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BACKGROUND: Early and accurate diagnosis of drug resistance, including  
resistance to second-line anti-tuberculosis (TB) drugs, is crucial for the  
effective control and management of pre-extensively drug-resistant TB  
(pre-XDR-TB) and extensively drug-resistant TB (XDR-TB). The Xpert MTB/XDR assay  
is the WHO recommended method for detecting resistance to isoniazid and  
second-line anti-TB drugs when rifampicin resistance is detected. Currently, the  
Xpert MTB/XDR assay is not yet implemented in Ethiopia, thus the MTBDRsl assay  
continues to be used. However, the MTBDRsl assay requires additional patient  
visits and specimen collection, which can lead to delays in diagnosis and  
treatment initiation. 
OBJECTIVE: This study aimed to evaluate the feasibility of using extracts from  
used Xpert MTB/RIF cartridges for detecting resistance to second-line anti-TB  
drugs by MTBDRsl assay in patients with rifampicin resistant-TB (RR-TB) in  
Eastern and Western Oromia, Ethiopia. 
METHODS: A cross-sectional diagnostic evaluation study was conducted from June  
2020 to May 2021 at two TB Referral Laboratories in Eastern and Western Oromia,  
Ethiopia. Sputum samples from RR-TB patients were split, with one aliquot being  
subjected for Xpert testing and the other being cultured on Lowenstein-Jensen  
media. DNA extracted from the used Xpert cartridges was amplified by PCR and  
tested by MTBDRsl assay, and the results were compared to those obtained from  
culture isolates. To establish the detection limits, the MTBDRsl assay was  
performed on cartridge extracts (CEs) from a series of dilutions of  
drug-susceptible and multidrug-resistant TB strains. 
RESULTS: The MTBDRsl on CEs from dilutions at ≥ 102 CFU/mL (CT ≤ 22) accurately  
identified susceptibility and resistance patterns for fluoroquinolones (FQL) and  



second-line injectable drugs (SLIDs). The MTBDRsl on rifampicin-resistant CEs  
from sputum samples (n = 40) yielded 100% interpretable results for FQL and 90%  
(4 indeterminate) interpretable results for SLIDs. All interpretable CE results  
showed complete agreement with the MTBDRsl results from the culture isolates. 
CONCLUSION: This study demonstrated the feasibility of using extracts from used  
Xpert MTB/RIF cartridges for detecting resistance to second-line anti-TB drugs  
using the MTBDRsl assay. This approach could mitigate the need for additional  
specimen collection and allow for earlier treatment initiation, potentially  
improving patient outcomes and reducing the transmission of drug-resistant TB  
strains. 
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The impact of heteroresistance on tuberculosis (TB) treatment outcomes is  
unclear, as is the role of different rifampin and isoniazid exposures on  
developing resistance mutations. Hollow fiber system model of TB (HFS-TB) units  
were inoculated with drug-susceptible Mycobacterium tuberculosis (Mtb) and  
treated with isoniazid and rifampin exposure identified in a clinical trial as  
leading to treatment failure and acquired drug resistance. Systems were sampled  
for drug concentration measurements, estimation of total and drug-resistant Mtb,  
and small molecule overlapping reads (SMOR) analysis for the detection of  
heteroresistance. In the second HFS-TB study, systems were inoculated with an  
isoniazid-resistant clinical strain and treated with various combinations of  
isoniazid, rifampin, moxifloxacin, and levofloxacin for 28 days. Linear  
regression and exponential decline models were used for data analysis.  
Suboptimal isoniazid and rifampin exposures failed to kill drug-susceptible Mtb  
in the HFS-TB. Standard susceptibility methods failed to detect drug resistance,  
but SMOR detected isoniazid and rifampin heteroresistance, as well as  
fluoroquinolone, to which bacilli were not exposed. rpoB mutations arising from  
low rifampin exposures were Q513K and H526N, whereas those from regimen adequate  
rifampin but low isoniazid concentrations were S531L. Moxifloxacin-rifampin  
combination sterilized the HFS-TB units inoculated with the isoniazid-resistant  
Mtb in 14 days compared with 21 days of treatment with levofloxacin-rifampin,  
with no further emergence of drug resistance. Early detection of isoniazid and  
rifampin heteroresistance could provide an opportunity to individualize the  
therapy and protect fluoroquinolones when added to the MDR-TB treatment regimen. 
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OBJECTIVE: To evaluate the available evidence comparing the use of the  
bedaquiline, pretomanid, linezolid, and moxifloxacin (BPaLM) regimen for 6  
months with that of standard-of-care regimens for patients with  
multidrug-resistant or rifampin-resistant tuberculosis (MDR/RR-TB). 
METHODS: This was a systematic review of clinical trials comparing the use of  
the BPaLM regimen with the standard of care in patients with MDR/RR-TB. The main  
outcome measure was an unfavorable endpoint (a composite of death, treatment  
failure, treatment discontinuation, loss to follow-up, and recurrence), and  
secondary outcome measures included adverse events and serious adverse events.  
We searched the MEDLINE, EMBASE, Google Scholar, LILACS, and ClinicalTrials.gov  
databases, from their inception to January 31, 2024, with no limitation as to  
language or year of publication. The risk of bias was assessed by using the  
Cochrane risk-of-bias tool, and the quality of evidence was based on the Grading  
of Recommendations Assessment, Development and Evaluation approach. 
RESULTS: A total of 3,668 studies were retrieved; only one (a randomized  
clinical trial) met the inclusion criteria and was included. In patients with  
MDR/RR-TB, treatment with the BPaLM regimen, when compared with the standard of  
care, reduced the risk of an unfavorable outcome (composite, number needed to  
treat [NNT] = 7); early treatment discontinuation (NNT = 8); adverse events and  
discontinuation (NNT = 12); and serious adverse events (NNT = 5). 
CONCLUSIONS: This systematic review of the use of BPaLM in patients with  
MDR/RR-TB, although it included only one study, showed that BPaLM is more  
effective than is the standard of care and has a better safety profile. That has  
major implications for guidelines on the treatment of MDR/RR-TB. 
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BACKGROUND: Targeted next-generation sequencing (tNGS) is promising alternative  
to phenotypic drug susceptibility testing (pDST) for detecting drug-resistant  
tuberculosis (DRTB). This study explored the potential cost-effectiveness of  
tNGS for the diagnosis of DR-TB across 3 settings: India, South Africa and  
Georgia. 
METHODS: To inform WHO guideline development group (GDG) on tNGS we developed a  
stochastic decision analysis model and assessed cost-effectiveness of tNGS for  
DST among rifampicin resistance individuals. We also assessed tNGS as initial  
test for TB drug resistance in bacteriologically confirmed TB. Diagnostic  
accuracy and cost data were sourced from a systematic review conducted for GDG,  
covering studies published until September 2022. The primary outcome was  
incremental cost (2021 US$) per disability-adjusted life year (DALY) averted. 
FINDINGS: tNGS when compared with in-country DST, tNGS proved cost-effective in  
South Africa (ICER: $15,619/DALY averted, WTP: $21,165) but not in Georgia  
(ICER: $18,375/DALY averted, WTP: $15,069). In India, tNGS dominated in-country  
DST practice, providing greater health impact at lower cost. When comparing tNGS  
with universal pDST, tNGS was dominated by pDST in all three countries. In  
Georgia, using tNGS as initial test for TB drug-resistance compared to Xpert  
MTB/Rif followed by pDST appeared cost-effective. Scenario with 50% reduction in  
tNGS test kit costs made tNGS cost-effective across all three countries, while a  
high Bedaquiline resistance prevalence (30%) led to a worsening  
cost-effectiveness. 
INTERPRETATION: tNGS may be cost-effective in India, South Africa and Georgia  
when comprehensive DST is not routinely performed. Thus, existing DST practice  
and healthcare infrastructure should be considered before implementation and  
scale-up of tNGS. 
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Background: Individuals diagnosed with tuberculosis (TB) and multidrug-resistant  
(MDR) TB may struggle to return to work after they have completed a  
rehabilitation program. Multidrug-resistant tuberculosis (MDRTB) has been seen  
as a condition that is resistant to treatment, hence causing individuals to be  
economically in-active for considerable periods of time. Objective: The aim of  
the current study was to explore the views of individuals living with MDRTB,  
individuals with TB, and health professionals treating individuals with TB and  
MDRTB about the development of a vocational rehabilitation program. Method: The  
researchers used an exploratory descriptive research design, and semistructured  
interviews were conducted with five key informants and four participants who  
were diagnosed with pulmonary tuberculosis (PTB) and MDRTB. Thematic analysis  
was used in order to analyse the study findings. The current study is the second  
of two articles. The first article focused on barriers and facilitators linked  
to returning to work for individuals living with TB and MDRTB. The current  
article focuses on the development of a vocational rehabilitation program.  
Results: The findings of the original study revealed five themes; however, for  
the purpose of this article, only two themes will be presented, namely, Theme 1:  
promoting a holistic model and Theme 2: the use of resources for activity  
engagement. The latter theme contributed to the participant's view of the  
development of a vocational rehabilitation program. Conclusion: The study  
provided a description of the components of a vocational rehabilitation program  
that has been adapted from the Model of Occupational Self-Efficacy (MOOSE). The  
above program has been designed for individuals diagnosed with PTB/MDRTB and has  
the potential to assist them in returning to work. It is suggested that  
vocational rehabilitation programs be incorporated into general medical programs  
that focus on improving the functioning of individuals diagnosed with PTB/MDRTB. 
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OBJECTIVES: This study aimed to investigate genotypic characteristics and drug  
resistance profiles of Mycobacterium tuberculosis complex (Mtbc) strains  
isolated from patients with suspected tuberculosis (TB) in Gabon. 
METHODS: We performed whole genome sequencing of 430 Mtbc strains cultured  
between 2012 and 2022. Phylogenetic strain classification, genomic resistance  
prediction, and cluster analysis were also performed. 
RESULTS: Strains from four major Mtbc lineages, L4 (n = 372; 65%), L5 (n = 46;  
11%), L2 (n = 6; 1,4%), and L6 (n = 3; 0,7%), were observed. Interestingly, more  



