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Tuberculosis (TB) persists as a leading infectious disease, with progress in 
global control complicated by emerging drug resistance, limited access to new 
therapies, and persistent health disparities. This review presents a 
comprehensive synthesis of traditional and innovative strategies to combat TB, 
spanning ethnobotanical and folk medicine practices from Africa, Asia, India, 
Latin America, and Indigenous communities, integrated within World Health 
Organization frameworks for traditional medicine. The work is systematically 
bridging time-honored folk therapies with state-of-the-art advances in drug 
discovery and machine learning algorithms, nanotechnology-based delivery, and 
artificial intelligence, evaluating both synergy and unique roles in TB 
management. Additionally, TB stewardship is critically analyzed through 
nanocarrier platforms (liposomes, mesoporous silica, graphene oxide), artificial 
intelligence-driven virtual screening, and host-directed therapies, emphasizing 
their potential for personalization, improved bioavailability, and overcoming 
drug resistance. This review underscores the urgent need for the sustainable and 
ethical production of natural anti-TB agents, considering climate change-induced 
resource loss. Thus, it is providing a roadmap for integrating traditional 
knowledge with biomedical research, supporting equitable, culturally sensitive, 
and ecologically responsible TB care.
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BACKGROUND: Poor nutritional status among tuberculosis (TB) patients contributes 
to treatment failure and poor prognosis. However, no study has provided 
information on the nutritional conditions of Afghan TB patients. Using data from 
five TB care facilities in southern Afghanistan, this study aimed to determine 
the extent of undernutrition and examine its determinants in TB patients.
METHODS: This was a cross-sectional study that utilised data from five TB care 
centres in four southern Afghan provinces. Data were collected between May and 
July 2025. Patients with TB who were aged ≥18 years were included in the 
analysis. Heights and weights were measured in metres (m) and kilograms (kg), 
respectively. Patients with a body mass index <18.5 kg/m2 were considered 
undernourished. Binary logistic regression was used to identify factors 
associated with undernutrition in TB patients.
RESULTS: Of the 431 patients, 40.4% were undernourished. In adjusted models, 
odds of undernutrition were higher among females (adjusted odds ratio [AOR] 
4.12; 95% confidence interval [CI] 2.41-7.04), rural residents (AOR 3.85; 95% CI 
2.11-7.02), currently unmarried (AOR 1.86; 95% CI 1.11-3.13), smokers (AOR 
11.06; 95% CI 5.27-23.21), patients with severe disease (AOR 2.23; 95% CI 
1.16-4.28) and those with medical comorbidity (AOR 2.34; 95% CI 1.32-4.17).
CONCLUSION: In conclusion, the prevalence of undernutrition is alarmingly high 
in Afghan TB patients. Therefore, nutrition-focused education and support should 
be considered key elements of TB care in Afghanistan.
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Tuberculosis persists as a major global health threat, significantly exacerbated 
by the rise of drug-resistant strains. Cytochrome P450 of 124 family CYP124 from 
Mycobacterium tuberculosis (CYP124), implicated in host sterol metabolism and 
bacterial virulence, represents an emerging and promising therapeutic target. 
While its precise physiological role was previously debated, CYP124's confirmed 
ability to metabolize immunomodulatory host sterols underscores its 
pharmacological relevance. Utilizing surface plasmon resonance binding assays 
and UV-Vis spectral titration screening, we identified nine novel non-azole 
ligands for CYP124 from a library of 32 plant-derived and marine natural 
compounds. Among these hits, (25S)-5α-cholestane-3β,4β,6α,7α,8,15β,16β,26-octaol (termed 15β-octaol) and henricioside H2 (HD-4) induced characteristic difference spectra and formed long-lived inhibitory complexes with CYP124, exhibiting dissociation half-lives of 181 min and 65 min, respectively. However, their inhibitory potency was moderate, with IC50 values of approximately 86 μM for 15β-octaol and exceeding 100 μM for HD-4. Complementary in silico molecular 
docking and analysis identified key conserved hydrophobic residues within the 
CYP124 active site crucial for ligand binding, suggesting a shared 
pharmacophore. Furthermore, structural similarity analysis revealed that 37 
human endogenous metabolites, including known immunoregulatory sterols, bear 
resemblance to the identified CYP124 ligands. This finding points towards a 
potential sterol-mediated interplay at the host-pathogen interface. 
Collectively, these results provide a foundation for the future development of 
mechanism-based CYP124 inhibitors as therapeutics against multidrug-resistant 
tuberculosis.

Copyright © 2026. Published by Elsevier B.V.

DOI: 10.1016/j.biochi.2026.02.019
PMID: 41763289

6. EBioMedicine. 2026 Feb 27;125:106193. doi: 10.1016/j.ebiom.2026.106193. Online 
ahead of print.

Infection with Mycobacterium tuberculosis depletes host fatty acids in humans 
and non-human primates.

Collins JM(1), Wassie L(2), Bobosha K(2), Gandhi NR(3), Liu KH(4), Day CL(5), 
Rengarajan J(4), Kempker RR(6), Lau MSY(7), Nellis M(4), Nizam A(7), Maner-Smith 
K(8), Ortlund EA(8), Sakai S(9), Kauffman KD(9), Magee MJ(10), Jones DP(4), 
Ernst JD(11), Barber DL(9), Blumberg HM(3); TBRU-ASTRa Study Group.

Author information:
(1)Emory University School of Medicine, Department of Medicine, Atlanta, GA, 
USA. Electronic address: jmcoll4@emory.edu.
(2)Armauer Hansen Research Institute, Mycobacterial Diseases Research 
Directorate, Addis Ababa, Ethiopia.
(3)Emory University School of Medicine, Department of Medicine, Atlanta, GA, 
USA; Emory University Rollins School of Public Health, Department of 
Epidemiology, Atlanta, GA, USA; Emory University Rollins School of Public 
Health, Department of Global Health, Atlanta, GA, USA.
(4)Emory University School of Medicine, Department of Medicine, Atlanta, GA, 
USA.
(5)Emory University School of Medicine, Department of Microbiology and 
Immunology, Atlanta, GA, USA.
(6)Emory University School of Medicine, Department of Medicine, Atlanta, GA, 
USA; Emory University Rollins School of Public Health, Department of 
Epidemiology, Atlanta, GA, USA.
(7)Emory University Rollins School of Public Health, Department of 
Biostatistics, Atlanta, GA, USA.
(8)Emory University School of Medicine, Department of Biochemistry, Atlanta, GA, 
USA.
(9)National Institute of Allergy and Infectious Diseases, Bethesda, MD, USA.
(10)Emory University Rollins School of Public Health, Department of Global 
Health, Atlanta, GA, USA.
(11)University of California San Francisco, San Francisco, CA, USA.

BACKGROUND: The ways in which Mycobacterium tuberculosis (Mtb) infection affects 
host metabolism and its implications for disease pathogenesis remain poorly 
understood. Understanding how Mtb shapes the metabolic state of the host could 
lead to nutritional and host-directed therapies to improve TB outcomes.
METHODS: We performed high-resolution metabolic and lipid profiling on male 
rhesus macaques infected with Mtb (n = 17). Serial plasma samples were analysed 
beginning at the time of infection and up to 15-16 weeks post infection. 
Observed host metabolic changes were examined in a cohort of Mtb-infected (TBI, 
positive QuantiFERON Gold [QFT]; n = 92) and Mtb-uninfected (TBU, negative QFT; 
n = 102) participants as well as those with pulmonary TB (PTB; n = 68).
FINDINGS: Using principal component analysis, we found the greatest metabolic 
changes in NHPs occurred 15-16 weeks after experimental infection. Metabolic 
changes were characterised by declines in saturated, monounsaturated, and 
polyunsaturated long chain fatty acids (LCFAs) including linoleic acid, 
linolenic acid, docosahexaenoic acid, and palmitoleic acid. Humans with TBI also 
experienced significant declines in plasma concentrations of nearly all species 
of LCFAs 6 months after Mtb exposure. In participants with PTB, LCFAs were 
further depleted relative to those with TBI but gradually normalised six months 
post-TB treatment.
INTERPRETATION: Our study shows the host metabolic response to infection with 
Mtb is characterised by the systemic depletion of host lipids, which is 
exacerbated in persons with PTB. Interventions that supplement host lipids 
should be tested to determine their impact on TB outcomes.
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the decision to submit the manuscript for publication.

Copyright © 2026 The Author(s). Published by Elsevier B.V. All rights reserved.

DOI: 10.1016/j.ebiom.2026.106193
PMID: 41763182

7. J Infect Chemother. 2026 Feb 26;32(4):102938. doi: 10.1016/j.jiac.2026.102938. 
Online ahead of print.

Tuberculosis-associated nonbacterial thrombotic endocarditis: A case report.

Tanaka K(1), Fukushima S(2), Oguni K(3), Yoshida S(1), Ihoriya H(4), Hagiya 
H(5), Otsuka F(1).

Author information:
(1)Department of General Medicine, Okayama University Graduate School of 
Medicine, Dentistry and Pharmaceutical Sciences, Okayama, Japan.
(2)Department of General Medicine, Okayama University Graduate School of 
Medicine, Dentistry and Pharmaceutical Sciences, Okayama, Japan; Department of 
Bacteriology, Okayama University Graduate School of Medicine, Dentistry and 
Pharmaceutical Sciences, Okayama, Japan; Department of Infectious Diseases, 
Okayama University Hospital, Okayama, Japan.
(3)Department of General Medicine, Okayama University Graduate School of 
Medicine, Dentistry and Pharmaceutical Sciences, Okayama, Japan; Department of 
Infectious Diseases, Okayama University Hospital, Okayama, Japan.
(4)Department of Neurology, Brain Attack Center Ota Memorial Hospital, 
Hiroshima, Japan.
(5)Department of Infectious Diseases, Okayama University Hospital, Okayama, 
Japan. Electronic address: hagiya@okayama-u.ac.jp.

A 69-year-old man with chronic hematuria suddenly presented with left 
hemiplegia. Brain magnetic resonance imaging revealed multiple infarctions, 
suggesting possible cardiac involvement, and echocardiography detected a 5-mm 
vegetation on the aortic valve. A systemic computed tomography showed 
tree-in-bud opacities in the left lung and bladder wall thickening, and 
polymerase chain reaction testing and mycobacterial culture identified 
Mycobacterium tuberculosis (TB) in sputum and urine. Mycobacterial blood culture 
and histopathology of the intracranial thrombus were negative for tuberculosis, 
and the overall findings supported a diagnosis of TB-associated nonbacterial 
thrombotic endocarditis (NBTE). Following the initiation of standard anti-TB 
therapy in combination with a direct oral anticoagulant agent, the patient 
remained clinically stable and experienced no further embolic events. NBTE is 
most commonly associated with malignancy or autoimmune disease and only rarely 
arises from an infectious etiology. TB-associated NBTE is exceptionally rare, 
and its diagnosis remains highly challenging even with advanced diagnostic 
modalities.
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BACKGROUND: Small round blue cell tumors are a heterogeneous group of aggressive 
pediatric neoplasms that can radiologically and clinically mimic infectious or 
inflammatory conditions, including tuberculous meningitis (TBM). Differentiating 
between these entities is crucial, as delays in diagnosis may significantly 
affect outcomes.
CASE PRESENTATION: An 8-year-old previously healthy boy presented with acute 
lower extremity weakness, inability to ambulate, and urinary retention following 
a recent urinary tract infection. Neurological examination revealed symmetric 
distal weakness and areflexia. Cerebrospinal fluid analysis showed markedly 
elevated protein levels without pleocytosis, consistent with albuminocytologic 
dissociation, and Guillain-Barré syndrome was diagnosed. Intravenous 
immunoglobulin therapy was initiated; however, no clinical improvement was 
observed. During hospitalization, the patient developed seizures and signs of 
increased intracranial pressure. Craniospinal magnetic resonance imaging 
revealed hydrocephalus and multiple contrast-enhancing lesions involving the 
suprasellar region, brainstem, and cerebral hemispheres. Despite extensive 
infectious and inflammatory workup, no alternative diagnosis was identified 
initially. Brain biopsy ultimately demonstrated a CD56- and 
synaptophysin-positive small round blue cell tumor, consistent with 
medulloblastoma. This case highlights a rare presentation of medulloblastoma 
mimicking TBM and underscores the importance of reconsidering the diagnosis in 
patients with atypical features or poor response to standard therapy.
CONCLUSION: This case demonstrates that the extremely rare leptomeningeal spread 
of medulloblastoma can clinically and radiologically mimic TBM, posing a 
significant diagnostic challenge in pediatrics. In the absence of systemic signs 
of tuberculosis, lack of response to treatment, and the presence of progressive 
neuroimaging abnormalities, the diagnosis should be reconsidered. Early 
histopathological confirmation is essential to ensure the timely initiation of 
oncological treatment.
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The ESX-5 secretion system in Mycobacterium tuberculosis exports PE/PPE 
virulence factors, with EccA5, an AAA+ ATPase, playing a pivotal role. We solved 
the crystal structure of EccA5's N-terminal TPR domain (EccA5NT) at 2.15 Å, 
revealing a monomeric fold with six TPR motifs and a variable β-finger. 
Biophysical studies, including SAXS and size exclusion chromatography, confirm 
its monomeric state. A flexible loop (residues 137-148) suggests dynamic 
substrate interactions. SPR, SAXS and in silico docking show moderate binding 
(KD = 3.43 μm) between EccA5NT's β-finger and EspG5's β2-β3 loop, indicating a 
role in PE/PPE-EspG5 complex disassembly. These findings elucidate the role of 
EccA5 in ESX-5-mediated secretion.
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OBJECTIVES: The number of active tuberculosis (TB) cases reported in New York 
City in 2020 declined 20% from 2019. To describe this decrease, we examined the 
characteristics of TB patients before and during the COVID-19 pandemic.
METHODS: We compared the characteristics of 2 groups of TB cases: (1) cases in 
New York City's TB surveillance registry diagnosed during the pandemic (March 1, 
2020-February 28, 2022) and the stay-at-home order PAUSE (Policies that Assure 
Uniform Safety for Everyone) (March 23-June 7, 2020) and (2) cases diagnosed 
before the pandemic (March 1, 2018-February 29, 2020).
RESULTS: We identified 1088 patients with TB before the pandemic and 945 
patients with TB during the pandemic; 62 patients were diagnosed with TB during 
PAUSE (53% fewer compared with the same dates in 2019). During the pandemic 
versus before the pandemic, a significantly higher proportion of patients were 
hospitalized at diagnosis (66.3% vs 60.1%; P < .001). During PAUSE versus before 
the pandemic, a higher (but not significantly higher) proportion of patients 
with pulmonary TB had a positive respiratory acid-fast bacilli smear result 
(63.5% vs 57.8%; P = .42) and cavitation on chest imaging (48.1% vs 39.0%; 
P = .19). The median duration of TB symptoms before diagnosis was 58 days during 
the pandemic and 45 days before the pandemic (P = .02). During the pandemic, a 
higher (but not significantly higher) proportion of patients died before 
treatment start (3.3% vs 2.0%; P = .08) and before treatment completion (9.0% vs 
6.8%; P = .07) compared with before the pandemic.
CONCLUSIONS: TB diagnoses precipitously declined during PAUSE. Disease severity 
and symptom duration increased among patients during the COVID-19 pandemic, 
indicating that TB diagnoses may have been delayed and that TB may have been 
underdiagnosed during the pandemic in New York City.
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BACKGROUND: Monitoring treatment response in pulmonary tuberculosis (TB) is 
critical, but non-invasive biomarkers are limited for patients unable to produce 
sputum.
OBJECTIVE: To evaluate the utility of the PATHFAST TB LAM Ag assay in urine for 
diagnosis and treatment monitoring of pulmonary TB.
METHODS: Nine patients with confirmed TB at the University Hospital of Larissa, 
Greece, were followed longitudinally. Urine samples were collected at treatment 
initiation and at weeks 2, 4, 8, 12, 16, 20, and 24. Lipoarabinomannan (LAM) 
concentrations were measured using the PATHFAST TB LAM Ag assay; 
values ≥ 10 pg/mL were considered positive.
RESULTS: Urinary LAM positivity peaked between weeks 4 and 12. Three kinetic 
patterns emerged: (i) early pronounced decline in patients with high baseline 
LAM; (ii) modest decreases in intermediate baseline patients; and (iii) variable 
or rising trajectories in low-baseline patients. Patterns mirrored previously 
reported sputum LAM kinetics. One patient treated on clinical criteria alone 
showed baseline positivity, and two patients with non-tuberculous mycobacterial 
infection also tested positive.
CONCLUSIONS: Urinary LAM kinetics closely mirror sputum-derived patterns, 
supporting urine as a non-invasive specimen for serial TB monitoring. 
Interpretation of low-baseline results requires caution, and further studies 
with larger cohorts are warranted.
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BACKGROUND: Genital tuberculosis affecting prepubertal girls is extremely 
uncommon, posing a great diagnostic challenge. It is a form of extrapulmonary 
tuberculosis usually seen in the reproductive age group. It can lead to 
significant health problems, including infertility, pelvic pain, menstrual 
irregularities in women, or amenorrhea. Genital tuberculosis is even rarer when 
coupled with an imperforate hymen, thus presenting a rare and diagnostically 
challenging presentation. Imperforate hymen is an uncommon obstructive 
congenital abnormality of the female reproductive tract with an incidence of 
0.05-0.1%, usually presenting during puberty with primary amenorrhea and 
hematocolpos or hematometra. Although isolated cases of female genital 
tuberculosis and imperforate hymen have been reported in literature, the 
simultaneous occurrence of these two conditions is rarely reported, especially 
in a prepubertal girl. To our knowledge, this is one of the few case reports 
from India of a 6-year-old girl presenting with tubercular hematocolpos and an 
imperforate hymen.
CASE PRESENTATION: We report a case of a 6-year-old North Indian girl who 
presented with chief complaints of hematuria for 5 days and urinary retention 
for 1 day. There was a history of fall 1 week back. There was no history of 
associated cyclical abdominal pain, nausea, vomiting, diarrhea, fever, dysuria, 
burning micturition, altered bowel habits, or weight loss. She had no secondary 
sexual characteristics and had not attained menarche. There was no family 
history of tuberculosis. An abdominal examination revealed a tense abdomen with 
guarding and rigidity. Local examination of the external genitalia revealed a 
bulge posterior to the urethral orifice with no hymenal opening. A mass was felt 
anteriorly on per-rectal examination. Imaging studies depicted imperforate hymen 
with hematocolpos. She underwent a hymenotomy with drainage of foul-smelling, 
dark, tarry-colored blood. Postoperative recovery was uneventful, and the 
patient was discharged on the third day. The vaginal blood was sent for 
cartridge-based nucleic acid amplification test, which was positive for 
Mycobacterium tuberculosis complex, and she was given antitubercular drugs for 
9 months.
CONCLUSION: Genital tuberculosis-associated hematocolpos with imperforate hymen 
is a rare condition that can delay diagnosis, leading to increased reproductive 
morbidity. Considering this, treating doctors should carefully evaluate such 
patients. Tubercular hematocolpos should be considered in the differential 
diagnosis of prepubertal girls presenting with obstructive genital anomalies, 
particularly in tuberculosis-endemic nations. Prompt diagnosis and appropriate 
management, including hymenotomy and antitubercular therapy, are crucial to 
avoid misdiagnosis and delayed management.
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A distinct series of novel pyrazole hydrazide-hydrazone analogues, developed 
through a structure-activity relationship-driven lead optimization approach, and 
evaluated for their antitubercular activity. Among the evaluated compounds, 
within the series, compounds 5l and 5m demonstrated notable potency, with MIC 
values of 0.5 and 1 μg/mL, respectively, along with efficacy against 
drug-resistant Mycobacterium tuberculosis strains and favorable SI values 23-24. 
To elucidate the possible mechanism of action, the lead compounds were subjected 
to molecular docking and 100 ns molecular dynamics simulations, which strongly 
implicated enoyl-ACP reductase (InhA) as the most probable biological target. 
Furthermore, in silico ADME analysis revealed favorable pharmacokinetic 
properties and drug-likeness profiles for the most active derivatives. 
Collectively, these results highlight the potential of these novel pyrazole 
hydrazide-hydrazone scaffolds as promising lead candidates for the development 
of next-generation antitubercular agents, particularly against drug-resistant 
strains.
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Tuberculosis is the leading infectious killer worldwide, with two billion 
infections and 1.25 million annual deaths. Antibiotic resistance drives 
prolonged, failure-prone treatments, underscoring the need for drugs with new 
mechanisms. Mycobacterial growth signaling pathways are promising targets. The 
M. tuberculosis kinase PknB and phosphatase PstP are essential for growth and 
virulence. PknB inhibition sensitizes mycobacteria to β-lactams, and we 
hypothesized that concurrent PstP inhibition would enhance this effect. 
High-throughput screening identified 126 biochemical PstP inhibitors, four of 
which showed appreciable growth inhibition. These inhibitors acted additively 
with PknB inhibitors and displayed enhanced additive effects with β-lactams. 
PstP inhibition alone was bacteriostatic but antagonized β-lactam activity, 
consistent with on-target activity. PstP inhibition was additive with kinase 
inhibition, and inhibition of PstP and PknB with the addition of a β-lactam 
showed enhanced activity, with some treatment combinations even becoming 
bactericidal. PstP inhibitors showed low cytotoxicity, low apoptotic activity, 
and minimal host-cell phospho-protein effects. Combinatorial treatments have 
IC90 values below individual toxicities, suggesting that effective 
concentrations of these hits with other inhibitors could be effective at 
therapeutically relevant concentrations, suggesting high potential for further 
development and optimization. These represent the first PstP inhibitors with 
microbiologic activity and demonstrate additive inhibition between β-lactams and 
kinase/phosphatase targeting. Further development of compounds targeting this 
pathway may produce an effective tripartite therapy.
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Osteoarticular TB (OATB) is a manifestation of extrapulmonary TB (EPTB), wherein 
spinal TB constitutes ~50% of OATB individuals. Diagnosis of OATB is quite 
difficult owing to deep inaccessible lesions within tissues, scanty bacterial 
load and imitation of disease with other osteoarticular conditions. OATB 
diagnosis mostly relies on clinical features and imaging in endemic countries, 
however, it is difficult to distinguish between OATB and inflammatory arthritis, 
i.e. rheumatoid arthritis, gout, ankylosing spondylitis, etc. using these 
modalities. Other laboratory tests include bacteriological evaluation 
(smear/culture), histopathological examination (HPE), cytology, and response to 
anti-tubercular therapy (ATT). Meanwhile, several nucleic acid amplification 
tests (NAATs) have emerged for EPTB diagnosis including OATB, viz. in-house 
PCR/multiplex-PCR, nested PCR, real-time PCR including commercial tests (e.g. 
LightCycler) and loop-mediated isothermal amplification (LAMP). Markedly, the 
WHO has endorsed GeneXpert® MTB/RIF, GeneXpert® Ultra and Truenat® MTB/MTB Plus 
(TruPlus) for both pulmonary TB and EPTB diagnosis, albeit only a few reports 
are available on OATB diagnosis by Truenat/TruPlus. These commercial tests also 
monitor rifampicin-resistance, which represents a surrogate marker to monitor 
multidrug-resistance TB. In this review, we comprehensively studied several 
NAATs for OATB diagnosis that showed promising results. Since bacteriological 
tests (smear/culture) mostly yield low to moderate sensitivity for OATB 
diagnosis, multi-targeted LAMP or GeneXpert Ultra/Xpert may be incorporated in 
the diagnostic panel along with clinical features, imaging and HPE, so that an 
early ATT is initiated. This would reduce serious complications, like 
debilitating deformities and neurological deficits associated with disease.
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Targeted Protein Degradation (TPD) has emerged as a transformative strategy in 
drug discovery, offering novel approaches to eliminate pathogenic proteins with 
high specificity. Unlike traditional small-molecule inhibitors, which often 
require sustained target engagement and are prone to resistance via target 
mutations, TPD harnesses the cell's endogenous ubiquitin-proteasome system to 
catalytically degrade pathogenic proteins, enabling potent and durable 
therapeutic effects. This review highlights the recent advances and potential of 
one such TPD technology, PROTACs against Mycobacterium tuberculosis. We discuss 
resistance mechanisms in bacteria along with various opportunities for PROTAC 
based degradation, explore challenges in achieving selectivity, and outline 
future directions for integrating PROTACs into anti-bacterial therapeutics. This 
emerging paradigm holds promise to revolutionize infectious disease treatment by 
offering targeted, mechanism-based eradication of disease-driving proteins. 
Looking forward, advances in medicinal chemistry, structural biology, and 
delivery platforms are expected to expand the scope and efficacy of various TPD 
strategies including PROTACs in infectious disease treatment.
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INTRODUCTION: Tuberculosis (TB) remains a leading cause of death globally. India 
aims to eliminate TB by 2025; however, persistently high mortality rates suggest 
critical failures in early intervention, particularly among vulnerable 
populations. This study examined the clinical, social, and system factors 
associated with accelerated mortality among notified persons with TB (PwTB) in 
Western India.
METHODS: A cross-sectional study was conducted in six districts of Gujarat, 
India, during 2023-2024 using Community-Based Verbal Autopsy (CBVA) among 
relatives of 149 deceased PwTB. Sociodemographic, clinical, and TB care cascade 
data were collected, and a retrospective time-to-event analysis was performed. A 
Cox proportional hazards model was used to assess the factors associated with a 
shorter time from diagnosis to death.
RESULTS: Majority of deceased belonged to 26-50 years age group (40%), with a 
high male predominance (81.9%). Nearly half (48.3%) had comorbidities, and 65.8% 
had a history of addiction. A substantial median delay of approximately five 
weeks was observed between symptom onset and treatment initiation. Following a 
confirmed diagnosis, the majority of deaths (nearly 80%) occurred within the 
first 16 weeks. A comparable trend was noted after the start of treatment, with 
about 78% of fatalities occurring within 15 weeks. In the adjusted Cox 
regression model, key population status (HR = 1.5, p = 0.01), presence of 
comorbidities (HR = 2.0, p < 0.001), and drug-resistant tuberculosis (HR = 1.7, 
p = 0.003) were independently associated with a shorter time from diagnosis to 
death.
DISCUSSION: The findings highlighted the convergence of clinical complexity, 
social vulnerability, and persistent system constraints that shorten survival, 
even after treatment initiation. Strengthening early case diagnosis, integrating 
comorbidity management, improving health system responsiveness, and implementing 
targeted strategies for vulnerable populations are critical. A systematic TB 
Death Surveillance and Response System (TBDSR), integrating facility-, 
community-based reviews, and digital reporting, would provide actionable 
insights to inform timely intervention and support progress towards TB 
elimination in India and other high-burden settings.
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The genus Mycobacterium, including Mycobacterium tuberculosis and over 200 
nontuberculous mycobacteria (NTM), shows wide variability in clinical outcomes 
and drug susceptibility. Although culture-based identification remains the gold 
standard, slow mycobacterial growth delays diagnosis and treatment. In this 
study, we evaluated a novel culture-free method for subspecies-level 
identification directly from sputum. In this single-center prospective cohort 
study at Osaka Toneyama Medical Center, we analyzed 125 sputum samples from 115 
patients with NTM pulmonary disease and 10 with non-NTM respiratory conditions. 
Samples were decontaminated using N-acetyl-L-cysteine-sodium hydroxide 
(NALC-NaOH) or succinic acid. We compared the reference culture method 
(mycobacterial culture plus whole-genome sequencing) and a culture-free direct 
target capture sequencing method. Core genome multi-locus sequence typing 
identified subspecies in both workflows, covering 186 mycobacterial species, 
including M. tuberculosis. The 115 NTM cohort specimens yielded 57 
smear-positive and 93 culture-positive results. The identified subspecies 
included 48 Mycobacterium avium subsp. hominissuis, 22 Mycobacterium 
intracellulare subsp. intracellulare, 5 subsp. chimaera, 7 Mycobacterium 
abscessus subsp. abscessus, 5 subsp. massiliense, 1 M. tuberculosis, and 5 other 
NTM species. The culture-free method showed a high identification rate for 
smear-positive specimens (75.4%) but a low identification rate for 
smear-negative specimens (13.9%). NALC-NaOH pretreatment resulted in higher 
accuracy (90.5%) than did succinic acid pretreatment (66.7%). Thus, our 
culture-free subspecies-level identification method achieved high accuracy, 
especially in alkaline-treated smear-positive sputum samples, achieving rates 
above 90%. This method is recommended in clinical practice for patients who 
require rapid diagnosis and timely initiation of appropriate treatment, 
bypassing time-consuming culture steps.IMPORTANCEAccurate identification of 
Mycobacterium species and subspecies is crucial for effective treatment, as drug 
susceptibility and clinical outcomes vary significantly among them. However, 
conventional diagnosis relies on culture-based methods that can take several 
weeks, critically delaying appropriate therapy. This study validates a novel 
culture-free method using target capture sequencing for the comprehensive, 
subspecies-level identification of over 186 mycobacterial species directly from 
sputum specimens. Our findings revealed the high accuracy of this approach for 
smear-positive specimens, especially with alkaline pretreatment. This rapid 
method is applicable in clinical settings and enables timely and precise 
treatment decisions, greatly benefiting patients who require urgent 
intervention.

