overall similarities 
between the pipelines evaluated in this study in terms of gDST performance, 
lineage classification, and genomic relatedness inference, non-functional 
attributes such as availability, accessibility, scalability, and privacy could 
represent the point of difference for prospective users in LMICs with a high 
burden of tuberculosis.
FUNDING: The Rhodes Trust, Wellcome, Ellison Institute of Technology, and the UK 
National Institute for Health and Care Research Oxford Biomedical Research 
Centre.

Copyright © 2025 The Author(s). Published by Elsevier Ltd.. All rights reserved.

DOI: 10.1016/j.lanmic.2025.101210
PMID: 41130253

20. Comput Biol Med. 2025 Oct 22;198(Pt B):111225. doi: 
10.1016/j.compbiomed.2025.111225. Online ahead of print.

Forecasting tuberculosis through mechanistic learning of transmission dynamics: 
Insights from a case study in India.

Ghosh A(1), Das P(2), Das SK(1), Das P(1), Upadhyay RK(3).

Author information:
(1)Department of Mathematics, Indian Institute of Engineering Science and 
Technology, Shibpur, West Bengal 711103, India.
(2)Department of Mathematics, Rajiv Gandhi National Institute of Youth 
Development, Sriperumbudur, Tamil Nadu 602105, India. Electronic address: 
parthasakha87das@gmail.com.
(3)Department of Mathematics and Computing, Indian Institute of Technology 
(Indian School of Mines), Dhanbad, Jharkhand 826007, India.

Tuberculosis continues to pose a significant global health issue, with India 
facing the most considerable burden. We develop and calibrate an SEIR-type model 
to understand disease dynamics and perform sensitivity analysis to pinpoint 
crucial parameters. The basic reproduction number acts as the epidemic 
threshold, while backward bifurcation highlights the dangers of reinfection and 
superinfection. To enhance forecasting, we merge mechanistic modeling with deep 
learning techniques, utilizing feedforward, recurrent, and memory-based 
networks. Evaluated on TB case data from India, these hybrid models outperform 
the SEIR baseline, with the gated recurrent unit best capturing residual trends 
and the feedforward network demonstrating robust generalization. This integrated 
framework enhances predictive accuracy and interpretability, providing a 
valuable tool for TB forecasting and aiding in targeted interventions.
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The occurrence of two mycobacterial infections, namely tuberculosis (TB) and 
leprosy, in an immunocompetent person is very uncommon. This case report 
describes a young female who initially presented with a neck swelling diagnosed 
as TB. Initially treated for TB, she later developed neurological symptoms, 
which led to the diagnosis of leprosy. Despite beginning leprosy treatment, her 
symptoms persisted, requiring the administration of steroids. Discussion 
highlights the complex relationship between TB and leprosy, where immune 
responses and treatments for one disease may affect the progression of the 
other.
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Silicosis, a progressive and irreversible pneumoconiosis resulting from 
crystalline silica particle inhalation, represents a significant occupational 
health burden in India. This condition disproportionately affects workers in 
high-risk industries, such as mining, construction, and manufacturing. Silicosis 
not only increases susceptibility to tuberculosis (TB) infection but also 
adversely impacts TB outcomes. Despite the long-established association between 
silicosis and TB, a clear understanding of the burden within the Indian context 
has remained unexplored. A thorough search of electronic databases was conducted 
to identify relevant studies reporting on the prevalence of silicosis, TB, and 
silico-tuberculosis (concurrent silicosis and TB). Data extraction and 
meta-analyses were conducted to estimate pooled prevalence proportions, 
employing random or fixed-effects models based on heterogeneity assessments. The 
analysis included four studies, encompassing 953 participants in the silicosis 
group and 959 participants in the TB group. Meta-analytical results yielded a 
pooled silicosis prevalence of 39.87 per 100 observations (95% CI: 21.43-58.31). 
TB in silicotic individuals was 40.99 per 100 observations (95% CI: 5.18-76.80), 
while the proportion of silico-tuberculosis cases was 8.74 per 100 observations 
(95% CI: 5.01-12.47). Notably, substantial inter-study heterogeneity was 
observed. This review reveals the prevalence of silicosis, 39.87 per 100 
observations, and TB among silicotic individuals was 40.99 per 100, with 8.74 
per 100 affected by silico-tuberculosis. These findings underscore the urgent 
need for enhanced occupational health measures and further comprehensive 
research across diverse Indian populations.
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Herein, we describe the design, synthesis, and evaluation of modified cyclic 
peptides based upon the privileged structure of the cyclic depsipeptide natural 
products, ohmyungsamycin and ecumicin, that target Mycobacterium tuberculosis 
(Mtb) caseinolytic-like protein 1 (ClpC1). Simplified analogues featuring 
substitution at three sites (l-Thr-3, N-Me-l-Trp-9, and/or the N-terminus) were 
designed and synthesized via a novel and robust strategy, employing an 
oxazolidine-protected C-terminal amino acid, to enable late-stage, 
epimerization-free, solution-phase macrolactamization. Lead analogues had 
nanomolar affinity for the ClpC1 N-terminal domain (NTD), possessed potent 
activity against Mtb in vitro and were shown to inhibit protein degradation by 
the mycobacterial ClpC1:ClpP1P2 protease with an associated enhancement of ClpC1 
ATPase activity. The most promising analogue from the series exhibited prolonged 
bactericidal killing activity against Mtb without the emergence of resistance 
and retained activity in an in vivo zebrafish model of mycobacterial infection.
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Mycobacterium tuberculosis (Mtb), the leading cause of infectious disease 
mortality from a single pathogen, requires essential metal ions to establish 
infection and persist in the host. Kupyaphores, a suite of recently identified 
amphiphilic diisocyanolipopeptides, were reported to assist with ZnII 
acquisition to support a multitude of ZnII-dependent metalloenzymes critical for 
Mtb's survival and pathogenicity. However, compared to well-studied FeIII 
acquisition systems in Mtb, the mechanisms for ZnII acquisition and homeostasis 
remain virtually unexplored. Herein, we reveal them as novel metal ionophores in 
Mtb's metal-fluctuating lipidic niche. A concise modular scalable synthesis was 
developed to assess the critical features required for activity. Synthetic 
kupyaphores were structurally and functionally validated, respectively, via LCMS 
and chemical complementation of kupyaphore-deficient (Δrv0101) Mtb. MS, NMR, and 
IR evidence demonstrated that kupyaphores complex ZnII as a bidentate ligand. 
Fluorescence competition data indicated ZnII/CuI/II binding capabilities, by 
which Mtb entraps excessive metals within o/w-type micelles against host-induced 
metal intoxication. The inhibition against Gram-positive Staphylococcus aureus 
and the low human toxicity imply the potential as a novel antibacterial 
scaffold. Collectively, this work provides insight into the ZnII/CuI/II 
homeostasis of Mtb and a chemical basis for the development of mechanistic 
tools, therapeutic conjugates against Mtb, and antibiotics.

DOI: 10.1021/jacs.5c13262
PMID: 41128264

28. Cochrane Database Syst Rev. 2025 Oct 23;10(10):CD013359. doi: 
10.1002/14651858.CD013359.pub4.

Xpert MTB/RIF Ultra assay for tuberculosis disease and rifampicin resistance in 
children.

Kay AW(1), Madison M(2), Scandrett K(3), Ness T(4), Amuge P(5), Inbaraj LR(6), 
Sathya Narayanan MK(7), González Fernández L(4), Eisenhut M(8), Ismail N(9), 
Korobitsyn A(9), Verkuijl SE(9), Brands A(9), Viney K(9), Masini T(9), 
Mandalakas AM(1), Steingart KR(10), Takwoingi Y(3).

Author information:
(1)The Global Tuberculosis Program, Texas Children's Hospital, Section of Global 
Health, Department of Pediatrics, Baylor College of Medicine, Houston, Texas, 
USA.
(2)Global TB Program, Baylor College of Medicine, Mbabane, Eswatini.
(3)Department of Applied Health Sciences, University of Birmingham, Birmingham, 
UK.
(4)The Global Tuberculosis Program, Texas Children's Hospital, Section of Global 
and Immigrant Health, Department of Pediatrics, Baylor College of Medicine, 
Houston, Texas, USA.
(5)Joint Clinical Research Center, Research Directorate, Lubowa, Uganda.
(6)ICMR - National Institute for Research in Tuberculosis, Chennai, India.
(7)Epidemiology, ICMR-National Institute for Research in Tuberculosis, Chennai, 
India.
(8)Paediatric Department, Luton & Dunstable University Hospital NHS Foundation 
Trust, Luton, UK.
(9)Global Programme on Tuberculosis and Lung Health, World Health Organization, 
Geneva, Switzerland.
(10)Honorary Research Fellow (retired), Department of Clinical Sciences, 
Liverpool School of Tropical Medicine, Liverpool, UK.

Update of
    doi: 10.1002/14651858.CD013359.pub3.