than 10% of the strains were represented by Mycobacterium africanum strains (L5  
and L6), with L4 strains being dominant. The subclassification of L4 strains  
showed that L4.6.2.2 (Cameroon, n = 116) was the most prevalent. The proportion  
of resistance (any resistance to first-line TB drugs) was 30%, with 12% (n = 52)  
being at least multidrug-resistant (MDR) and six showing additional  
fluoroquinolone resistance. The overall cluster rate was 64% in non-MDR and MDR  
Mtbc strains. 
CONCLUSION: Although most Mtbc infections are caused by L4 M. tuberculosis  
strains, M. africanum strains also contribute to TB epidemiology in Gabon. The  
MDR epidemic is mainly driven by one dominant L4 Haarlem outbreak clone that has  
been spreading for approximately a century in the country. 
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OBJECTIVE: To compare the persistent clinical symptoms, chest X-ray (CXR),  
spirometry and echocardiography results in adolescent survivors of  
drug-susceptible (DS) and drug-resistant (DR) pulmonary TB (PTB). 
METHODS: This retrospective cohort study was conducted in 52 adolescent PTB  
survivors. We compared persistent clinical symptoms, CXR, spirometry and  
echocardiography in DS-TB and DR-TB survivors. χ2 test was used to compare  
groups (P < 0.05 significant), logistic regression analysis was used to identify  
risk factors, and Many-Factor Rasch Measurement Version Facets 3.86.0 was used  



to assess the multi-rater agreement of CXR. 
RESULTS: Significant differences were found in persistent clinical symptoms  
(higher in DS-TB survivors), CXR, and spirometry abnormalities (higher in DR-TB  
survivors). The echocardiography revealed a low pulmonary hypertension  
probability in both groups. Adolescent PTB survivors with comorbidity have 1.5  
times the risk of developing pulmonary sequelae compared to non-sequelae. 
CONCLUSION: Pulmonary sequelae in adolescent PTB survivors were documented in  
both DS and DR-TB. Monitoring after treatment completion was necessary for PTB  
survivors, especially in adolescents. 
 
Publisher: OBJECTIF: Comparer les symptômes cliniques persistants, les résultats  
de la radiographie pulmonaire (CXR), les données de la spirométrie ainsi que  
ceux de l'échocardiographie chez les adolescents ayant survécu à une TB  
pulmonaire (PTB) sensible aux médicaments (DS-TB) et résistante aux médicaments  
(DR-TB). 
MÉTHODES: Cette étude de cohorte rétrospective a été menée auprès de 52  
adolescents ayant survécu à la PTB. Nous avons comparé les symptômes cliniques  
persistants, le CXR, la spirométrie et l'échocardiographie chez les survivants  
de la DS-TB et de la DR-TB. Le test du χ2 a été appliqué pour comparer les  
différents groupes (P < 0,05 étant considéré comme significatif), tandis que  
l'analyse de régression logistique a permis d'identifier les facteurs de risque.  
De plus, la version 3.86.0 de Many-Factor Rasch Measurement a été utilisée pour  
évaluer l'accord multilatéral des résultats de la CXR. 
RÉSULTATS: Des variations notables ont été observées concernant la persistance  
des symptômes cliniques, qui sont plus fréquents chez les survivants de la  
DS-TB. En revanche, les anomalies détectées par la CXR et la spirométrie sont  
plus prononcées chez les survivants de la DR-TB. L'échocardiographie a révélé  
une faible probabilité d'hypertension pulmonaire dans les deux groupes étudiés.  
De plus, les adolescents ayant survécu à la PTB avec des comorbidités présentent  
un risque 1,5 fois supérieur de développer des séquelles pulmonaires par rapport  
à ceux qui n'en souffrent pas. 
CONCLUSION: Des séquelles pulmonaires ont été observées chez les adolescents  
ayant survécu à la PTB, tant dans le groupe des patients atteints de DS-TB que  
dans celui des patients atteints de DR-TB. Il est essentiel d'assurer un suivi  
après la fin du traitement pour ces survivants, en particulier pour les  
adolescents. 
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BACKGROUND: Drug-resistant TB (DR-TB) remains a public health concern in Kenya,  
with an estimated 2,500 individuals acquiring DR-TB annually. Despite  
significant progress in DR-TB management, the treatment success rate (TSR) in  
2021 stood at 77%, falling short of the 85% target. This low TSR occurs amidst a  
complex range of treatment challenges, including psychosocial factors. The aim  
of this study was to assess the impact of integrating psychosocial and economic  
empowerment interventions into standard DR-TB care. 
METHODS: A convergent mixed-method approach was employed, involving interviews  
with 217 participants, including persons with DR-TB and key stakeholders, using  
a structured questionnaire. The study was conducted in Kenya's two highest DR-TB  
burden counties between October and November 2023. 
RESULTS: The study found that 55% of respondents experienced psychological  
depression during treatment, with financial constraints identified as the  
primary trigger (70.6%). Only 49% of persons with DR-TB joined psychosocial  
support groups, and of these, 90% demonstrated improved treatment adherence.  
Additionally, individuals with DR-TB who participated in income-generating  
activities had a treatment adherence rate of 95%, compared to 88% among those  
not engaged in such activities. 
CONCLUSION: Patient-centred approaches involving socio-economic support systems  
are crucial in addressing treatment adherence barriers, thereby leading to  
improved treatment outcomes. 
 
Publisher: CONTEXTE: La TB pharmacorésistante (DR-TB) demeure un enjeu majeur de  
santé publique au Kenya, où l'on estime que 2 500 individus contractent cette  
maladie chaque année. Bien que des avancées notables aient été réalisées dans la  
prise en charge de la DR-TB, le taux de succès du traitement (TSR) en 2021 n'a  
atteint que 77%, ce qui est en dessous de l'objectif fixé de 85%. Ce faible TSR  
s'explique par un ensemble complexe de défis liés au traitement, incluant des  
facteurs psychosociaux. L'objectif de cette recherche était d'évaluer l'effet de  
l'intégration d'interventions d'autonomisation psychosociale et économique dans  
les soins standards de la DR-TB. 
MÉTHODES: Une approche mixte convergente a été adoptée, impliquant des  



entretiens avec 217 participants, incluant des personnes atteintes de DR-TB  
ainsi que des acteurs clés, à l'aide d'un questionnaire structuré. La recherche  
a été réalisée dans les deux comtés du Kenya présentant la plus forte prévalence  
de DR-TB, entre octobre et novembre 2023. 
RÉSULTATS: L'analyse a montré que 55% des répondants ont éprouvé des symptômes  
de dépression psychologique durant leur traitement, les difficultés financières  
étant reconnues comme le principal facteur déclencheur (70,6%). Seuls 49% des  
individus atteints de DR-TB ont intégré des groupes de soutien psychosocial, et  
parmi ceux-ci, 90% ont affiché une meilleure conformité au traitement. De plus,  
les patients atteints de DR-TB engagés dans des activités génératrices de  
revenus ont présenté un taux d'adhésion au traitement de 95%, comparativement à  
88% pour ceux qui n'étaient pas impliqués dans de telles initiatives. 
CONCLUSION: Les stratégies axées sur le patient, intégrant des dispositifs de  
soutien socio-économique, sont essentielles pour surmonter les barrières à  
l'adhésion au traitement, ce qui contribue à l'amélioration des résultats  
thérapeutiques. 
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BACKGROUND: The 2022 invasion of Ukraine by the Russian Federation triggered a  
refugee crisis, affecting the multidrug-/rifampicin-resistant TB (MDR/RR-TB)  
prevalence in neighbouring countries. This study examines the epidemiological  
trends and characteristics of MDR/RR-TB patients in Poland, focusing on the  
relative contribution of Ukrainian refugees. 
METHODS: Data from the Polish National Tuberculosis Registry and EPIC Project  
database, covering MDR/RR-TB cases reported between 2010 and Q1 2024, were  
analysed. 
RESULTS: The study included 794 MDR/RR-TB cases, showing a demographic shift  
post-2022. During the 10-year period up to 2021, a median of 48 MDR/RR-TB cases  
were reported annually in Poland. After 2022, these numbers doubled: 104 cases  
were reported in 2022 and 101 cases in 2023. Simultaneously, the number of  
Ukrainian MDR/RR-TB patients increased from 77 (13%) during 2010-2021 to 127  
(58%) from 2022 to Q1 2024. 
CONCLUSION: Poland is observing an increased number of cases of MDR/RR-TB  
associated with the large number of displaced Ukrainian citizens who are now  
residing in Poland. There is a need to monitor the epidemiology of MDR/RR-TB and  
seek optimal screening and management strategies for TB among refugees from  
countries with high MDR/RR-TB incidence in Poland and Europe. 
 
Publisher: CONTEXTE: L'invasion de l'Ukraine par la Fédération de Russie en 2022  
a engendré une crise des réfugiés, entraînant des conséquences sur la prévalence  
de la TB multirésistante à la rifampicine (MDR/RR-TB) dans les pays limitrophes.  
Cette recherche analyse les tendances épidémiologiques ainsi que les  
caractéristiques des patients atteints de MDR/RR-TB en Pologne, en mettant  
l'accent sur l'impact des réfugiés ukrainiens. 
MÉTHODES: Les informations provenant du Registre National polonais de la TB  
ainsi que de la base de données du projet EPIC, englobant les cas de MDR/RR-TB  
déclarés entre 2010 et TB 2024, ont fait l'objet d'une analyse. 
RÉSULTATS: L'étude a porté sur 794 cas de MDR/RR-TB, mettant en évidence une  
évolution démographique après 2022. Sur une période de dix ans jusqu'en 2021, la  
Pologne a enregistré une médiane de 48 cas de MDR/RR-TB par an. Cependant, après  
2022, ces chiffres ont connu une augmentation significative, avec 104 cas  