DOI: 10.1128/jcm.01128-25
PMID: 41757938

21. Microbiol Spectr. 2026 Feb 27:e0273625. doi: 10.1128/spectrum.02736-25. Online ahead of print.

Genetic diversity and drug resistance profiles of Mycobacterium tuberculosis 
among Ethiopian children as determined by whole-genome sequencing.

Abebaw Y(1)(2), Ayele A(3), Alemayehu DH(3), Gebremicael G(2), Diriba G(2), 
Weldemariam AG(2), Zerihun B(2), Moga S(2), Adnew B(3), Melaku K(3), Getahun 
M(2), Argaw R(4), Sheth A(5), Abebe M(3), Abegaz WE(1).

Author information:
(1)Department of Microbiology, Immunology and Parasitology, College of Health 
Sciences, Addis Ababa University, Addis Ababa, Ethiopia.
(2)Ethiopian Public Health Institute, Addis Ababa, Ethiopia.
(3)Armauer Hansen Research Institute, Addis Ababa, Ethiopia.
(4)Department of Pediatrics and Child Health, College of Health Sciences, Addis 
Ababa University, Addis Ababa, Ethiopia.
(5)Department of Medicine, School of Medicine, Emory University, Atlanta, 
Georgia, USA.

Ethiopia ranks 30th among the tuberculosis (TB) burden countries, with children 
representing a significant yet understudied population group. This study aims to 
investigate the genetic diversity and drug-resistant profile among Ethiopian 
children. We included children under 15 years of age diagnosed with 
culture-confirmed pulmonary TB/drug-resistant TB between January 2017 and June 
2023. Phenotypic drug susceptibility testing and whole-genome sequencing were 
conducted for 85 Mycobacterium tuberculosis (MTB) isolates. Demographic data 
were combined with genomic information. Lineage 4 was the most dominant (77.6%), 
while lineage 2 was less common (1%). Within lineage 4, several sub-lineages 
were identified, with lineage 4.2.2.2 being notably the most predominant (48%). 
Most of these cases were from Oromia (58%), including the hotspot areas for 
lineage 4 that were identified at a 99% confidence level. Among 17 
MDR/pre-XDR-TB isolates, lineages 3 and 4.2.2.2 were the dominantly observed 
lineages/sub-lineages, with proportions of 29% and 65%, respectively. Of the 85 
cases, 30.5% were drug-resistant TB to at least one of the five first-line 
anti-TB drugs tested by phenotypic drug susceptibility testing. Of these 26 
drug-resistant TB cases, 23 were concordant with whole-genome sequencing 
characterization. The most frequent resistance mutations to rifampicin were 
found in the rpoB gene, specifically p.Ser450Leu (88%), followed by isoniazid in 
the katG gene, p.Ser315Thr (86%). Multidrug-resistant TB was strongly associated 
with MTB lineages (P = 0.007). This study identified high genetic diversity of 
M. tuberculosis and related drug-resistance mutations, with a strong concordance 
between whole-genome sequencing-based predictions and phenotypic drug 
susceptibility testing.
IMPORTANCE: Our findings revealed a high genetic diversity of Mycobacterium 
tuberculosis among Ethiopian children, with the most common lineage being 
lineage 4, specifically lineage 4.2.2.2, in which a higher frequency of 
multidrug-resistant tuberculosis (TB) was observed. Additionally, we identified 
regional hotspots, suggesting ongoing community transmission. Moreover, 
whole-genome sequencing demonstrated high concordance with phenotypic drug 
susceptibility testing and identified mutation genes associated with first- and 
second-line anti-TB drugs, highlighting its usefulness in providing 
comprehensive results for resistance detection in children. Thus, it is 
essential for integrating genomic surveillance into childhood TB and drug 
resistance control.
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Mycobacterium tuberculosis relies on host-derived lipids, including cholesterol, 
for intracellular survival, generating propionyl-CoA-a metabolite that must be 
efficiently assimilated to prevent toxicity. The metallophosphoesterase Rv0805 
is required for optimal growth on cholesterol, and an Rv0805 knockout strain 
exhibits impaired ability to colonize the murine lung. However, the mechanisms 
underlying the essential role of Rv0805 under host-relevant conditions remain 
unclear. The deletion of the rv0805 ortholog (bcg_0857) in Mycobacterium bovis 
BCG reveals that both its catalytic activity and membrane localization are 
essential for growth on propionate, a by-product of cholesterol metabolism. Loss 
of Rv0805 impaired propionate uptake, altered cell envelope lipid composition 
with an accumulation of methyl-branched lipids, and reduced carbon flux through 
the methylcitrate cycle, ultimately depleting key central carbon metabolites 
required for growth. Vitamin B12 supplementation activated the methylmalonyl 
pathway, restoring metabolic balance and rescuing growth. These findings 
demonstrate that Rv0805 links propionate metabolism with cell envelope 
integrity, identifying its activity and localization as metabolic 
vulnerabilities that could be exploited for tuberculosis 
therapy.
IMPORTANCE Rv0805 links propionate metabolism with cell envelope 
homeostasis in mycobacteria, and its loss uncovers a metabolic vulnerability 
that could be exploited to restrict mycobacterial survival in lipid-rich host 
microenvironments.
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BACKGROUND: Bovine tuberculosis (TB) threatens cattle farming in England. 
Supplementing tuberculin skin testing with the interferon-gamma blood test 
during TB incident (breakdown) management can enhance diagnostic sensitivity. We 
aimed to identify herds at greater risk of recurrence depending on their recent 
TB history to inform targeted interferon-gamma test deployment.
METHODS: Using observational data, we analysed TB breakdowns in herds with a 
lesion-positive or bacteriologically positive (officially tuberculosis 
free-withdrawn [OTF-W]) breakdown in the High-Risk Area or six-monthly 
surveillance section of the Edge Area of England between 2018 and 2020. 
Multivariable logistic regression assessed the odds of recurrence 18 months 
post-breakdown, based on TB status in the 18 months prior (OTF-W, OTF-suspended 
[OTF-S], none). Covariates previously identified as recurrence risk factors were 
included.
RESULTS: Herds with an OTF-W breakdown history had significantly higher odds of 
recurrence than those with no history: odds ratio [OR] 1.3 (95% confidence 
interval [CI]: 1.1‒1.6). OTF-S history did not confer increased risk: OR 0.9 
(95% CI: 0.8‒1.1). A large herd size was another significant risk factor for 
recurrence.
LIMITATIONS: Limited covariates were included in the analysis, which means that 
other factors potentially driving the recurrence of disease within herds may 
have been overlooked.
CONCLUSION: This analysis supports prioritising interferon-gamma testing of 
OTF-W breakdown herds with an OTF-W history but not an OTF-S history. Large 
herds, irrespective of breakdown history, may also benefit. Effective 
interventions against TB recurrence require further investigation.
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Accurate diagnosis of bovine tuberculosis (bTB) remains a critical challenge for 
disease control and eradication programs. While cell-mediated immune (CMI) 
response tests such as the comparative cervical intradermal tuberculin test 
(CCITT) are widely used, their sensitivity is limited, especially in later 
stages of infection. Antibody-based assays, such as enzyme-linked immunosorbent 
assays (ELISAs), may offer complementary detection and improve case 
identification. This study aimed to comparatively evaluate two indirect ELISA 
tests for the detection of antibodies against Mycobacterium bovis in naturally 
infected cattle from Southern Brazil. One ELISA test is in an experimental phase 
and uses a chimeric antigen comprising fragments of MPB70, MPB83, and ESAT-6 
proteins. The second is a commercially available ELISA registered with the WOAH, 
based on MPB70 and MPB83 antigens. Serum samples were collected from 147 cattle 
across nine herds with known bTB epidemiological histories. All animals 
underwent CCITT, and a subset was subjected to post-mortem examination, culture, 
and nested-PCR. The experimental ELISA identified 16.6% of animals as 
seropositive, while the commercial ELISA identified 13.0%, both exceeding the 
4.4% apparent prevalence detected by CCITT. Both ELISAs showed low sensitivity 
(<30%) when compared to culture or PCR-confirmed cases but were able to detect 
additional infected animals missed by CCITT. These findings support the use of 
serological tests as complementary tools to enhance bTB detection in cattle and 
inform surveillance and eradication strategies in endemic regions.
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BACKGROUND: Tuberculosis (TB) remains a significant public health challenge, 
necessitating accurate forecasting methodologies to support effective control 
and prevention strategies. This paper explores the application and comparative 
performance of single and hybrid time-series models for forecasting TB incidence 
trends specifically in Somalia.
METHODS: Annual TB incidence data from 2000 to 2022 were sourced from the World 
Bank to train and evaluate a comprehensive suite of 14 time-series models. This 
included five single models-ARIMA, ETS, TBATS, Theta, and NNAR-and nine hybrid 
model combinations (e.g., ARIMA-ETS, ARIMA-TBATS, ARIMA-ETS-TBATS). Model 
performance was assessed using Theil's U statistic, Mean Absolute Percentage 
Error (MAPE), Symmetric Mean Absolute Percentage Error (SMAPE), and Root Mean 
Square Error (RMSE).
RESULTS: Among the single time-series models, the TBATS model demonstrated the 
best fit. However, the comparative analysis revealed that the hybrid 
ARIMA-ETS-TBATS model outperformed other hybrid configurations. The study 
highlights that hybrid modeling offers enhanced forecasting accuracy compared to 
single models.
CONCLUSION: The resulting forecasts provide valuable insights into future TB 
incidence trends in Somalia. These findings underscore the importance of hybrid 
modeling in generating accurate data to aid informed public health 
decision-making and the development of targeted intervention strategies for TB 
control.
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We report on 2 patients with drug-resistant tuberculous meningitis diagnosed and 
treated in a high-resource, low-incidence setting. Both patients were treated 
with multidrug regimens including bedaquiline, a nitroimidazole, cycloserine, 
and linezolid. Drug selection was informed by molecular diagnostics, 
susceptibility testing, and pharmacokinetic and clinical data. Adverse events 
included suicidal ideation, cytopenias, ototoxicity, and neuropathy. There was 
discordance between phenotypic (susceptible) and genotypic (resistant) drug 
susceptibility testing for rifampin. After treatment, both patients had 
excellent clinical outcomes, with at least 12 months of post-treatment 
follow-up. These clinical cases provide an opportunity to explore the role of 
molecular diagnostics in the diagnosis of drug-resistant tuberculous meningitis, 
drug regimen selection in the era of novel oral regimens, and clinical 
decision-making in the setting of discordance between genotypic and phenotypic 
drug susceptibility testing.
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OBJECTIVE: Extrapulmonary tuberculosis (EPTB) poses diagnostic challenges due to 
the low bacillus burden of the disease and the limited use of bacteriological 
tests. The aim of this study was to evaluate bacteriological confirmation rates, 
diagnostic methods, and sampling practices among patients diagnosed with 
tuberculosis (TB) in a southeastern province of Türkiye.
MATERIAL AND METHODS: This retrospective study included a total of 456 TB cases 
diagnosed between 2014 and 2019. The cases were classified as pulmonary 
tuberculosis (PTB), EPTB, and cases with both types of involvement. 
Bacteriological and histopathological confirmation rates were compared between 
the groups.
RESULTS: 41.0% of all cases were classified as EPTB. The most commonly involved 
site was lymph node TB (22.4%). Bacteriological confirmation rates were 
significantly lower in EPTB cases: acid-fast bacilli (AFB) smear positivity was 
3.2% and culture positivity was 4.3%, whereas the histopathological confirmation 
rate was 88.8%. No bacteriological samples were taken from 63.1% of patients in 
the EPTB group. Among PTB cases, AFB smear positivity (71.4%) and culture 
positivity (66.5%) were significantly higher (P < 0.001).
CONCLUSION: The findings suggest that bacteriological tests are both underused 
and of low diagnostic efficiency in EPTB cases. Most diagnoses are based on 
histopathology rather than on bacteriological confirmation. Strengthening 
sampling strategies and promoting the use of rapid molecular testing are 
critical for enhancing bacteriological validation in EPTB.
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BACKGROUND: Community pharmacists (CPs) are accessible healthcare providers with 
the potential to support care for tuberculosis infection (TBI). However, their 
role remains limited and poorly integrated into national TB programs. Despite 
global recognition, no study in Indonesia has explored how CPs can be engaged as 
direct service providers. This study aims to identify the challenges and develop 
strategies for involving CPs as direct providers of TB services to improve TB 
preventive treatment outcomes.
METHODS: A qualitative case study was conducted in West Java, Indonesia. Data 
collection involved group interviews (GIs) and in-depth interviews (IDIs) with 
providers from community health centers (CHCs) and community pharmacies, as well 
as with patients with TBI. Participants responded to a proposed collaborative 
model scenario during the interviews, where CPs would provide direct support for 
TBI treatment. Data were deductively analyzed using ATLAS.ti version 9, 
employing a thematic analysis approach guided by the Tailored Implementation for 
Chronic Diseases (TICD) framework to identify challenges and strategies across 
seven domains. The findings are reported in accordance with the 32-item COREQ 
checklist.
RESULT: A total of 27 participants were enrolled from CHCs and pharmacies, 
including TB programmers, medical doctors, community pharmacists, and 
individuals with TBI. We identified several challenges, including the absence of 
specific guidelines; limited knowledge and skills among CPs; patient 
preferences; limited professional interaction between CPs and healthcare 
workers; the lack of an incentive scheme; and insufficient regulatory support 
from national and local governments. In response to these challenges, various 
strategies can be implemented, including providing systematic guidelines, 
improving CPs' capacity, building a communication system between CPs and related 
healthcare workers, implementing an incentive scheme, and advocating for 
regulatory support from national and local governments.
CONCLUSION: To implement collaborative practice effectively, it is essential to 
address the identified challenges and, alongside coordinated efforts among all 
TB stakeholders, develop strategies to establish a sustainable, impactful 
practice model in real-world settings.
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BACKGROUND: Tuberculosis (TB) survivors experience high mortality and long-term 
morbidity, contributing substantially to the global TB burden. In the UK, where 
TB incidence is rising, the scale of post-TB health needs is unknown and current 
guidelines do not recommend follow-up. We conducted the first nationwide survey 
of UK TB services to assess approaches to post-TB care.
METHODS: We conducted a digital survey between February and May 2025 across 
National Health Service TB services in all four nations, targeting specialist 
clinicians. The questionnaire captured data on types of post-TB morbidity 
encountered and current practice. We analysed descriptively and stratified by 
caseload.
RESULTS: We received responses from 113 of 135 TB services (84%). Most 
respondents were lead clinicians (81%), and nearly all (96%) had encountered 
post-TB morbidity in their patient populations, including lung disease (82%), 
social vulnerabilities (79%), and financial issues (66%). High caseload services 
(≥30 cases/year) reported more types of morbidity (mean 4.2 vs 2.9; p<0.001). 
While end of treatment symptom screening and chest X-rays are routine (>95%), 
fewer than half of services perform assessments for broader post-TB sequelae and 
comorbidities, or provide direct ongoing medical care (41%). Most services cited 
staffing (78%), clinic capacity (70%) and funding (59%) as challenges to post-TB 
care.
CONCLUSIONS: A high proportion of UK TB clinicians recognise post-TB morbidity 
among their patient groups. TB services are introducing elements of post-TB 
care, but provision is heterogenous and often informal, with multiple 
resource-related challenges. Robust UK-specific data, stakeholder engagement and 
clear guidance are needed to support post-TB care pathways.
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Tuberculosis and cancer are the most critical global health problems of our 
time, and the diseases that cause the most deaths globally. This investigation 
focused on Penicillium mallochii, a key component of our fungus collection, 
which is registered in GenBank under the number MG591446. In this study, the 
minimum inhibitory concentrations (MICs) and minimum bactericidal concentrations 
(MBCs) of P. mallochii ethanol extract (EE) against Mycobacterium species, as 
well as their cytotoxic activities on cell lines, were investigated. For this 
purpose, the anti-mycobacterial activity of P. mallochii EE extract was tested 
against all tuberculosis (TB) strains, including avirulent Mycobacterium 
tuberculosis H37Ra (MT-H37Ra) and virulent Mycobacterium tuberculosis H37Rv 
(MT-H37Rv), and six clinical strains (MT-1 to MT-6). It has also been 
investigated to explore its anticancer activity on HL-60, K562, and A549 cancer 
cell lines. Additionally, Liquid chromatography-quadrupole time-of-flight tandem 
mass spectrometry analysis (LC-Q-TOF-MS/MS) enabled the identification of a 
total of four compounds in the EE, including harmane, kojic acid, simvastatin, 
and lovastatin. We have provided information about its extrolite content and 
antituberculosis and cytotoxic effects. P. mallochii is a potential 
microorganism for future medical drug studies due to its promising 
antituberculosis activity, cytotoxic effects, and valuable extrolites.
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INTRODUCTION: Multidrug-resistant (MDR) anal and perianal tuberculosis 
constitutes an exceptionally rare form of extrapulmonary tuberculosis. We report 
a case of MDR anal and perianal tuberculosis diagnosed and managed in the 
Pneumo-Phthisiology Department of Ignace Deen University Hospital in Conakry, 
Guinea.
CASE PRESENTATION: Mrs. M.B., a 33-year-old housewife residing in Tombolia 
(Conakry), with no notable medical history, presented to the General Surgery 
Department of Ignace Deen University Hospital on 24 February 2023 with fever, 
abdominal pain, constipation, and painful swelling of the anal and perianal 
region. Following a hemorrhoidectomy, histopathological examination of the 
surgical specimen initially suggested a diagnosis of diffuse large B-cell 
lymphoma of the anal region. Consequently, CHOP chemotherapy (Adriamycin, 
cyclophosphamide, vincristine, and prednisolone) was initiated on 10 March 2023 
in the Hematology Department. After three cycles of chemotherapy, the patient 
showed no clinical improvement, with persistent anal lesions and recurrent 
fever. A strongly positive tuberculin skin test (15 mm) prompted referral to the 
Pneumo-Phthisiology Department for suspected anal tuberculosis. GeneXpert 
MTB/RIF testing performed on stool samples confirmed the presence of MDR 
Mycobacterium tuberculosis. A 9-month short-course second-line antituberculosis 
regimen was initiated. After 1 month of treatment, the patient developed 
abdominal pain, semiliquid diarrhea, anorexia, and abdominal distension with a 
positive fluid-thrill sign. The anal and perianal lesions, however, showed 
significant improvement.
CONCLUSION: MDR anal and perianal tuberculosis is an uncommon manifestation of 
extrapulmonary tuberculosis. In regions with high tuberculosis endemicity, it 
should be considered in the differential diagnosis of chronic ulcerative 
cutaneous or mucosal lesions. Management relies primarily on second-line 
antituberculosis therapy to prevent complications and ensure complete recovery.
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Mycobacterium avium subsp. paratuberculosis (MAP) and the disease it causes in 
cattle were first officially documented in Colombia in 1924 and originated from 
imported cattle. Since then, paratuberculosis (PTB) has received little 
attention, and there is currently no literature offering an updated overview of 
this disease in Colombia. This scoping review aims to synthesize the evidence 
and information compiled over the last 100 years to understand the epidemiology 
and public health response to PTB in Colombia. Using four academic databases, we 
retrieved articles that mentioned MAP/PTB in Colombia, had no language 
limitations, and were published between 1924 and 2024. In addition, we manually 
searched for proceedings from the 3rd to 16th International Colloquia on 
Paratuberculosis for existing published primary studies. A total of 48 original 
studies on MAP/PTB were identified and analyzed. Most related studies have been 
conducted during the past two decades and have focused primarily on cattle 
(89.4 %). ELISA (59.6 %) and PCR (42.6 %) were the most commonly used diagnostic 
methods. The study designs were predominantly descriptive or cross-sectional, 
with no cohort or casecontrol studies reported. Despite being a notifiable 
disease since 2015, no research has addressed MAP detection in food or humans. 
The findings revealed a fragmented research landscape, with significant gaps in 
diagnostics, epidemiology, molecular characterization, and public health impact. 
Policy issues are discussed, including the absence of legal frameworks to 
coordinate responses to the disease and its relationship with bovine 
tuberculosis. Colombia should acknowledge the presence of MAP/PTB within the 
country and address it as a national priority.
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BACKGROUND: Lung cancer continues to be among the most fatal malignancies 
globally and exhibits a complex interplay with tuberculosis (TB). These 
conditions share several pathogenic pathways, notably involving apoptosis and 
autophagy, which play critical roles in disease progression and therapeutic 
responsiveness. MicroRNAs (miRNAs) function as pivotal post-transcriptional 
regulators, with miR-34a and miR-182 increasingly recognized as key modulators. 
Beyond their established roles in tumor development and host-pathogen 
interactions, these miRNAs influence diagnostic accuracy and therapeutic 
approaches in both lung cancer and TB METHODS: To investigate miRNA-driven 
regulatory mechanisms, A549 lung adenocarcinoma cells and THP-1 monocytic cells 
were transfected with vectors designed to overexpress miR-34a and miR-182. 
Apoptotic and autophagic processes were quantitatively assessed using 
high-resolution flow cytometry alongside functional validation assays. 
Additionally, the expression of key apoptotic and autophagy-related genes was 
analyzed to characterize downstream molecular effects resulting from miRNA 
modulation.RESULTS: Quantitative real-time PCR analysis demonstrated that miR-34a upregulated Bax while downregulating Bcl-2, leading to a pronounced increase in the Bax/Bcl-2 ratio. In contrast, miR-182 enhanced the expression of both Bax 
and Bcl-2, yet still facilitated apoptosis through an overall elevation of the 
Bax/Bcl-2 ratio. Within the autophagy-related signaling network, miR-34a exerted 
a suppressive effect on IL6, FOXO3, and TNFα expression, whereas miR-182 
promoted the expression of genes associated with autophagic activity. These 
molecular findings were corroborated by flow cytometry, which revealed increased 
apoptotic activity accompanied by diminished autophagy. Collectively, the data 
indicate distinct yet complementary regulatory functions of miR-34a and miR-182 
in determining cellular fate.CONCLUSIONS: miR-34a and miR-182 exert significant regulatory effects on apoptotic and autophagic pathways in the context of lung cancer and tuberculosis. Their differentiated but coordinated actions highlight their potential utility as diagnostic biomarkers and therapeutic modulators. These 
findings suggest promising translational implications for the precision 
management of both infectious and malignant pulmonary disorders.