BACKGROUND: In 2023, an estimated 1.3 million children (aged 0-14 years) became 
ill with tuberculosis, and 166,000 children (aged 0-15 years) died from the 
disease. Xpert MTB/RIF Ultra (Xpert Ultra) is a molecular World Health 
Organization (WHO)-recommended rapid diagnostic test that detects Mycobacterium 
tuberculosis complex and rifampicin resistance. This is an update of a Cochrane 
review first published in 2020 and last updated in 2022. Parts of the current 
update informed the 2024 WHO updated guidance for the diagnosis of tuberculosis.
OBJECTIVES: To assess the diagnostic accuracy of Xpert Ultra for detecting 
pulmonary tuberculosis, tuberculous meningitis, lymph node tuberculosis, and 
rifampicin resistance in children (aged 0-9 years) with presumed tuberculosis.
SEARCH METHODS: We searched the Cochrane Central Register of Controlled Trials 
(CENTRAL), MEDLINE, Embase, three other databases, and three trial registers 
without language restrictions to 6 October 2023.
SELECTION CRITERIA: For study design, we included cross-sectional and cohort 
studies and randomized trials that evaluated Xpert Ultra in HIV-positive and 
HIV-negative children aged birth to nine years. Regarding specimen type, we 
included studies evaluating sputum, gastric, stool, or nasopharyngeal specimens 
(pulmonary tuberculosis); cerebrospinal fluid (tuberculous meningitis); and fine 
needle aspirate or surgical biopsy tissue (lymph node tuberculosis). Reference 
standards for detection of tuberculosis were microbiological reference standard 
(MRS; including culture) or composite reference standard (CRS); for stool, we 
considered Xpert Ultra in sputum or gastric aspirates in addition to culture. 
Reference standards for detection of rifampicin resistance in sputum were 
phenotypic drug susceptibility testing or targeted or whole genome sequencing.
DATA COLLECTION AND ANALYSIS: Two review authors independently extracted data 
and assessed methodological quality using the tailored QUADAS-2 tool, judging 
risk of bias separately for each target condition and sample type. We conducted 
separate meta-analyses for detection of pulmonary tuberculosis, tuberculous 
meningitis, lymph node tuberculosis, and rifampicin resistance. We used a 
bivariate model to estimate summary sensitivity and specificity with 95% 
confidence intervals (CIs). We assessed certainty of evidence using the GRADE 
approach.
MAIN RESULTS: This update included 23 studies (including 9 new studies since the 
previous review) that evaluated detection of pulmonary tuberculosis (21 studies, 
9223 children), tuberculous meningitis (3 studies, 215 children), lymph node 
tuberculosis (2 studies, 58 children), and rifampicin resistance (3 studies, 130 
children). Seventeen studies (74%) took place in countries with a high 
tuberculosis burden. Overall, risk of bias and applicability concerns were low. 
Detection of pulmonary tuberculosis (microbiological reference standard) Sputum 
(11 studies) Xpert Ultra summary sensitivity was 75.3% (95% CI 68.9% to 80.8%; 
345 children; moderate-certainty evidence), and specificity was 95.9% (95% CI 
92.3% to 97.9%; 2645 children; high-certainty evidence). Gastric aspirate (12 
studies) Xpert Ultra summary sensitivity was 69.6% (95% CI 60.3% to 77.6%; 167 
children; moderate-certainty evidence), and specificity was 91.0% (95% CI 82.5% 
to 95.6%; 1792 children; moderate-certainty evidence). Stool (10 studies) Xpert 
Ultra summary sensitivity was 68.0% (95% CI 50.3% to 81.7%; 255 children; 
moderate-certainty evidence), and specificity was 98.2% (95% CI 96.3% to 99.1%; 
2630 children; high-certainty evidence). Nasopharyngeal aspirate (6 studies) 
Xpert Ultra summary sensitivity was 46.2% (95% CI 34.9% to 57.9%; 94 children; 
moderate-certainty evidence), and specificity was 97.5% (95% CI 95.1% to 98.7%; 
1259 children; high-certainty evidence). Xpert Ultra sensitivity was lower 
against CRS than against MRS for all specimen types, while the specificities 
were similar. Extrapulmonary tuberculosis Meta-analysis was not possible for 
lymph node tuberculosis and tuberculous meningitis due to low study numbers. 
Interpretation of results For a population of 1000 children, where 100 have 
pulmonary tuberculosis: In sputum: • 112 would be Xpert Ultra positive, of whom 
75 would have pulmonary tuberculosis (true positives) and 37 would not (false 
positives). • 888 would be Xpert Ultra negative, of whom 863 would not have 
pulmonary tuberculosis (true negatives) and 25 would have pulmonary tuberculosis 
(false negatives). In gastric aspirate: • 151 would be Xpert Ultra positive, of 
whom 70 would have pulmonary tuberculosis (true positives) and 81 would not 
(false positives). • 849 would be Xpert Ultra negative, of whom 819 would not 
have pulmonary tuberculosis (true negatives) and 30 would have pulmonary 
tuberculosis (false negatives). In stool: • 85 would be Xpert Ultra positive, of 
whom 68 would have pulmonary tuberculosis (true positives) and 17 would not 
(false positives). • 915 would be Xpert Ultra negative, of whom 883 would not 
have pulmonary tuberculosis (true negatives) and 32 would have pulmonary 
tuberculosis (false negatives). In nasopharyngeal aspirate: • 68 would be Xpert 
Ultra positive, of whom 46 would have pulmonary tuberculosis (true positives) 
and 22 would not (false positives). • 932 would be Xpert Ultra negative, of whom 
878 would not have pulmonary tuberculosis (true negatives), and 54 would have 
pulmonary tuberculosis (false negatives). Detection of rifampicin resistance 
Three studies with 76 children evaluated detection of rifampicin resistance 
(sputum only); two of these studies reported no cases and one reported 
rifampicin resistance in two children.
AUTHORS' CONCLUSIONS: Xpert Ultra sensitivity was moderate in sputum, gastric 
aspirate, and stool specimens. Nasopharyngeal aspirate had the lowest 
sensitivity. Xpert Ultra specificity was high against both MRS and CRS. We were 
unable to determine the accuracy of Xpert Ultra for detecting tuberculous 
meningitis, lymph node tuberculosis, and rifampicin resistance due to a paucity 
of data.
FUNDING: This update was funded through WHO.
REGISTRATION: The protocol for this review was originally published through 
Cochrane in 2019. The protocol for this update was a generic protocol that 
consolidated previously published Cochrane protocols of Xpert Ultra for 
tuberculosis detection and can be accessed at https://osf.io/26wg7/. Protocol 
(2019) DOI: 10.1002/14651858.CD013359 Original review (2020) DOI: 
10.1002/14651858.CD013359.pub2 Review update (2022) DOI: 
10.1002/14651858.CD013359.pub3.
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Mycobacterium tuberculosis, the causative agent of TB is responsible for extreme 
mortality and morbidity across the globe. The bacteria have evolved multiple 
strategies for their successful prevalence. The emergence of MDR-TB has 
established the importance of eliciting host-pathogen interactions at cellular 
and molecular levels. Various pattern recognition receptors play determinant 
roles when encountering M. tb infection. Here we investigated the regulation of 
key defense responses from Dectin-1 and Mincle during mycobacterial infection in 
THP-1 derived macrophages, the long-term hosts for mycobacteria. Our data 
indicate that infection of THP-1 macrophages with either M. bovis BCG or M. tb 
H37Rv increases the surface expression of Dectin-1 and Mincle. This increase 
translated directly to increased intracellular bacterial survival within 
macrophages. Likewise, M. bovis BCG infection of human PBMC derived macrophages 
also led to an increased expression of Dectin-1 and Mincle. Stimulation of 
Dectin-1 or Mincle along with BCG infection induces suppressor responses such as 
an attenuated oxidative burst and mitochondrial membrane potential intactness. 
In addition, decreased apoptosis and autophagy induction was also observed 
following stimulation of Dectin-1 and Mincle. Conversely, RNAi mediated 
knockdown of Dectin-1 or Mincle reversed the above responses resulting in higher 
oxidative burst, mitochondrial membrane potential disruption, increased 
mitochondrial reactive oxygen species production and increased apoptosis. This 
results in a significant decrease in intracellular mycobacterial survival. These 
results point towards a well-orchestrated strategy of fine-tuning host's defense 
machinery of Dectin-1 and Mincle adopted by mycobacteria to suppress protective 
responses mounted against it and prepare the macrophages for prolonged 
persistent infection.
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Determination of pharmaceuticals in biological matrices is crucial for 
pharmaceutical development, toxicological studies, and therapeutic drug 
monitoring. Accurate quantification of drugs in plasma requires reliable 
analytical techniques; however, the complexity of biological fluids hinders 
direct analysis without an effective sample preparation step. In this study, 
Fe₃O₄ was synthesized using mussel-inspired magnetic molecularly imprinted 
polymer nanoparticles (MIP NPs) through a single-step auto-polymerization 
process with levofloxacin as the template and methyldopa as the monomer. The 
integration of Fe₃O₄ core synthesis, self-polymerization, and molecular 
imprinting in a single step provides a unique and streamlined methodology, 
reducing fabrication complexity and time. The prepared Fe₃O₄@MIP NPs were 
successfully applied to extract levofloxacin from spiked human plasma. 
UV-spectroscopy studies confirmed selective recognition, binding efficiency, and 
optimization of recovery conditions, achieving approximately 93.5% recovery. The 
Fe₃O₄@MIP NPs demonstrated significant imprinting capability and high adsorption 
capacity. This approach offers a novel and cost-effective platform for rapid, 
selective drug extraction from complex biological matrices, with direct clinical 
relevance for therapeutic drug monitoring of levofloxacin in multidrug-resistant 
tuberculosis, particularly suited for resource-limited settings.

© 2025. The Author(s).

DOI: 10.1186/s13065-025-01641-9
PMCID: PMC12548232
PMID: 41126269

31. BMC Health Serv Res. 2025 Oct 22;25(1):1388. doi: 10.1186/s12913-025-13413-1.

"Differentiated care is not a matter of feasibility but a necessity"- service 
providers' perception on initiating a comprehensive tuberculosis care package 
(CCp-K) to reduce deaths in Kerala, India.

Vaman RS(1), Selvaraj K(2), Nair D(3), Valamparampil MJ(#)(4), Vannadil A(#)(5), 
Vincent J(#)(6), Sudha RR(#)(7), Mamachan S(#)(7), Nair GC(#)(7), Radhakrishnan 
AK(#)(6), Melfha J(8), Jeyakumar A(9), Shewade HD(8).

Author information:
(1)District Hospital, Kanhangad, Kasaragod, Kerala, India. 
ramanvaathapi@gmail.com.
(2)Department of Community and Family Medicine, All India Institute of Medical 
Sciences, Madurai, Tamil Nadu, India.
(3)Division of Clinical Research, ICMR-National Institute for Research in 
Tuberculosis, Chennai, Tamil Nadu, India.
(4)Sree Chitra Tirunal Institute for Medical Sciences and Technology, 
Trivandrum, Kerala, India.
(5)Department of Community Medicine, Bangalore Medical College and Research 
Institute, Bangalore, India.
(6)Department of Community Medicine, Amala Institute of Medical Sciences, 
Thrissur, Kerala, India.
(7)Department of Community Medicine, SUT Academy of Medical Sciences, 
Trivandrum, Kerala, India.
(8)Division of Health Systems Research, ICMR-National Institute of Epidemiology, 
Chennai, Tamil Nadu, India.
(9)ICMR-School of Public Health, ICMR-National Institute of Epidemiology, 
Chennai, Tamil Nadu, India.
(#)Contributed equally