signalés en 2022 et 101 en 2023. Parallèlement, le nombre de patients ukrainiens  
atteints de MDR/RR-TB a augmenté, passant de 77 (13%) entre 2010 et 2021 à 127  
(58%) entre 2022 et 2024. 
CONCLUSION: La Pologne constate une hausse des cas de MDR/RR-TB, en lien avec  
l'afflux important de citoyens ukrainiens déplacés sur son territoire. Il est  
impératif de suivre l'évolution épidémiologique de la MDR/RR-TB et d'explorer  
des approches efficaces pour le dépistage et la prise en charge de la  
tuberculose chez les réfugiés provenant de pays où l'incidence de la MDR/RR-TB  
est élevée, tant en Pologne qu'en Europe. 
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The growing issue of drug resistance, particularly multidrug-resistant TB  
(MDR-TB), has exacerbated this problem. The rise of drug resistance TB is a  
severe global health concern. In Thailand, a persistent community outbreak of  
primary MDR-TB has been confirmed in the Tha Maka district of Kanchanaburi  
province, with an increasing prevalence of MDR-TB among newly diagnosed  
pulmonary tuberculosis cases. It was the first site in Thailand where a cluster  
of MDR-TB, caused by the Asian African 3 Modern Beijing strain, and XDR-TB,  
caused by L2.1, outbreaks were reported. This study aims to assess the MDR-TB  
outbreak in detail by characterizing the genomic profiles of the prevalent  
MDR-TB strains and examining their geographical distribution within the affected  
district. Through whole-genome sequencing (WGS) and bioinformatic analysis of  
188 MTB isolates, the study identified three major phylogenetic lineages: the  
East Asian lineage (L2, 92 %), the Indo-Oceanic lineage (L1, 5.9 %), and the  
Euro-American lineage (L4, 2.1 %). The detailed sub-lineage distribution offers  
valuable insights into the predominant genetic clusters of M. tuberculosis  
within the sampled population. Notably, Lineage 2, specifically the L2.2.M3  
sub-lineage, stood out as the dominant strain of MDR-TB, accounting for 77.7 %  
of the isolates. This finding underscores the significant prevalence of the  
L2.2.M3 sub-lineage and its potential role in the local transmission dynamics of  
tuberculosis. The high proportion and genetic homogeneity of the L2.2.M3 cluster  
among MDR-TB patients may indicate the strain's adaptation for more effective  
transmission within the Thai population. The increasing prevalence of this  
pathogenic strain could significantly impact tuberculosis control programs.  
Early diagnosis and contact tracing with chemotherapeutic preventive therapy for  
MDR-TB will be essential in inhibiting the spread and reactivation of these  
strains. Additionally, further studies are needed to prospectively identify  
transmission routes through contact tracing and real-time genotypic methods. It  
will also be crucial to ensure that future vaccines and/or recommended  
chemoprophylaxis therapy for MDR-TB will provide protection against these  
emerging strains. 
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Whole genome sequencing has been used to investigate the genomic diversity of M.  
tuberculosis in the northern and southern states of India, but information about  
the eastern part of the country is still limited. Through a sequencing-based  
strategy, this study seeks to comprehend the diversity and drug resistance  
pattern in the eastern region. A total of 102 M. tuberculosis isolates from  
North East (n = 54), and Odisha (n = 48) were sequenced along with 7 follow up  
isolates from Sikkim. The pre-XDR and XDR isolates diagnosed as per the NTEP  
diagnostic algorithm were subjected for phenotypic second-line liquid culture  
drug susceptibility testing in MGIT-960 system. After filtering out low quality  
isolates based on taxonomic classification and depth of coverage, variant  
calling was performed. We observed a high prevalence of multi-drug resistant TB  
(MDR-TB) lineage 2 (52/54) isolates in northeast whereas there was a mixed  
representation of lineage 1 (30/48) & lineage 3 (11/48) in Odisha. The MDR-TB  
isolates from Sikkim posed a high rate (51/53) of fluoroquinolone resistance and  
pairwise SNV distances (≤10) indicating possible local transmission events in  
the region. We observed occurrence of genetic variations in genes associated  
with bedaquiline and delamanid resistance. Our findings show the diversity of M.  
tuberculosis vary across the eastern regions, in north eastern states lineage 2  
has a dominant presence while lineage 1 and 3 has mixed representation in  
Odisha. The high prevalence of fluoroquinolone resistance in north eastern  
region associated with variations in gyrA gene and may have been caused by local  



transmission events based on genomic similarities. 
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Detecting rifampicin resistance is crucial in selecting tuberculosis (TB)  
treatment. Recently, several studies reported that I491F and V170F rpoB  
mutations, previously designated as borderline rifampicin-resistance mutations,  
were found with a varying prevalence. Sputum specimens from first-line  
tuberculosis treatment failed patients attending Tuberculosis Centers in Yangon  
Region during 2022 were cultured in solid media. Phenotypic drug susceptibility  
testing (pDST) was conducted using Mycobacterial Growth Indicator Tube (MGIT)  
method. Whole genome or Deeplex targeted next-generation sequencing was  
performed using Illumina Miseq. Mutation analysis was done by PhyResSE and  
SAM-TB online platforms. A total of 32 culture-positive isolates with DNA  
qualified for genome sequencing were included in the study. Those were diagnosed  
as rifampicin-susceptible by routine GeneXpert and line probe assays. Rifampicin  
resistance conferring mutations were found in 17/32 (53.1%) M. tuberculosis  
isolates; 14 (43.7%) had mutations outside the RRDR (I491F and V170F), two  
(6.3%) were S450L, mutation within RRDR, and one isolate (3.1%) with interim  
resistance mutations S428T and S441A. This study highlighted the presence of  



rifampicin-resistant tuberculosis strains missed by current diagnostic  
strategies, and are circulating as treatment-failed patients. This demonstrates  
a gap in current WHO-endorsed algorithms for capturing all MDR-TB strains. 
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BACKGROUND: Tuberculosis (TB), caused by Mycobacterium tuberculosis (MTB),  
remains a global health crisis, especially in sub-Saharan Africa, where high  
human immune virus (HIV) prevalence exacerbates the problem. The co-infection of  
TB and HIV creates a deadly combination, increasing susceptibility and  
complicating disease progression and treatment. Ethiopia, classified as a  
high-burden country, faces significant challenges despite efforts to reduce  
co-infection rates. The rise of multidrug-resistant TB further complicates  
diagnosis and management, highlighting the urgent need for intensified efforts  



to combat this dual epidemic. 
METHODS: Studies searched through the search engine of Cochrane Library, PubMed,  
Web of Science, Google Scholar. Data from included studies was extracted,  
organized in Excel, and then analyzed using STATA 17. The overall effect across  
all studies was calculated using a random-effect model. Potential publication  
bias and heterogeneity in the results between studies were assessed using  
Egger's test, forest plot, and I² statistic, respectively. 
RESULTS: According to this systematic review and meta-analysis, the overall  
prevalence of pulmonary tuberculosis(PTB) among adults living with human immune  
virus /aquered immune deficieciency syndrome(HIV/AIDS) in Ethiopia was 15% (95%  
CI: 8-23%). Several factors were independently associated with pulmonary  
tuberculosis, including CD4 count below 200 cells/mm³ (OR = 4.491, 95% CI:  
1.0001-8.132), WHO clinical stage III (OR = 4.487, 95% CI: 2.264-6.710)), WHO  
clinical stage IV (OR = 6.905, 95% CI: 5.239-8.571), smokers (AOR = 3.749, 95%  
CI: 2.626-5.271), ambulatory adults (AOR = 1.887, 95% CI: 1.439-2.335). 
CONCLUSION: This systematic review and meta-analysis found a significant 15%  
pooled prevalence of pulmonary tuberculosis (PTB) among adults living with  
HIV/AIDS in Ethiopia. The prevalence was notably higher in individuals with  
lower CD4 counts, advanced HIV stages (III and IV), and in smokers. These  
findings underscore the need for early detection, targeted interventions, and  
integrated TB control programs with HIV care to mitigate the burden of PTB in  
this population. 
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OBJECTIVE: To map subnational and local prevalence of drug-resistant  
tuberculosis (DR-TB) across Africa. 
METHODS: We assembled a geolocated dataset from 173 sources across 31 African  
countries, comprising drug susceptibility test results and covariate data from  
publicly available databases. We used Bayesian model-based geostatistical  
framework with multivariate Bayesian logistic regression model to estimate DR-TB  
prevalence at lower administrative levels. 
RESULTS: We estimated 148,239 DR-TB cases (95% Uncertainty Interval [UI]:  
17,499- 313,683) in Africa, showing significant variation by country. Eswatini  
and South Africa had highest case numbers, while Algeria and Egypt had the  
lowest. The highest DR-TB prevalence was estimated in Eswatini (53.26; 95%UI  
13.13-66.12), Morocco, Tunisia, and South Africa, while the lowest prevalence  
was found in Gabon, the Republic of Congo, Sierra Leone, and Mali. Marked  
subnational variation in DR-TB prevalence was noted, where 91 subnational areas  
across 12 countries had prevalence rates higher than their respective national  
averages. Factors such as mean temperature (β=2.01; 95% CrI: 1.21, 3.42),  
population density (β=0.41; 95% CrI: 0.19, 0.95), and fine particulate matter  
(β=0.66; 95% CrI: 0.20, 0.80) were positively associated with DR-TB prevalence. 
CONCLUSION: The study highlights substantial national and subnational  
variability in DR-TB prevalence across Africa, aiding policymakers in designing  
localized TB control interventions. 
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Tuberculosis (TB) remains a pressing global health concern, causing substantial  
mortality and morbidity despite existing drugs and vaccines. The escalating  
challenge of drug-resistant TB underscores the critical need for novel  
medications. This study focuses on the enzyme 3-hydroquinate dehydratase (DHQD)  
in the shikimate pathway of Mycobacterium tuberculosis (Mtb), essential for Mtb  
growth. Using an in silico approach, the crystal structure of DHQD complexed  
with 1,3,4-trihydroxy-5-(3-phenoxypropyl)-cyclohexane-1-carboxylic acid (CA) was  
obtained from the Protein Data Bank. After meticulous preparation, a diverse  
library of 9699 compounds from Zinc and PubChem databases was subjected to  
virtual screening, complying with Lipinski's rule of five and compounds capable  
of binding to DHQD with less binding energy. Molecular docking analysis  
identified eight compounds with highly favorable binding energies, ranging from  
-8.99 to -8.39 kcal/mol, surpassing CA's -4.93 kcal/mol. To assess their  
potential as inhibitors, these eight compounds were subjected to scrutiny for  
pharmacokinetic properties, encompassing Absorption, Distribution, Metabolism,  
Excretion, and Toxicity (ADMET). Five compounds (ZINC14981770, ZINC14741224,  
ZINC14743698, ZINC13165465, and ZINC8442077) demonstrated desirable  
pharmacokinetic attributes and were selected for further investigation.  
Subsequent molecular dynamics (MD) simulations and molecular generalized born  
surface area (MM-GBSA) analyses were conducted. Molecular dynamics (MD)  
simulations showed that these five compounds formed stable complexes with DHQD  
over 50 ns, with root mean square deviation (RMSD) values ranging from 1.57 Å to  
2.34 Å, indicating high structural stability. In addition, the MM-GBSA binding  
energy calculations showed that these compounds had favourable binding  
affinities, with ZINC14981770 exhibiting the lowest free binding energy of  
-32.70 kcal/mol, followed by ZINC14741224 at -29.67 kcal/mol and ZINC14743698 at  
-28.79 kcal/mol. These binding energies significantly outperformed the reference  
compound CA, which had a binding energy of -10.62 kcal/mol. Based on these  