© 2026. The Author(s), under exclusive licence to Springer Nature B.V.

DOI: 10.1007/s11033-026-11569-5
PMID: 41739360 [Indexed for MEDLINE]

38. Infect Dis Ther. 2026 Feb 25. doi: 10.1007/s40121-026-01319-2. Online ahead of print.

Preparing for Tuberculosis Vaccine M72/AS01(E) Implementation: A Global Demand 
Forecast and Key Influential Factors.

Kallenberg J(1), Milea D(2), Breuer T(3), Philippot A(4).

Author information:
(1)GSK, Amsterdam, The Netherlands.
(2)GSK, Paris, France.
(3)GSK, Tres Cantos, Spain.
(4)GSK, Avenue Fleming 20, 1300, Wavre, Belgium. agathe.x.philippot@gsk.com.

INTRODUCTION: Tuberculosis (TB) affects over 10 million people worldwide 
annually, is difficult to treat, and is a major cause of death. The M72/AS01E 
candidate vaccine is the first vaccine in over 100 years with the potential to 
protect adolescents/adults. To prepare for the introduction of the vaccine and 
ensure adequate manufacturing capacity, global vaccine demand must be carefully 
estimated in advance.
METHODS: A global demand forecasting model was developed that considered demand 
factors such as TB burden, external funding, anticipated interest, and country 
vaccine adoption capabilities, which determined assumptions for the timing and 
implementation approach of vaccine introduction. Assuming initial M72/AS01E 
regulatory approval in 2029, demand for routine vaccination and catch-up 
campaigns was forecasted through to 2045.
RESULTS: Adoption of M72/AS01E was projected to begin in South Africa in 2029, 
expanding to 89 countries by 2039. In the base-case forecast, demand reached a 
steady state of around 56 million doses per year by 2036, and decreased to 
around 43 million doses per year following licensure of another global TB 
vaccine, assumed in 2037. Seven countries accounted for 61% of demand, and 
approximately half of all demand was from Gavi-eligible countries (Gavi, the 
Vaccine Alliance). In scenario analyses, demand increased by 43% (peaking at 
79 million in 2036), assuming higher efficacy and more available funding, and 
decreased by 34%, assuming narrower, delayed policy recommendations and less 
available funding. Key drivers of global demand included adoption timing, target 
population, and coverage.
CONCLUSIONS: M72/AS01E has the potential to reduce the TB burden worldwide. 
Successful vaccine introduction requires early and coordinated planning, with 
detailed demand forecasting refined over time. The model will be updated as new 
data and country implementation plans emerge. To avoid access delays, continued 
collaboration among key stakeholders, including vaccine suppliers, and early 
visibility on policy recommendations and domestic and donor funding availability 
will be critical in the coming years.
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BACKGROUND: The WHO currently endorses several commercial Interferon Gamma 
Release Assays (IGRAs); policy updates are needed given the development of new 
tests. We conducted an updated systematic review and meta-analysis to compare 
sensitivity, specificity, and agreement of newly commercialized IGRAs with 
WHO-endorsed IGRAs.
METHODS: Databases (Medline, EMBASE, Web of Science, CENTRAL, and ICTRP) were 
searched for studies published from 1 February 2021 to 30 September 2024, then 
again up to 16 December 2025. We included cross-sectional, cohort, and 
case-control studies, and assessed risk of bias using QUADAS-2. The primary 
outcomes were pooled differences in sensitivity, specificity, and agreement 
between the new IGRA's and WHO-endorsed IGRA's.
RESULTS: From 3039 records screened, 39 reports (36 published) describing eight 
new IGRAs met eligibility: STANDARD E TB-Feron, LIAISON XL Analyzer (CLIA), 
Ichroma IGRA-TB, STANDARD F TB-Feron, VIDAS TB-IGRA, ASACIR.TB, WANTAI CLIA, 
AdvanSureI3 TB-IGRA. STANDARD E TB-Feron had non-significantly lower sensitivity 
(-2.8%, 95% CI: -11.8% to 6.2%) and specificity (-3.6%, 95% CI: -10.0% to 2.7%), 
with kappa of 0.802 (95% CI: 0.729 to 0.874), compared to QFT-plus. For LIAISON 
XL Analyzer the specificity was 0.1% higher (95% CI: -6.2% to 6.4%), than 
QFT-Plus/GIT, with a pooled kappa of 0.846 (95% CI: 0.814 to 0.878).
CONCLUSIONS: Two of the eight new tests reviewed showed promising accuracy and 
high agreement with WHO-endorsed IGRAs. The overall certainty of evidence 
remains low due to risk of bias and imprecision. High-quality, independent 
studies in diverse populations and settings are needed to inform future WHO 
recommendations for TB infection tests.
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Spinal tuberculosis, also known as Pott's disease, in children is a rare 
manifestation of extrapulmonary tuberculosis. The nonspecific clinical features, 
such as chronic abdominal pain, of extrapulmonary TB or spinal TB in children 
tend to delay diagnosis. We present the case of a 14-year-old girl who has been 
suffering from abdominal and backpain associated with spinal tuberculosis. This 
is a case study reporting on the treatment and outcome of a 14-year-old girl who 
presented with progressive lower abdominal and back pains for 6 months, 
accompanied by slight kyphotic deformity. The involvement in this case was 
multilevel dorsal vertebral destruction from D5 to D12, and both paravertebral 
and right psoas abscesses on the magnetic resonance imaging and thin-section 
computed tomography scans were very suggestive of spinal tuberculosis. A biopsy 
during the operations was not done; the treatment strategy and the plan were 
based on the diagnosis made from the clinical presentation and imaging studies. 
The justification for not doing the biopsy when the clinical features and 
imaging became concordant with the diagnosis of spinal tuberculosis would mean 
giving less importance to the biopsy result. Clinical and radiological 
improvement was good, with some improvement in the angle from 38° to 22° and VAS score for pain from 8/10 to 2/10 after 6 months. The treatment plan consisted of posterior surgical decompression and stabilization with anti-tubercular therapy 
for 12 months. This particular case underscores the fact that tuberculosis of 
the spine can have a presenting symptom of chronic abdominal pain in children. 
Radiographic assessment plays a pivotal role when histologic confirmation is 
impossible initially, and prompt multidisciplinary care, including radiology and 
anti-tuberculosis treatment, prevents catastrophic consequences.
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BACKGROUND: Challenges in tuberculosis (TB) control have fuelled interest in 
routine next generation sequencing (NGS). However, the comparative performance 
of targeted NGS (tNGS) and whole genome sequencing (WGS) for drug resistance and 
genetic relatedness inference remains unclear.
METHODS: In this cross-sectional study, we compared WGS (MICK-MAGMA platform) 
and the Deeplex MycTB tNGS assay in 90 patients with rifampicin-resistant TB in 
South Africa. A pairwise analysis was conducted for a total of 60 isolates, for 
which tNGS was conducted directly on DNA from sputum, and WGS on cultured 
isolates from the same samples.
RESULTS: Drug resistance inference was highly concordant (≥92%) for most drugs, 
but lower for isoniazid (82%) and ethionamide (78%). Mixed infections were more 
commonly detected in tNGS (6.7%) than WGS (1.7%), though likely due to 
analytical errors. tNGS detected more minor variants (allelic frequency <25%) 
than WGS (76 versus 32), with minimal overlap. Most minor variants were of 
unknown significance; some likely stemmed from contamination or sequencing 
errors. Heteroresistance involving minor variants was rare (4.7% in tNGS, 0% in 
WGS). WGS provided lineage and sublineage information for all samples, while 
tNGS reported lineage for 67% and sublineage for 20%. WGS classified more 
samples as genetically unrelated (76%) than tNGS (40%).
CONCLUSION: In this cohort, drug resistance inference was largely concordant 
between tNGS and WGS. WGS offered higher resolution for genetic relatedness, 
while tNGS showed greater sensitivity for minor variants. Further research is 
needed to clarify the clinical relevance of minor variants and assess the 
utility of WGS for transmission control.
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BACKGROUND: Studies examining dendritic cell (DC) immunobiology in tuberculosis 
(TB) patients have been conflicting, and no studies have examined DCs in the 
peripheral blood or lungs of patients with pre- or extensively drug-resistant TB 
(XDR-TB).
METHODS: To provide insight into DC immunobiology, we first compared the DC 
subsets in the peripheral blood of XDR-TB patients with that from participants 
with latent TB infection (LTBI). Second, we compared DC subsets from cavity 
biopsies from explanted lung sections with normal-appearing lung tissue from 
pre-XDR/XDR-TB patients undergoing resection surgery. DCs were assessed for 
phenotypic and functional markers using flow cytometry.
RESULTS: In the peripheral blood of XDR-TB patients, plasmacytoid DCs (pDCs) 
expressed lower levels of cluster of differentiation 83 (CD83; p=0.01), 
toll-like receptor 2 (TLR-2; p<0.0001) and macrophage mannose receptor (MMR; 
p<0.0001), with higher levels of programmed cell death protein 1 (PD-L1; 
p=0.007) than pDCs from LTBI participants (p=0.01). MMR expression from the 
conventional DC1 (cDC1) subset in XDR-TB patients was found to be higher 
(p=0.02) than that from the cDC1 subset in LTBI participants. In the lung 
compartment (cavity and normal-appearing lung), the dominant DC subset was the 
pDCs (p=0.02), despite the conventional DC subsets (cDCs) expressing higher 
levels of C-C chemokine receptor 7 (CCR7) (p=0.02 for both comparisons), CD83 
(p≤0.03 for both comparisons), TLR-2 (p=0.02 for both comparison), MMR (p=0.02 
for both comparisons) and DC-SIGN (p≤0.05 for both comparisons).
CONCLUSIONS: The low frequency of cDCs in the lung cavity of XDR-TB patients in 
conjunction with the limited migratory and co-stimulatory expression of pDCs 
suggests that there is DC dysregulation in the lung mucosal milieu, possibly due 
to persistent disease.
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OBJECTIVE: The aim of the study was to analyse the characteristics of 
rifampicin-resistant tuberculosis patients in Spain.
METHODS: This was an ambispective observational study of a multicentre cohort of 
patients diagnosed between January 2019 and July 2023 in most Autonomous 
Communities (retrospective period 2019-2020, prospective 2021-2023).
RESULTS: 94 patients were included; 83 (88.3%) had pulmonary tuberculosis. The 
mean age was 38.00±17.8 years; 67 (71.3%) were male, 62 (66.0%) were from 
countries other than Spain, six (6.4%) were HIV-infected and 24 (25.5%) had 
previously treated tuberculosis. Nine patients had rifampicin-resistant 
tuberculosis (RR-TB), 75 multidrug-resistant tuberculosis (MDR-TB), nine 
pre-extensively drug-resistant tuberculosis (pre-XDR-TB) and one XDR-TB. 
Treatment included bedaquiline in 39 (41.5%) patients, linezolid in 87 (92.6%), 
fluoroquinolones in 82 (87.2%), clofazimine in 64 (68.0%) and delamanid in 27 
(28.7%). Treatment was supervised by experts in 63 cases (67.0%). In 43 patients 
(45.7%), there were difficulties obtaining authorisation for drug prescription 
(bedaquiline or delamanid). 21 patients (22.3%) had difficulties understanding 
the treatment. The final treatment outcomes were cured in 60 cases (63.8%), 
treatment completed in 23 (24.5%), deaths in 3 (3.2%), with 2 due to 
tuberculosis, loss to follow-up in five (5.3%) and not evaluated in three 
(3.2%). No treatment failures occurred. Successful outcomes were achieved in 83 
patients (88.3%). MDR-TB compared with pre-XDR-TB (OR 8.77, 95% CI 1.42-45.55; 
p=0.01) and no treatment comprehension difficulties (OR 10.61, 95% CI 
2.78-40.48; p=0.001) were both associated with successful outcomes.
CONCLUSIONS: Most patients achieved successful outcomes with individualised 
regimens guided predominantly by experts. Patients with pre-XDR-TB and those 
with comprehension difficulties had significantly reduced success rates.
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BACKGROUND Miliary tuberculosis (TB) carries an increased risk in 
immunosuppressed patients. Extrapulmonary manifestations include hemophagocytic 
lymphohistiocytosis (HLH) and iliopsoas abscess. The coexistence of multiple 
extrapulmonary involvements can result in a significant diagnostic challenge. In 
the treatment of TB-associated HLH, the use of immunosuppressive agents remains 
controversial because of the risk of exacerbating TB. This report describes the 
case of a 70-year-old woman with rheumatoid arthritis presenting with an 
iliopsoas abscess, pulmonary miliary tuberculosis, and secondary HLH. CASE 
REPORT A 70-year-old Japanese woman with a history of rheumatoid arthritis 
treated with immunosuppressive therapy including golimumab and iguratimod 
presented with fever, dyspnea, cough, and weight loss. Imaging demonstrated an 
iliacus muscle abscess and possible pulmonary miliary tuberculosis. Clinical 
manifestations, laboratory findings, and bone marrow biopsy results were 
consistent with a diagnosis of HLH. Acid-fast bacilli cultures were positive for 
Mycobacterium tuberculosis from the abscess, bronchoalveolar lavage fluid, 
urine, and blood, confirming the diagnosis of miliary TB. The patient received 
the HLH-94 treatment protocol and antituberculosis therapy for TB-associated 
HLH, but unfortunately died of multi-organ failure. CONCLUSIONS In 
immunosuppressed patients presenting with multi-organ involvement, such as 
iliopsoas abscess and HLH, clinicians should maintain a high index of suspicion 
for miliary TB and pursue proactive diagnostic evaluation. Given the limited 
evidence supporting immunomodulatory therapies in TB-associated HLH, management 
should be individualized and guided by multidisciplinary discussion.
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BACKGROUND: Tuberculosis remains a major public health challenge in Iran due to 
changing demographic and epidemiological patterns. Understanding these trends is 
essential for disease control. We used Joinpoint regression to analyze 
tuberculosis trends in northwest Iran during 2005-2019.
METHODS: All tuberculosis cases from East Azerbaijan Province (2005-2019) were 
extracted from the national TB surveillance database. Population data were 
obtained from the national census, with inter-census years estimated by linear 
interpolation. Temporal incidence trends were assessed using Joinpoint 
regression, yielding annual percent change and 95% confidence intervals. 
Analyses were stratified by age and sex to examine incidence differences.
RESULTS: Between 2005 and 2019, 3,827 tuberculosis cases were reported in East 
Azerbaijan Province, with women comprising 53% of cases and a median patient age 
of 55 years. The age-standardized incidence rate increased until 2012 (APC: 
+2.6%, 95% CI: 1.2-4.1), then declined significantly (APC: - 6.4%, 95% CI: - 8.1 
to - 4.7), reaching 2.8 per 100,000 by 2019. The most marked decreases were 
observed in men aged 15-34 years (APCs: - 11.6% and - 23.3%), with similar 
reductions among women in this age group. Trends among older adults were more 
variable, but after the joinpoint, the decline became significantly steeper 
among women (APC: - 7.7%, P < 0.001).
CONCLUSION: The decline in tuberculosis incidence since 2012, especially among 
younger groups, indicates progress in local TB control. However, rising rates 
among older men highlight new demographic concerns. Continued surveillance and 
targeted interventions are crucial to sustain gains and further reduce 
tuberculosis in the province.
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Abdominal tuberculosis may present acutely as peritonitis or intestinal 
perforation, which might need immediate surgical intervention and postoperative 
intensive care. Even in rifampicin-sensitive tuberculosis, standard first-line 
oral antitubercular therapy might be ineffective due to the unreliable 
gastrointestinal absorption and altered pharmacokinetics. We report a case of a 
young woman with abdominal tuberculosis and multiple ileal perforations who 
required intensive care following emergency laparotomy. We used an initial 
antitubercular treatment with the combination of intravenous amikacin, linezolid 
and levofloxacin until intestinal function recovered. She was then transitioned 
to standard oral therapy with rifampicin, isoniazid, pyrazinamide and 
ethambutol, achieving full recovery. This case highlights the value of 
short-term parenteral antitubercular regimens as a bridge in critically ill 
patients with gastrointestinal compromise, underscoring the role of 
pharmacokinetic considerations and multidisciplinary care.
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INTRODUCTION: Poor glycaemic control, indicated by a haemoglobin A1c (HbA1c) 
level of 7% or higher, increases the risk of active tuberculosis (TB) in 
patients with diabetes, while active TB can worsen glucose tolerance and insulin 
resistance, contributing to type-2 diabetes mellitus (DM) progression. The 
bidirectional relationship between TB and DM is well recognised, but the 
evolution of glycaemic status during TB treatment, particularly the distinction 
between transient and persistent dysglycaemia, is not well understood in 
high-burden settings.
METHODS: We conducted a prospective cohort study of 120 newly diagnosed 
pulmonary TB patients in Ghana, categorised as TB-Only (n = 66), TB with 
established DM on metformin (TB-DMt, n = 39), and TB with dysglycaemia not 
requiring pharmacological therapy (TB-DMnt, n = 15). HbA1c was measured at 
baseline, 3, 6 and 9 months.
RESULTS: TB-DMt patients were older, had higher BMI and persistently elevated 
HbA1c (p < 0.001). In contrast, TB-DMnt patients showed significant HbA1c 
decline during and after TB treatment, normalising by 6 months (p < 0.016). Most 
TB-Only patients maintained stable euglycaemia. Transient dysglycaemia resolved 
in TB-DMnt, while persistent hyperglycaemia was confined to those with 
pre-existing DM (TB-DMt).
CONCLUSION: Routine HbA1c monitoring during TB therapy can distinguish transient 
dysglycaemia from true diabetes, supporting more precise risk stratification and 
tailored management of TB patients.
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OBJECTIVES: Disparities in latent tuberculosis infection (LTBI) testing by birth 
country and socioeconomic status (SES) are not well understood. We used 
electronic health records from Kaiser Permanente Southern California (2010-2019) 
to examine disparities in LTBI testing across SES among those born in high-vs. 
low-tuberculosis (TB) incidence countries.
STUDY DESIGN: Retrospective cohort study.
METHODS: We examined LTBI testing rates and measures of disparities 
(absolute/relative concentration index, between-group variance, and mean log 
deviation) across area-level SES and racial/ethnic groups, by birth in a 
high-vs. low-TB incidence country, with imputed data for missing birth country.
RESULTS: We included 1,740,428 individuals, with a median age of 37.0 years 
(interquartile range 27.0, 51.0), who were 50.3% female (n = 875,879), and 39.2% 
Hispanic (n = 682,870); 1,205,853 (69.3%) were born in a country with low TB 
incidence. Among adults born in low-TB incidence countries (n = 1,205,853; 315.3 
tests/10,000 person-years), testing rates remained stable (annual percent change 
[APC] = -0.69% [95% CI: -1.55, 0.41]). Among adults born in high-TB incidence 
countries (n = 534,575; 246.7 tests/10,000 person-years), testing rates 
increased over time (APC = 1.90% [1.14, 2.90]) with a higher rate of increase 
for those with higher SES. Among individuals born in a high-TB incidence 
country, disparities by SES and racial/ethnic groups increased over time.
CONCLUSIONS: Disparities in LTBI testing in individuals born in high-vs. low-TB 
incidence countries decreased overall, but increased disproportionally in those 
with higher SES among those born in high-TB incidence countries. Continued 
research is needed to understand the causes of disparities, and to inform 
interventions to reduce disparities.
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Pediatric patients with tuberculosis who are not infected with HIV may still be 
at risk of developing tuberculosis-immune reconstitution inflammatory syndrome 
(TB-IRIS) during treatment. A case of TB-IRIS in an immunocompetent child with 
pulmonary tuberculosis is reported. On the 25th day of standard antituberculosis 
therapy, the patient experienced continuous fever and clinical deterioration, 
and new lesions were detected on follow-up radiographic imaging. Upon initiation 
of corticosteroid therapy, the patient showed marked clinical improvement and 
resolution of fever. This case highlights the importance of recognizing TB-IRIS 
in immunocompetent pediatric patients. After alternative causes are excluded, 
TB-IRIS should be suspected in children with tuberculosis who develop new or 
worsening symptoms accompanied by newly emerging radiological findings.
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Early detection of Mycobacterium leprae infection is essential to interrupt 
leprosy transmission and guide prophylactic interventions. Current diagnostic 
strategies rely largely on clinical signs, and laboratory tools lack sensitivity 
to detect asymptomatic individuals, who can play a critical role in disease 
transmission and evolve to disease as well. In this study, we report the 
development of a heat-transfer method (HTM)-based biosensor employing a newly 
designed multiepitope protein receptor, capable of detecting anti-M. leprae 
antibodies in human serum, with sensitivity for leprosy contacts. The protein, 
initially tested in ELISA assays, was then immobilized on aluminum chips, and 
its successful attachment and functionality were confirmed using FTIR, EDX, 
ELISA-like, and confocal fluorescence assays. Evaluation of the sensor was 
performed using an HTM transducing platform, where thermal measurements revealed 
a clear response to antibody binding that is serum dilution-dependent as it is 
in established methods such as ELISA. The biosensor distinguished serum from M. 
leprae-exposed individuals from that of non-exposed controls and a tuberculosis 
sample, with effect sizes up to four times higher. Notably, responses were 
comparable to the ones obtained using ELISA at similar serum dilution. These 
findings demonstrate, for the first time, the feasibility of using a thermal 
biosensing platform to detect specific antibodies in a clinically relevant 
scenario, paving the way for a sensitive, low-cost, and point-of-care tool for 
early leprosy detection and contact surveillance. This strategy addresses the 
critical challenge of identifying M. leprae exposure and holds potential for 
broader application in infectious disease diagnostics.
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Despite being heavily infiltrated by immune cells, tuberculosis (TB) granulomas 
often subvert the host response to Mycobacterium tuberculosis (Mtb) infection 
and support bacterial persistence. Human TB granulomas are enriched for 
immunosuppressive factors typically associated with tumor-immune evasion, 
raising the possibility that they promote tolerance to infection. Here we 
identify candidate drivers for establishing this tolerogenic niche and show that 
the magnitude of this response correlates with bacterial persistence. We 
conducted a multimodal spatial analysis of 52 granulomas from 16 nonhuman 
primates infected with low-dose Mtb for 9-12 weeks. Each granuloma's bacterial 
burden was quantified individually, enabling us to assess how granuloma spatial 
structure and function relate to infection control. We found that a universal 
feature of TB granulomas is partitioning of the myeloid core into two distinct 
metabolic environments, one of which is hypoxic. This hypoxic environment is 
associated with pathological immune cell states, dysfunctional cellular 
organization of the granuloma, and a near-complete blockade of lymphocyte 
infiltration that would be required for a successful host response. The extent 
of these hypoxia-associated features correlates with higher bacterial burden. We 
conclude that hypoxia correlates with immune cell state and organization within 
granulomas and might subvert immunity to TB.
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Early diagnosis of tuberculosis (TB) in children is hampered by non-specific 
symptoms, low bacillary loads, and difficulties in obtaining respiratory 
samples. We evaluated urinary metabolomics using high-resolution nuclear 
magnetic resonance (HR-1H-NMR) spectroscopy as a non-invasive tool to 
discriminate TB disease, TB infection (TBI), and healthy controls (HC). Urine 
samples from 101 children enrolled in the Spanish Paediatric TB Network (pTBred) 
were retrospectively analysed, including 62 TB cases (26 microbiologically 
confirmed [cTB]), 17 TBI, and 22 HC. Metabolic fingerprints were generated via1 
H-NMR spectroscopy. Group discrimination was assessed using partial least 
squares discriminant analysis (PLS-DA) with cross-validation. Metabolites were 
selected using VIP > 2 and p < 0.05. Validated PLS-DA models (TB vs. HC, cTB vs. 
HC and cTB vs. TBI) achieved ≥ 70% accuracy (AUC-ROC 0.867-0.971), with 
sensitivities ranging from 69.1% to 90.0% and specificities from 77.3% to 86.7%. 
Discrimination was strongest for cTB vs. TBI (AUC-ROC 0.971; sensitivity 90.0%; 
specificity 86.7%). A set of discriminatory metabolites was identified across 
validated comparisons. Compared with HC, TB disease was characterized by 
increased levels of phenylalanine and two unidentified NMR signals, together 
with reductions in several energy and nitrogen-related metabolites; benzoate and 
histidine showed borderline differences. In contrast, TBI was associated with 
higher levels of isoleucine, N-acetylglutamine, glutamine, creatinine and 
2-hydroxyvalerate. Urine HR-1H-NMR metabolomics suggests potential distinct 
metabolic signatures across TB states. While not yet suitable as a confirmatory 
test, these preliminary findings show potential as a triage tool to help 
prioritise children for microbiological testing and may eventually reduce the 
need for invasive sampling.
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We report a case of tuberculous pleurisy in a 54-year-old man who initially 
presented with negative interferon-gamma release assay (IGRA) results and 
elevated pleural fluid adenosine deaminase (ADA) levels. Bacteriological 
confirmation was obtained only when the pleural fluid culture grew Mycobacterium 
tuberculosis one month later. The IGRA yielded positive results approximately 
two months after symptom onset. This case highlights the limitations of IGRAs 
and ADA as definitive diagnostic tools and underscores the need to consider 
primary tuberculosis in early IGRA negative cases. Clinicians should be aware of 
the time-dependent nature of immune sensitization when evaluating patients with 
suspected tuberculous pleurisy.
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BACKGROUND: CNS tuberculosis (TB) remains a major global health challenge, 
affecting all age groups regardless of immune status. It is associated with high 
morbidity and mortality, with stroke and hydrocephalus as common complications. 
Brainstem tuberculomas and tuberculous abscesses are rare manifestations of CNS 
TB and pose significant management challenges.
OBSERVATIONS: An 18-year-old immunocompetent male developed acute quadriparesis 
and decreased consciousness from complicated brainstem tuberculomas with 
brainstem compression. He underwent urgent surgical decompression and drainage 
of purulent material via an endoscopic endonasal transclival approach (EETA), 
with the continuation of antituberculous therapy and corticosteroids. 
Intraoperative findings included a solid granuloma and inflammatory debris. 
Molecular analysis confirmed Mycobacterium tuberculosis. Postoperatively, the 
patient achieved a remarkable recovery from quadriparesis, along with multiple 
cranial nerve (CN) deficits (CNs VI, VII, and VIII).
LESSONS: CNS tuberculomas typically respond to medical treatment and rarely 
necessitate surgical intervention. However, tuberculous abscesses represent a 
distinct clinical entity, particularly in the vicinity of the basal cisterns and 
the brainstem area. Urgent surgical treatment is essential to relieve brainstem 
compression, reduce inflammation, lower the risk of stroke, and enhance 
neurological recovery. The EETA provides a safe and effective strategy for both 
diagnostic biopsy and ventral brainstem decompression. 
https://thejns.org/doi/10.3171/CASE25613.
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The currently licensed anti-tuberculosis (TB) vaccine, Mycobacterium bovis BCG, 
provides limited protection against pulmonary TB in adolescents and adults, the 
main cause of TB transmission and mortality. To obtain an improved BCG-based 
vaccine candidate with increased immune signalling but still low virulence, we 
have previously generated a recombinant BCG strain named BCG::ESX-1Mmar, which 
is heterologously expressing ESX-1 functions of Mycobacterium marinum and 
thereby modulates the host innate immune responses via phagosomal 
rupture-associated induction of type I interferon production and enhanced 
inflammasome activity, leading to superior protection against TB disease in 
murine infection models. As protection may also vary with the route of 
vaccination, here, we have explored aerosol vaccination relative to subcutaneous 
vaccination, using BCG Pasteur and BCG::ESX-1Mmar. We found that mice vaccinated 
via the aerosol route with BCG Pasteur or BCG::ESX-1Mmar both yielded higher 
frequencies of CD4+ and CD8+ Th1 activated effectors and T effector memory cells 
in the lungs compared to subcutaneously immunised mice, whereas comparable 
polyfunctional Th1 (IL-2, TNF-α and IFN-γ) cytokine-producing subsets were 
observed in the spleens of all vaccinated mice. Significantly higher IL-17A 
responses without severe lung pathology were seen in the lungs of 
aerosol-vaccinated mice associated to local and transient inflammatory cytokine 
responses and immune cell infiltrations. In contrast to the subcutaneous route, 
aerosol vaccination elicited high amounts of humoral IgG and IgA responses in 
the bronchoalveolar lavage fluid and induced a substantial number of lung CD4+ 
and CD8+ T cells expressing CD69+ CD103+ tissue-residency markers. These effects 
led to significant improved protection against M. tuberculosis and reduced lung 
pathology in aerosol-vaccinated mice compared to subcutaneously vaccinated mice. 
Moreover, BCG::ESX-1Mmar vaccine induced enhanced T-cell immunity and superior 
protection compared to parental BCG Pasteur for both vaccination routes and 
thereby represents an interesting candidate for developing improved vaccination 
strategies against TB.