BACKGROUND: Kerala reports one of the highest case fatality rates and high 
prevalence of comorbidities and risk factors among persons with tuberculosis 
(PwTB). We developed a comprehensive care model (CCp-K) focusing on triaging 
persons with tuberculosis for severe illness, uncontrolled diabetes, alcohol and 
nicotine dependence at diagnosis, and ensuring inpatient care and follow-up. In 
the pre-implementation phase, we explored the barriers, facilitators, and 
perceived suggestions in the design and implementation of CCp-K from various 
interest holders for sustainable implementation.
METHODS: We conducted an interest holder mapping and using the Power-Interest 
matrix of Mendelow, we purposively selected key interest holders at the district 
and state level. In-depth interviews were conducted using an interview guide by 
trained interviewers until data saturation was achieved. The audio recordings 
were transcribed, translated, and analysed using a framework-guided thematic 
analysis approach.
RESULTS: Twelve interest holders participated in the interview, which included 
nine men and three women. The interviews lasted for a mean duration of 74 min 
(SD = 22). A total of 33 codes were generated and categorized under five themes: 
(i) perception on TB deaths (ii) relevance of CCp-K differentiated TB care 
model, (iii) perceived feasibility and enablers of implementing CCp-K, (iv) 
perceived barriers, and (v) perceived suggestions for the model and its 
delivery. The interest holders perceived that while delayed diagnosis 
contributes to TB mortality, the CCp-K model can bridge critical gaps in 
post-diagnosis care, particularly through early triaging and comorbidity 
management to reduce TB deaths. The robust healthcare infrastructure of Kerala, 
local governments and community involvement, and cross-adaptation opportunities 
from previous successful models were perceived as facilitators. The lack of 
nodal treatment centres, stigma among healthcare workers, social vulnerability, 
and competing priorities were perceived as major barriers.
CONCLUSIONS: The interest holders perceived the CCp-K model to be relevant and 
feasible. However, Kerala should overcome the barriers of inadequate inpatient 
referral centers by establishing designated TB care facilities, leveraging 
existing collaboration with private partnerships, and strengthening the social 
support system.
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Tuberculosis (TB) remains the foremost cause of death from infectious diseases 
globally, prompting ongoing efforts to improve treatment options. This includes 
developing compounds with novel modes of action and identifying optimal 
treatment regimens that allow for treatment shortening. One promising strategy 
involves targeting cytochrome bc1 oxidase in Mycobacterium tuberculosis, a key 
enzyme in the respiratory chain. In this study, we evaluate the potential of 
cytochrome bc1 inhibitors as partner drugs in TB combination regimens. Using a 
relapsing mouse model, we demonstrate that these inhibitors enhance regimen 
sterilisation and significantly reduce the time required for effective 
treatment. We also propose several novel combination strategies for both 
multidrug-resistant and drug-sensitive TB, where cytochrome bc1 inhibitors 
contribute to sterilisation and improved treatment outcomes. Furthermore, M. 
tuberculosis clinical isolates exhibited heightened susceptibility to cytochrome 
bc1 inhibitors compared to laboratory-adapted strains, highlighting the 
importance of using clinical isolates in TB drug discovery to better reflect the 
diversity of TB populations. These findings emphasise the potential of 
cytochrome bc1 inhibition in the development of more effective and shorter 
treatment regimens for TB, supporting the need for further clinical 
investigation.
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BACKGROUND: Delayed pulmonary tuberculosis (TB) diagnosis, especially with 
limited bronchoscopy resources, worsens outcomes and increases transmission 
risks. Sputum induction offers a non-invasive and effective alternative. We 
investigated whether adding nebulized bronchodilators improves sputum induction 
effectiveness for presumed pulmonary TB.
METHODS: In a randomized controlled trial at King Chulalongkorn Memorial 
Hospital, Thailand, 204 adults with presumed pulmonary TB and negative Xpert 
MTB/RIF Ultra results or inadequate sputum production were enrolled between July 
and October 2024. Participants were randomly assigned to conventional sputum 
induction (3% hypertonic saline alone; n=101) or bronchodilator-enhanced 
induction (nebulized bronchodilator plus 3% hypertonic saline; n=103). The 
primary outcome was TB diagnosis by Xpert MTB/RIF assay.
RESULTS: TB detection rates by Xpert MTB/RIF were significantly higher in the 
bronchodilator-enhanced group (30.1%; number needed to diagnose [NND]=4) versus 
the conventional group (17.8%; NND=6), with a 12.3% difference (RR, 1.68; 95%CI, 
1.01-2.80). The group receiving bronchodilator co-administration showed a trend 
towards higher mycobacterial culture positivity (RR 1.49; 95%CI 0.93-2.41) and a 
lower need for bronchoscopy (RR 0.41; 95%CI 0.15-1.12). They also experienced 
fewer adverse events and required fewer induction attempts, significantly 
assisting us to be able to provide early treatment to the patients (median 4.5 
vs. 14 days; p<0.01). Subgroup analysis revealed a significant benefit among 
outpatients (RR 1.86; 95%CI 1.00-3.48).
CONCLUSION: Bronchodilator-enhanced sputum induction demonstrated superiority 
over conventional induction, with higher diagnostic yield, fewer adverse events, 
fewer invasive procedures, and significantly earlier TB treatment initiation, 
supporting its potential as a new standard for TB diagnosis.
CLINICAL TRIALS REGISTRATION: Thai Clinical Trials Registry (TCTR20240709001), 
registered on July 9, 2024.
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OBJECTIVE: To analyze tuberculosis cases in the international border region 
between the state of Santa Catarina, Brazil, and the province of Misiones, 
Argentina, from 2009 to 2021.
METHODS: This was a time series study with geocoding of the average tuberculosis 
incidence rates of reported tuberculosis cases. Choropleth maps were plotted to 
identify the spatial distribution pattern and verify changes between the 
pre-COVID-19 pandemic period (2009 to 2019) and the full study period (2009 to 
2021). Global and local Moran indices were used for spatial analyses, and 
segmented linear regression using the joinpoint regression method was employed 
for temporal analysis.
RESULTS: We identified a heterogenous tuberculosis spatial distribution pattern, 
positive spatial autocorrelation in both periods (Moran's index 0.177 and 0.178; 
p-value 0.020), presence of spatial clusters and non-significant changes in 
temporal trends, were not significant, average annual percentage change was 4.0 
and the 95% confidence intervals ranged from -1.7 to 10.0. There was no change 
in case recording during the COVID-19 pandemic. Being adult and of the male sex 
were predominant characteristics of the patients.
CONCLUSION: No significant changes in the temporal trend of incidence were 
detected, but spatial clusters of the high-high type (municipality and 
neighboring areas with high incidence) were located in Argentina and low-low 
clusters (municipalities and neighboring areas with low incidence) in Brazil.
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Tuberculosis (TB)-related deaths are preventable, yet research on co-infections 
primarily focuses on human immunodeficiency virus (HIV)-positive patients, 
leaving a gap for HIV-negative individuals. Early clinical monitoring is vital 
for reducing mortality, but research lacks clear links between mortality 
scoring, microbiological data, and prognostic factors. Despite early mortality 
being absent among our participants, we found prognostic markers such as 
comorbidity, smear-negative TB, high bacterial load, and bacterial co-infection 
correlated with elevated CABI scores.
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BACKGROUND: To study the unfavorable outcomes of tuberculosis treatment, 
presenting individual, social, and program vulnerabilities in homeless, 
HIV-infected individuals and individuals living in areas of high social 
vulnerability in the city of São Paulo.
METHODS: Cases were reported, confirmed, and monitored using the tuberculosis 
control program in the city of São Paulo. Social vulnerability was assessed 
using the São Paulo Social Vulnerability Index (SVI). Individuals analyzed in 
the study with more than one vulnerability condition were allocated to more than 
one vulnerability group, and the outcomes were analyzed separately. The 
reference category included the remaining cases. The following outcomes were 
examined: death, treatment abandonment, tuberculosis recurrence, and drug 
resistance.
RESULTS: A total of 14,221 cases reported in 2019 and 2021 were studied; 11,322 
lived in areas of high social vulnerability, 2,753 were HIV-infected, and 1,388 
were homeless (the total exceeded 14,221, given that there were individuals with 
more than one vulnerability). All groups had higher incidence, prevalence, and 
mortality rates, as well as a higher risk of unfavorable outcomes. The risks 
were highest for homeless individuals, followed by HIV-infected individuals and 
those living in areas of high social vulnerability.
CONCLUSIONS: Compared to individuals without the analyzed vulnerabilities, we 
found that unfavorable tuberculosis treatment outcomes were associated with 
different types of vulnerabilities, reflecting individual, social, and program 
vulnerabilities. Although the individuals studied had access to treatment, 
several vulnerabilities impacted the likelihood of successful treatment and 
challenged the tuberculosis control.
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INTRODUCTION: Tuberculous meningitis is frequently associated with significant 
mortality and persistent neurological sequelae. Diagnosis is often delayed due 
to nonspecific symptoms and the low sensitivity of cerebrospinal fluid (CSF) 
tests. Standard pulmonary tuberculosis regimens are suboptimal for central 
nervous system involvement due to poor drug penetration and prolonged treatment. 
Emerging resistance, particularly to rifampicin and isoniazid, further 
complicates the management.
AREAS COVERED: This review synthesizes recent data particularly on diagnostic 
tools, drug treatment, host-directed treatments, and supportive care in 
tuberculous meningitis. We summarize updated WHO recommendations and explore the 
pharmacokinetics and CSF penetration of antituberculosis drugs. Emphasis is 
placed on high-dose rifampicin, linezolid, and novel oxazolidinones such as 
sutezolid and delpazolid. Special populations, including children, pregnant 
women, those with human immunodeficiency virus, and drug-resistant disease are 
reviewed separately. The latest information of a variety of host-directed 
therapies is discussed. The utility of artificial intelligence for diagnosis and 
prognostication is also discussed.
EXPERT COMMENTARY: Despite advances, tuberculous meningitis remains a clinical 
challenge. Early diagnosis, optimized dosing, and host-directed therapy are key 