findings; these five compounds hold promise as potent inhibitors of Mtb DHQD,  
pending validation through in vitro and in vivo experiments. 
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BACKGROUND: World Health Organization in the year 2020 recommended the use of  
Truenat as a replacement for smear microscopy in Tuberculosis (TB) diagnosis and  
detection of rifampicin resistance. This study was designed to assess enablers  
and barriers to effective implementation of Truenat assays for TB diagnosis in  
Nigeria and determine the acceptability of use of Truenat among healthcare  
workers and TB Program managers in Nigeria. 
METHODS: A descriptive exploratory study design was used. Qualitative data were  
collected via Zoom platform using a pre-tested focus group discussion (FGD)  
guide and key informant interview (KII) guide. Four FGDs were conducted among  
Truenat laboratory staff, State Quality Assurance Officers, Local Government  
Tuberculosis Supervisors and Clinicians working at Truenat sites. Three KIIs  



were conducted among laboratory leads of Truenat implementing partners and the  
National TB Control Program. 
RESULTS: All the participants attested to the reliability and acceptability of  
Truenat results, they also highlighted the portability and ease-of-use  
especially for community outreach testing. Stakeholder engagement, training of  
Truenat laboratory staff and the perceived low operational cost associated with  
Truenat were the enablers of Truenat implementation. Major barriers to the  
implementation included human resource for health constraints, lack of power  
supply, frequent Trueprep breakdown and Truenat machine connectivity. The same  
human resource constraint was viewed as the major barrier to scale up of Truenat  
while employment and retention of Truenat staff coupled with training were seen  
as the facilitators to scale-up. The participants implored the manufacturers of  
Truenat to increase the number of modules for Truenat, enable the use of stool  
for diagnosis of TB and attach a solar panel to the machine. 
CONCLUSION: Truenat has gained high acceptance among health workers and TB  
Program managers in Nigeria. The perceived low operational cost and low  
infrastructural requirements have been a major boost. There is a need to ensure  
the retention of health workers especially the Truenat laboratory staff.  
Training should be sustained including the payment of incentives. Increasing the  
number of modules of the Truenat machine, enabling the use of stool for TB  
diagnosis and having a solar panel attached to Truenat machine are essential. 
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The ever-increasing drug-resistant tuberculosis (TB) has invigorated the focus  
on the discovery and development of novel therapeutic agents and treatment  
options. Thiazolidinone-based compounds have shown good antitubercular  
properties in vitro. Here, we report the design and synthesis of a number of new  
derivatives inspired by the structure of thiazolidine-2,4-dione (TZD). The  
TZD-based hybrids with the thiosemicarbazone or the pyridinecarbohydrazone  
moiety were synthesised and their antimycobacterial activity was investigated  
against the reference H37Rv and two wild Mycobacterium tuberculosis (Mtb)  
strains. In further studies, a two-drug interaction analysis was also performed  
for assessing their synergism with the current first-line drugs used for the  
treatment of TB. It was found that some of the compounds showed high  
antimycobacterial activity with MICs (0.078-0.283 µM) and a synergistic effect  
with isoniazid or rifampicin, thereby demonstrating their potential as a  
promising scaffold for the development of novel coadjuvants for the effective  
treatment of TB. 
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BACKGROUND: The severe health challenge and financial burden of drug-resistant  
tuberculosis (DR-TB) continues to be an impediment in China and worldwide. This  
study aimed to explore the impact of Diagnosis-related group (DRG) payment on  
medical expenditure and treatment efficiency among DR-TB patients. 
METHODS: This retrospective cohort study included all DR-TB patients from the  
digitized Hospital Information System (HIS) of Wuhan Pulmonary Hospital and the  
TB Information Management System (TBIMS) with completed full course of National  
Tuberculosis Program (NTP) standard treatment in Wuhan from January 2016 to  
December 2022, excluding patients whose treatment spanned both before and after  
the DRG timepoint. These patients are all receiving standardized treatment  
specified by the NTP in designated tuberculosis hospitals. We performed the  
difference-in-differences (DID) model to investigate 6 primary outcomes. The  
cost-shifting behaviors were also examined using 4 outpatient and out-of-pocket  
(OOP) indicators. In the DID model, the baseline period is set from January 2016  
to December 2020 before the DRG payment reform, while the treatment period is  
from January 2021 to December 2022. The payment reform only applied to  
individuals covered by Wuhan Municipal Medical Insurance, so the treatment group  
consists of patients insured by this plan, with other patients serving as the  
control group. 
RESULTS: In this study, 279 patients were included in the analysis, their  
average treatment duration was 692.79 days. We found the DRG payment  
implementation could effectively reduce the total medical expenditure, total  
inpatient expenditure, and inpatient expenditure per hospitalization by  
28636.03RMB (P < 0.01), 22035.03 RMB (P < 0.01) and 2448.00 RMB (P < 0.05). We  
also found a reduction in inpatient frequency and inpatient length of stays per  
hospitalization by 1.32 and 2.63 days with significance. The spillover effects  
of the DRG payment on outpatient and OOP expenditure were statistically  
insignificant. 
CONCLUSIONS: The DRG payment method can effectively control the increase of  
DR-TB patients' medical expenditure and improve treatment efficiency with the  
guarantee of care quality. Furthermore, there was no evidence of spillover  
effects of DRG payment on outpatient and out-of-pocket expenditures. 
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BACKGROUND: The emergence of drug-resistant Tuberculosis (TB) has made treatment  
challenging. Although fluoroquinolones (FQs) are used as key drugs in the  
treatment of multidrug-resistant tuberculosis (MDR-TB), the problem of FQs  
resistance is becoming increasingly serious. Rifampicin (RIF) resistance is  
considered a risk factor for FQs resistance. The objective of this study was to  
investigate the impact of RIF and isoniazid (INH) resistance on the FQs  
resistance in vitro experiment. 
METHODS: FQs resistant strains were selected in vitro from RIF and/or INH  
resistant Mycobacterium smegmatis (M.sm). The sequencing of the gyrA gene, and  
the minimum inhibitory concentration (MIC) of FQs (ciprofloxacin, levofloxacin,  
moxifloxacin and gatifloxacin) were performed for FQs-resistant strains. 
RESULTS: A total of 222 FQs-resistant M.sm strains were selected, all of which  
had the gyrA mutation. Seven gyrA mutations were detected, with mutations at  
loci 90 and 94 being the most common. There were no differences in FQs  
resistance developed from RIF and/or INH resistant M.sm. There was a significant  



difference in the MIC of the gyrA mutant types to FQs. The highest resistance to  
FQs was observed in the Gly88Cys mutant strains. M.sm with the identical gyrA  
mutation showed the highest resistance to ciprofloxacin and relatively low  
resistance to gatifloxacin and moxifloxacin. 
CONCLUSIONS: In this study, we found no evidence that RIF and/or INH resistance  
directly affects FQs resistance in M.sm in vitro experiments. Resistance  
profiles of different gryA mutations to the four FQs drugs were also presented.  
These findings provide a more comprehensive understanding of FQs resistance. 
 
Copyright: © 2025 Zhou et al. This is an open access article distributed under  
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This study investigates the epidemic trend of pyrazinamide (PZA)-resistant  
tuberculosis in Southern China over 11 years (2012-2022) and evaluates the  
mutation characteristics of PZA resistance-related genes (pncA, rpsA, and panD)  
in clinical Mycobacterium tuberculosis (M. tuberculosis) isolates. To fulfil  
these goals, we analyzed the phenotypic PZA resistance characteristics of 14,927  
clinical isolates for which Bactec MGIT 960 PZA drug susceptibility testing  
(DST) results were available, revealing that 2,054 (13.76%) isolates were  
resistant to PZA. After evaluating the annual variation in the PZA resistance  
rate among tuberculosis cases in this region, it was observed that it decreased  
from 37.21% to 6.45% throughout the initial 7 years (2012-2018) and then  
increased from 8.01% to 12.12% over the subsequent 4 years (2019-2022).  
Sequences of pncA were obtained from 402 clinical M. tuberculosis complex  
isolates. For rpsA and panD, sequences were obtained from 360 clinical M.  
tuberculosis complex isolates. Mutations in pncA were found in 8 out of 223  
PZA-sensitive isolates (3.59%) and 105 of 179 (58.66%) PZA-resistant isolates.  
Conversely, non-synonymous mutations in rpsA were identified in 5 of 137 (3.65%)  
PZA-resistant isolates, whereas the mutation ratio of rpsA among PZA-sensitive  
isolates was high at 14.03% (31/221). This difference in the rpsA mutation rate  
was statistically significant (P = 0.001, chi-square test). No panD mutations  
were observed in the 137 PZA-resistant isolates, whereas two PZA-sensitive  
isolates harboured point mutations in panD, including one nonsense mutation  
(C433 T) and another C-69 T mutation. These findings indicate that rpsA and panD  
may not significantly contribute to the development of PZA resistance in  
clinical M. tuberculosis isolates. 
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21. Changes in the epidemiological situation of multidrug-resistant tuberculosis in  
Poland in 2018-2022. 
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INTRODUCTION: The presented analysis was conducted against the background of the  
global pandemic and the Russian-Ukrainian war. The conflict on Poland's eastern  
border in particular raised concerns that the epidemiological situation in  
Poland would deteriorate due to the influx of immigrants from countries with a  
high incidence of MDR-TB and Beijing genotype. 