Copyright: © 2026 Sayes 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 causes substantial mortality due to limited penetration 
of antibiotics to the central nervous system and excessive neuroinflammation. 
This study evaluated clofazimine as an adjunct to the standard first-line 
tuberculosis regimen, in a mouse model. Mice were infected intracerebrally with 
Mycobacterium tuberculosis and treated for six weeks. Addition of clofazimine 
markedly reduced the brain bacterial burden, achieving measurable brain tissue 
concentrations despite minimal cerebrospinal fluid penetration, as well as 
attenuated brain tissue inflammation. These findings indicate that clofazimine 
enhances bactericidal activity of the standard regimen and mitigate 
neuroinflammation, supporting further investigation and clinical evaluation for 
tuberculous meningitis.
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Coinfection with both HIV and M. tuberculosis (Mtb) results in disseminated 
tuberculosis (TB) and accelerated HIV progression. Despite greater access to 
antiretroviral treatment (ART), it remains unclear whether suppression of HIV 
replication protects against severe Mtb infection. Here, using a macaque model 
of SIV/Mtb coinfection, we investigated whether treatment of SIV infection with 
ART influenced control of a subsequent Mtb challenge compared with SIV-infected 
macaques that were not treated with ART. Macaques were first infected with 
SIVB670, SIVB670 with ART, or saline followed by a low-dose Mtb inoculation with 
serial clinical and PET-CT imaging assessments. At necropsy, gross pathology, 
viremia, bacterial burden, and immunologic parameters were compared. SIV-TB 
animals had greater gross pathology and total bacterial burden than TB-only and 
SIV/ART/TB groups. However, despite normal blood CD4 counts and undetectable SIV 
RNA, SIV/ART/TB macaques showed similar clinical parameters and extrapulmonary 
involvement as SIV/TB animals. Analysis of barcoded-Mtb suggests that ART 
control of SIV replication did not prevent Mtb extrapulmonary dissemination. 
These data indicate that people living with HIV on ART remain at high risk of 
bacterial dissemination and extrapulmonary TB disease. Understanding the 
mechanisms of extrapulmonary spread and disease severity during HIV/TB 
coinfection remains an important issue.
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Tuberculosis persists as the world's deadliest infectious disease, despite 
improved diagnostics and effective treatment. The tuberculogenic environment 
describes the sum of influences, vulnerabilities, policies, life conditions, and 
health factors that sustain the tuberculosis pandemic in vulnerable communities. 
The persistence of these environments is attributable to challenges upstream of 
the health system, involving sectors such as trade, taxation, finance, 
agriculture, employment, social services, and education. The availability, 
affordability, access, and acceptability of safe infrastructure (including 
housing), nutritious foods, protection against harmful consumption (tobacco, 
alcohol, sugar, etc), and adequately resourced health services are all linked to 
tuberculosis risk. Yet people affected by tuberculosis and national tuberculosis 
control programmes continue to bear almost the sole responsibility for a problem 
that is largely beyond their control. Reframing tuberculosis through the lens of 
complex systems science highlights the array of decision makers who, by action 
or inaction, have a shared responsibility to end tuberculosis as a global 
pandemic.
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BACKGROUND: The conceptualisation of tuberculosis has undergone a paradigm shift 
from binary states to a spectrum, resulting in the International Consensus for 
Early TB (ICE-TB) framework. This study aimed to use data from a prospective, 
observational cohort study and multistate modelling to address the lack of 
contemporary data to quantify movement between ICE-TB states.
METHODS: ERASE-TB was a prospective, observational cohort study evaluating novel 
diagnostic tests for earlier detection of tuberculosis. Household contacts aged 
at least 10 years in Zimbabwe, Tanzania, and Mozambique were followed up 
6-monthly for 12-24 months with comprehensive tuberculosis investigations at 
each visit. Those not diagnosed with prevalent tuberculosis, with state 
classification from at least two timepoints were included. ICE-TB states were 
defined by use of symptomatology, interferon gamma release assays, chest 
radiographs, and sputum microbiology. A Markov multistate model based on ICE-TB 
was applied with one initial state (Mycobacterium tuberculosis non-infection), 
two intermediate states (M tuberculosis infection and non-infectious disease 
[asymptomatic-symptomatic]), and one absorbing state (infectious disease 
[asymptomatic-symptomatic]). Transition probabilities were predicted.
FINDINGS: 1789 (84·8%) of 2109 recruited household contacts were included. At 
enrolment, most (1000 [55·9%]) did not have M tuberculosis infection; 674 
(37·7%) had M tuberculosis infection, and 115 (6·5%) had non-infectious disease. 
34 people developed infectious disease (23 asymptomatic, 11 symptomatic). In the 
multistate model, the transition probabilities of progressing from M 
tuberculosis non-infection to M tuberculosis infection and M tuberculosis 
infection to non-infectious disease were 13% and 3% by month 12. For those in 
non-infectious disease, the probabilities of regression and progression by month 
12 were 85% and 13%, respectively.
INTERPRETATION: This study applied the ICE-TB framework to describe movement 
between states by use of contemporary, granular, longitudinal data. Although 
most people remained static over time, the non-infectious state was more 
dynamic, with most people regressing over time.
FUNDING: European and Developing Countries Clinical Trials Partnership.
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Lipoproteins are lipid-modified proteins and critical components of the 
mycobacterial cell envelope with diverse functions related to virulence and 
survival. In Mycobacterium tuberculosis (Mtb), the causative agent of 
tuberculosis, lipoproteins account for ∼3 % of the Mtb proteome, yet their 
precise functions remain poorly characterized. Prior experimental efforts have 
addressed the validation and preliminary functional annotation of specific 
lipoproteins. Whereas these studies elucidated aspects of lipoprotein 
localization and involvement in host-pathogen interactions, the methodologies 
employed do not allow further analysis such as targeted enrichment or on a 
proteome-wide level. To overcome these limitations, we developed a method in 
which modified fatty acids are metabolically incorporated into lipoproteins. 
These fatty acids are functionalized with click-compatible and photo-activatable 
chemical handles, thereby enabling downstream detection and identification of 
lipoproteins. The method described here provides a facile and versatile approach 
for further investigating mycobacterial lipoprotein synthesis, identity, and 
function.
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Invasive fungal infections (IFIs) have increased in recent years due to 
population aging and a rising number of immunocompromised patients. The 
prognosis for IFIs remains poor, making accurate diagnosis and appropriate 
treatment essential. Low culture positivity rates and the difficulty in 
distinguishing IFIs from diseases such as tuberculosis on computed tomography 
imaging further complicate diagnosis and may delay. We encountered a case of 
invasive candidiasis leading to respiratory failure, in which differentiation 
from miliary tuberculosis on imaging was challenging. Autopsy revealed 
histopathological findings of eosinophilic exudates filling the alveolar spaces 
and poorly stained spherical fungi. Using scanning electron microscopy and DNA 
extraction from formalin-fixed, paraffin-embedded (FFPE) tissues, genetic 
analysis identified Debaryomyces hansenii, also known as Candida famata. FFPE 
tissue-based analytical techniques serve as valuable tools for understanding 
IFIs. If the causative pathogen can be identified during a patient's life, 
appropriate treatment can be selected, potentially improving the prognosis of 
IFIs.
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Tuberculosis (TB) remains a major public health challenge in sub-Saharan Africa, 
driven by high transmission, delayed diagnosis, and limited surveillance. This 
study presents one of the first integrated applications of shotgun metagenomic 
and metatranscriptomic sequencing to investigate Mycobacterium communities in 
wastewater across six TB-endemic countries: Cameroon, Ghana, Kenya, Nigeria, 
South Africa, and Uganda. Twelve untreated and treated wastewater samples were 
analysed to characterise taxonomic composition, strain-level diversity, and 
transcriptional activity. Metagenomic analyses revealed diverse Mycobacterium 
communities, including M. tuberculosis, M. canettii, M. bovis, and members of 
the M. avium complex. Metatranscriptomic data detected MTBC-associated 
transcripts, indicating transcriptional activity and/or persistence of MTBC RNA 
signals in wastewater, with higher signal predominance in influent samples, 
consistent with community-level shedding. Metagenome-assembled genomes (MAGs) 
recovered from South Africa, Cameroon, and Uganda showed >82% completeness and 
included zoonotic species. MTBC strains clustered into Lineages 1, 2, 4, and 6, 
with animal-adapted strains linked to livestock and rodents, highlighting One 
Health relevance. Overall, this dual-omics approach supports wastewater-based 
epidemiology as a scalable tool for TB surveillance in high-burden settings.
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Background Tuberculosis (TB) incidence peaks in women during their reproductive 
years and is a leading cause of maternal mortality. Pregnant women with TB have 
a high risk of failure to initiate TB treatment and poor TB treatment and 
pregnancy outcomes. We determined the time to treatment initiation in pregnant 
women diagnosed with TB in a routine programmatic setting. Methods Using routine 
linked electronic data, we identified women 15-45 years of age with 
laboratory-confirmed and/or clinically diagnosed TB, October 2018-December 2020, 
in two high-burden sub-districts in Cape Town, South Africa. We compared 
demographic and clinical characteristics in women with TB by pregnancy status, 
used time-to-event analysis to determine the time from TB diagnosis to 
initiation of antituberculosis treatment and Cox regression to assess 
determinants of treatment initiation. Results Of 5,459 women diagnosed with TB, 
292 (5.3%) were pregnant. The median age for pregnant women was 28.6 years 
(interquartile range [IQR]: 23.7-33.7) and non-pregnant women 31 years 
(IQR:25.2-36.5). HIV prevalence was similar in pregnant (177/292; 60.6%) vs 
non-pregnant (3200/5167; 61.9%) women. Median time to treatment initiation was 
two days for pregnant and non-pregnant women. Most women initiated treatment 
within the first month after their TB diagnosis, after which the rate plateaued 
in both groups. Time to treatment initiation over 6 months was statistically 
different (Kaplan Meier Log-rank test, p = 0.0064) with pregnant women lagging 
behind non-pregnant women. Conclusions More than 5% of  women diagnosed with TB 
were pregnant at the time of TB diagnosis. While pregnant women with TB were 
appropriately initiated on treatment, almost 15% were never started on treatment 
and there were delays in treatment initiation. While strategic interventions to 
prioritise early treatment initiation are needed, there should be a specific 
focus on pregnant women who have not initiated treatment within one month after 
TB diagnosis.
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Rv3839-Rv3840 links the endogenous heme biosynthesis pathway with Mycobacterium 
tuberculosis adaptation to nitric oxide and iron limitation stress.

Quirk NF, Gregory KN, Morita YS, Tan S.

During infection, Mycobacterium tuberculosis (Mtb) encounters multiple 
environmental stressors, including nitric oxide (NO) and iron limitation, and an 
ability to mount an integrated response is essential for the bacterium's 
adaptation and continued survival. Iron-containing prosthetic groups in key 
enzymes are critical for Mtb sensing and detoxification of NO, and there is 
significant overlap between NO- and low iron-responsive genes. However, how Mtb 
adapts to these two stressors concurrently is largely unknown. Here, we find 
that exposure to NO globally augments expression of low iron-responsive genes 
and vice versa, with a two gene operon, rv3839-rv3840, among the most highly 
upregulated. Deletion of rv3839-rv3840 resulted in increased growth under 
prolonged iron limitation and early exit of Mtb from an adaptive state of growth 
arrest induced upon exposure to NO/low iron. Δ rv3839-rv3840 Mtb exhibited an 
elongated cell morphology compared to wild type Mtb in NO/low iron conditions, 
indicating effects of this operon on cell growth and division under stress 
conditions, with Rv3839 as the key driver of this phenotype. Coproporphyrin III 
tetramethyl ester (TMC), a modified precursor molecule in the endogenous Mtb 
heme biosynthesis pathway, was found to accumulate in Δ rv3839-rv3840 Mtb under 
iron limiting conditions. Further, intrabacterial heme levels were increased in 
Δ rv3839-rv3840 Mtb under NO stress and iron limitation. Together, these 
findings reveal Rv3839-Rv3840 as proteins involved in the downregulation of heme 
biosynthesis under NO stress and iron limitation, and highlight the link between 
Mtb growth control in response to NO/low iron and endogenous heme biosynthesis.
[bookmark: _GoBack]IMPORTANCE: Slowed growth is a physiologic adaptation to key environmental cues 
important for survival of Mycobacterium tuberculosis (Mtb) in the host. Nitric 
oxide (NO) is one such signal, but while regulation of NO response by the 
DosRS(T) two-component system is well-studied, NO stress also provokes a broad 
transcriptional response outside of DosRS(T) regulation that overlaps with the 
transcriptional response to iron limitation. Here, we show that Rv3839-Rv3840 
contribute to Mtb maintenance of NO and low iron-induced growth arrest and find 
that this inability to maintain growth arrest is connected to dysregulation of 
the endogenous heme biosynthetic pathway. Little is known about regulation of 
endogenous heme biosynthesis in Mtb and its role in Mtb survival under stress 
conditions, and our results reveal a previously unknown interplay between NO and 
iron limitation response regulation and heme homeostasis.
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Benchmarking within-sample minority variant detection with short-read sequencing 
in M. tuberculosis.

Mulaudzi S, Kulkarni S, Marin MG, Farhat MR.

BACKGROUND: Low-frequency (minority) variants-variants detectable within a 
sample at low allele frequencies-are relevant in several areas of research and 
health, ranging from cancer to pathogen heteroresistance. There is uncertainty 
around the optimal bioinformatic approach to accurately and reproducibly 
distinguish low-frequency variants from sequencing or mapping error. To address 
this we benchmarked seven variant callers on precision, recall and false 
positive characteristics for detecting low-frequency variants using simulated 
short-read whole genome sequencing data for 700 Mycobacterium tuberculosis 
strains. We developed a new low-frequency error model for filtering output of 
the best performing tool using read mapping and quality metrics.
RESULTS: We simulated 378 unique variants across 5 genomic backgrounds spanning 
4 lineages. Variants were simulated to represent 3 genomic region categories, 10 
allele frequencies and 5 sequencing depths. FreeBayes, a haplotype-based variant 
caller, achieved the highest pooled F1 score of the seven tools in drug 
resistance regions (average F1 = 0.86) and its higher performance held across 
genomic context and background. Across tools, we identified lower performance in 
repetitive (low mappability) regions, and strong reference bias in low-frequency 
variant calling. We validated variant caller performance on a sample of in-vitro 
strain mixtures substantiating our ranking. When paired with FreeBayes, the 
error model excludes 49% of false variants and <1% of true variants.
CONCLUSIONS: Our analysis provides evidence to support best practices for 
low-frequency variant calling, including tool choice, masking and filtering. We 
also develop and provide a new error model that excludes false positive 
low-frequency variant calls from FreeBayes output.
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Dual receptor engagement by mannose-capped lipoarabinomannan reprograms 
macrophage lipid metabolism in tuberculosis.

Nag D, Radeny J, Cui J, Vehra O, Yu Y, Nigou J, Bell SL, Gennaro ML.

Necrotizing granulomas, the pathological hallmark of active tuberculosis, are 
characterized by the accumulation of lipid droplet-laden macrophage foam cells 
that promote tissue destruction, bacterial persistence, and transmission. 
Despite their central role in tuberculosis pathogenesis, the molecular 
mechanisms driving foam cell formation remain poorly defined. Here, we 
demonstrate that the mannose-capped lipoglycan lipoarabinomannan (ManLAM), a 
major mycobacterial virulence factor, induces macrophage lipid droplet 
accumulation through coordinated engagement of Toll-like receptor 2 and 
Dectin-2. Distinct structural moieties within ManLAM are selectively required 
for recognition by each receptor. Dual receptor engagement synergistically 
enhances both lipid metabolic reprogramming and NF-κB-mediated inflammatory 
signaling. However, lipid accumulation proceeds through an 
mTORC1-PPARγ-dependent pathway that is largely independent of inflammatory 
activation. ManLAM-induced lipid metabolic changes closely mirror those elicited 
during Mycobacterium tuberculosis infection, both in triglyceride composition 
and in dependence on the mTORC1-PPARγ axis. These findings identify ManLAM as a 
major mycobacterial input into foam cell-associated lipid metabolism and 
delineate how a single microbial ligand, through coordinated engagement of two 
distinct innate immune receptors, couples mycobacterial recognition to 
macrophage lipid metabolism reprogramming.
SIGNIFICANCE STATEMENT: Characterizing how lipid-laden foam cells arise is 
central to understanding tuberculosis pathogenesis, as these cells define the 
necrotizing lesions that drive lung damage and transmission. We show that 
mannose-capped lipoarabinomannan, a single mycobacterial component, engages two 
distinct immune receptors on macrophages to drive lipid metabolic reprogramming, 
demonstrating that one microbial entity can activate multiple receptor pathways 
through integrated signaling. This finding defines a broader principle whereby 
the structural architecture of a microbial ligand encodes multi-receptor 
engagement to shape host responses. By delineating receptor signal integration 
in foam cell formation, this work provides a mechanistic framework for 
tuberculosis pathogenesis and highlights host pathways that may represent 
targets for host-directed intervention.
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Complement profiling for treatment outcomes in pulmonary TB.
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INTRODUCTION: The complement system plays a vital role in the immune response 
against tuberculosis (TB), aiding in the recognition and clearance of 
Mycobacterium tuberculosis. However, its imbalance can result in either 
insufficient immune activation or excessive inflammation, both of which may 
contribute to poor treatment outcomes.
METHODS: This study investigates whether baseline complement profiles are 
associated with unfavorable treatment responses in pulmonary TB patients. Using 
the Magpix multiplex cytokine assay, plasma levels of complement components (C2, 
C3, C3b/iC3b, C4, C4b, C5, C5a, C1q, MBL) and regulatory proteins (Factor B, 
Factor D, Factor H, Factor I) were measured in TB patients with poor treatment 
outcomes (n=68) and disease-free controls (n=108).
RESULTS: At both baseline (pre-treatment) and month two of anti-TB therapy, 
cases had significantly elevated levels of C3, C3b, C4b, C5, C5a, and C1q, and 
reduced levels of Factor B and Factor H compared to controls. Regression 
modelling revealed that C3, C3b, C4b, C5, C5a and C1q were associated with 
increased risk of unfavorable outcomes in unadjusted and adjusted analyses in 
the study cohort.
DISCUSSION: These findings suggest that early and sustained complement 
activation, particularly through the classical pathway, is associated with 
adverse outcomes in TB. Complement dysregulation may thus serve as a potential 
prognostic marker for identifying individuals at risk of poor treatment 
response.