priorities. Individualized regimens based on pharmacokinetics, drug resistance, 
and host factors are urgently needed. Precision diagnostics, new therapeutic 
agents, and artificial intelligence - driven tools may reduce mortality and 
improve outcomes.
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Cytochrome P450 121A1 (CYP121A1) of Mycobacterium tuberculosis is involved in 
the essential synthesis of mycocyclosin from its substrate, dicyclotyrosine 
(cYY). As such, CYP121A1 continues to garner significant interest as a drug 
target. In this study, all-atom molecular dynamics simulations have been 
employed to investigate the behavior of bound cYY in wild-type CYP121A1, as well 
as mutants of the active site aromatic residues F168 and W182 that have 
previously been characterized in vitro. Of note, simulated changes in cYY 
orientation align closely with changes in CYP121A1 catalysis described in vitro. 
For example, the mutant W182Y allows cYY to achieve proximity to the heme, which 
we posit models a catalytically relevant binding mode. Interestingly, a similar 
binding mode was observed for a single CYP121 protomer in simulations of the 
intact dimer. These findings, including in vitro analysis of the active site 
mutation R386N, inform a model of the multistep dynamics of bound cYY and 
address multiple unresolved questions raised in prior studies while also 
informing the development of future drug design by highlighting additional 
orientations of bound cYY that correlate with CYP121A1 function.
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BACKGROUND: Tuberculosis (TB) disproportionately affects people deprived of 
liberty (PDL). Prior studies have shown higher TB treatment completion rates 
among PDL compared to the general population. However, little is known about how 
incarceration-related movements such as transfers between facilities and 
releases to the community affect TB treatment outcomes.
METHODS: We linked person-level incarceration data with TB notifications data 
from the Notifiable Disease Information System for the Brazilian state of Mato 
Grosso do Sul between January 2006 and December 2018. We constructed a cohort of 
PDL who were newly diagnosed with drug-susceptible TB and initiated treatment. 
We compared treatment outcomes between individuals who remained in the same 
carceral facility and those who were transferred to other facilities or released 
from incarceration during treatment. We computed the covariate-adjusted relative 
risk of unfavorable treatment outcomes for individuals transferred or released 
during treatment.
RESULTS: We identified 1261 PDL who initiated TB treatment. Of these 
individuals, 842 (66.8%) remained in the same carceral facility, 256 (20.3%) 
were transferred to other facilities, and 163 (12.9%) were released to the 
community during treatment. Among those who remained in the same carceral 
facility, 72.9% (614/842) were successfully treated within 8 months following 
treatment initiation. In contrast, only 61.7% (158/256) of those who were 
transferred and 50.3% (82/163) of those who were released achieved TB treatment 
success within 8 months. After adjusting for covariates, the risk of unfavorable 
treatment outcomes was 1.4 (95% CI: 1.2 to 1.7) times as high for individuals 
transferred to other facilities and 1.6 (95% CI: 1.3 to 2.0) times as high for 
individuals released from incarceration, compared to those who remained in the 
same facility during treatment. For individuals released less than 2 months into 
treatment, the risk of unfavorable treatment outcomes was twice as high 
(adjusted relative risk [aRR]: 2.1, 95% CI: 1.6-2.7).
CONCLUSIONS: Transfers between facilities and releases from incarceration are 
common and may pose barriers to TB treatment completion. Strategies for ensuring 
continuity of care across carceral facilities and between prison and community 
health systems are urgently needed to improve TB outcomes for individuals 
impacted by incarceration.
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BACKGROUND: Coronavirus Disease 2019 (COVID-19) has been linked to 
thromboembolic complications, especially in severely ill patients. Intracardiac 
thrombi are uncommon and pose a very high risk. Coinfection with tuberculosis 
(TB) may worsen the prothrombotic state and complicate treatment. A 21-year-old 
male patient from Afghanistan developed active pulmonary tuberculosis (TB) and 
COVID-19. He had a large, mobile thrombus in the right atrium and an acute 
pulmonary embolism (PE), but no deep vein thrombosis (DVT). He received 
remdesivir, anti-TB medication, anticoagulation, and underwent a successful 
surgical embolectomy. At a nine-month follow-up, he remained symptom-free.
CONCLUSION: This case highlights the rare occurrence of a right atrial thrombus 
in COVID-19, possibly exacerbated by TB co-infection. Early detection and 
tailored treatment, including surgery, are crucial to lowering mortality in 
these high-risk patients, but further research is needed to establish optimal 
management strategies and confirm the role of TB in thrombotic complications.
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BACKGROUND: Multidrug-resistant and rifampicin-resistant tuberculosis 
(MDR/RR-TB) represents a major public health threat and a significant obstacle 
to global TB control. Analysing trends and forecasting future patterns is 
critical for effective resource planning. However, the application of predictive 
modelling for MDR/RR-TB has not been widely explored in Ethiopia.
OBJECTIVE: This study aimed to analyse the temporal trends and develop a 
forecasting model for MDR/RR-TB cases recorded at treatment initiation centres 
in Northeast Ethiopia between 2015 and 2023.
METHODS: A retrospective study of all MDR/RR-TB cases diagnosed from January 
2015 to December 2023 in Northeast Ethiopia was conducted using data retrieved 
from six treatment initiation centers (TIC) registries. Data were collected via 
Kobo Toolbox and analysed with SPSS v27 for descriptive statistics. Seasonal 
ARIMA models were developed in R to assess trends and generate forecasts, with 
model selection based on AIC, BIC, and residual diagnostics. Data quality was 
ensured through verification and consistency checks.
RESULTS: From an initial 409 identified individuals, 372 were included in the 
final analysis after excluding transferred cases. Annual case counts 
demonstrated instability, with a notable rise between 2017 and 2019 (up to 
63.6%) and a distinct decline during 2020-2021, followed by a sharp increase in 
early 2022. A clear seasonal pattern was observed, with case troughs occurring 
in August and peaks during the dry season (Bega), followed by a decline in 
December.
CONCLUSION: MDR/RR-TB case trends in Northeast Ethiopia exhibited significant 
fluctuations over the study period. The pronounced decline in 2020-2021 was 
likely attributable to service disruptions from the COVID-19 pandemic and 
regional conflict, while the subsequent surge may reflect a recovery of case 
detection efforts and the conflict's impact on transmission. TB control programs 
should prioritize high-risk seasonal periods and ensure resilient systems for 
timely diagnosis and treatment access amidst external shocks.
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BACKGROUND: Rifampicin-resistant / Multidrug-resistant tuberculosis (RR/MDR-TB), 
remains a major global health challenge, exacerbated by socioeconomic factors, 
poor treatment outcomes, and rising drug resistance. In response, RR/MDR-TB care 
has been decentralised to district hospitals in uMkhanyakude Health District to 
improve treatment access. This study aimed to assess treatment outcomes of 
patients receiving the nine-month short regimen for RR/MDR-TB in uMkhanyakude 
District from 2018 to 2022, and to identify socio-demographic and clinical 
factors associated with treatment success or failure.
METHODS: A retrospective cross-sectional study was conducted among patients aged 
18 years and older who received a nine-month short-course RR/MDR-TB treatment 
regimen at decentralised facilities in KwaZulu-Natal's uMkhanyakude District 
from 2018 to 2022. Data were collected through clinical chart reviews, and 
descriptive statistics and multivariable regression analysis were used to 
identify predictors of treatment outcome.
RESULTS: Among 375 RR/MDR-TB patients on nine-month short-course therapy, 50.1% 
(n = 188) were Males. Most patients 39.5%, (n = 148) were aged 35-51 years. The 
treatment success rate was 81.3% (n = 305), with 48.8% (n = 183) cured and 32.5% 
(n = 122) completing treatment without a confirmed bacteriological cure. 
Unsuccessful treatment outcomes occurred in 18.7% (n = 70) of patients, 
including deaths 3.2% (n = 12), treatment failures 3.7% (n = 14), loss to 
follow-up was 6.7% (n = 25) and treatment interruption leading to unsuccessful 
outcomes in 5.1% (n = 19). Occupational status, treatment interruption, and 
adverse drug reactions (ADRs) were significant predictors of treatment failure. 
Employed patients had higher odds of failure (aOR = 10.5, p = 0.001). Shorter 
treatment interruption (1 month) was protective (OR = 0.02, p = 0.001). ADRs 
increased the risk of failure (OR = 4.2, p = 0.001).
CONCLUSION: The treatment success rate for patients on the RR/MDR-TB nine-month 
short-course in uMkhanyakude District was high. Being employed was identified as 
a significant predictor of treatment failure, emphasising the need for targeted 
interventions for employed individuals. Further research is needed to explore 
Directly Observed Treatment (DOT) options for employed patients.
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BACKGROUND: Tuberculosis (TB) remains a significant public health challenge in 
Ethiopia, despite ongoing efforts to enhance detection and treatment. 
Understanding the local TB incidence and treatment outcomes is essential for 
developing targeted control strategies. This study aimed to assess TB incidence 
and treatment outcomes over a five-year period in the Tarmaber district of the 
North Shewa Zone, Ethiopia.
METHODS: A five-year retrospective data were collected from TB registry books at 
Debre-Sina and Armanya Health Centers between January 1, 2014, and December 31, 
2018. The study included 221 individuals diagnosed and treated under Directly 
Observed Treatment Short-course program. The study used passive case finding at 
the health centers, consistent with routine DOTS service delivery. Data on 
demographic characteristics, TB classification, HIV status, and treatment 
outcomes were extracted and analyzed using SPSS version 20. Descriptive 
statistics and chi-square tests were conducted to assess TB trends and 
associations with significance set at p < 0.05.
RESULTS: Among a total of 1,291 presumptive TB screened over five-years study 
period, 221 cases (17.1%) were confirmed as active tuberculosis. Of the 221 
individuals suffering from TB, 79.2% had pulmonary TB (35.7% smear-positive and 
43.4% smear-negative), and 19.9% had extra-pulmonary TB. It was more prevalent 
among males (52.5%) and individuals aged from 15 to 44 years (62%). Urban 
residents accounted for 56.6% of cases. The overall TB/HIV co-infection rate was 
19%, with the majority (11.3%) being smear-negative. The average case detection 
rate for smear-positive TB was 35.8%, and the treatment success rate across the 