OBJECTIVES: To assess the epidemiological situation of MDR-TB in Poland in  
2018-2022 and to analyse the prevalence of the Beijing genotype in the Polish  
and immigrant populations. 
PATIENTS AND METHODS: The study group consisted of 250 patients with MDR-TB,  
bacteriologically confirmed in 2018-2022. Microbiological, phenotypic, and  
molecular analysis were used. 
RESULTS: There were significant changes in the number of MDR-TB cases, and a  
significant increase in the registration of this form after the outbreak of the  
war. One in three patients was infected with pre-XDR strains, and one in four  
with XDR strains. Forty % of cases were resistant to fluoroquinolones, more  
often among Polish patients than among immigrants. MDR and MDR in combination  
with second-line injectable drugs were identified more often among immigrants  
than among Polish population. The Beijing genotype dominated (n=179 isolates,  
71.6%), identified with a similarly high frequency among immigrants and Poles. 
CONCLUSIONS: The war in Ukraine caused a massive influx of immigrants to Poland,  
including many infected with MDR and Beijing strains. There is a real risk of an  
increase in the incidence of MDR-TB in Poland in the future and a risk of TB  
transmission between immigrants and the native population. 
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PURPOSE: This study aimed to evaluate the prognosis of the not evaluated (NE)  
group by comparing it with the lost to follow-up (LTFU) group among patients  
with multidrug/rifampin-resistant tuberculosis (MDR/RR-TB). 
MATERIALS AND METHODS: This was a retrospective longitudinal follow-up study  
using an integrated database constructed by data linkage of the three national  
databases. This database included 7226 cases of MDR/RR-TB notified between 2011  
and 2017 in South Korea. 
RESULTS: Among the 7226 MDR/RR-TB cases, 730 (10.1%) were classified as LTFU  
group, and 353 (4.9%) as NE group. When comparing NE group with LTFU group,  
there were no significant differences in the all-cause mortality rate (18.1% vs.  
13.8%, p=0.065), median time to death [404 days (interquartile range, IQR  
46-850) vs. 443 days (IQR 185-1157), p=0.140], and retreatment rate (26.9% vs.  
22.2%, p=0.090). After adjusting for potential confounders, the adjusted hazard  
ratio (aHR) for all-cause mortality (aHR 1.11; 95% confidence interval  
0.80-1.53; p=0.531) in NE group was not significantly different than that in  
LTFU group. Among retreated cases, NE group had a higher treatment success rate  
(57.9% vs 43.8%, p=0.029) and a lower LTFU rate (11.6% vs 38.3%, p<0.001)  
compared to LTFU group. 
CONCLUSION: NE group had an unfavorable outcome comparable to LTFU group,  
suggesting undetected cases of LTFU or deaths during the referral process.  
Establishing an efficient patient referral system would contribute to reducing  
the incidence of NE cases. 
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INTRODUCTION: Tuberculosis is prevalent in high-burden countries. However,  
spinal multi-drug resistant tuberculosis (MDR-TB) in patients with normal immune  
function is a disease that is prone to misdiagnosis and even delayed diagnosis.  
Recently, we successfully treated one such patient. 
CASE PRESENTATION: A 46-year-old male patients with lower back pain associated  
with recurrent fever 2 months before admission. The patient was misdiagnosed as  
a suppurative spinal infection and failed to respond to treatment for 2 months.  
The muscle strength of both lower limbs decreased progressively. We performed  
two operations to clear the lesion and decompress the spinal canal, during which  
we found a fish-like inflammatory tissue mimicking a suppurative infection.  
Finally, the patient was diagnosed with lumbar MDR-TB by culture, Xpert MTB/RIF  
and metagenomic next-generation sequencing (mNGS). The second-line  
anti-tuberculosis treatment (ATT) is cycloserine + para-aminosalicylic acid +  
ethambutol + levofloxacin + linezolid. Finally, the patient's symptoms were  
relieved and the muscle strength of both lower limbs recovered. 
CONCLUSION: This case prompt MDR-TB of the spine is not a typical clinical  
symptoms and imaging examination is the lack of specificity, when for the  
diagnosis of patients with spinal bone destruction unclear or treatment is  
invalid, can diagnostic anti-tuberculosis treatment. For patients with spinal  
instability or spinal canal occupying, early surgical removal of lesions, tissue  
culture, Xpert MTB/RIF and mNGS to identify pathogens and drug resistance,  
timely diagnosis and treatment can maximize the prognosis of spinal MDR-TB. 
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Bedaquiline is a drug used for the treatment of multidrug-resistant TB in adults  
and children that is currently only commercially available in tablet form. The  
present study was aimed at preparing nanoemulsion (NE) of BDQ using natural  
vegetable oils to deliver BDQ. The optimisation of surfactant mixtures was  
undertaken using Design of Experiments (DoE), specifically an optimal mixture  
design. The NEs were optimised while monitoring droplet size (DS), zeta  
potential (ZP), polydispersity index (PDI) and drug content (DC). The optimised  
NEs were further characterised using transmission electron microscopy,  
electrical conductivity, viscosity, pH and in vitro release studies. The  
optimised NE showed values of 191.6 nm ± 2.38 nm, 0.1176 ± 1.69, -25.9 mV ± 3.00  
mV and 3.14 ± 0.82 mg/ml for DS, PDI, ZP and DC respectively. Furthermore, the  
TEM studies demonstrated the spherical shape of the optimised globules. The  
nanoemulsion was characterised by measuring its electrical conductivity,  
viscosity and pH which were determined as 53.1 µS/cm, 327 ± 3.05 cP and  
5.63 ± 1.78, respectively. In conclusion, these NEs have great potential for  
improving solubility, drug delivery, and administration of BDQ. However, further  
studies are required to maximise the drug content and to demonstrate to what  
extent these NE have effect against MDR-TB. 
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OBJECTIVES: Early detection of treatment failure is essential to improve the  
management of drug-resistant tuberculosis (DR-TB). We evaluated the molecular  
bacterial load assay (MBLA) in comparison to standard diagnostic tests for  
monitoring therapy of patients affected by drug-resistant TB. 
METHODS: The performance of MBLA in tracking treatment response in a prospective  
cohort of patients with pulmonary MDR/RR- and pre-XDR/XDR-TB was compared with  
mycobacterial culture, mycobacterial DNA detection using GeneXpert (Xpert) and  
microscopy detection of sputum acid-fast-bacilli. 
RESULTS: Mycobacterium tuberculosis culture conversion was used as the read-out  
for treatment responses. The MBLA was most concordant during the early phase of  
treatment, detecting changes in bacterial load with similar accuracy to  
microscopy and outperforming Xpert. When considering all timepoints, concordance  



with MGIT results was 72.1% for MBLA, 57.4% for Xpert and 76.7% for microscopy.  
The AUC for culture conversion was higher for MBLA (0.88, CI 0.84-0.95) than for  
Xpert (0.78, CI 0.72-0.85) and microscopy (0.77, CI 0.71-0.83). 
CONCLUSIONS: MBLA was superior in the early identification of successful culture  
conversion compared to microscopy and Xpert and could be a useful biomarker to  
evaluate novel entities in Phase IIA early-bactericidal-activity drug trials  
regardless of the degree of M. tuberculosis drug resistance. 
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OBJECTIVES: To investigate the safety profiles and clinical outcomes in a  
continuous cohort of tuberculosis (TB) patients from a clinical referral centre  
in Germany receiving self-administered outpatient parenteral antimicrobial  
therapy (sOPAT). 
METHODS: We conducted a retrospective observational cohort study of patients  
receiving sOPAT after discharge from the Research Center Borstel in Germany  
between January 2015 and December 2020. Data were extracted from medical  
records. 
RESULTS: In the observation period, 150 patients received parenteral antibiotics  
at the Research Center Borstel. Of these, 89 received sOPAT via a port catheter  
and were further analysed. The majority were male (n = 59, 66.3%), with a median  
age of 33.6 years (interquartile range-IQR 26.2-42.8). Most patients had  
multidrug-resistant (MDR)-TB (n = 56, 62.9%) or pre-extensively drug resistant  
(pre-XDR)-TB (n = 21; 23.6%). Fifty-eight (65.2%) patients received one and 24  
patients (27.0%) received two parenteral drugs, most commonly capreomycin  
(n = 53, 59.6%) and meropenem (n = 44, 49.4%). The median duration of sOPAT was  
7.4 months (IQR 5.2-17.2). In total, 71,128 intravenous drug administrations  
were recorded. One patient died of TB while another patient was lost to  
follow-up. Sixty-two (69.7%) patients completed the sOPAT regimen, the most  
common reason for premature discontinuation was adverse drug events (n = 12,  
13.5%). There were eight (9.0%) port-related complications requiring port  
explantation (bloodstream infections: n = 6, local infection: n = 1, port  
thrombosis: n = 1). 
CONCLUSIONS: In selected patients requiring long-term intravenous anti-TB  
therapy, sOPAT is a feasible treatment option with a low risk of complications  
when adequate infrastructure and training are in place. 
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BACKGROUND: Tuberculosis (TB) remains a significant global health issue.  
Drug-resistant TB and comorbidities exacerbate its burden, influencing treatment  
outcomes and healthcare utilization. Despite the growing prevalence of TB  
comorbidities, research often focuses on single comorbidities rather than  
comorbidity patterns. This study aims to evaluate comorbidity patterns among TB  
inpatients in Northeastern China from 2013 to 2021 and investigate the  
association between comorbidities and drug-resistance with length of hospital  
stay (LOS). Our findings could enhance the understanding of TB comorbidity  
interactions and provide evidence for targeted morbidity management strategies. 
METHODS: Network analysis was used to evaluate comorbidity patterns, estimating  
centrality indices to understand the structural importance of each comorbidity.  
The Walktrap algorithm was used to identify clusters of highly connected  
comorbidities. Networks of drug-susceptible and drug-resistant TB inpatients  
were compared. Multivariable linear regression models were used to assess the  
associations between LOS with comorbidities and drug resistance. 
RESULTS: A total of 2,352 TB inpatients were included, with a median LOS of 31  
(IQR: 16-51) days. Inpatients with multidrug-resistant TB (β = 12.88,  
95%CI = 8.03-17.73), chronic hepatitis C (β = 31.89, 95%CI: 4.41-59.37),  
pneumonia (β = 37.14, 95%CI: 12.53 - 61.76), pneumoconiosis (β = 28.40, 95%CI:  
11.92 - 44.87), pneumothorax (β = 19.88, 95%CI: 4.97 - 34.80), and  
dermatitis/eczema (β = 56.54, 95%CI: 8.18 - 104.89) were significantly  
associated with longer LOS. Frequent comorbidities included liver  
dysfunction(15.2%), hypoproteinemia (14.4%), diabetes (14.2%), pleural effusion  