Copyright © 2026 Pavan Kumar, Nancy P., Hissar, Sivakumar, Viswanathan, 
Bethunaickan, Kornfeld and Babu.
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Healthcare system strain and healthcare seeking behavior: the lingering impact 
of the COVID-19 pandemic on TB delayed diagnosis in Snohomish County, 
Washington.
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BACKGROUND: The COVID-19 pandemic disrupted TB diagnosis due to overlapping 
symptoms, healthcare system strains, and changes in healthcare seeking 
behaviors. Our study aimed to examine factors contributing to delayed TB 
diagnosis during the post-acute phase of the pandemic in Snohomish County, 
Washington.
METHODS: A retrospective analysis was conducted using case data from January 1, 
2022 to October 31, 2024. Fourteen of 85 incident TB cases (16%) met the study 
definition for delayed diagnosis, which included diagnosis four weeks or more 
after symptom onset and evidence of advanced disease, such as a chest cavity. 
Data were abstracted from medical records and public health surveillance 
systems.
RESULTS: Patient age raged from 20 to 83. Median time to diagnosis was six 
months (range 3-24 months), compared to one month (range 1-5 months) for 
patients who did not experience diagnosis delay. Two patients experienced delays 
of 11 or more months. Two patients died from TB related complications, one under 
the age of fifty. Three patients had confirmed COVID-19 within one year prior to 
TB diagnosis and five reported recent international or domestic travel. Seven 
patients had multiple healthcare visits prior to diagnosis and four indicated 
difficulties securing a healthcare appointment.
CONCLUSIONS: Diagnostic delays in TB cases persist in the post-pandemic period 
with contributing factors including potential missed opportunities in clinical 
encounters. Strengthening provider awareness and improving diagnostic access 
remain critical to preventing TB transmission and severe disease outcomes.
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Tuberculosis Screening from Cough Audio: Baseline Models, Clinical Variables, 
and Uncertainty Quantification.
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In this paper, we propose a standardized framework for automatic tuberculosis 
(TB) detection from cough audio and routinely collected clinical data using 
machine learning. While TB screening from audio has attracted growing interest, 
progress is difficult to measure because existing studies vary substantially in 
datasets, cohort definitions, feature representations, model families, 
validation protocols, and reported metrics. Consequently, reported gains are 
often not directly comparable, and it remains unclear whether improvements stem 
from modeling advances or from differences in data and evaluation. We address 
this gap by establishing a strong, well-documented baseline for TB prediction 
using cough recordings and accompanying clinical metadata from a recently 
compiled dataset from several countries. Our pipeline is reproducible 
end-to-end, covering feature extraction, multimodal fusion, cougher-independent 
evaluation, and uncertainty quantification, and it reports a consistent suite of 
clinically relevant metrics to enable fair comparison. We further quantify 
performance for cough audio-only and fused (audio + clinical metadata) models, 
and release the full experimental protocol to facilitate benchmarking. This 
baseline is intended to serve as a common reference point and to reduce 
methodological variance that currently holds back progress in the field.
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Characterization, Antimycobacterial Properties and DNA/BSA Binding Study.
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Background: Silver(I) complexes with aromatic heterocyclic ligands are well 
known for their broad antimicrobial potential, largely attributed to their 
ability to interact with biomolecular targets. Results and Discussion: In this 
study, a new polynuclear silver(I) complex with 
N-(3'-phenylpropyl)quinoxaline-2-carboxamide (pqx-2ca), [Ag(NO3)(pqx-2ca)]n, was 
synthesized. Its structure was confirmed by single-crystal X-ray diffraction and 
comprehensively characterized using NMR, IR, and UV-Vis spectroscopy, while its 
behavior in solution was further elucidated through density functional theory 
(DFT) calculations combined with spectral simulations. The complex demonstrated 
significantly enhanced antimycobacterial activity compared with the free ligand 
when tested against the avirulent Mycobacterium tuberculosis H37Ra, fast-growing 
model organisms M. smegmatis and M. aurum, as well as the nontuberculous species 
M. avium and M. kansasii. Experimental and docking studies confirmed stable 
binding of the complex to subdomain III of bovine serum albumin (BSA) and to the 
minor groove of DNA. Furthermore, docking to validated mycobacterial targets 
revealed inhibitory potential toward the InhA and MmpL3 proteins, with binding 
affinities comparable to those of standard inhibitors. Conclusions: These 
results highlight [Ag(NO3)(pqx-2ca)]n as a promising candidate for the 
development of silver-based antimycobacterial agents with a dual mechanism of 
action involving both DNA and protein targets.
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Background/Objectives: Topical treatment of cutaneous tuberculosis (CTB) 
requires reliable models to evaluate dermal drug release and diffusion, 
particularly for fixed-dose combinations (FDCs) with contrasting physicochemical 
properties. Human skin remains the reference standard but poses ethical, 
logistical, and reproducibility challenges. This study investigated the 
suitability of Strat-M® synthetic membranes as an alternative to human skin for 
assessing the simultaneous release and diffusion of clofazimine (CFZ) and 
pyrazinamide (PZA) from a topical FDC, and aimed to develop an optimized dermal 
emulsion using a Quality-by-Design (QbD)-informed formulation development tool. 
Methods: Self-emulsifying dermal emulsions containing CFZ and PZA were developed 
following QbD principles. Preformulation studies included drug solubility 
screening, oil phase selection, and pseudoternary phase diagram construction to 
identify stable emulsion regions. Formulations were characterized for droplet 
size, polydispersity index, zeta potential, viscosity, self-emulsification 
efficiency, and thermodynamic stability. Eight stable emulsions were identified, 
of which four were selected for in vitro drug release studies. The peppermint 
oil-based emulsion (PPO415) was further evaluated in comparative diffusion 
studies using Strat-M® membranes and ex vivo human skin (Caucasian and African). 
Results: PPO415 demonstrated favorable physicochemical properties, including 
high CFZ solubility, uniform droplet distribution, and suitability for dermal 
application. Comparative diffusion studies showed that Strat-M® underestimated 
the partitioning of lipophilic CFZ while overestimating the diffusion of 
hydrophilic PZA relative to human skin. These differences were attributed to 
compositional and structural disparities between synthetic membranes and 
biological skin. Conclusions: Strat-M® membranes show potential as a 
reproducible and ethical in vitro screening tool during early-stage formulation 
development for topical FDCs. However, ex vivo human skin remains essential for 
accurately predicting dermal drug distribution and therapeutic performance.
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Early and rapid diagnosis of drug resistance in tuberculosis (TB) plays a key 
role in reducing the spread of resistance and enabling effective treatment. The 
aim of this study was to investigate mutations in drug resistance-associated 
gene regions of Mycobacterium tuberculosis complex (MTBC) isolates resistant to 
at least two first-line anti-tuberculosis drugs through sequence analysis, in 
order to characterize the core molecular features of these strains in the region 
and to identify previously unreported, geographically distinct novel mutation 
sites. The drug susceptibility of 23 clinical isolates was assessed using the 
BACTEC MGIT 960 system, and resistance-associated point mutations were 
identified through DNA sequence analysis and comparison with GenBank reference 
sequences. AAG → AGG mutation was detected in the rpsL gene region at codon 43 
(n = 7) and codon 88 (n = 1). Additionally, GAG → GCG point mutation was 
identified at codon 70 (n = 2), representing a new region not previously 
reported in the literature. The most frequent mutation was AGC → ACC at katG 
codon 315 (n = 10), followed by a C → T substitution at position -15 of the inhA 
promoter region (n = 4). Additionally, TCG → TTG at rpoB codon 531 (n = 4) and 
ATG → GTG at embB codon 306 (n = 1) were detected. The detection of 
resistance-associated mutations is essential for controlling drug-resistant 
tuberculosis. In this study, a novel rpsL mutation (GAG → GCG) at codon 70 and a previously unreported codon 88 mutation in our country were identified, 
contributing to the understanding of molecular resistance mechanisms and 
epidemiology.
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Background: To effectively manage tuberculosis (TB), it is essential to address 
the high incidence of the disease, as multidrug-resistant pulmonary TB (MDR-PTB) 
remains a significant concern to halt pre-extensive drug-resistant (pre-XDR) 
recrudescence. The objective of the current study was to examine and compare 
MDR-PTB patterns among adult PTB patients (>12 years) in Bangladesh's urban and 
rural areas who had newly diagnosed and previously treated PTB. Methods: A total 
of 430 newly diagnosed and previously treated adult patients with PTB were 
randomly recruited during two study periods: the 1st period, from May 2010 to 
December 2010 (eight months), and the 2nd period, from January 2014 to January 
2015 (thirteen months). Only the drug-resistant (DR) patients were included in 
the final analysis. Mycobacteriological tests, i.e., smear microscopy, culture, 
drug susceptibility testing (proportion method of Canetti), line-probe assay, 
and GeneXpert MTB/RIF were performed. Logistic regression analysis was used to 
determine the strength of associations between treatment outcomes and predictor 
variables. Results: Of the newly diagnosed patients, 156 cases were negative and 
drug-sensitive (DS) at diagnosis, and 274 patients exhibited various DR 
patterns. During the 1st period, MDR-PTB was 26% among newly diagnosed patients, 
while the proportion was 31% among previously treated patients in the 2nd 
period. The majority of MDR-PTB belonged to the age group of ≤45 years. Male 
patients consistently revealed a higher proportion of MDR-PTB compared to 
females in both the newly diagnosed and previously treated groups. Conclusion: 
The proportion of MDR-PTB was higher among the previously treated patients than 
among newly diagnosed patients. Regardless of demographic characteristics, a 
significant proportion of patients showed DR, particularly in previously treated 
groups, indicating a substantial burden of MDR-PTB.
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Antimicrobial drug resistance is an escalating global health burden, often 
driven by multiple genetic changes within key resistance-associated genes. 
Achieving multiplex capability of mutation detection while maintaining 
simplicity and affordability is critical, particularly in point-of-care and 
resource-limited settings. Here, we introduce a strategy for multi-site mutation 
detection using single isothermal amplification of a nucleic acid fragment 
spanning multiple mutations in the rifampicin resistance-determining region 
(RRDR) of the rpoB gene, encompassing codons 516 and 526 in Mycobacterium 
tuberculosis. This unified design eliminates competition among targets amplified 
by multiple primer sets. Site-specific hybridization probes enable accurate 
discrimination between wild-type and mutant sequences, while an integrated 
self-calibration probe provides normalization to mitigate variability from 
sample concentration and sample matrix interference. To validate this approach, 
we applied it to detect rifampicin (RIF) resistance mutations at codons 516 and 
526 of the rpoB gene in Mycobacterium tuberculosis, which are two key targets 
for molecular diagnostics and surveillance. Using 42 artificial DNA fragments, 
which included both wild-types and mutants with single- or two-site mutations, 
the assay achieved 100% accuracy in discriminating between wild-type and mutant 
sequences for codon 516. On the other hand, sequences harboring mutations at 
codon 526 were identified with 100% accuracy, compared to 94% accuracy for 
wild-type sequences. Overall, the system achieved a 100% positive percent 
agreement (PPA) for drug-resistance sequences and 97% negative percent agreement 
(NPA) for drug-sensitive sequences based on these 42 samples. These findings 
suggest that this method has the potential to provide a reliable framework for 
multi-site mutation detection.
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Latent tuberculosis infection (LTBI) represents a major global health concern as 
it constitutes the principal reservoir for future tuberculosis (TB) disease. Its 
identification is particularly important in Bacille Calmette-Guérin 
(BCG)-vaccinated populations, where cross-reactivity of purified protein 
derivative limits the specificity of the tuberculin skin test and hampers 
targeted preventive therapy. Early Mycobacterium tuberculosis antigens encoded 
within the RD1 region, especially ESAT-6, CFP-10 and TB7.7, have enabled the 
development of antigen-specific interferon-gamma release assays (IGRAs) and 
recombinant skin tests with improved BCG-independent specificity. This narrative 
review integrates and critically appraises current evidence on the 
immunobiological properties of early and latency-associated antigens, the 
cellular mechanisms underlying T-cell-dependent immune reactivity, and the 
diagnostic performance of IGRAs and ESAT-6/CFP-10-based skin tests, rather than 
merely summarizing individual studies. Although these platforms rely on 
different assay principles (in vitro cytokine release versus in vivo 
delayed-type hypersensitivity), both measure antigen-specific T-cell memory and 
do not define the biological stage of infection or reliably distinguish latent 
from incipient or active TB. Across most adult populations, IGRAs demonstrate 
high specificity and acceptable sensitivity, whereas reduced sensitivity and 
higher rates of indeterminate results are observed in young children and 
immunocompromised individuals. ESAT-6/CFP-10-based skin tests show diagnostic 
accuracy comparable to IGRAs and may offer operational advantages in 
resource-limited settings. Latency-associated antigens and host biomarkers such 
as IP-10, together with multi-analyte immune signatures, represent promising 
avenues for improving diagnostic sensitivity and prognostic stratification but 
currently lack sufficient validation for routine clinical use. Overall, 
RD1-encoded antigens remain central to LTBI immunodiagnosis, while future 
research should focus on developing stage-resolving and prognostic biomarkers, 
optimized antigen panels, and standardized interpretive frameworks.
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Tuberculosis (TB) remains one of the leading causes of death from a single 
infectious agent worldwide, a burden further exacerbated by HIV co-infection and 
the increasing prevalence of drug-resistant strains. Although a wide range of 
laboratory diagnostic methods are currently available, their applicability, 
implementation, and clinical impact vary substantially across healthcare 
settings with different levels of complexity and resources. This review provides 
a comprehensive overview of the main laboratory diagnostic methods for active 
and latent TB, emphasizing their clinical applicability, implementation 
challenges, and role within integrated diagnostic strategies. Conventional 
approaches, such as smear microscopy and culture, are discussed alongside modern 
diagnostic technologies, including automated nucleic acid amplification tests 
(NAATs), loop-mediated isothermal amplification (LAMP), line probe assays 
(LPAs), next-generation sequencing (NGS), and lateral flow assays, highlighting 
their strengths and limitations in distinct epidemiological and operational 
contexts. Unlike existing WHO guidelines and prior reviews that predominantly 
focus on test performance and recommendation status, this review adopts an 
implementation-oriented perspective, critically examining diagnostic methods in 
light of real-world constraints, regional disparities, and evidence gaps. 
Particular attention is given to limitations related to laboratory 
infrastructure, biosafety, workforce capacity, and sustainability, as well as to 
under-addressed areas such as latent TB, metagenomic approaches, and the 
investigation of co-pathogens. By integrating WHO guidance with contextual and 
operational considerations, this review aims to support rational test selection 
and the development of flexible, integrated diagnostic workflows tailored to 
local health system capacity, patient populations, and clinical scenarios, 
thereby strengthening the effectiveness and equity of TB diagnostic strategies.
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Glutathione (GSH), the most abundant intracellular non-protein thiol, is a 
central regulator F redox homeostasis, immune function, and mitochondrial 
integrity. In human immunodeficiency virus (HIV) infection, persistent oxidative 
stress and impaired precursor availability result in sustained glutathione 
deficiency, contributing to immune dysfunction, inflammation, and disease 
progression despite effective antiretroviral therapy. This redox imbalance is 
further exacerbated in HIV-tuberculosis co-infection, where compounded 
inflammatory and metabolic stress increases susceptibility to opportunistic 
infections and treatment-related complications. This review examines the 
efficacy and safety of glutathione supplementation and precursor-based 
strategies in HIV infection and HIV-tuberculosis co-infection. Evidence from 
mechanistic studies, clinical trials, and translational research suggests that 
glutathione repletion, achieved through direct supplementation or precursor 
approaches such as N-acetylcysteine, Glycine and N-acetylcysteine (GlyNAC), and 
cysteine-rich dietary interventions, can restore intracellular thiol balance, 
improve immune cell function, enhance mitochondrial performance, and reduce 
systemic oxidative stress. These interventions have shown consistent safety and 
tolerability across diverse populations, including individuals receiving complex 
antiretroviral and antitubercular regimens, with gastrointestinal discomfort 
being the most commonly reported adverse effect and serious toxicities remaining 
rare. Despite encouraging findings, translation into routine clinical practice 
remains limited by methodological heterogeneity, short study durations, and lack 
of standardized biomarkers and long-term outcome data. Future research should 
prioritize rigorously designed trials incorporating mechanistic endpoints, 
standardized redox measurements, and clinically meaningful outcomes. 
Collectively, the available evidence supports glutathione-centered strategies as 
promising adjuncts to existing HIV and tuberculosis treatment paradigms, 
warranting further investigation to define their role in improving immune 
resilience and long-term clinical outcomes.
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Tuberculosis and sarcoidosis can present with similar clinical and radiological 
features, especially intrathoracic lymphadenopathy, complicating differential 
diagnosis. This study explored the potential utility of QuantiFERON-TB Gold 
(QFT), serum High Mobility Group Box 1 protein (HMGB1), and microRNA-221 
(miRNA-221) relative expression as biomarkers to aid in distinguishing 
tuberculosis-related intrathoracic lymphadenopathy (TBIL) from 
sarcoidosis-related intrathoracic lymphadenopathy (SAIL). The study included 27 
patients with TBIL, 27 patients with SAIL, and 27 healthy controls. QFT results, 
serum HMGB1 levels, and miRNA-221 relative expression were measured and compared 
across groups using univariable and exploratory multivariable analyses. 
Significant differences were observed among the study groups for serum HMGB1 
levels, miRNA-221 expression, and QFT results (p < 0.001). Both TBIL and SAIL 
patients had significantly higher HMGB1 levels compared with healthy controls, 
consistent with inflammatory activity. In contrast, miRNA-221 expression was 
significantly elevated in TBIL patients compared with both SAIL patients and 
controls. Exploratory analyses suggested a potential contribution of miRNA-221 
to differentiating TBIL from SAIL, whereas the effects of HMGB1 and QFT were 
less pronounced after adjustment. The findings suggest that miRNA-221, alongside 
HMGB1 and QFT, may contribute to the differentiation of TBIL from SAIL, although 
validation in larger cohorts is necessary.
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Tuberculosis (TB) remains a leading cause of infectious-disease-related 
morbidity and mortality worldwide, including in low-incidence, high-income 
countries, where cases increasingly cluster among vulnerable populations. In 
these settings, persistent diagnostic and treatment delays, rather than a lack 
of therapeutic options, drive preventable morbidity, ongoing transmission, and 
inappropriate antimicrobial use. We argue that TB antimicrobial stewardship must 
extend beyond treatment adherence and resistance containment to encompass the 
entire diagnostic continuum. Emerging evidence demonstrating a substantial 
burden of subclinical and asymptomatic TB challenges symptom-based diagnostic 
paradigms and reveals an underrecognized "asymptomatic delay", during which 
radiologic or microbiologic disease is present but undetected. Failure to 
identify TB during this interval represents a critical stewardship failure, 
perpetuating empirical broad-spectrum antibiotic exposure while allowing disease 
progression and transmission. We review diagnostic challenges across the early 
clinical spectrum of pulmonary and extrapulmonary TB in low-incidence settings, 
with particular emphasis on migrants and other high-risk populations 
disproportionately affected by structural and healthcare system barriers. We 
propose a stewardship-oriented framework integrating targeted screening, 
enhanced clinical vigilance, front-loaded and parallel diagnostic pathways, and 
early referral to specialized TB centers. Explicit incorporation of asymptomatic 
delay into TB diagnostic frameworks can strengthen system accountability, reduce 
inappropriate antibiotic use, improve patient outcomes, and accelerate progress 
toward TB elimination in high-income, low-incidence countries.
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Tuberculosis (TB) remains a global health issue exacerbated by spreading drug 
resistance and lengthy treatment regimens. Targeting bacterial DNA-repair 
pathways, particularly those counteracting host-generated genotoxic stress, 
represents a promising strategy to sensitize Mycobacterium tuberculosis to 
existing antibiotics. Through structure-based virtual screening of a compound 
library, we identified novel small-molecule inhibitors of M. tuberculosis 
uracil-DNA glycosylase (MtbUng), an enzyme essential for the repair of DNA 
damage inflicted by macrophage-produced reactive nitrogen species. Experimental 
validation revealed that four derivatives of usnic acid, a lichen-derived 
metabolite, significantly inhibited MtbUng activity, with the most potent 
compound, OL10-88-1, exhibiting IC50 26 ± 7 µM. Molecular docking suggests that 
OL10-88-1 inhibits MtbUng by occupying both the active site and the DNA-binding 
groove, thereby disrupting multiple steps of uracil recognition. The compounds 
also showed variable inhibitory activity against uracil-DNA glycosylases from 
Escherichia coli, humans, and vaccinia virus. Our findings establish that the 
compound could potentially be used in combination therapies to enhance the 
efficacy of current anti-TB drugs by exploiting the vulnerability of 
DNA-repair-deficient mycobacteria.

DOI: 10.3390/ijms27041954
PMCID: PMC12941137
PMID: 41752090

90. Diagnostics (Basel). 2026 Feb 16;16(4):594. doi: 10.3390/diagnostics16040594.

Molecular Techniques for MTBC and NTM Differentiation: Diagnostic Accuracy of 
STANDARD™ M10 MTB/NTM and Potential Applications.

Genco M(1), Alizzi S(2), Valesella P(2), Camaggi A(3), Iannaccone M(2), Allizond 
V(1), Banche G(1), Bondi A(1)(2), Caroppo MS(3), Rinaldo RF(4)(5), Solidoro 
P(4)(5), Corcione S(5)(6), Calcagno A(7)(8)(9), Rossati A(8), Costa C(1)(2), 
Curtoni A(1)(2).

Author information:
(1)Department of Public Health and Paediatrics, University of Turin, 10126 
Turin, Italy.
(2)Microbiology and Virology Unit, University Hospital Città della Salute e 
della Scienza di Torino, 10126 Turin, Italy.
(3)Microbiology and Virology Unit, Azienda Ospedaliero-Universitaria Maggiore 
della Carità di Novara, 28100 Novara, Italy.
(4)Division of Respiratory Medicine, Cardiovascular and Thoracic Department, 
University Hospital Città della Salute e della Scienza di Torino, 10126 Turin, 
Italy.
(5)Medical Sciences Department, University of Turin, 10126 Turin, Italy.
(6)Tufts Medical Center, School of Medicine, Tufts University, Boston, MA 02111, 
USA.
(7)Department of Translational Medicine, University of Eastern Piedmont, 28100 
Novara, Italy.
(8)SCDO Malattie Infettive, Ospedale "Maggiore della Carità", 28100 Novara, 
Italy.
(9)Stop TB Italy, 20159 Milan, Italy.