study period was 86.4%. A slight increase in TB incidence was observed in 2017.
CONCLUSION: The study revealed a declining trend in TB incidence alongside 
relatively high treatment success rates. However, the low detection rate for 
smear-positive TB and the rising trend of TB/HIV co-infection highlights the 
need for strengthened diagnostic capacity, improved screening, and integrated 
TB/HIV services in the district.
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BACKGROUND: Even though HIV-TB co-infection is an emerging public health issue 
among migrants in European countries, the number of related articles has shown a 
decreasing trend.
METHODS: To better estimate the extent of this problem, we analyzed 34 articles 
reporting both prevalence and odds ratio for HIV-TB co-infection in migrants in 
European countries. Heterogeneity analysis was conducted to assess potential 
bias, and a random-effects model was used to calculate the effect size.
RESULTS: The overall prevalence of HIV-TB co-infection was 9% (95%CI: 7% - 11%) 
in foreign-born individuals, with higher rates observed in specific subgroups: 
14% (95%CI: 5% - 33%) in those from Sub-Saharan Africa, which is higher than the 
overall average, and 4% (95%CI: 2% - 7%) in those from Latin America, which is 
lower than the overall average. Compared to the native-born European population, 
foreign-born individuals had a twofold increased risk of HIV-TB co-infection, 
with a threefold increased risk for those from Sub-Saharan Africa.
CONCLUSIONS: Our meta-analysis results highlight the disproportionate burden of 
HIV-TB co-infection among foreign-born people in Europe, particularly those from 
Sub-Saharan Africa.
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PURPOSE: Tuberculosis (TB) continues to afflict global health. Therefore, a 
deeper understanding of the host response mechanisms that underly pathogenesis 
versus disease control upon infection with Mycobacterium tuberculosis (Mtb) is 
required to leverage the development of improved therapeutic or prophylactic TB 
treatment regimens. In the present work positron emission tomography (PET) using 
[18F]DPA714 is piloted as a tracer of the mitochondrial translocator protein 
TSPO that mainly targets macrophages.
PROCEDURES: We compared two tracers: [18F]DPA714 to the widely applied marker 
[18F]FDG to visualize the development of experimental pulmonary TB in three 
rhesus monkeys (Macaca mulatta), that were infected with Mtb by repeated low 
dose exposure. Next to baseline recordings prior to infectious challenge, two 
PETs at a two-weeks interval were acquired early after the manifestation of TB 
infection for each of the respective tracers.
RESULTS & CONCLUSIONS: Here, we demonstrate that both PET tracers detected Mtb 
infection. The inflammatory response tracked by [18F]FDG progressively increased 
in line with the developing TB pathology, while [18F]DPA714 showed a transient 
signal in lungs and lung-draining hilar lymph nodes. This study underpins the 
potential value of different tracers to investigate cellular and molecular host 
response cascades in experimental medicine settings, in this case, into a 
(transient) local involvement of myeloid immune cell activation versus 
inflammation-associated glucose consumption in pulmonary TB.
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Rifampicin-Resistant Tuberculosis (RRTB) is associated with a high risk of 
mortality during treatment. This study aims to describe the baseline 
characteristics associated with incidence of mortality in persons with 
rifampicin-resistant tuberculosis (P-RRTB) in a rural setting in Mozambique. We 
analyzed cohort data collected retrospectively from paper medical files and 
electronic medical records of P-RRTB who were routinely treated at Carmelo 
Hospital of Chokwe (Gaza province, Mozambique), from 1st January 2015 to 31st 
December 2020. Kaplan-Meier survival curves and adjusted Cox regression analyses 
were used to model the time to death and associated factors of mortality. 
Overall, 151 P-RRTB contributed to a total number of 1812 person-months (PM) of 
treatment follow-up. The overall mortality rate was 1.9 per 100 person-months 
(95% confidence interval [CI]: 1.3-2.1). Adjusted Cox regression predicted 
higher risk of mortality in those treated with injectable anti-RRTB second line 
drugs (SLD), (adjusted hazard ratio [aHR] 3.72, 95% CI 1.23-11.22, p = 0.020), 
had a parenchymal lesion with more than 50% fibrosis (aHR 3.06, 95% CI 
1.38-6.79, p = 0.006), presented right ventricular dysfunction on the 
echocardiogram with venous assessment (aHR 3.18, 95% CI 1.15-8.83, p = 0.026), 
and manifested baseline hemoglobin (Hgb) = 8.0-9.9 g/dL (aHR 2.82, 95% CI 
1.09-7.27, p = 0.032), as well Hgb < 7.9 g/dL (aHR 3.06, 95%CI 1.24-7 0.51, 
p = 0.015). However, lower risk of mortality was predicted in those who had an 
optimal immunovirological response to ART (aHR 0.18, 95% CI 0.04-0.93, 
p = 0.040). Kaplan-Meier analysis showed higher cumulative incidence of 
mortality after 3 months of follow-up, above 26% in those with immunovirological 
failure to ART therapy (p = 0.006), 45% with Hgb < 7.9 g/dL (p < 0.001), 23% in 
treated with injectables-based drugs (p = 0.03), 39% with parenchymal 
lesion > 50% fibrosis on the chest X-ray (p < 0.001), 56% with right ventricular 
dysfunction (p = 0.003). Mortality risk among P-RRTB was higher in those with 
anemia, injectable anti-RRTB medications, lung lesions > 50% fibrosis, and right 
ventricular dysfunction.
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BACKGROUND: The development of non-sputum-based tests is an urgent priority to 
increase access to tuberculosis (TB) diagnostic testing. Understanding 
preferences of people undergoing testing is critical for designing tests and 
strategies aligned with their needs.
METHODS: We conducted a survey and best-worst scaling (BWS) exercise to 
determine relative preferences for tongue swab-based versus sputum-based testing 
among people (≥13 years) with presumptive TB at primary health centres in 
Vietnam and Zambia. The BWS assessed 16 TB test features, including accuracy, 
sample type, turnaround time, cost and service aspects. We estimated mean 
rescaled preference weights, our primary outcome, using Hierarchical Bayes 
modelling and identified distinct preference groups using latent class 
multinomial logit analyses (LCA).
RESULTS: Among 409 participants enrolled, 356 (87%) met quality criteria for 
analysis. The median age of participants was 39 years (IQR 29-47), and most were 
female (60.7%). When asked directly, most participants preferred providing 
tongue swabs over sputum (58.1% vs 28.7%, p<0.001; 12.4% no preference). In the 
BWS exercise, tongue swab was also preferred over sputum (mean rescaled 
preference weights (MPWs) 6.4, 95% CI 5.9 to 6.8 vs 5.0 95% CI 4.6 to 5.4). 
However, support and counselling (MPW=14.0), sensitivity (MPW=12.3), specificity 
(MPW=10.2) and provider attitude (MPW=7.4) were the most important features 
overall. Less important features included facility opening hours (MPW=3.4) and 
the influence of trusted sources on testing decisions (MPW=2.2). LCA identified 
five distinct preference groups, but support and counselling were universally 
valued. Participants in Groups 2 (27.3%; n=97) and 3 (17.1%; n=61) valued tongue 
swabs over many other features. Group 5 participants (11%; n=39) strongly valued 
sputum-based testing.
CONCLUSIONS: Participants in Vietnam and Zambia preferred tongue swab-based TB 
testing over sputum. However, sample type was less important than test accuracy 
and other TB care features affecting the testing experience.
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BACKGROUND: We assessed the coverage of molecular drug susceptibility testing 
(mDST) among patients with pulmonary multidrug/rifampicin-resistant tuberculosis 
(MDR/RR-TB) in South Korea and identified factors influencing the lack of mDST 
implementation.
METHODS: This retrospective study included patients with pulmonary MDR/RR-TB who 
initiated tuberculosis (TB) treatment between January 2015 and September 2021. 
Data were obtained from the K-TB-N cohort, an integrated national TB database 
linking three datasets. We assessed mDST coverage, temporal trends and factors 
associated with the lack of mDST implementation. mDST was defined as the use of 
the Xpert MTB/RIF assay or line probe assay (LPA) for isoniazid and rifampicin 
(first-line LPA).
RESULTS: In total, 4637 patients were included in the analysis. Of the 4637 
patients, 1342 (28.9%) did not undergo mDST; whereas, 3295 (71.1%) underwent 
mDST. Over the study period, a statistically significant annual increase in mDST 
coverage was observed, escalating from 49.1% in 2015 to 96.9% in 2021 (p<0.001). 
Throughout the study, the coverage of the Xpert MTB/RIF assay remained lower 
than that of LPA (22.1% vs 64.2%, p<0.001). Multivariable logistic regression 
analysis identified several factors independently associated with a decreased 
likelihood of mDST being conducted, including TB treatment initiation in 
secondary general hospitals, small hospitals or primary clinics, as well as in 
non-public-private mix (PPM) participating institutions. In addition, transfers 
between PPM-participating and non-participating institutions during the 
treatment period and sputum acid-fast bacilli smear-negative status were 
significantly associated with lower mDST uptake.
CONCLUSION: Although the increasing mDST coverage is a positive development, 
further efforts are needed to achieve nationwide and universal implementation, 
particularly for the Xpert MTB/RIF assay, in South Korea.
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BACKGROUND: Individuals with weakened immune systems, such as those living with 
Human Immunodeficiency Virus (HIV), are more vulnerable to opportunistic 
bacterial infections, which include tuberculosis and pneumonia. This systematic 
review and meta-analysis looked at the pooled prevalence of opportunistic 
bacterial infections among people living with HIV in different regions of 
Ethiopia.
METHODS: By looking through open online databases, articles written in English 
were considered. Joanna Briggs Institute's critical appraisal tool for 
prevalence study was used to check the quality of each article. Inverse variance 
(I2), sensitivity analysis, funnel plot, and Egger's regression tests were used 
to check heterogeneity and publication bias. Because of a high heterogeneity, a 
random-effects model was used to estimate the pooled prevalence of opportunistic 
bacterial infections among people living with HIV.
RESULTS: About 18.06% (1824/9651) with (95% CI: 14.09-22.02) of the pooled 
population had opportunistic tuberculosis from 20 studies included, while from 
16 included studies, the pneumonia infection was 11.64% (1040/8095/) with (95% 
CI: 8.45-14.83).
CONCLUSION: The prevalence of tuberculosis and pneumonia among people living 
with HIV in Ethiopia is high. Therefore, policymakers and health planners should 
put a great deal of emphasis on the implementation of relevant prevention and 
control measures.
REGISTRATION: The review was registered in the International Prospective 
Register of Systematic Reviews (PROSPERO) with the registration number 
"CRD42024587645", on September 17, 2024.