(11.3%), and emphysema (10.2%). Hypoproteinemia showed high structural  
importance in the network, ranking second in strength and highest in  
betweenness. Nine clusters of comorbidities were detected. No significant  
differences were found between the networks of drug-sensitive and drug-resistant  
TB inpatients, except for the greater strength of cholecystitis among  
drug-resistant inpatients. 
CONCLUSIONS: Early detection and management of drug-resistant TB and  
comorbidities that prolong LOS, as well as those with structural importance or  
within the same cluster in the comorbidity network, are crucial for improving  
patient outcomes. 
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In recent decades, drug resistant (DR) strains of Mycobacterium tuberculosis  
(M.tb), the cause of tuberculosis (TB), have emerged that threaten public  
health. Although M.tb's complex and protective cell envelope has been widely  
studied, little is known about how levels of peripheral lipids change in  
relation to drug resistance. In this study, we examined levels of cell envelope  
lipids [phthiocerol dimycocerosates (PDIMs)], glycolipids  
[phosphatidyl-myo-inositol mannosides (PIMs)], and PIMs associated lipoglycans  
[lipomannan (LM); mannose-capped lipoarabinomannan (ManLAM)] of 22 M.tb strains  
that ranged in drug resistance profile. We show that the PDIMs:PIMs ratio  
increases as drug resistance increases, and provide evidence of PDIM isomers  
only present in the DR-M.tb strains studied. Overall, the LM and ManLAM levels  
did not differ between drug resistance categories, but ManLAM surface exposure  
increased with drug resistance. Infection of human macrophages revealed that  
DR-M.tb strains have decreased association compared to drug susceptible (DS)  
strains, and that the pre-XDR M.tb strain with the largest PDIMs:PIMs ratio had  
decreased uptake, but increased intracellular growth at early during infection  
compared to the DS-M.tb strain H37Rv. These findings suggest that PDIMs may play  
an important role in drug resistance and that an increase in hydrophobic cell  
envelope lipids may influence M.tb-host interactions. 
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BACKGROUND: Early evaluation of culture conversion after 6-month treatment of  
multidrug-resistant tuberculosis (MDR-TB) is vital for outcome prediction. This  
study aims to merge the maximum lesion cross-sectional area observed via  
computed tomography (CT) imaging during treatment to predict therapeutic  
response. 
METHODS: We retrospectively involved MDR-TB patients who completed 6 months of  
treatment from two hospitals. Patients were categorized into culture  
conversation and no culture conversation groups based on sputum culture results.  
The data from the two hospitals were used as internal training and external  
testing cohorts, respectively. Logistic regression and random forest models were  
developed using the maximum lesion cross-sectional area and most important  
predictive features. The model performance was evaluated using the area under  
the curve (AUC), accuracy, sensitivity, specificity, and F1 score. 



RESULTS: In the model without the maximum lesion cross-sectional area to predict  
culture conversion for MDR-TB after 6 months of treatment, logistic regression  
and random forest models achieved AUC values of 0.796 and 0.958, sensitivities  
of 0.725 and 0.993, and F1 scores of 0.803 and 0.957 in the training cohort,  
respectively. In the testing cohort, logistic regression and random forest  
models achieved AUC values of 0.889 and 0.855, respectively. Evaluating the  
maximum lesion cross-sectional area at baseline, 2 months, and 6 months,  
logistic regression and random forest models in the training cohort yielded AUC  
values of 0.819 and 0.998, sensitivities of 0.674 and 1.000, and F1 scores of  
0.772 and 0.986. In the testing cohort, the AUC values were 0.869 and 0.920,  
sensitivities were 0.933 and 1.000, and F1 scores were 0.848 and 0.841,  
respectively. 
CONCLUSIONS: The integration of maximum lesion cross-sectional area during  
treatment can improve the prediction of early treatment response in MDR-TB. When  
applied in a clinical setting, the random forest model is more suitable for  
guiding appropriate treatment plans quickly. 
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BACKGROUND AND OBJECTIVE: We evaluated the DR-TB component of the National  
Tuberculosis Elimination Program (NTEP) in a high-burden district in Kerala to  
identify the programmatic gaps, if any, in screening, diagnosis, treatment, and  
follow-up of notified DR-TB patients. 
METHODS: A mixed-methods design was used, and the evaluation was performed in  
two steps. In the first step, we reviewed the program documents and conducted  
stakeholder interviews to develop a detailed description of the program design  
and developed a logical framework to evaluate program performance. Consequently,  
in the next step, we conducted programmatic data reviews, facility surveys, and  
in-depth interviews with key stakeholders to identify the programmatic gaps in  
implementation, guided by the logic framework. 
RESULTS: Of the 494 microbiologically confirmed TB patients during 2021-22, 342  
(69%) were tested for drug sensitivity, and 30 DR-TB patients were identified.  
There was no separate district DR-TB treatment center with airborne infection  
control facilities, and only 16% (66/422) of the various categories of staff  
were trained in recent guidelines. Only 30% (9/30) of DR-TB patients were  
provided with any psychological assessment. The favorable treatment outcome was  
80% Interviews revealed poor readiness and motivation from the private sector  
for screening, contextual barriers in human resource availability,  
transportation, and financial barriers to the beneficiary despite providing  
financial benefits. 
CONCLUSION: Prioritizing the establishment of a district DR-TB treatment center  
and sputum transport mechanism, posting a clinical psychologist dedicated to  
counseling patients on therapy, and training all categories of staff on DR-TB  
management guidelines will significantly contribute to improving program  
outcomes. 
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Effectively responding to drug-resistant tuberculosis (TB) requires accurate and  
timely information on resistance levels and trends. In contexts where use of  
drug susceptibility testing has not been universal (i.e. not all patients are  
offered testing), surveillance for rifampicin-resistance-one of the core drugs  
in the TB treatment regimen-has relied on resource-intensive and infrequent  
nationally-representative prevalence surveys. The expanded availability of rapid  
diagnostic tests (RDTs) over the past decade has increased testing coverage in  
many settings. However, RDT data collected in the course of routine (but not  
universal) use may provide biased estimates of resistance if the subset of  
patients receiving RDTs is not representative of the overall cohort. Here, we  
developed a method that attempts to correct for non-random use of RDT testing in  
the context of routine TB diagnosis to recover unbiased estimates of resistance  
among new and previously treated TB cases. Specifically, we employed statistical  
corrections to model rifampicin resistance among TB notifications with observed  
Xpert MTB/RIF (a WHO-recommended RDT) results using a hierarchical generalized  
additive regression model, and then used model output to impute results for  
untested individuals. We applied this model to 2017-2023 case-level data on over  
800,000 patients from Brazil. Modeled estimates of the prevalence of rifampicin  
resistance were substantially higher than naïve estimates, with estimated  
prevalence ranging between 28-44% higher for new cases and 2-17% higher for  
previously treated cases. Our estimates of RR-TB incidence were estimated with  
narrower uncertainty intervals relative to WHO estimates for the same time  
period, and were robust to alternative model specifications. Our approach  
provides a generalizable method to leverage routine RDT data to derive timely  
estimates of RR-TB prevalence among notified TB cases in settings where testing  
for TB drug resistance is not universal. 
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Ethambutol is used to treat tuberculosis (TB) in individuals living with HIV.  
Low concentrations of ethambutol have been reported in patients dosed with the  
World Health Organization (WHO)-recommended first-line regimen. We analyzed the  
pharmacokinetics of ethambutol in 61 HIV-positive individuals diagnosed with  
drug-sensitive TB enrolled in the tuberculosis and highly active antiretroviral  
therapy (TB-HAART) study. Participants started on TB treatment and were  
randomized to early or later introduction of efavirenz-based antiretroviral  
treatment. We explored potential covariate effects and evaluated the current WHO  
dosing recommendations for ethambutol in drug-susceptible and  
multidrug-resistant (MDR)-TB. A two-compartment model with first-order  
elimination allometrically scaled by fat-free mass and transit compartment  
absorption best described the pharmacokinetics of ethambutol. Clearance was  
estimated to be 40.3 L/h for a typical individual with a fat-free mass (FFM) of  
42 kg. The Antib-4 formulation had 26% higher bioavailability and slower mean  
transit time by 37% compared with Rifafour. Simulations showed that individuals  
in the lower weight bands (<55 kg) who were administered ethambutol at  
WHO-recommended doses had relatively low drug exposures. These individuals would  
need doses of 825 mg if their body weight is <37.9 kg and 1,100 mg if it is  
between 38 and 54.9 kg to achieve the reference maximum concentrations of 2-6  
mg/L and an area under the concentration-time curve (0-24) of 16-29 mg·h/L. To  
achieve these targets in MDR-TB treatment, a dose increment of 400 mg (extra  
tablet) would be required for individuals in the lower weight band (<46 kg). Our  
dose adjustments are consistent with the literature and can be recommended for  
consideration by the WHO for first-line drug-susceptible and MDR-TB treatment. 
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BACKGROUND: Tuberculosis (TB) remains a global health challenge, with  
1.3 million deaths in 2022. Ten countries in the European Union (EU) and  
European Economic Area (EEA) accounted for 88.3% of TB cases, of which 23.8%  
were from Romania. Evidence shows that mental health issues, decreased quality  
of life and negative socio-economic impact are common among TB patients;  
however, there is limited evidence available in Romania. The main aim of this  
study is to longitudinally assess the quality of life, mental health, and  
socio-economic status of patients with drug-resistant TB (DR TB) in Romania. 
METHODS: A prospective cohort study was conducted at the Marius Nasta Institute  
of Pneumology in Bucharest, Romania, enrolling 50 participants with DR TB.  
Demographic data, clinical examinations, laboratory test and medical history  