Background. Over the past decade, the World Health Organization has highlighted 
the need for rapid molecular diagnostics as first-line tools for detecting 
Mycobacterium tuberculosis complex (MTBC) to strengthen global tuberculosis 
control. At the same time, infections caused by non-tuberculous mycobacteria 
(NTM) have become increasingly prevalent, particularly in low TB-burden 
countries such as Italy. This changing epidemiological scenario underscores the 
necessity for fast and reliable methods capable of distinguishing NTM from MTBC, 
a critical step for guiding appropriate treatment. This study evaluated the 
diagnostic accuracy and potential applications of the STANDARD™ M10 MTB/NTM 
assay, which simultaneously detects and differentiates MTBC and NTM. Methods. A 
total of 155 clinical specimens (78.1% respiratory) from patients with suspected 
mycobacterial infection were tested by fluorescence microscopy, GeneXpert 
MTB/RIF Ultra (respiratory samples only), STANDARD™ M10 MTB/NTM and culture, 
used as the reference method. Results. Culture detected MTBC in 54% and NTM 
(predominantly slow-growing species) in 46% of samples. STANDARD™ M10 showed 
overall sensitivity and specificity of 70% and 100%, respectively. For MTBC, 
sensitivity was 85.1% with almost perfect agreement with culture (κ = 0.866), 
while for NTM, sensitivity was 50% with moderate agreement (κ = 0.566). 
Sensitivity decreased in microscopy-negative/culture-positive specimens, 
particularly for NTM. Compared with GeneXpert MTB/RIF Ultra, STANDARD™ M10 
exhibited slightly lower sensitivity for MTBC but retained excellent 
specificity. Conclusions. STANDARD™ M10 MTB/NTM represents a rapid, fully 
automated tool to support early etiological diagnosis and MTB/NTM 
differentiation, mainly in selected samples or high-risk patients, but it does 
not replace culture or molecular tests providing species identification and MTBC 
drug-resistance profiling.
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Extrapulmonary tuberculosis (EPTB) is an infectious disease characterized by the 
invasion of Mycobacterium tuberculosis beyond the lungs. Diagnosis is frequently 
delayed due to nonspecific clinical presentations that vary by organ system, 
making diagnostic imaging essential for disease detection, characterization, and 
treatment monitoring. The objective of this review is to examine and summarize 
imaging-based approaches for the diagnostic evaluation of EPTB across multiple 
body systems, including the central nervous system, spine, cardiovascular 
system, lymphatic system, abdominal and hepatic organs, genitourinary tract, 
cutaneous and soft tissue, and other rare sites. While computed tomography, 
magnetic resonance imaging, positron emission tomography, and ultrasound are 
widely used in the evaluation of EPTB, their ability to provide a definitive 
diagnosis is often limited by nonspecific radiologic findings. Emerging 
techniques, including perfusion-weighted MRI, contrast-enhanced ultrasound, and 
machine learning, have been discussed, as they improve lesion characterization 
and EPTB differentiation. By organizing imaging findings according to affected 
organ systems, this review highlights both shared diagnostic challenges and 
site-specific patterns that can inform clinical suspicion. Together, these 
developments underscore the value of a multimodal, organ-specific imaging 
approach integrated with the clinical context to improve the recognition and 
management of EPTB.
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Tuberculous meningitis is the most severe form of tuberculosis and remains 
associated with high mortality and substantial neurological disability, 
particularly among children and people living with HIV. Early diagnosis is 
challenging because of nonspecific clinical manifestations, the limited 
discriminatory value of cerebrospinal fluid cytochemical analysis, and the low 
sensitivity of conventional microbiological methods. This narrative review 
synthesizes contemporary evidence on the diagnostic approach to tuberculous 
meningitis, integrating clinical assessment, paraclinical cerebrospinal fluid 
findings, conventional microbiology, and molecular diagnostic tools. Clinical 
scoring systems, including the uniform case definition (Lancet consensus score), 
improve diagnostic stratification but do not replace microbiological 
confirmation. Molecular assays have transformed diagnostic pathways by enabling 
rapid detection of Mycobacterium tuberculosis, although their performance is 
influenced by bacillary burden, cerebrospinal fluid volume, HIV status, and 
disease stage. Complementary molecular techniques and advanced sequencing 
approaches provide additional diagnostic value in selected paucibacillary cases 
or when first-line tests are negative. Integrated diagnostic algorithms that 
combine clinical evaluation with stepwise molecular testing improve diagnostic 
accuracy and support earlier treatment initiation. Ongoing challenges include 
limited access to molecular platforms, variability in laboratory capacity, and 
the need for standardized multimodal diagnostic pathways applicable across 
diverse healthcare settings.
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Tuberculosis and coronavirus disease 2019, also known as COVID-19, remain major 
global health challenges that disproportionately affect individuals with 
metabolic disorders, chronic inflammation, and limited access to healthcare. 
Although these diseases are caused by different pathogens, they share important 
host-related determinants of severity, including immune dysfunction, oxidative 
stress, endothelial injury, and maladaptive inflammatory responses. Glutathione, 
the primary intracellular antioxidant and a key regulator of redox balance, has 
emerged as an important host factor connecting these processes across infectious 
diseases. This review integrates experimental, translational, and clinical 
evidence supporting the role of glutathione in regulating immune function, 
oxidative stress, and tissue damage in tuberculosis and COVID-19. In 
tuberculosis, glutathione deficiency compromises macrophage antimicrobial 
activity, disrupts granuloma structure, and alters T helper cell responses, 
leading to impaired immune containment and disease progression. In COVID-19, 
reduced glutathione levels are associated with redox imbalance, excessive 
cytokine signaling, endothelial dysfunction, and thromboinflammatory 
complications, especially in high-risk populations. In both diseases, 
glutathione depletion reduces host resilience and increases vulnerability to 
severe outcomes through shared immune and vascular pathways. By unifying 
disease-specific findings within a host-directed framework, this review 
highlights glutathione and redox signaling as common vulnerability pathways that 
help explain overlapping risk profiles for severe tuberculosis and COVID-19. It 
also places glutathione biology within the broader context of host-directed 
immunotherapy, emphasizing its potential role in prevention-focused and 
resilience-based strategies that complement pathogen-targeted treatments. 
Although current evidence does not support simple claims of disease prevention, 
it provides strong mechanistic justification for further investigation of 
glutathione as a modifiable host factor in high-risk populations.
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Background/Objectives: The increase in incidences of multidrug resistance 
exacerbates tuberculosis-related global health challenges and underscores a call 
for more efforts for development of new antitubercular drugs, including the use 
of medicinal plants, especially those that have been used for generations by 
traditional healers. Despite reports of antimicrobial activity and chemical 
profiling of Kirkia wilmsii (K. wilmsii) extracts, chemical structures of the 
bioactive agents have not been elucidated. Here, we used a combination of 
bioactivity-guided fractionation, mass spectrometry, and nuclear magnetic 
resonance to purify and elucidate the chemical structure of antimycobacterial 
agents contained in leaf and twig extracts for K. wilmsii. Results: After 
overnight extraction with acetone and 90 g of dry twigs and leaves produced 5.38 
g (6%) and 4.56 g (5%) of product, which displayed moderate antimycobacterial 
activity of 0.5 and 1 mg/mL, respectively. The antimycobacterial activity was 
increased six- and three-fold, respectively, after the crude extracts were 
subjected to solvent-solvent partitioning. Due to many bioactive fractions being 
obtained after silica gel chromatography purification, fraction 5 of twig 
extract was prioritized for further purification due to its low minimum 
inhibitory concentration (MIC) (0.25 mg/mL) and cytotoxicity (20%, in THP-1 
cells). Sequential purification of the fraction 5 (twig extract) extracts 
through the C18 cartridge and high-performance liquid chromatography (HPLC) 
produced four fractions, which were subjected to structural elucidation. The 
high-resolution mass spectrometric analyses revealed that the first two eluting 
peaks had the same mass ion of 441.0822 m/z (M - H-), which corresponded to 
catechin monogallate, and so were the last two eluting peaks, which had a mass 
ion of 539.0932 m/z (M - H-), corresponding to catechin digallate. Further 
analyses by 1H, 13C, and 2D NMR confirmed the chemical structures of compounds 
eluting in the first two peaks on HPLC as structural isomers of catechin 
3'-monogallate and catechin 4'-monogallate (MIC not determined). Similarly, 
compounds eluting in the last two peaks were identified as structural isomers 
catechin 3'-digallate and catechin 4'-digallate, with an MIC of 250 µg/mL 
against Mycobacterium smegmatis and Mycobacterium tuberculosis H37Rv and an MBC 
of 500 μg/mL against M. smegmatis. Conclusions: To the best of our knowledge, 
this study is the first to report the structure of catechin 3'- and 
4'-digallate, their antimycobacterial activity, and the existence of acyl 
migration involving galloyl 3' and 4'-hydroxyl groups of catechin ring B.
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Diagnosis of paediatric pulmonary tuberculosis (PTB) continues to be a major 
challenge due to the inability to expectorate and paucibacillary nature of the 
disease. In endemic settings, the diagnosis of paediatric PTB depends mainly on 
clinical and radiological features as gastric aspirate (GA) is an unpleasant 
procedure and requires expertise as well as hospital admission. This hinders 
microbiological diagnosis and resistance detection. This study aims to evaluate 
the use of a less invasive, alternative specimen like stool for the 
microbiological confirmation of paediatric PTB. Gastric aspirate or induced 
sputum (IS) and stool samples (at least 2 gm) samples were collected from 
children of age <14 years old with suspected PTB admitted in the paediatric 
department. IS/GA was tested as per National Tuberculosis Elimination Programme 
protocol by Xpert MTB/RIF-Ultra assay. Processing of stool samples was 
standardized and appropriate protocol followed for Xpert MTB/Rif-Ultra assay. A 
total of 104 pairs of samples were tested by Xpert-Ultra assay. Eighteen of 104 
GA/IS samples were positive; of which stool samples were positive in 15 cases. 
The bacterial load in 2 samples were low and very low in one. All GA/IS with 
medium and high bacterial load were detected by Stool Xpert-Ultra assay, and 
stool Xpert assay was positive in five GA/IS Xpert-Ultra negative samples. Stool 
can be used as an alternative sample for the diagnosis of paediatric PTB.
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Pediatric tuberculosis (TB) remains a critically underrecognized contributor to 
global childhood morbidity and mortality, with the highest burden concentrated 
in low-resource settings. Although children comprise a minority of overall TB 
cases, mortality is disproportionately high, particularly among those under five 
years of age, driven largely by delayed diagnosis, inadequate linkage to care, 
and limited access to effective treatment. The continued rise of pediatric 
multidrug-resistant TB (MDR-TB), especially in regions with low sociodemographic 
development, further highlights persistent gaps in current control strategies. 
This review synthesizes key aspects of pediatric TB pathogenesis and host immune 
responses that predispose young children to rapid disease progression and severe 
outcomes, including immune immaturity and paucibacillary infection. We summarize 
pulmonary and extrapulmonary disease manifestations and identify populations at 
heightened risk, including children with HIV, malnutrition, type 1 diabetes 
mellitus, and congenital or treatment-related immunosuppression. Ongoing 
challenges in diagnosis and treatment are discussed, including limitations of 
existing microbiologic and immunologic tests, specimen collection constraints, 
regimen toxicity, and barriers to adherence. Prevention remains central to 
reducing pediatric TB mortality. We highlight the sustained importance of 
bacille Calmette-Guérin (BCG) vaccination in preventing severe disease and 
death, the context-dependent variability in vaccine effectiveness, and the 
structural and socioeconomic determinants of vaccine coverage. We conclude that 
integrating equitable vaccine delivery, scalable preventive therapy, and 
child-adapted diagnostic strategies is essential to meaningfully reduce the 
global pediatric TB burden.
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BACKGROUND: Tuberculosis (TB) remains a major global health challenge, with 
transmission influenced by the incidence of contagious people with TB, the 
duration of infectivity, and the probability of contact with susceptible 
individuals. This review synthesizes recent evidence on established and emerging 
risk factors influencing TB transmission, particularly in light of global trends 
such as migration, urbanization, and demographic shifts, to guide future 
prevention and control strategies. This scoping review maps and synthesizes 
evidence from systematic reviews on risk factors for Mycobacterium tuberculosis 
exposure.
METHODS: A preliminary general literature search was conducted in PubMed on 25 
August 2024, using the keywords "tuberculosis," "risk factors," and "systematic 
review." A subsequent targeted search focused on systematic reviews published 
since 2000 that examined social and environmental determinants of exposure to M. 
tuberculosis identified in the general search. Original research and reviews 
spanning pre-2000 were excluded. Data extraction and synthesis followed 
PRISMA-ScR guidelines.
RESULTS: Of the 344 systematic reviews identified, 14 met the eligibility 
criteria, reporting on key risk factors contributing to the incidence of 
contagious people with TB, the duration of infectivity, and the probability of 
contact. These risk factors included homelessness, migration, occupational 
exposure, urbanization, climate change, and air pollution. The findings 
emphasize the complex interrelated role of social and environmental determinants 
in driving TB transmission.
CONCLUSION: This review highlights the need for a multi-sectoral approach to TB, 
as climate change, air pollution, overcrowding, stigma, and limited healthcare 
access exacerbate established risks related to poverty. Effective prevention and 
control require targeted interventions that address these interconnected 
factors.
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Tuberculosis (TB) remains a persistent public health challenge in Mexico, 
particularly in large urban settings marked by social heterogeneity. We 
conducted a retrospective cohort study of patients diagnosed with tuberculosis 
and treated at a tertiary-level hospital in Guadalajara, Mexico, between 2020 
and 2023. Unfavorable treatment outcomes were defined as treatment failure, loss 
to follow-up, or death. Multivariable logistic regression was used to identify 
factors independently associated with unfavorable outcomes. Spatial analyses, 
including Kernel Density Estimation, Global Moran's I, Local Indicators of 
Spatial Association (LISA), and Getis-Ord Gi*, were applied to explore the 
geographic distribution of unfavorable outcomes. Unfavorable tuberculosis 
treatment outcomes among patients treated at a tertiary-level hospital were not 
randomly distributed in space. Spatial epidemiological methods provided 
complementary, exploratory insights beyond individual-level clinical factors, 
highlighting geographic patterns that may inform place-sensitive public health 
interventions and strengthen routine tuberculosis surveillance, without implying 
causal inference.
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Tuberculosis (TB) rarely occurs in isolation; most people with TB experience 
multiple coexisting conditions, including HIV, diabetes, undernutrition, 
depression, and substance use disorders, which worsen disease severity and 
compromise treatment outcomes. Although the World Health Organization has issued 
disease-specific guidance for managing key comorbidities, TB care remains 
largely siloed and poorly equipped to address the growing burden of 
multimorbidity, particularly in African health systems. In this perspective 
article, we propose a phased framework for multimorbidity-centered TB care. The 
first phase emphasizes systematic screening for common comorbidities and 
establishment of basic referral pathways. The second phase focuses on 
strengthening coordination between TB programs and existing health and social 
services, including task sharing and longitudinal follow-up. The third phase 
advances toward fully integrated, co-located, multidisciplinary models of care 
that embed TB services within broader multimorbidity platforms. Together, this 
framework offers a pragmatic roadmap for TB programs to deliver more 