Copyright: © 2025 Aemiro et al. This is an open access article distributed under 
the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the 
original author and source are credited.
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Tuberculous meningitis (TBM) treatment outcomes are poor, partly due to 
suboptimal drug penetration into the cerebrospinal fluid (CSF). Little is known 
about the CSF pharmacokinetics of many TB drugs, both established and new. This 
study investigated the CSF penetration of cycloserine (administered as 
terizidone) and clofazimine, two core second-line drugs for drug-resistant 
tuberculosis (TB). We recruited participants with pulmonary drug-resistant TB, 
but without TBM, receiving terizidone and/or clofazimine for at least 2 weeks 
and collected serial plasma samples and a single CSF sample. Drug concentrations 
were quantified with validated liquid chromatography-tandem mass spectrometry 
methods. Pharmacokinetic parameters were determined using noncompartmental 
analysis, and population pharmacokinetic modeling was used to estimate the 
partition coefficient and equilibration half-life. Data were available from 27 
participants, with a median age of 36 (range 20-60) and a weight of 52 kg (30-73 
kg), who contributed 216 plasma and 27 CSF samples. The plasma pharmacokinetics 
of both drugs was in line with previous reports. Terizidone, measured as 
cycloserine, achieved CSF exposure of 69% relative to plasma, with plasma and 
CSF concentrations equilibrating with a half-life of 4.7 hours. Clofazimine CSF 
penetration was 0.13% of plasma exposure, with an equilibration half-life of 
55.4 hours. Cycloserine and clofazimine concentrations in CSF approximated their 
estimated unbound (active) concentration in plasma, thus suggesting good 
penetration of the unbound drug into the CSF, supporting their potential use in 
TBM regimens. This study demonstrates a feasible and reproducible method for 
effective assessment of CSF drug penetration for CNS infections.
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Drug tolerance allows bacteria to survive extended exposure to bactericidal 
drugs and is thought to play a role in drug resistance evolution. In 
Mycobacterium tuberculosis (Mtb), the causative agent of tuberculosis (TB), 
multidrug-resistant TB outbreaks are frequently caused by strains belonging to 
two phylogenetic lineages of the human-adapted strains of the Mtb complex, 
namely, lineages (L) 2 and L4. We hypothesized that members of L2 and L4 are 
more intrinsically drug tolerant and, as such, more readily evolve drug 
resistance. To explore this, we devised a high-throughput in vitro assay to 
measure drug tolerance in Mtb. We selected a cohort of strains representative of 
the globally most frequent lineages, L1-L4. We measured tolerance to rifampicin 
and bedaquiline and found L3 and L4 strains to have higher tolerance compared to 
L1 and L2 strains. In addition, phylogenetically closely related strains 
exhibited similar levels of tolerance, suggesting that tolerance is heritable. 
Finally, we explored genes previously reported to be associated with tolerance 
in Mtb and found significant enrichment in mutations in genes involved in cell 
wall and cell processes, intermediary metabolism and respiration, as well as 
lipid metabolism in high-tolerance strains.
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Africa's vast genetic diversity poses challenges for optimising drug treatments 
in the continent, which is exacerbated by the fact that drug discovery and 
development efforts have historically been performed outside Africa. This has 
led to suboptimal therapeutic outcomes in African populations and overall 
scarcity of relevant pharmacogenetic data, including characteristic genotypes as 
well as drugs prescribed in the continent to treat infectious diseases. Here, we 
propose a general approach to identify drug-gene pairs with potential 
pharmacogenetic interest. Our pipeline couples machine learning and artificial 
intelligence with physiologically-based pharmacokinetic (PBPK) and non-linear 
mixed effects (NLME) modelling to hypothesize which pharmacogenes could be of 
potential clinical interest, and which dose adjustments could be made to provide 
better treatment outcomes for African populations. Drug-gene pairs are first 
ranked with the latest knowledge embedding techniques, based on public 
structural and bioactivity data for drugs and genes, followed by a large 
language model-based refinement. Selected genes are then evaluated for their 
sensitivity in PBPK analysis, and relevant variants subsequently inspected with 
NLME for dose optimization. The analysis is focused on genes with potential 
clinical relevance in Africa. We delve deeper into malaria and tuberculosis 
therapies, many of which remain uncharacterised from a pharmacogenetic 
perspective.
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BACKGROUND: Mycobacterium tuberculosis lineages exhibit variability in 
geographic distribution, transmissibility, and disease phenotype. Ethiopia is 
one of the countries with the highest prevalence of tuberculosis. The aim of 
this study was to summarize the proportion of lineages and sublineages by drug 
resistance profile and TB type.
METHODS: The results were reported in accordance with the PRISMA guidelines. The 
study protocol was registered with ID CRD42024498336. Studies reporting Mtb 
lineages and sublineages with drug resistance profiles published between March 
2010 and June 2024 were included. I² was used to evaluate heterogeneity. A 
p-value less than 0.05 and an I² value greater than 75% indicated significant 
heterogeneity.
RESULTS: A total of 5554 Mycobacterium tuberculosis strains were included from 
32 studies. The percentage of East African Indian was 26.8% (95% CI: 22.6-30.6), 
and Euro-American was 64.1% (95% CI: 59.6-68.4) among all TB cases. In studies 
that included only multidrug- or rifampicin-resistant cases, the percentage of 
East African Indian was 33.78% (95% CI: 27.81-39.74), while Euro-American was 
52.96% (95% CI: 41.32-64.61). Euro-American, followed by East African-Indian, 
was the predominant lineage across locations and TB types; however, East 
African-Indian was significantly higher in the Amhara region for both pulmonary 
TB and extra-pulmonary TB (EPTB) than in Addis Ababa. As defined by 
spoligotyping, T3ETH (28.22%), CAS1-Kili (18.13%), and T1 (11.54%) were the 
three most common sublineages among MDR/RR TB cases, while CAS1-Delhi (20.23%), 
T1 (16.71%), and T3ETH (13.50%) were the most common among susceptible cases.
CONCLUSION: The three most prevalent Mtb sublineages significantly contribute to 
the TB and drug resistance epidemic; such data are vital for prioritizing 
contact tracing. The variation in EAI percentage among EPTB cases across regions 
likely reflects the influence of genetic variation on the prevalence of EPTB. 
This suggests a need for genomic surveillance to inform the development of more 
targeted interventions.
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The QuantiFERON-TB Gold Plus (QFT-Plus) replaced the QuantiFERON-TB Gold in-tube 
(QFT-GIT) in 2016 to increase assay sensitivity, based on the role of 
Mycobacterium tuberculosis-specific CD8+ T cells in the host response to 
tuberculosis infection (TBI). The QFT-Plus incorporates a fourth tube (TB2 tube) 
in addition to the TB antigen tube of the QFT-GIT (TB1 tube). The TB2 tube 
contains shorter peptides from early secretary antigenic 6 kDa (ESAT-6) and 
culture filtrate protein 10 (CFP-10) to stimulate CD8+ T cells as well as long 
peptides contained in the TB1 tube. Evidence that Mycobacterium 
tuberculosis-specific CD8+ T cells preferentially recognize heavily infected 
cells has generated interest in the QFT-Plus CD8+ T cell response (taking 
TB2-TB1 interferon-gamma [IFN-γ] >0.6 IU/mL as a threshold for CD8+ response) as 
a marker for TB disease and for recent TBI. We retrospectively analyzed the CD8+ 
responses in the QFT-Plus results of contacts screened at the Singapore TB 
Contact Clinic from January 2018 to October 2018. We found significantly higher 
proportions of contacts with TB2-TB1 IFN-γ >0.6 IU/mL among those with TB 
disease (28.8% vs 12.6%, P < 0.0001) and Stringent Converters (23.3% vs 12.6%, P 
< 0.0001) compared to All Others with TBI. Median TB2-TB1 IFN-γ values were also 
significantly higher in those with TB disease (0.13 vs 0.06 IU/mL, P < 0.0001) 
and Stringent Converters (0.17 vs 0.06 IU/mL, P = 0.036) compared to All Others 
with TBI. Our findings add to the evidence that the CD8+ response measured by 
the QFT-Plus assay may predict TB disease and recent TB 
infection.IMPORTANCEEvidence that Mycobacterium tuberculosis-specific CD8+ T 
cells preferentially recognize heavily infected cells has generated interest in 
the QuantiFERON-TB Gold Plus (QFT-Plus) CD8+ T cell response as a marker for 
tuberculosis (TB) disease and for recent TB infection. Taking TB2-TB1 
interferon-gamma >0.6 IU/mL as a threshold for CD8+ response, we found CD8+ T 
cell response to be associated with TB disease and stringent QFT-Plus conversion 
in a cohort of contacts screened under our country's national program. This adds 
to the evidence for the potential utility of this marker to identify persons who 
would benefit from further investigations for TB disease and those with recent 
infection who would be candidates for TB preventive treatment.
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Bovine tuberculosis (bTB) is a globally neglected zoonotic disease. In several 
low- and middle-income countries (LMIC), limited bTB surveillance and 
technologies to minimise milk-borne zoonoses put dairy consumers at high risk of 
bTB infection. Surprisingly, LMIC consumers are seldom investigated, which 
represents a significant knowledge gap that undermines existing efforts to 
mitigate zoonotic tuberculosis. We conducted a cross-sectional study in Bhutan 
where bTB control measures are lacking and raw dairy is widely consumed to 
assess dairy consumers' awareness and their knowledge, attitudes, and practices 
(KAP) regarding bTB. We enrolled 347 participants at the eight milk outlets 
operating in the capital city to determine the level of awareness about bTB 
among this group and characterise their KAP towards bTB. Only 17.3 % of the 
participants had heard of bTB. Majority (90.1 %) of them knew there is treatment 
of tuberculosis (TB) in Bhutan and TB is curable (72.5 %). However, 70.1 % had 
misconception that infected people cannot appear healthy, and only 12 % knew bTB 
is zoonotic. Only 26 % and 24 % perceived milk and dairy products as high risk 
respectively compared to 56.5 % for meat and 85.8 % for consuming diseased 
animals. Over 80 % of participants reported consumption of milk and dairy 
products daily or weekly, 25 % consuming primarily raw or insufficiently boiled 
milk. Only a few consumers knew of bTB and its zoonotic potential (n = 42; 12 %, 
Confidence Interval 95 %: 8.9 %-16 %). Regarding health practices, 60 % had 
annual check-ups, 15.3 % had TB testing, 5.2 % had TB treatment, and vaccination 
status was uncertain. Unsupervised classification of the data using Generalised 
Low-Ranking Models revealed that most variability was explained by three 
demographic factors, a few attitudes towards bTB infection risk, and milk and 
dairy product consumption frequency. Our findings reveal a widespread lack of 
awareness and low-risk perception regarding milk-borne bTB among consumers. 
These results are consistent with findings in other LMICs and highlight that 
dairy consumers likely represent a blind spot in current efforts to mitigate the 
adverse effects of bTB in these settings.
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PURPOSE: Ocular tuberculosis (OTB) poses significant challenges in treatment 
because of its complex diagnostic and therapeutic landscapes. Predicting 
treatment failure effectively is crucial for timely intervention and improving 
patient outcomes. We report the application of machine learning (ML) approaches 
to (i) allow predictions using baseline data and (ii) dynamically update 
predictions based on patient history and new observations.
METHODS: The Collaborative Ocular Tuberculosis Study (COTS) was a multinational 
retrospective study encompassing data from 836 patients with tubercular uveitis 
across 27 international eye care centers. This study evaluated the performance 
of nine ML models to predict treatment failure at six, 12, and 24 months using 
baseline and longitudinal data. Metrics such as area under the curve (AUC), 
precision, accuracy, F1-score, and model complexity were reported. Top features 
and their importance were identified using XGBoost, with weight of evidence and 
information value calculated to enhance interpretability.
RESULTS: Data were collected from 836, 769, and 418 patients at six, 12, and 24 
months, respectively. XGBoost and Random Forest (RF) models consistently showed 
superior performance across all timepoints. At 6 months, XGBoost achieved an AUC 
of 0.915 ± 0.019 and accuracy of 0.879 ± 0.027. At 12 months, RF outperformed 
with an AUC of 0.921 ± 0.011 and accuracy of 0.944 ± 0.022. At 24 months, RF 
maintained high accuracy (0.960 ± 0.029) despite a slight drop in AUC (0.888 ± 
0.099). Deep Neural Networks and TT-net models were underfitted.
CONCLUSIONS: ML models like XGBoost and RF demonstrate promise for early and 
accurate prediction of treatment failure in OTB, with explainability tools 
enhancing clinical interpretability.
TRANSLATIONAL RELEVANCE: This study bridges basic ML research and clinical care 
by offering explainable, performance-driven models that support real-time, 
data-informed treatment decisions in managing OTB, potentially improving 
long-term outcomes.
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BACKGROUND: Mongolia is a high burden country for multidrug- or 
rifampicin-resistant tuberculosis (MDR/RR-TB). The implementation of systematic 
household TB contact investigation has been very limited despite policy 
recommendations. We implemented a community-based approach to MDR/RR-TB contact 
screening and management.
METHODS: We conducted a prospective implementation study in the nine districts 
of Ulaanbaatar and 10 other provinces. Community health workers (CHWs) were 
trained to identify and screen household contacts of patients with confirmed 
pulmonary MDR/RR-TB. Initial screening included symptom assessment for all with 
chest radiography for adult contacts or tuberculin skin test (TST) for child or 
young adolescent contacts (<15 years). Follow-up visits to households were 
conducted quarterly for 12 months. Six months of daily levofloxacin (6Lfx) was 
offered to eligible contacts, i.e. <15 years, TST-positive and without disease.
FINDINGS: Of 99 people with pulmonary MDR/RR-TB, 349 household contacts were 
identified and 347 (99.4%) were screened by CHWs at initial home-based visit. 
Contact screening coverage remained high (>98%) for each quarterly visit up to 
12 months of follow-up. TB was diagnosed in 17 contacts (4.9%); ten from initial 
screen, seven from follow-up screen and 12 (71%) were children or adolescents. 
Four contacts were diagnosed with bacteriologically confirmed MDR/RR-TB and two 
died. 6Lfx was initiated in 15 (43%) of 35 eligible contacts who all completed 
therapy without interruption.
INTERPRETATION: A decentralized model for the screening and management of 
MDR/RR-TB contacts implemented by trained CHWs has wider potential for 
increasing TB detection and prevention in Mongolia and the region.
FUNDING: John Burge Trust and National Health and Medical Research Council, 
Australia.
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OBJECTIVES: Treated pulmonary tuberculosis (PTB) is associated with long-term 
complications that contribute to substantial morbidity and mortality. We 
estimated the incidence and predictors of post-PTB mortality and evaluated 
whether chronic pulmonary aspergillosis (CPA) independently increases the risk 
of death.
METHODS: Between July 1, 2020 and June 30, 2021, we enrolled 162 individuals 
with treated drug-susceptible PTB who had persistent respiratory symptoms and 
screened them for CPA using a symptom checklist, chest x-ray, Aspergillus 
immunoglobulin G-immunoglobulin M point-of-care test, and sputum culture. 
Between November and December 2024, we followed up all participants via phone 
calls to determine their vital status. On chest X-ray, PTB was classified as 
minimal, moderate, and far advanced disease based on involvement of one, two, or 
more zones, respectively, and coupled to unilateral or bilateral lung disease. 
Cox proportional hazards regression was used to identify independent predictors 
of mortality.
RESULTS: Thirty-seven (22.8%) participants were lost to follow-up. The median 
follow-up duration was 3.8 years (interquartile range 3.6-3.9). Of the 125 
participants with vital status, their mean age was 33.5 years (±11.7). At 
baseline, 46 (36.8%) had far advanced PTB, 64 (51.2%) had pulmonary fibrosis, 15 
(12.0%) had a history of previous TB, and 34 (27.2%) were living with HIV. 
Coinfection with PTB and CPA was identified in 31 participants at baseline 
(24.8%). The median St. George's respiratory questionnaire score was 50.9 
(interquartile range 40.9-63.3), and 32.0% (n = 40) had scores above 60, 
indicating poor health-related quality of life. Overall mortality was 8.8% (95% 
confidence interval [CI] 4.4-15.2%), with a mortality rate of 24.3 deaths per 
1000 person-years of follow-up. Mortality rates were comparable among 
participants with and without CPA-PTB coinfection. Independent predictors of 
mortality included a St. George's respiratory questionnaire score >60 (adjusted 
hazard ratio = 2.01; 95% CI 1.49-2.72; P <0.001) and HIV infection (adjusted 
hazard ratio = 3.04; 95% CI 1.46-6.34; P = 0.029).
CONCLUSIONS: Post-PTB mortality remains high, with poor health-related quality 
of life and HIV co-infection emerging as significant independent predictors of 
death. Integrating long-term follow-up, respiratory rehabilitation, and fungal 
diagnostics into post-TB care pathways is essential to improve outcomes and 
reduce preventable mortality.
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Granulomatous prostatitis is a rare benign inflammatory condition that may 
closely mimic prostate cancer on imaging. We report the case of a 71-year-old 
man who developed granulomatous prostatitis following intravesical Bacillus 
Calmette-Guérin (BCG) therapy for non-muscle-invasive bladder cancer. 
Post-treatment PSA elevation, prompted multiparametric MRI, which revealed a 
PI-RADS 5 lesion in the transitional zone of prostate- a rare location for such 
lesions. Targeted transperineal biopsy confirmed non-specific granulomatous 
prostatitis, with PCR analysis detecting Mycobacterium tuberculosis complex DNA. 
This case underscores the diagnostic challenge of distinguishing granulomatous 
prostatitis from prostate cancer, particularly in patients with a history of 
Bacillus Calmette-Guérin (BCG) therapy.