were recorded at study start. At baseline (week two), month 10, and month 20 we  
also administered the Short-Form-36 and Kessler Psychological Distress Scale to  
assess health-related quality of life and mental health status, and  
socio-economic questionnaires to 46 participants. 
RESULTS: Of the 46 participants with median age of 48.9 years, 71.7% were males.  
Majority of the participants were employed at the baseline but due to the  
rigorous treatment and hospitalization had to take sick leave, thereby affecting  
the individual and household income. 26.1% and 39.3% of participants reported  
psychological distress at baseline and at the end of month 20, respectively. The  
quality-of-life scores improved during treatment: PCS with a mean of 67.0  
(SD-33.9) at baseline, 63.3 (SD-31.9) at month 10 and 70.3 (SD-30.3) at month  
20, and MCS with 62.8 (SD-30.6), 67.8 (SD-29) and 70.8 (SD-27.3), accordingly,  
but differences were not significant. 
CONCLUSIONS: We examined the socio-economic impact, quality of life, and  
psychological distress among patients affected by DR TB in Romania. The results  
of this study suggest that social and psychological support will ensure a better  
standard of living during and following TB treatment. 
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BACKGROUND: Drug resistant tuberculosis (DR-TB) continues to be a significant  
global public health concern despite the availability of effective TB medicines.  
Equally, delayed DR-TB treatment initiation is associated with increased  
morbidity, amplified resistance, transmission risk and poor treatment outcomes.  
This study aimed to investigate treatment delays and identify predictors of  
delayed treatment initiation among DR-TB patients in Uganda. 
METHOD: A retrospective study was conducted using routine DR-TB national case  
registration data between January 2012 and December 2019. Stata version 15 was  
used to run uni-variate analysis to describe patient characteristics using  
frequencies and percentages; bivariate analysis to identify significant  
differences in median times to treatment initiation; and logistic regression  
model was fitted, and adjusted odds ratio (AOR) with 95% confidence interval was  
used to identify factors associated with DR-TB treatment delay. 
RESULTS: A total of 2,166 DR-TB patients were included in this study. The median  
treatment initiation delay was 10 days. Approximately 57% of DR-TB patients  
experienced delays in starting their treatment beyond the acceptable 7-day  
timeframe. Being diagnosed as RR-TB [AOR = 1.22; 95% CI: 1.08-1.37], and being a  
recurrent TB patient [AOR = 1.22; 95% CI: 1.01-1.47] were associated with  
treatment delays. Patients with previous history of 'lost to follow-up' (LTFU),  
failure and being diagnosed as Pre-XDR-TB were less inclined to delay DR-TB  
treatment. 
CONCLUSION: Several DR-TB patients experienced treatment delay. The delay was  
significant among patients diagnosed as RR-TB and those with TB treatment  
history of recurrent TB. This highlights the need for heightened vigilance among  
healthcare workers when managing DR-TB patients with a history of past TB  
treatment and those diagnosed as RR-TB to minimize delays. Furthermore, future  
research should investigate a comprehensive list of variables influencing the  
timing of treatment initiation after diagnosis. An in-depth understanding of the  
effects of these factors can inform targeted interventions to optimize treatment  
strategies for improved DR-TB patient outcomes. 
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Tuberculosis is one of the leading causes of mortality worldwide due to the  
growth of multi-drug resistant strains unsusceptible to currently available  
therapies. Four compounds, isoniazid (INH) and three derivatives,  
N'-decanoylisonicotinohydrazide (INHC10),  
N'-(E)-(4-phenoxybenzylidene)isonicotinohydrazide (N34) and  
N'-(4-phenoxybenzyl)isonicotinohydrazide (N34red), were studied. Owing to their  
advantageous in vitro selectivity index against the primary mutation responsible  
for drug resistance in Mycobacterium tuberculosis (Mtb), as well as their  
suitable lipophilicity and interaction with human serum albumin, INHC10 and N34  
were deemed promising antitubercular compounds. N34red, despite differing from  
N34 only in the saturation of the N' = C bond, presents a poor selectivity  
index. To delve deeper into the therapeutic potential of these compounds, their  
interaction with biomembrane models, mimicking biological barriers on the way to  



the target inside Mtb cells, was herein evaluated. All compounds, except N34red,  
weakened the packing of the acyl chains in the rigid lipid gel phase, especially  
INHC10, which was the only compound disturbing liquid disordered membranes.  
Notably, all compounds except INH decreased membrane dipole potential, across  
all types of bilayers studied, but only N34red had a drastic effect. The  
insertion in gel phase bilayers suggests that the compounds may be able to  
penetrate the rigid cell wall of Mtb. Förster's resonance energy transfer (FRET)  
assays in ternary bilayers with liquid ordered/liquid disordered lateral  
heterogeneity mimicking human cell membranes, showed that the compounds affected  
neither the size nor the organization of lipid domains. These results provide  
molecular insights into the low toxicity against human cell lines and improved  
activity against drug-resistant Mtb of INHC10 and N34. 
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Sitafloxacin is a quinolone broad-spectrum antimicrobial agent, and its  
pharmacologic properties and in vitro data demonstrate that sitafloxacin has a  



potent killing effect against Mycobacterium tuberculosis, including  
drug-resistant strains, which is superior to that of other available quinolones.  
However, its efficacy in patients with primary-sensitive tuberculosis is  
unclear. This study aims to evaluate the early bactericidal activity (EBA) of  
sitafloxacin in patients with primary drug-susceptible tuberculosis. In this  
early bactericidal activity study, 30 patients with primary smear-positive  
tuberculosis were randomized to the once-daily oral administration of 200 mg  
sitafloxacin, 500 mg levofloxacin, or 300 mg isoniazid (INH) for 7 days. Sputum  
for quantitative culture was collected 2 days before the study of drug  
administration, followed by 16 hours of overnight sputum collected daily for 7  
days of monotherapy. Colony-forming units (CFU) of Mycobacterium tuberculosis  
were counted from the collected overnight sputum on agar plates to calculate the  
EBA, defined as log10 CFU/mL sputum/day. The bactericidal activity was measured  
by measuring the first 2 days (early bactericidal activity 0-2) and the last 5  
days (prolonged early bactericidal properties 2-7) of study drug administration.  
The EBA 0-2 of INH (0.39 ± 0.22 log10CFU/mL/day) was higher than that of  
levofloxacin (0.26 ± 0.27 log10CFU/mL/day) and sitafloxacin (0.22 ± 0.25  
log10CFU/mL/day), with no statistically significant difference (P = 0.08). EBA  
0-2 was similar for the three drugs. INH prolonged early bactericidal activity  
(2-7) (0.17 ± 0.16 log10CFU/mL/day) was higher than levofloxacin (0.14 ± 0.10  
log10CFU/mL/day) and lower than sitafloxacin (0.26 ± 0.31 log10CFU/mL/day), with  
no statistically significant difference (P = 0.59). The EBA 2-7 of sitafloxacin  
showed higher activity than INH and levofloxacin. Sitafloxacin exhibits  
comparable early bactericidal activity and higher extended early bactericidal  
activity relative to levofloxacin. In addition, this novel fluoroquinolone has a  
good safety profile. The study data highlights the potential of sitafloxacin in  
the clinical management of drug-susceptible tuberculosis, as well as  
drug-resistant tuberculosis.IMPORTANCESitafloxacin is a quinolone broad-spectrum  
antimicrobial agent, and its pharmacologic properties and in vitro data  
demonstrate that sitafloxacin has a potent killing effect against Mycobacterium  
tuberculosis. However, its efficacy in patients with primary-sensitive  
tuberculosis is unclear. We investigated the early bactericidal activity of  
sitafloxacin in primary susceptible tuberculosis. The results showed that  
sitafloxacin exhibited comparable early bactericidal activity and higher  
extended early bactericidal activity relative to levofloxacin. In addition, this  
novel fluoroquinolone has a good safety profile. Our study data highlights the  
potential of sitafloxacin in the clinical management of drug-susceptible  
tuberculosis, as well as drug-resistant tuberculosis. 
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BACKGROUND: Other microbial infections in pulmonary tuberculosis (TB) patients  
pose significant challenges, complicating treatment outcomes and potentially  
increasing mortality rates. This study aims to characterize the bacterial and  
fungal infections profiles in pulmonary TB patients. 
MATERIALS AND METHODS: A retrospective cross-sectional analysis was conducted at  
Adam Malik Hospital in Medan, Indonesia, from June 2020 to May 2022, involving  
inpatients diagnosed with drug-sensitive or drug-resistant TB. The data was  
analyzed from total sampling subjects based on medical records. 
RESULTS: From 125 pulmonary TB patients, 64% had drug-sensitive TB (DS-TB) and  
36% had drug-resistant TB (DR-TB), with the majority being male and underweight.  
Microbial analysis showed 33.6% (n=42) of the subjects exhibited bacterial  
growth, 8.8% (n=11) had fungal growth and 30.4% (n=38) had mixed infection. Of  
80 DS-TB patients, 80% had bacterial and fungal infections compared to 60% of 45  
DR-TB patients, with Klebsiella pneumoniae and Candida albicans as the most  
common microbes. %<Microbial growth patterns were significantly different  
between DS-TB and DR-TB patients, with 38.8% (n=31) of DS-TB patients displaying  
mixed bacterial and fungal growth, in contrast to only 15.6% (n=7) of DR-TB  
patients. There were no significant differences in antibiotic resistance;  
however, antifungal sensitivity testing revealed a significant difference in  
response between DS-TB and DR-TB patients, particularly to Flucytosine,  
Fluconazole, and Micafungin. 
CONCLUSIONS: There is a considerable presence of bacterial and fungal  
infections, with Klebsiella pneumoniae and Candida albicans being the most  
prevalent. The antifungal sensitivity testing suggesting a need for personalized  
antifungal treatment strategies between DS-TB and DR-TB patients. 
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Tuberculosis (TB) is an ancient infectious disease with many varied  
presentations. Although prevention and treatment are available, between 8 and 10  
million people still develop TB, and 2 to 3 million people die from it globally,  
according to the 2022 estimates from the World Health Organization (WHO).[WHO  
2023 Global TB Report] For years, children have been thought to contribute  
little to the global epidemic as they are rarely infectious, and they often  
clear the infection without treatment. However, without testing and treatment  
for those children with exposure, a potential reservoir is created from which  
new future cases will develop, and global efforts at control and eradication  
will fail. Significant gaps are present between the recognition of children at  
risk for acquiring TB and their subsequent diagnosis and management. Children,  
especially those younger than 5, develop TB more readily and in more severe  
forms than older children and adults. According to the most recent WHO data for  
children younger than 15, 1.3 million cases of TB were diagnosed, and nearly a  
quarter million TB-related deaths were reported.[WHO 2023 Global TB Report] The  
developed world has seen some improvement in diagnosing and preventing TB cases,  
but no evidence of a decline in high-burden nations has been seen.[WHO 2023  