person-centered, equitable, and efficient care, strengthen primary care systems, 
and accelerate progress toward ending TB as a public health threat in Africa.
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Tuberculosis remains a major public health concern in Uganda, one among the 
thirty high TB burden countries globally. Despite national progress, gaps 
persist due to asymptomatic disease, diagnostic limitations, and uneven access 
to healthcare within the country. This study implemented the Epi-control 
platform, an AI-driven predictive modelling tool, to predict community-level 
hotspots and support data-driven active case-finding (ACF). Using retrospective 
chest X-ray screening data, we integrated demographic, environmental, and human 
development indicators from open-source databases to model TB risk at sub-parish 
level. A proprietary Bayesian modelling framework was deployed and validated by 
comparing TB yields between predicted hotspots and non-hotspot locations. Across 
Uganda, the model identified significantly higher TB yields in hotspot areas 
(risk ratio = 1.69, 95% CI 1.41-2.02; p < 0.001). The Central and Western 
regions showed the highest concentrations of hotspots, consistent with their 
population density and urbanization patterns. The results show that the model 
prioritized areas with higher observed ACF yield in this retrospective dataset, 
supporting its potential operational use for screening prioritization under 
similar implementation conditions. The results demonstrate that AI-based 
predictive modelling can enhance the efficiency of ACF by targeting high-risk 
areas for screening. Integrating such predictive tools within national TB 
programmes may support screening planning and resource prioritization; 
prospective evaluation and external validation are needed to assess 
generalisability and incremental impact.
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Tuberculosis, caused by Mycobacterium tuberculosis (M. tb), remains a leading 
global threat, escalated now by the rise of multidrug-resistant (MDR-TB) and 
extensively drug-resistant (XDR-TB) strains. In search of a novel 
anti-tubercular agent with a distinct mechanism of action, this study explores 
deep-sea marine metabolites as potential inhibitors of the F420-dependent 
oxidoreductase Rv1155, a redox enzyme essential for M. tb survival. A total of 
2773 marine-derived compounds curated from the CMNPD, Reaxys, and MarinLit 
databases were screened using an integrated CADD workflow combining molecular 
docking, in-silico ADMET profiling, and molecular dynamics (MD) simulations. 
Docking identified 68 metabolites with strong affinity (-10.98 to -15.95 
kcal/mol) for the Rv1155 binding pocket, and from which three compounds, 
Upenamide (CMNPD_22964), Aspyronol (Compound_1749), and Fiscpropionate F 
(Compound_1796), were shortlisted as hit candidates. Among these, Upenamide 
displayed the strongest binding (ΔG = -28.56 kcal/mol) with stable RMSD and 
hydrogen bond persistence during 100 ns MD simulation, while Aspyronol 
demonstrated a promising ADMET profile comparable to the native cofactor F4202. 
MM-GBSA analysis further confirmed the strong binding strength (ΔG _bind = 
-24.77 to -34.07 kcal/mol) for all three hit candidates. These findings confirm 
the strong and stable interaction of selected deep-sea marine metabolites with 
Rv1155. This validated screening pipeline established here provides a 
cost-effective framework for future experimental validation and expansion to 
additional F420-related drug targets in M. tb.
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BACKGROUND: Pulmonary inflammation is a widely recognized characteristic of 
active tuberculosis (TB). Although standard TB treatment is effective, a 
substantial proportion of mycobacteriologically cured TB patients experience 
persistent pulmonary inflammation, which can lead to long-term lung impairment, 
post-tuberculosis lung disease (PTLD) and potentially TB recurrence.
METHODS: We conducted a case-control study to compare host serum biomarker 
profiles in individuals with minimal (TLG < 50 SUVbw*mL, n = 37) versus 
extensive (TLG ≥ 50 SUVbw*mL, n = 34) persistent lung inflammation following 
completion of standard drug-sensitive TB treatment. Lung inflammation was 
measured by 18F-FDG PET/CT scan using total lung glycolysis (TLG) as a surrogate 
marker. All participants had negative sputum cultures at four months of TB 
treatment, and blood samples were collected at treatment completion (month six). 
A Luminex® multiplex assay performed on the Bio-Plex® 200 platform was used to 
analyze 48 host serum biomarkers involved in cytokine/chemokine signaling.
RESULTS: Following multiple t-test analysis, fifteen biomarkers were 
significantly elevated (p < 0.05) in participants with extensive persistent lung 
inflammation compared to those with minimal inflammation. Among these, 14 
demonstrated potential as discriminatory markers, with area under the curve 
(AUC) values ranging from 0.707 to 0.806, sensitivities ranging from 47.06% to 
73.53%, and specificities ranging from 70.27% to 83.78%. Notably, 13 of these 16 
candidate biomarkers significantly correlated with TLG values, further 
supporting their potential clinical utility.
CONCLUSION: We report associations between serum inflammatory mediators and 
persistent pulmonary inflammation following mycobacterial clearance in TB 
patients, highlighting their potential as diagnostic biomarkers that could 
potentially meet the target product profile (TPP) criteria.
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BACKGROUND/OBJECTIVES: Latent tuberculosis infection (LTBI) represents a 
critical reservoir for subsequent development of active tuberculosis (ATB) and 
poses significant challenges for early diagnosis and disease prevention. 
Traditional immunological assays, such as interferon-gamma release assays 
(IGRAs), are limited in their ability to reliably distinguish LTBI from ATB. 
Recent advances in high-throughput omics technologies and machine learning (ML) 
approaches offer new opportunities for precise, biomarker-based differential 
diagnostics.
METHODS: Transcriptomic and proteomic profiling of host immune responses has 
revealed reproducible gene and protein signatures associated with LTBI and ATB. 
The integration of ML techniques-including feature selection, dimensionality 
reduction, multimodal learning, and explainable AI-facilitates the construction 
of robust diagnostic models. Single-modality signatures, derived from RNA-seq, 
microarrays, or proteomic assays, are complemented by multimodal approaches that 
incorporate soluble mediators, immunological readouts, and imaging-derived 
features. Deep learning frameworks, such as convolutional neural networks and 
transformer-based architectures, enhance the extraction of complex molecular and 
structural patterns from high-dimensional datasets.
RESULTS: ML-driven analyses of transcriptomic and proteomic data consistently 
outperform conventional immunological tests in terms of sensitivity, 
specificity, and clinical applicability. Multimodal integration further improves 
diagnostic accuracy and robustness. These advances support the translational 
development of concise, quantitative reverse transcription PCR (qRT-PCR)-based 
biomarker panels suitable for routine clinical application, enabling early and 
reliable differentiation between LTBI and ATB. Overall, the combination of 
high-throughput omics and AI-based analytical frameworks provides a promising 
pathway for enhancing global tuberculosis diagnostics.
CONCLUSIONS: This review provides a structured and critical synthesis of 
transcriptomic and proteomic biomarker research for LTBI and ATB discrimination, 
with a particular emphasis on machine learning-based analytical frameworks. 
Unlike previous narrative reviews, we systematically compare data-generating 
platforms, modelling strategies, validation approaches, and sources of 
heterogeneity across studies. We further identify key translational barriers, 
including cohort homogeneity, platform dependency, and limited external 
validation, and propose directions for future research aimed at improving 
clinical applicability.
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"Nontuberculous mycobacteria" (NTM) is a general term for mycobacteria other 
than the Mycobacterium tuberculosis complex and Mycobacterium leprae. In Japan, 
90% of pulmonary NTM disease cases are caused by two species, Mycobacterium 
avium and M. intracellulare, which are collectively referred to as Mycobacterium 
avium complex (MAC) due to their biochemical similarity. Pulmonary MAC disease 
is broadly classified into fibrocavitary and nodular/bronchiectatic types, each 
of which exhibits distinctive pathological features. The pulmonary NTM disease 
incidence has been found to be 14.7 cases per 100,000 population per year, 
suggesting that Japan has the highest incidence of this disease in the world, 
and its incidence has also been shown to have already exceeded that of pulmonary 
tuberculosis. In addition, many elderly people have weakened immune systems, 
which often causes a decline in comprehension, and many medications for this 
have side effects, making it difficult to continue taking them and leading to 
treatment difficulties. The two cases reported here were both elderly women with 
refractory MAC lung disease, but they had different phenotypes: a fibrocavitary 
type and a long-standing, progressive nodular and bronchiectatic type. Treatment 
was performed with a regimen using Liposomal amikacin (ALIS), which is an 
aminoglycoside antibiotic that works by binding to bacterial Riposomes and 
inhibiting protein synthesis. Using amikacin Liposomal technology and a 
specialized inhaler, ALIS efficiently reaches alveolar macrophages, directly 
killing the MAC bacteria within. However, the unique administration method 
requires inhaler cleaning, making continued use difficult given the 
characteristics of patients with refractory MAC pulmonary disease. Even when 
treatment is possible, frequent side effects, such as hoarseness and dysphonia, 
while not severe, further contribute to the difficulty of initiating treatment. 
In both cases reported here, continued administration of rifampicin was 
difficult due to side effects such as liver damage and loss of appetite, and the 
patients' conditions were also resistant to treatment, so ALIS was chosen, as it 
is thought to be more effective than other drugs and to have fewer systemic side 
effects. The patient had a limited understanding of how to clean the inhaler and 
how to inhale, making continued treatment difficult; therefore, we explained the 
efficacy and safety of ALIS to the patient's family. Inhalation therapy is an 
effective method for delivering medication directly to the lungs, where the 
disease is located, while reducing systemic side effects. Until now, no 
inhalation therapy has existed for pulmonary MAC disease, and inhalation therapy 
itself is still a groundbreaking treatment administration method. This is the 
first case in the world where therapeutic efficacy has been confirmed with fewer 
than half the number of treatments required for standard treatment. Furthermore, 
as a new drug delivery method, inhalation offers a novel treatment option when 
existing medications are unavailable or ineffective for some reason, and it may 
be safe for use in elderly patients.
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BACKGROUND: Tuberculosis (TB) in adolescents is distinct from both childhood and 
adult TB, particularly in terms of risk factors; however, national-level data 
assessing these factors in adolescents remain limited despite growing attention 
to the issue. This study aims to identify factors associated with TB among 
individuals aged 10 to 18 years.
METHODS: This study leverages data from the National Family Health Survey 
(NFHS-5) conducted in India during the year 2019-2021. A total of 479,674 
adolescents were included. We employ a generalized linear mixed-effects logistic 
regression model to examine the association between household, environmental, 
demographic and behavioral factors and self-reported TB status among 
adolescents.
RESULTS: A total of 363 adolescents reported having TB. The results show that 
adolescents who are male (aOR = 0.735, p < 0.001), living in a nuclear family 
(aOR = 0.782, p < 0.001), residing in a household without TB cases (aOR = 0.17, 
p < 0.001), using a traditional mud stove or chullah (aOR = 0.279, p < 0.001), 
do not have air conditioning or a cooler (aOR = 0.405, p < 0.001), do not use 
tobacco (aOR = 0.766, p < 0.001), and do not consume alcohol (aOR = 0.912, p < 
0.001) have lower odds of TB. Conversely, older age (aOR = 1.136, p < 0.001), 
absence of a separate kitchen (aOR = 1.395, p < 0.001), belonging to poor (aOR = 
2.787, p < 0.005) or middle-income households (aOR = 2.662, p < 0.001), and 
living in households without cattle (aOR = 1.489, p < 0.001) are associated with 
higher odds of TB.
CONCLUSIONS: Using nationally representative NFHS data, this study identifies 
multiple household, socioeconomic, and behavioral factors associated with TB 
among adolescents in India. These findings highlight the need for targeted TB 
prevention strategies that address household conditions, socio-economic 
disparities, and adolescent health behaviors.
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Mycobacterium bovis is the causative agent of tuberculosis (TB) infecting a wide 
range of animal hosts, including humans. Domestic pigs (Sus scrofa domestica) 
are susceptible to different mycobacteria, particularly species within the 
Mycobacterium avium complex (MAC). However, in countries where bovine TB is 
endemic, such as Argentina, M. bovis is the most frequently reported species in 
pigs. This study aimed to evaluate the immune response and disease progression 
of a local strain (MB894) isolated from pigs and compare its pathogenicity with 
the highly virulent strain MB303, isolated from wild boar. Additionally, we 
sought to explore the genomic basis underlying the virulent phenotype of MB894. 
For this purpose, a murine infection model was used to assess pathogenicity, 
organ colonization, dissemination and cytokine induction. Whole-genome 
sequencing was performed to identify genetic features, including non-synonymous 
SNPs and INDELs, potentially associated with virulence. The severe 
immunopathogenesis produced by MB894, the higher multiplication rate in the 
evaluated organs, and the greater dissemination to other organs compared to 
MB303, combined with the cytokine levels induced by this strain, prompted us to 
classify MB894 as a hypervirulent strain. Genomic analysis revealed candidate 
genes that may be virulence factors contributing to this phenotype. In summary, 
MB894 represents a hypervirulent M. bovis strain with distinct pathogenic and 
genomic characteristics. These findings provide insights into the molecular 
determinants of virulence and highlight the need for further evaluation of 
identified gene candidates.
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Globally, Mycobacterium tuberculosis remains a significant disease burden. 
Although effective treatment regimens exist, drug resistance continues to 
emerge. This clinical resistance, combined with side effects and protracted 
treatment times from the current front-line therapies, means there is a need to 
identify novel agents to combat this disease. Here we report on a new chemical 
series, identified by whole-cell phenotypic growth inhibition screening that 
demonstrates significant activity across multiple media. Mode of action studies 
indicate that this series targets the same biological pathway as Ethambutol 
(EMB), a drug used in the current frontline treatment of tuberculosis. Screening 
selected analogues against clinical isolates, resistant to EMB, demonstrated 
differential sensitivity both across the molecules and against the different 
specific resistant mutations. The data obtained suggests that this series has 
potential to be developed into a viable, alternative to EMB.
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Despite the World Health Organization's (WHO) ambitious goal of eradicating 
tuberculosis (TB) by 2035, the three key indicators of the End TB Strategy 
remain unmet. Improving the quality of care is essential to achieving better 
health outcomes in Indonesia, where both public and private hospitals play a 
pivotal role in strengthening TB services. The aim of this study was to evaluate 
the quality of TB care in public and private hospitals in Karawang Regency, a 
district with the fifth highest TB prevalence in West Java, Indonesia. A 
mixed-methods approach was employed, using an evaluation framework that 
integrated the High-Quality Health System (HQHS) model and the Quality of 
Tuberculosis Service Assessment (QTSA) tool. Quantitative data were collected 
using a modified QTSA questionnaire administered to patients, while qualitative 
primary data were obtained through in-depth interviews with stakeholders and 
healthcare providers. Secondary qualitative data were sourced from patient visit 
records and TB control reports. The findings indicated that low treatment 
success rates were associated with increased patient loss to follow-up, 
inadequate evaluation, patient mortality, and dissatisfaction, which were 
largely driven by deficiencies in foundational elements and suboptimal treatment 
processes, including budgeting, policy dissemination, and the functioning of 
internal and external networks. Positive patient experiences and access to 
follow-up care significantly influenced patient satisfaction. Strengthening the 
foundational components of the TB health system and adopting a sustainable, 
integrated treatment approach are critical to improving treatment success rates, 
clinical outcomes, and patient satisfaction.