© 2025 The Authors. Published by Elsevier Inc. on behalf of University of 
Washington.

DOI: 10.1016/j.radcr.2025.09.016
PMCID: PMC12537544
PMID: 41127465

62. Open Forum Infect Dis. 2025 Sep 29;12(10):ofaf611. doi: 10.1093/ofid/ofaf611. 
eCollection 2025 Oct.

Safety of Bacillus Calmette-Guérin Vaccination and Impact on HIV-1 Latent 
Reservoir Size in People With Treated HIV-1 Infection.

West E(1), Chaudron SE(1), Russenberger D(1), Grube C(1), Metzner KJ(1)(2), 
Neumann K(1), Tschumi J(1)(2), Kälin M(1), Tutumlu TK(1), Dollé C(1), Kouyos 
RD(1)(2), Günthard HF(1)(2), Braun DL(1)(2), Nemeth J(1).

Author information:
(1)Department of Infectious Diseases and Hospital Epidemiology, University 
Hospital Zurich, University of Zurich, Zurich, Switzerland.
(2)Institute of Medical Virology, University of Zurich, Zurich, Switzerland.

BACKGROUND: Bacillus Calmette-Guérin (BCG) vaccination, used against 
tuberculosis, is recognized for its immunomodulatory properties, a phenomenon 
referred to as "trained immunity." Given these effects, there is increasing 
interest in evaluating its safety and impact on immune function in people living 
with HIV-1 (PWH). Historically, BCG was contraindicated in PWH due to safety 
concerns in immunocompromised individuals. This study aims to assess both the 
safety of BCG in PWH and its effects on the HIV-1 latent reservoir size.
METHODS: This Phase IIA randomized, double-blind, placebo-controlled, 
single-center trial enrolled 60 PWH with a suppressed viral load and CD4 T-cell 
count >350/μL. Participants were randomized in a stepped-wedge design into equal 
groups for early or late BCG vaccination. Each participant received a single 
intradermal dose of BCG vaccine followed by a placebo 3 months later, or vice 
versa. The HIV-1 latent reservoir was quantified at 3-month intervals to day 
270. The primary endpoint was the HIV-1 reservoir size 6 months postvaccination, 
with secondary endpoints including safety outcomes.
RESULTS: No significant differences were found in intact proviral HIV-1 DNA 
levels at 6 months compared to baseline. Local reactions occurred in 96% of 
participants, leading to scarring in 73%. No systemic infections or serious 
BCG-related adverse events were observed.
CONCLUSIONS: BCG vaccination is safe in PWH, but local skin reactions including 
scarring are common. There was no significant effect on the HIV-1 reservoir. 
These findings provide valuable insights into the safety profile of BCG 
vaccination in PWH, emphasizing its potential for broader immunological studies.
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Tuberculosis (TB), caused by Mycobacterium tuberculosis, remains a significant 
global public health concern, including in Iraq. This study investigated the 
epidemiology, molecular characteristics, and rifampicin resistance-associated 
mutations of pulmonary TB in Sulaymaniyah, Iraq, from May 2024 to May 2025. A 
total of 77 confirmed pulmonary TB cases were identified, yielding an incidence 
rate of 9.09 per 100,000 inhabitants. This rate is notably lower than those 
reported in other Iraqi cities and may reflect a regional, and possibly 
national, decline in TB burden. Contrary to global trends, females comprised the 
majority of cases (n = 47, 61%). The highest prevalence of TB was observed among 
individuals aged ≥ 60 years, which may be attributed to immunosenescence and 
waning protection from the BCG vaccine. Monthly case distribution indicated 
seasonal variation, peaking between October and March. Molecular genotyping of 
50 clinical samples revealed predominantly non-Beijing strains (98%), with the 
first molecular evidence of Beijing lineage in Iraq, indicating potential 
cross-border transmission. Analysis of the rifampicin resistance-determining 
region (RRDR) of the rpoB gene in 22 samples revealed no resistance-associated 
mutations, but detected several synonymous and novel nonsynonymous mutations 
outside the canonical RRDR. These genetic variations may represent early 
evolutionary adaptations without current resistance implications. Limitations in 
surveillance and diagnostic capacity may contribute to underreporting and 
obscure the true TB burden. This study highlights the evolving molecular 
epidemiology of TB in Sulaymaniyah, emphasizing the importance of ongoing 
molecular surveillance to inform public health strategies and control efforts.
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PURPOSE: Aimed to investigate the potential of N-acetylcysteine (NAC) as an 
adjunctive immunomodulatory therapy to support the host immune response against 
Mycobacterium tuberculosis by enhancing interleukin-2 (IL-2) production.
PATIENTS AND METHODS: A quasi-experimental study was conducted on the effect of 
NAC administration on IL-2 levels in patients newly diagnosed with pulmonary 
tuberculosis at Universitas Airlangga Teaching Hospital, Indonesia. Participants 
who met the inclusion criteria were subsequently divided into two groups: 
treatment group (received 600 mg every 12 hours of NAC therapy, n = 15) and 
control group (did not receive NAC therapy, n = 15). Enzyme-linked immunosorbent 
assay (ELISA) was used to analyze IL-2 levels in both groups, which were 
subsequently compared using statistical analysis.
RESULTS: Analysis of IL-2 levels before treatment with NAC revealed no 
significant difference between the treatment and control groups. The treatment 
group exhibited a significant increase in IL-2 levels after NAC administration 
(p=0.023). The median IL-2 level in the treatment group increased from 243.7 to 
386.62 ng/L after two weeks of NAC administration, whereas in the control group, 
it decreased from 303.6 to 285.89 ng/L. The comparison test analysis of delta 
IL-2 levels also showed a significant difference between the treatment and 
control group (p = 0.025), with the median value of delta IL-2 levels in the 
treatment group being 147.0 ng/L and -24.7 ng/L in the control group.
CONCLUSION: This preliminary study demonstrated that IL-2 levels significantly 
increased with NAC supplementation, suggesting an enhanced immune response and 
its potential as an adjunct to standard tuberculosis therapy.
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INTRODUCTION: Tuberculosis (TB) remains a global health challenge, with active 
TB disease (ATB) and latent TB infection (LTBI) representing distinct 
immunological states. Understanding immune responses in these groups is critical 
for developing effective interventions. The complex nature of immune responses 
to Mycobacterium tuberculosis (M.tb) within and between different stages of TB, 
host evasion mechanisms of the bacterium, variable protection conferred by the 
BCG vaccine in adults, and lack of validated immune correlates of protection are 
among the key challenges to the successful control of TB.
METHODS: In the present study, we conducted functional and phenotypic 
characterization of peripheral blood mononuclear cells (PBMCs) from a cohort in 
Southern Thailand. We compared immune responses in individuals with ATB, LTBI 
and healthy controls (HC) using flow cytometry (ATB n = 9, LTBI n = 11, HC n = 
10) and the mycobacterial growth inhibition assay (MGIA) (ATB n = 13, LTBI n = 
15, HC n = 15).
RESULTS: MGIA revealed significantly enhanced control of BCG growth in the ATB 
group compared to LTBI and HC groups. Furthermore, NK cell frequency and TNF-α 
levels were significantly elevated in ATB compared to LTBI and HC groups, and 
CD4+ T cell TNF-α responses correlated with mycobacterial growth control.
DISCUSSION: The findings from this study demonstrate differential immune 
responses across TB stages in this cohort, identify potential cellular markers 
for TB diagnosis and monitoring, and may guide vaccine strategies and 
host-directed therapies.
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Th9 cells provide protective TB immunity.
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INTRODUCTION: CD4+ Th9 cells have been associated with inflammatory and allergic 
diseases. IL-9/Th9 can function as both positive and negative immune regulators, 
but their protective effects against Mycobacterium tuberculosis(Mtb) are 
unknown. We found that Th9 cells were associated with mycobacteria-specific T 
cell responses primed by latent tuberculosis infection and BCG vaccination.
METHODS: To study TB-specific Th9 protective effects, we generated Th9 cells 
from ESAT6-specific TCR transgenic mice and healthy human donors.
RESULTS: Both murine and human Th9 cells significantly inhibited intracellular 
mycobacterial growth. In both in vitro models, IL-9 neutralization strongly 
reduced Th9 protective effects, and IL-9 treatment alone inhibited intracellular 
mycobacteria. ESAT-6-specific Th9 and Th1 cells were adoptively transferred into 
naïve Rag1/2-/- recipients before aerosol Mtb infection. Th9 cells provided 
robust immunity as protective as Th1 cells, significantly reducing bacteria and 
pathologic changes post-infection. Differential persistence of Th9 vs. Th1 cell 
phenotypes was confirmed in vivo, and lung tissue qRT-PCR studies demonstrated 
the absence of IFN-γ responses in Th9-transferred mice, combined with unique 
expression of the Th9 specific markers IL-9, IL-10 and PU.1.
DISCUSSION: Th9 cells can provide important protection against Mtb infection, 
and should be targeted with future TB vaccine strategies. Furthermore, Th9 cells 
appear to utilize a novel protective mechanism independent from Th1-mediated 
protective responses.

Copyright © 2025 Xia, Blazevic, Ning, Eickhoff, Storer, Head, Liu, Jarvela, 
Stoeckel, Rakey, Tennant, Miller, Holloway, Silver and Hoft.

DOI: 10.3389/fimmu.2025.1581286
PMCID: PMC12535965
PMID: 41122175 [Indexed for MEDLINE]

69. Pan Afr Med J. 2025 Aug 18;51:95. doi: 10.11604/pamj.2025.51.95.48456. 
eCollection 2025.

Diagnostic challenges of longstanding nasal cutaneous tuberculosis in an endemic 
setting: a case report.

van der Linden A(1), Elliot E(1), Borstlap R(1).

Author information:
(1)Department of Otorhinolaryngology, Head and Neck Surgery, Robert Mangaliso 
Sobukwe Hospital, Kimberley, Northern Cape, South Africa.