© 2025 The Author(s).
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BACKGROUND: Tuberculosis (TB) remains a global public health challenge, with 
Thailand identified as a high-burden country for TB and TB-HIV infections by WHO 
in 2021-2025. While the standard TB treatment regimen-including isoniazid, 
rifampicin, pyrazinamide, and ethambutol-is highly effective but drug-induced 
liver toxicity is a serious concern. Among these toxicities, cholestatic 
jaundice, primarily linked to rifampicin, is understudied in terms of its 
prevalence, risk factors, and clinical outcomes.
METHODS: A retrospective cohort study was conducted. The medical records of TB 
patients who received rifampicin between January 1, 2017, and November 30, 2022, 
were reviewed. Cases of cholestatic jaundice during treatment were identified. 
Demographic data, clinical characteristics, laboratory results, and treatment 
outcomes were collected and analyzed. Risk factors were assessed using 
univariate and multivariate logistic regressions.
RESULTS: The prevalence of rifampicin-induced cholestatic jaundice was 1.52%. 
Key risk factors were age ≥ 60 years (aOR: 3.82, 95% CI: 2.07-7.06, p < 0.001) and BMI < 18.5 kg/m2 (aOR: 2.94, 95% CI: 1.61-5.39, p < 0.001). To manage this side effect, rifampicin was discontinued in 74.5% cases while rifampicin was reintroduced in 43.9% cases. Overall, 61.1% of the patients achieved successful treatment after rifampicin was reintroduced.
CONCLUSIONS: Rifampicin-induced cholestatic jaundice was observed in 1.52% of TB 
patients. Older age (≥60 years) and low BMI (<18.5 kg/m2) were identified as key risk factors.Early liver monitoring is essential in high-risk groups. Most 
patients tolerated rifampicin rechallenge, supporting individualized, risk-based 
management to ensure safe and effective TB treatment.

© 2026 The Authors. Published by Elsevier Ltd.
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RATIONALE: Post-tuberculosis lung disease (PTLD), which includes restrictive and 
obstructive patterns of impairment, develops in 50% or more of survivors of 
tuberculosis, yet mechanisms and associated risk factors are poorly understood.
OBJECTIVES: We sought to identify clinical and transcriptomic risk factors for 
PTLD phenotypes.
METHODS: In a prospective, observational, cohort study, we enrolled adults 
(month 0) with newly diagnosed pulmonary tuberculosis in Nairobi, Kenya and 
evaluated clinical and transcriptomic risk factors for PTLD. Participants 
completed 6 months of standard anti-tuberculosis therapy. PTLD was defined as 
abnormal spirometry at month 12 (i.e., 6-months post-treatment) with either a 
restrictive- or obstructive-pattern.
MEASUREMENTS AND MAIN RESULTS: We enrolled 205 participants of whom 103 (50.2%) 
had PTLD, including 60 with restrictive-PTLD and 43 obstructive-PTLD. 
Participants with PTLD had lower mid-upper arm circumference and cough peak 
flow. In multivariable analyses, more lung quadrants involved on radiograph at 
diagnosis was a risk factor for both restrictive- (aOR 2.1, P < .001) and 
obstructive-PTLD (aOR 2.2, P < .001). Prior tuberculosis was associated with 
obstructive-PTLD (aOR 5.4, P < .001). Gene expression improved clinical 
predictive models. In transcriptomic analyses, restrictive-PTLD was associated 
with upregulation of IL-6/JAK/STAT3 and TNF-α signaling at diagnosis (FDR < 
0.2). In contrast, obstructive-PTLD was associated with transcriptomic 
upregulation of IFN-α and IFN-γ signaling responses (FDR < 0.2) at month 6.
CONCLUSIONS: Despite common clinical risk factors (lower mid-upper arm 
circumference, radiographic lung involvement), PTLD phenotypes have unique 
transcriptional signatures. Restrictive-PTLD is marked by early pro-fibrotic 
inflammation. In contrast, obstructive-PTLD is characterized by persistent 
inflammation at treatment completion.

© The Author(s) 2026. Published by Oxford University Press on behalf of the 
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Recurrent tuberculosis (TB) accounts for 30% of the annual TB burden in Cape 
Town. To better understand mechanisms behind recurrences, we assessed the 
association between neighborhood factors and the cumulative number of TB 
episodes per individual between 2003 and 2015. We used TB notification data, 
previously geocoded, and probabilistically linked with 2011 Census data at the 
neighborhood level. Individuals were grouped by follow-up time after their first 
TB episode: 5-10 years (FUT5-10) and over 10 years (FUT10+). Ordinal regressions 
adjusted for age and sex examined associations, with robust standard errors for 
neighborhood clustering. A secondary analysis from 2009 onward included HIV 
status, restricted to individuals with at least five years of follow-up. In the 
FUT10+ cohort, 9.6% had two TB episodes and 2.1% had three or more; this was 
7.9% and 1.3% in FUT5-10, and 7.4% and 1.3% in the secondary analysis cohort 
(SAC). A higher cumulative number of episodes was associated with neighborhood 
household size across cohorts (FUT10+ aOR = 1.23 (95% CI 1.15-1.31), FUT5-10 
aOR = 1.26 (95% CI 1.16-1.37), annual neighborhood TB incidence (FUT10+ aOR 
 = 1.13 (95% CI 1.06-1.20), FUT5-10 aOR = 1.11 (95% CI 1.04-1.19)), neighborhood socioeconomic index (FUT10+ aOR  = 0.98 (95% CI 0.95-1.01), FUT5-10 aOR = 0.94 (95% CI 0.91-0.97), SAC aOR = 0.93 (95% CI 0.88-0.98)) and HIV infection (SAC aOR = 1.83 (95% CI 1.59-2.10)). These findings highlight that neighborhood-level risk factors contribute to recurrence and suggest the role of reinfection in recurrent TB. Targeting neighborhoods with high TB incidence, larger households, and lower socioeconomic status may improve screening and reduce TB burden in Cape Town.
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BACKGROUND: Tuberculosis (TB) remains one of the leading causes of death in 
Mbuji-Mayi, as in many other cities worldwide. Despite the availability of free 
treatment, TB continues to spread in the city due to weaknesses in health system 
performance, socioeconomic conditions, and limited financial resources. This 
study aimed to contribute to reducing TB-related mortality in Mbuji-Mayi by 
identifying risk factors affecting the survival of patients undergoing 
anti-tuberculosis treatment.
METHODS: A retrospective cohort study was conducted among tuberculosis patients 
registered and followed up in the TB treatment centers (CDTs) of Mbuji-Mayi 
between January 1 and December 31, 2024. Data were collected from patient 
records and treatment registers. A total of 1,633 cases were included in the 
analysis. Survival probabilities were estimated using the Kaplan-Meier method, 
and factors associated with survival were identified using the Cox proportional 
hazards model.
RESULTS: Multivariate analysis showed that comorbid conditions such as HIV and 
diabetes were significantly associated with mortality among TB patients 
(adjusted Hazard Ratio [aHR] = 4.65; p = 0.003). Drug resistance was strongly 
associated with reduced survival time (aHR = 12.12; p < 0.001). Male sex was 
more exposed to mortality compared to females (aHR = 9.94; p = 0.026), and 
tobacco or alcohol use was also a significant risk factor associated with 
decreased survival (aHR = 3.31; p = 0.046).
CONCLUSION: The overall survival probability remained high, ranging from 99.7% 
in the first month to 98.8% in the fifth month of treatment. Most deaths 
occurred early during therapy. Mortality among TB patients in Mbuji-Mayi is 
mainly influenced by comorbidity, drug resistance, male sex, and tobacco or 
alcohol consumption. Strengthening early detection, adherence support, and 
management of comorbid conditions could improve patient survival.
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INTRODUCTION: In high-burden nations like India, tuberculosis (TB) continues to 
be a significant global public health concern. HIV infection, diabetes mellitus, 
and low socioeconomic status are examples of comorbid illnesses that increase 
susceptibility to tuberculosis (TB), and the introduction of multidrug-resistant 
tuberculosis (MDR-TB) has made disease control even more challenging. The 
time-consuming nature of conventional drug susceptibility testing (DST) 
emphasizes the critical need for quick biomarkers to forecast treatment outcomes 
and resistance. Because of their possible impact on host immunity and MDR-TB 
risk, genetic variations particularly vitamin D receptor (VDR) polymorphisms 
have drawn attention.
METHODS: Studies published between 2000 and 2024 were the subject of an 
extensive examination of the literature. Relevance led to the selection of 213 
articles. Keywords including vitamin D, VDR polymorphisms, MDR-TB, pulmonary 
tuberculosis, and immune response were used to search databases such as PubMed, 
Web of Science, and Google Scholar. To guarantee comprehensive coverage, both 
original research articles and reviews were included.
RESULTS: Low serum vitamin D levels were consistently linked to an elevated risk 
of MDR-TB and pulmonary tuberculosis (PTB), according to the investigation. 
Certain VDR polymorphisms have often been associated with altered immunological 
responses and an increased risk of disease, especially mutant forms like FokI 
and TaqI. Treatment response and disease progression have also been discovered 
to be influenced by immunological modulation and dietary variables.
DISCUSSION: These results imply that vitamin D levels and VDR polymorphisms 
could be useful biomarkers for the diagnosis and prognosis of MDR-TB. Knowing 
the genetic susceptibility of the host may help develop individualized treatment 
plans and enhance the management of MDR-TB.
SYSTEMATIC REVIEW REGISTRATION: 
https://www.crd.york.ac.uk/PROSPERO/view/CRD420261295571, identifier 
CRD420261295571.
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BACKGROUND: Tuberculosis (TB) remains a leading cause of morbidity and mortality 
in young children, particularly in settings with limited diagnostic capacity. 
Oral swabs represent a promising alternative specimen type due to their ease of 
collection, but evidence on their acceptability and feasibility remains limited.
METHODS: This qualitative sub-study was nested within the NOD-pedFEND diagnostic 
trial evaluating novel tests for pediatric TB. We conducted semi-structured 
interviews and focus group discussions with 81 participants across Uganda (n=57) 
and Peru (n=24), including caregivers (Uganda n=30; Peru n=7), healthcare 
workers (Uganda n=23; Peru n=12), and National TB Program stakeholders (Uganda 
n=4; Peru n=5). Participants were recruited purposively from among those 
involved in or linked to the parent NOD-pedFEND study. Data were analyzed using 
thematic analysis.
RESULTS: Oral swabs were widely perceived as acceptable due to their 
non-invasive nature, minimal discomfort, and ease of collection. Caregivers and 
healthcare workers valued the reduced burden on children compared to more 
invasive sampling methods. Across both countries, participants expressed 
concerns about perceived low diagnostic sensitivity in children, particularly 
when compared with reference standard specimens. Despite these reservations, 
oral swabs were welcomed as a complementary, rather than substitute, diagnostic 
modality. Stakeholders highlighted their potential role within future 
point-of-care diagnostic strategies in low-resource settings.
CONCLUSIONS: Oral swabs are acceptable and feasible for pediatric TB diagnosis 
in diverse settings, though concerns about sensitivity persist. Their 
integration as an add-on test could expand diagnostic access, especially if 
incorporated into scalable, point-of-care approaches.
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Tuberculosis (TB) and human immunodeficiency virus (HIV) are significant global 
health challenges, often coexisting and complicating disease progression, 
diagnosis, and treatment. Tuberculous meningitis (TBM), the most severe form of 
TB, adds to this burden. Identifying robust biomarkers is crucial for early 
detection, disease monitoring, and targeted therapies. This study employs an 
integrated in-silico approach to analyse gene expression across multiple 
cohorts, including healthy individuals, MTB-infected, HIV-positive, HIV-MTB 
co-infected, and TBM cases.
METHODS: Gene expression datasets from the NCBI GEO database (GSE165708, 
GSE111459) were analysed to identify differentially expressed genes (DEGs) 
associated with MTB, HIV, and TBM. Data processing was conducted using R 
software and Bioconductor packages. Functional enrichment analysis (Gene 
Ontology and KEGG pathways) was performed to identify key biological processes 
and pathways. A gene co-expression network was constructed to pinpoint hub genes 
with diagnostic and prognostic potential.
RESULTS: Our Insilico-based analysis identified several novel biomarker 
candidates, including DDX58, IFIH1, IFIT3, ISG15, MX1, RSAD2, IFI44, CD8A, 
IL2RB, and LCK, implicated across MTB, HIV, HIV-MTB, and TBM infections. In 
parallel, we validated established immune-related biomarkers such as TNF, STAT1, 
IRF1, IRF7, IL1B, CD4, TLR2, and CD28, underscoring their pivotal roles in 
infection-associated immune modulation.
CONCLUSION: This study demonstrates the robust potential of in-silico approaches 
to uncover novel and established biomarkers in TB and HIV, offering new insights 
into the molecular mechanisms driving these complex infections. These findings 
provide a vital framework for future experimental validation and contribute to 
precision medicine at a molecular stratification level by enabling the 
identification of condition-specific and shared host transcriptional signatures 
across TB, HIV-TB co-infection, and TBM, which may inform future host-directed 
and pathway-targeted therapeutic strategies.
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Paratuberculosis is a chronic ruminal-enteric infection caused by Mycobacterium 
avium subsp. paratuberculosis (MAP). It has significant economic, trade, and 
public health implications. In addition to evading host immunity, MAP modulates 
the gut microbiome, resulting in dysbiosis that exacerbates disease progression. 
A conceptual framework is proposed in which Johne's disease (JD) can serve as 
the paradigm of chronic infection, based on dysbiosis in microbial imbalance, 
immune escape, and pathogen survival in a self-sustaining loop, as in human 
tuberculosis and Crohn's disease. This review evaluates the evidence on 
MAP-induced microbiome alterations and their impact on host-pathogen relations, 
immune responses, and metabolic processes in cattle, sheep, goats, and other 
ruminants. JD-associated dysbiosis is characterized by reduced microbial 
diversity, depletion of butyrate-producing taxa (e.g., Ruminococcaceae and 
Lachnospiraceae), enrichment of pro-inflammatory Enterobacteriaceae, and 
disruption of short-chain fatty acid (SCFA) metabolic pathways. Recent studies 
suggest that such alterations in microbes can be the initial signs of diagnosis 
and pre-treatment components, such as probiotics, prebiotics, dietary 
modifications, and microbiome-based vaccinations. This summary bridges the 
research on the veterinary and human microbiome, revealing that MAP-Microbiome 
interactions reflect immunological evasion and microbial persistence schemes 
observed with other intracellular pathogens. Evidence across species and 
disciplines highlights the interdependence between host microbiome stability, 
pathogen persistence, and disease progression. However, variances between 
studies show the need to adopt standardized methodologies, longitudinal studies, 
and multi-omics designs to establish whether dysbiosis precedes or follows MAP 
infection. The review is the first to combine molecular, immunological, and 
microbiome-level data into the One Health concept of MAP persistence. Moreover, 
this review takes a One Health approach where the investigation of MAP-induced 
dysbiosis offers an understanding of chronic inflammation, microbial ecology, 
and persistence strategies applicable to veterinary as well as human health. 
This way, we can emphasize the diagnostic, therapeutic, and translational 
opportunities of microbiome-based interventions in JD using a One Health model 
that connects ruminant disease to human inflammatory bowel diseases, including 
Crohn's disease.
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Tuberculosis (TB) continues to pose a major global health challenge, 
particularly due to the rise of multidrug-resistant strains, necessitating the 
search for novel chemotypes with improved efficacy. In this work, a series of 
furan-based triazole-acrylamide hybrids (8a-8j) were designed and synthesized 
via a three-step sequence involving amidation, aryl azide preparation, and 
Cu(I)-catalyzed azide-alkyne cycloaddition (CuAAC). The structures of the 
synthesized compounds were confirmed through spectroscopic analyses, including 
attached proton test (APT) NMR. Biological screening against Mycobacterium 
tuberculosis H37Rv revealed promising activity, with the 4-bromo derivative (8e) 
exhibiting the highest potency (minimum inhibitory concentration 
[MIC] = 1.25 µg mL-1), followed by 4-CF3 (8f, 3.12 µg mL-1) and 4-F (8g, 
6.25 µg mL-1). Structure-activity relationship analysis highlighted the 
beneficial role of electron-withdrawing and polarizable substituents at the para 
position of the phenyl ring. Molecular docking studies demonstrated strong 
binding affinities (up to -9.6 kcal mol-1 for 8e), correlating well with 
experimental MIC values, whereas density functional theory (DFT) analyses 
confirmed favorable electronic properties, including a narrow HOMO-LUMO gap and 
high softness for 8e, supporting its superior bioactivity.
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