Nasal cutaneous tuberculosis (TB) is a rare manifestation of extrapulmonary 
tuberculosis and presents a diagnostic challenge, particularly in its 
paucibacillary form. As demonstrated in this case, achieving 
laboratory-confirmed diagnosis in paucibacillary TB remains a significant 
challenge, often resulting in missed or delayed diagnoses and increased severity 
of disease on presentation. We report an atypical case involving a 19-year-old 
male with extensive nasal destruction progressing for fourteen years. In this 
case, lupus vulgaris was ultimately diagnosed after extending the tissue culture 
duration beyond 35 days, despite prior exclusion of TB as the cause. The patient 
completed antituberculosis therapy with resolution of the active disease, and he 
was referred for further management of his facial deformity. The delayed 
diagnosis led to significant tissue destruction, which could have been prevented 
with earlier confirmation and treatment of the infection. We propose that, in 
diagnostically difficult cases, the investigating team consider extending the 
specimen culture time to the maximum before definitively excluding tuberculous 
disease.
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Tuberculosis encompasses a spectrum of characteristics-including bacillary 
burden, clinical severity, and access to care-that are relevant to clinical and 
epidemiological outcomes and the performance of diagnostic assays. The value of 
diagnostic assays depends not only on their numerical accuracy, which can vary 
substantially between populations, but also on which individuals with and 
without tuberculosis the assays identify. Moreover, detectable features of 
tuberculosis, such as pathogen burden or host responses, are often correlated, 
making it difficult to predict the accuracy and impact of diagnostic algorithms 
from the accuracies of individual component tests. Therefore, when evaluating 
novel tuberculosis diagnostics, greater consideration should be given to 
characterising which segments of the disease spectrum are detected, how these 
segments overlap across tests, and how they are prioritised for detection. 
Understanding these relationships is particularly crucial for screening, given 
that screening seeks to detect a broad spectrum of disease and often uses 
multistep algorithms. We present a framework for understanding the sensitivity 
and specificity of assays and algorithms as the degree of alignment between 
different subsets of the disease spectrum. Based on this framework, we make 
recommendations for the measurement, reporting, target setting, and 
interpretation of diagnostic accuracy to guide both novel test development and 
the optimal use of existing diagnostics.
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Tuberculosis (TB) remains one of the deadliest bacterial infections, despite the 
approval of new anti-bacterial drugs over the past decade. This persistent 
challenge is attributed to the emergence of drug-resistant Mycobacterium 
tuberculosis strains, which emphasizes the ongoing need for novel therapeutic 
options. In this research, the synthesis and characterization of novel 
half-sandwich ruthenium (II) complexes featuring a quinoxaline-based ligand (L), 
3-(4-bromophenyl)quinoxaline-2-carboxylic acid, are reported. The three 
complexes [Ru(p-cymene)(I)(L)] (1), [Ru(p-cymene)(Cl)(L)] (2) and 
[Ru(benzene)(Cl)(L)] (3) were characterized by FTIR, NMR and HRMS. Additionally, 
the solid-state structures of 1 and 2 were determined by XRD, revealing 
geometries similar to a three-legged piano stool, with the Ru atom coordinated 
to the carboxylate oxygen and the quinoxaline nitrogen atoms of the ligand. 
Interaction with mycobacterial drug targets was explored and binding energies 
based on docking scores were estimated to assess their potential antituberculous 
activity. Strong interactions were observed between 1 and 2 and the targets Emb 
complex and ATP synthase, suggesting potential antituberculous activity. 
Furthermore, the susceptibility of M. tuberculosis H37Rv strain to these 
compounds was evaluated by determining their minimum inhibitory concentrations 
(MICs). Compounds 2 and 3 each displayed MIC values of 50 μg/mL, whereas 
compound 1 exhibited a MIC of 100 μg/mL, which falls within the range observed 
for first-line drugs such as pyrazinamide. These findings confirm their activity 
against M. tuberculosis.
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The swift emergence of multidrug- and highly drug-resistant strains of 
Mycobacterium tuberculosis (Mtb) makes it essential to develop new agents with 
varied chemical structures and multitarget mechanisms of action. In the current 
investigation, we have designed and synthesized 24 novel heterocyclic 
ring-substituted 1,3,4-thiadiazole (5a-l) and 1,2,4-triazole (6a-l) hybrids to 
be tested against the H37RV strain of M. tuberculosis. Compounds 5b, 5d, 5e, 5f, 
6b, 6c, 6d, and 6f showed good to moderate effectiveness against tuberculosis, 
with minimum inhibitory concentration (MIC) values ranging from 4 to 64 μg/mL. 
Compounds 5b and 6b display an MIC value of 4 μg/mL, suggesting significant 
antitubercular potential and warranting further exploration as effective 
antitubercular agents. The chemical structures of the synthesized compounds were 
determined through spectral techniques (Fourier transform infrared (FT-IR), NMR 
{1H, 13C}, and mass spectroscopy). The molecular docking analysis shows that 
these compounds can successfully bind to the active site of the five most 
promising proteins for treating tuberculosis. ADME-T, molecular dynamics (MD) 
simulation, and Density Functional Theory (DFT) analysis confirm that these 
compounds have good drug-like properties and remain stable in the binding sites 
of the selected target proteins. We assessed the cytotoxicity of the chosen 
compounds. According to the findings, this research thoroughly indicated that 
these newly created derivatives could serve as promising and effective 
multitargeted antitubercular agents.
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INTRODUCTION: Drug-resistant tuberculosis (DR-TB) poses a significant public 
health threat, with molecular diagnostics playing a pivotal role in 
understanding the genetic mechanisms of resistance. This study focuses on the 
patterns of genetic mutations observed in DR-TB cases, with the aim to identify 
key mutations associated with resistance to rifampicin (RIF) and isoniazid 
(INH).
METHODOLOGY: A total of 6,954 non-duplicate clinical samples were obtained from 
individuals of all age groups, categorized as TB and DR-TB, from seven linked 
districts between June 2022 and May 2024. The samples were transported under 
cold chain conditions to an intermediate reference laboratory. TB was confirmed 
using fluorescence microscopy, and 1,998 sputum-positive samples were analyzed 
using line probe assay for characterization of genetic mutations.
RESULTS: Among the analyzed cases, a total of 136 cases of DR-TB were 
identified. This included 57 cases (41.92%) of multidrug-resistant TB (MDR-TB), 
73 cases (53.68%) of INH monoresistance, and 6 cases (4.4%) of RIF 
monoresistance. The analysis revealed a high prevalence of rpoB MUT3 (S531L) 
mutations in 52 cases (82.25%), which is associated with RIF resistance. In 
high-level INH (katG gene mutation) resistance noted in 83 (63.35%) cases, katG 
MUT1 (S315T1) was predominant, while low-level INH resistance (inhA gene 
mutation), inhA MUT1 (C-15T) mutation, was found in 29 (22.13%) cases. 
Maharajganj and Deoria reported the highest prevalence of rpoB MUT3 (S531L) 
mutations, while Kushinagar and Sant Kabir Nagar exhibited higher rates of katG 
MUT1 (S315T1) mutations. Other regions showed notable distribution of rpoB, 
katG, and inhA gene mutations.
CONCLUSION: The high prevalence of mutations such as rpoB MUT3 (S531L) and katG 
MUT1 (S315T1) highlights the need for integrating molecular tools into routine 
workflows to identify genetic mutations. District-specific mutations emphasize 
the influence of local epidemiological factors on resistance patterns, 
necessitating region-specific interventions. Continuing research into regional 
resistance trends are vital to addressing the global DR-TB burden effectively.
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BACKGROUND: Non-sputum-based diagnosis of tuberculosis is a public health 
priority. Little is known about the feasibility of detecting Mycobacterium 
tuberculosis (Mtb) complex DNA in respiratory aerosols in primary care, its 
diagnostic value, and clinical and microbiological characteristics associated 
with detection.
METHODS: We recruited symptomatic adults self-presenting to South African 
primary care clinics with a sputum Xpert MTB/RIF Ultra (Ultra) result. Cough 
aerosols were collected on-site by the TB Hotspot Detector, a novel 
electrostatic aerosol sampler, and tested by Ultra. Environmental and laboratory 
controls were collected. Predictors of aerosol Mtb DNA (AMD) detection were 
assessed.
RESULTS: Among 137 participants, 71 (52%) had medium or high sputum Ultra 
semiquantitative results and 34 (25%) had negative results. When compared with 
sputum Ultra detection, AMD detection sensitivity and specificity were 46.6% 
(95% CI, 42.5%-50.7%) and 76.5% (95% CI, 70.4%-82.5%), respectively. Sensitivity 
was higher in people with a sputum Ultra semiquantitation category of high 
(56.9%; 95% CI, 51.1%-62.7%). Factors associated with AMD detection were male 
sex with a sputum Ultra semiquantitative result of medium or greater (adjusted 
risk ratio, 3.26; 95% CI, 1.11-9.55; P = .024) and a reported fever (adjusted 
risk ratio, 0.58; 95% CI, .29-1.07; P = .099). Sputum to aerosol ratios were 
≥0.75 in 3 participants, suggesting a high capacity to expel Mtb DNA. Despite 
rigorous decontamination, AMD was detected from 30% of environmental samples, 
highlighting the TB Hotspot Detector's potent sampling capability and potential 
nosocomial transmission risks.
CONCLUSIONS: Electrostatic aerosol sampling is feasible in primary care to 
detect people with infectious tuberculosis. Deployment of this and other 
practical aerosol-sampling tools might help to characterize predictors of 
tuberculosis transmission.
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BACKGROUND AND AIM: Bovine tuberculosis (bTB), caused by Mycobacterium bovis, 
remains a significant zoonotic and economic threat globally. Despite the 
long-standing use of the Bacillus Calmette-Guérin (BCG) vaccine, its 
inconsistent efficacy and interference with surveillance tests underscore the 
need for alternative approaches. This study evaluated the safety, 
immunogenicity, and protective efficacy of a novel influenza vector-based 
vaccine expressing M. bovis antigens ESAT-6 and TB10.4, formulated with or 
without an adjuvant.
MATERIALS AND METHODS: Recombinant influenza A viruses expressing ESAT-6 and 
TB10.4 were constructed using reverse genetics and incorporated into vaccine 
formulations. Guinea pigs and calves were immunized with adjuvanted and 
non-adjuvanted formulations, followed by challenge with a virulent M. bovis 
strain. Safety was assessed through clinical observation and histopathology. 
Immune responses were monitored using interferon-gamma (IFNγ) enzyme-linked 
immunosorbent assay, and protection was evaluated through organ damage indices, 
bacterial load, and survival rates over a 12-month period.
RESULTS: Both formulations were safe and well-tolerated in guinea pigs and 
calves, with no adverse clinical signs. The non-adjuvanted vaccine induced the 
highest and most sustained IFNγ response, peaking between 2 and 5 months 
post-vaccination. In guinea pigs, the protection index reached +0.60 lg in the 
non-adjuvanted group versus +0.2 lg in the adjuvanted group. In calves, lung 
bacterial load was reduced to 1.83-1.93 lg colony-forming unit (CFU) in 
vaccinated animals compared with 5.8 lg CFU in unvaccinated controls. 
Histopathological examination confirmed minimal tissue damage in the vaccinated 
groups. Both vaccine formulations demonstrated protective efficacy equivalent to 
or better than BCG, with the non-adjuvanted version showing superior 
performance.
CONCLUSION: This novel influenza vector-based vaccine expressing ESAT-6 and 
TB10.4 antigens elicits strong, long-lasting cellular immunity and provides 
significant protection against M. bovis infection in guinea pigs and calves. The 
adjuvant-free formulation demonstrated higher immunogenicity, simplified 
production, and minimal adverse reactions, positioning it as a promising 
alternative to BCG for bTB control in livestock.
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A 69-year-old Japanese male presented with atypical symptoms of tuberculous 
meningitis (TBM), including intermittent left temporal headache and persistent 
hiccups that were unresponsive to initial therapies. Despite comprehensive 
imaging, no definitive intracranial lesions were identified. His persistent 
hiccups, along with typical meningitis symptoms, highlighted the diagnostic 
challenges of TBM, particularly in the context of negative microbiological 
tests. Early empirical treatment, initiated based on clinical suspicion and 
elevated cerebrospinal fluid (CSF) adenosine deaminase levels, led to clinical 
improvement and supported a diagnosis of TBM. This case underscores the 
importance of considering TBM in patients with unusual symptoms, such as 
persistent hiccups, to prevent delays in diagnosis and treatment.
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BACKGROUND: Diabetes mellitus increases the risk of developing tuberculosis (TB) 
and negatively affects TB treatment outcomes. Dipeptidyl peptidase-4 (DPP-4) 
inhibitors are used in glycemic control but can also modulate immune pathways 
involved in immune-mediated diseases. Considering the immunoregulatory effects 
of DPP-4 inhibitors, this emulated target trial compared the risk of pulmonary 
TB in users and non-users of DPP-4 inhibitors with type 2 diabetes mellitus 
(T2DM).
METHODS: We identified 328,842 pairs of DPP-4 inhibitor users and non-users from 
Taiwan's National Health Insurance Research Database from January 1, 2007, and 
December 31, 2019. Cox proportional hazard models were used to determine the 
risk of new-onset pulmonary TB between the study and control groups.
RESULTS: The follow-up duration was 5.06 years for DPP-4 inhibitor users and 
4.05 years for non-users. The incidence rates of new-onset pulmonary TB were 
1.93 and 2.18 cases per 1,000 person-years in DPP-4 inhibitor users and 
non-users, respectively. Compared with non-users, DPP-4 inhibitor users had a 
significantly lower risk of developing pulmonary TB, with an adjusted hazard 
ratio (aHR) of 0.85 (95% CI: 0.81-0.90). Kaplan-Meier analysis showed a 
significantly lower cumulative incidence of new-onset pulmonary TB among DPP-4 
inhibitor users than non-users (log-rank test, p < 0.001). Furthermore, a longer 
cumulative duration of DPP-4 inhibitor use was associated with a lower risk of 
pulmonary TB.
CONCLUSIONS: In patients with T2DM, the use of DPP-4 inhibitors was associated 
with a significantly lower risk of developing pulmonary TB compared to non-use. 
Additionally, a longer cumulative duration of DPP-4 inhibitor may further reduce 
the TB risk.
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Tuberculosis (TB) remains a serious public health concern in Pakistan, where it 
is considered endemic. Understanding the disease burden and its associated risk 
factors, particularly in an understudied population, is crucial for effective 
disease control. In this cross-sectional, hospital-based study, TB-suspected 
patients who visited the TB control centre of Swabi district, Khyber 
Pakhtunkhwa, Pakistan, during January 2023 to June 2024 were included. The aims 
and objectives of the study were to assess the frequency of TB and identify its 
associated risk factors and zoonotic TB within a population with limited access 
to healthcare services. After ethical approval, sociodemographic and clinical 
data were collected from individuals suspected of having TB, and statistical 
analyses were performed using the Chi-square test. A total of 1,164 individuals 
with suspected TB were included in our study. After microscopic and culture 
analysis, 232 were confirmed positive, comprising 118 males and 114 females. Of 
these, 218 individuals were infected by Mycobacterium tuberculosis, and 14 were 
infected by M. bovis. Furthermore, 10 cases were identified as 
multidrug-resistant tuberculosis (MDR-TB), 13 were reinfections, and 12 were 
extrapulmonary tuberculosis (EPTB) cases. The TB incidence was comparable across 
genders and different age groups; it was higher among people with comorbidities, 
low socioeconomic status, raising animals, and a smoking history. Notably, the 
detection of M. bovis in human cases and the association between animal presence 
and TB highlight the importance of incorporating the One Health approach 
strategies into TB control programs for effective control.
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