Global TB Report] In fact, high-burden countries have seen significant increases  
in not only infection and disease but also major increases in  
multidrug-resistant TB. Poverty, lack of access to adequate medical care,  
malnutrition, and concurrent infections such as human immunodeficiency virus  
continue to fuel the infection rates in high-burden countries and pockets  
throughout the developed world. Pediatric TB case rates are likely underreported  
in many high-burden countries, and study results have suggested that children  
may represent as many as 50% of TB cases worldwide.[WHO 2023 Global TB  
Report] Much work is needed in the diagnosis and management of pediatric TB, as  
well as addressing the underlying social causes that create the perfect  
environment for the transmission of TB and the comorbidities that facilitate  
worse outcomes following infection. 
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This study used a calibrated mathematical model to evaluate age-specific  
tuberculosis (TB) vaccination strategies, for drug-resistant (DR)-TB management  
in China. Prioritizing elderly vaccination significantly reduced  
multidrug-resistant or rifampicin-resistant TB incidence and mortality, while  
avoiding the need for second-line treatment, offering a promising approach to  
mitigate DR-TB burden by 2050. 
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The emergence of multidrug-resistant (MDR) and extensively drug-resistant (XDR)  
strains of Mycobacterium tuberculosis (Mtb) poses a significant threat to health  
globally. During searching for new chemical entities regulating MDR- and  
XDR-Mtb, chemical investigation of the black oil beetle gut bacterium  
Micromonospora sp. GR10 led to the discovery of eight new members of  
arenicolides along with the identification of arenicolide A (Ar-A, 1), which was  
a previously reported macrolide with incomplete configuration. Genomic analysis  
of the bacterial strain GR10 revealed their putative biosynthetic pathway.  
Quantum mechanics-based computation, chemical derivatizations, and bioinformatic  
analysis established the absolute stereochemistry of Ar-A and arenicolides D-K  
(Ar-D-K, 2-9) completely for the first time. Biological studies of 1-9 revealed  
their antimicrobial activity against MDR and XDR strains of Mtb. Ar-A had the  
most potent in vitro antimicrobial efficacy against MDR- and XDR-Mtb.  
Mechanistically, Ar-A induced ATP depletion and destabilized Mtb cell wall,  
thereby inhibiting growth. Notably, Ar-A exerted a significant antimicrobial  
effect against Mtb in macrophages, was effective in the treatment of Mtb  
infections, and showed a synergistic effect with amikacin (AMK) in a mouse model  
of MDR-Mtb lung infection. Collectively, our findings indicate Ar-A to be a  
promising drug lead for drug-resistant tuberculosis. 
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arenicolides and their biological activities. 
 
41. Isoniazid resistance pattern among pulmonary tuberculosis patients in  
Bangladesh: An exploratory study. 
 
Clin Microbiol Infect. 2025 Feb;31(2):220-225. doi: 10.1016/j.cmi.2024.09.027.  
Epub 2024 Oct 5. 
 
Rahman SMM(1), Samina P(2), Rahman T(1), Adel ASS(1), Nasrin R(1), Uddin MKM(1),  
Hasan MJ(1), Ahmed S(1), Daru P(1), Modak PK(3), Salim MAH(4), Mohsin SMI(5),  
Banu S(6). 
 
Author information: 
(1)Infectious Diseases Division, icddr,b, Dhaka, Bangladesh. 
(2)Centre for Health Economics and Policy Analysis (CHEPA), McMaster University,  
Hamilton, ON, Canada. 
(3)National Tuberculosis Control Programme, Dhaka, Bangladesh. 
(4)USAID STAR Program, National Tuberculosis Control Programme, Dhaka,  
Bangladesh. 
(5)US Agency for International Development (USAID), Dhaka, Bangladesh. 
(6)Infectious Diseases Division, icddr,b, Dhaka, Bangladesh. Electronic address:  
sbanu@icddrb.org. 
 
OBJECTIVES: In high tuberculosis (TB) burden countries such as Bangladesh,  
research and policy tend to focus on rifampicin (RIF)-resistant TB patients,  
leaving RIF-sensitive but isoniazid (INH)-resistant (Hr-TB) patients  
undiagnosed. Our study aims to determine the prevalence of INH resistance among  
pulmonary TB patients in selected health care facilities in Bangladesh. 
METHODS: This study was conducted across nine TB Screening and Treatment Centres  
situated in Bangladesh. Sputum samples from 1084 Xpert-positive pulmonary TB  
patients were collected between April 2021 and December 2022 and cultured for  
drug susceptibility testing. Demographic and clinical characteristics of Hr-TB  
and drug-susceptible TB patients were compared. 
RESULTS: Among available drug susceptibility testing results of 998  
culture-positive isolates, the resistance rate of any INH regardless of RIF  
susceptibility was 6.4% (64/998, 95% CI: 4.9-8.2). The rate was significantly  
higher in previously treated (21.1%, 16/76, 95% CI: 12.0-34.2) compared with  
newly diagnosed TB patients (5.2%, 48/922, 95% CI: 3.8-6.9) (p < 0.001). The  
rate of Hr-TB was 4.5% (45/998, 95% CI: 3.3-6.0), which was also higher among  
previously treated patients (6.6%, 5/76, 95% CI: 1.4-13.5) compared with newly  
diagnosed TB patients (4.3%; 40/922, 95% CI: 3.1-5.9) (p 0.350). Most  
importantly, the rate of Hr-TB was more than double compared with MDR-TB (4.5%,  
45/998, vs. 1.9%, 19/998) found in the current study. 
DISCUSSION: This study reveals a high prevalence of Hr-TB, surpassing even that  
of the multi-drug-resistant TB in Bangladesh. This emphasizes the urgent need to  
adopt WHO-recommended molecular tools at the national level for rapid detection  



of INH resistance so that patients receive timely and appropriate treatment. 
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OBJECTIVES: This study aimed to examine the efficacy of whole genome sequencing  
(WGS) in accurately predicting susceptibility profiles, potentially eliminating  
the need for conventional phenotypic drug susceptibility testing (pDST) for  
first-line antituberculosis drugs in routine tuberculosis diagnosis. 
METHODS: Over the period of 2017 to 2020, 1114 Mycobacterium tuberculosis  
complex isolates were collected with drug susceptibility testing conducted using  
the MGIT960 system and WGS performed for predicting drug resistance profiles. In  
addition, we implemented a new algorithm with an updated WGS workflow, omitting  
pan-susceptible strains from pDST. 
RESULTS: Results showed that out of 1075 analysed isolates, WGS-based genotypic  
sensitivity predictions for isoniazid, rifampicin, ethambutol, and pyrazinamide  



were 100% (95% CI, 99.6-100%), 100% (95% CI, 99.62-100%), 99.8% (95% CI,  
99.26-99.94%), and 100% (95% CI, 99.63-100%), respectively. In contrast, the  
WGS-based genotypic resistance prediction, was 98.85% (95% CI, 93.77-99.79%) for  
isoniazid, 94.74% (95% CI, 82.71-98.54%) for rifampicin, 86.96% (95% CI,  
67.87-95.46%) for ethambutol, and 75.7% (95% CI, 59.9-86.63%) for pyrazinamide.  
Moreover, WGS enabled the implementation of a new testing algorithm that made it  
unnecessary to perform pDST in 954 of all 1075 samples (88.7%) and in 890 of 901  
pan-susceptible samples (98.8%). 
DISCUSSION: Integrating WGS into tuberculosis management offers significant  
potential to replace phenotypic drug susceptibility testing, especially for  
problematic drugs like pyrazinamide and ethambutol, potentially improving  
treatment outcomes. 
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BACKGROUND: Several novel molecular platforms using nucleic acid amplification  
tests have been developed for the diagnosis of pulmonary tuberculosis (PTB) and  
rapid detection of isoniazid and rifampin resistance. Among them, the BD MAX  
MDR-TB assay (BD MAX) has shown high sensitivity and specificity; however, its  
diagnostic accuracy performed on bronchoscopy specimens has not been reported. 
METHODS: We retrospectively reviewed the medical records of patients with  
suspected PTB who underwent bronchoscopy. Patients who underwent BD MAX testing  
of bronchoscopy specimens were included in the final analysis. The sensitivity,  
specificity, positive predictive value (PPV), and negative predictive value  
(NPV) for PTB diagnosis were calculated using a positive culture of  
Mycobacterium tuberculosis as the reference standard. 
RESULTS: Of 114 patients, 34 had culture-confirmed PTB. The sensitivity,  
specificity, PPV, and NPV of BD MAX performed on bronchoscopy specimens for the  
diagnosis of PTB were 79.4%, 88.8%, 75.0%, and 91.0%, respectively. The  



sensitivity of BD MAX was superior to that of acid-fast bacillus smear (79.4%  
vs. 38.2%, p&lt;0.001). 
CONCLUSION: BD MAX performed on bronchoscopy specimens showed high accuracy for  
diagnosing PTB. BD MAX can be performed on bronchoscopy specimens in patients  
with suspected PTB. 
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BACKGROUND: This study aimed to identify the clinical characteristics of  
multidrug-resistant/ rifampicin-resistant tuberculosis (MDR/RR-TB) in the  
Republic of Korea. 
METHODS: Data of notified people with tuberculosis between July 2018 and  
December 2021 were retrieved from the Korea Tuberculosis Cohort database.  
MDR/RR-TB was further categorized according to isoniazid susceptibility as  
follows: multidrug-resistant tuberculosis (MDR-TB), rifampicin-monoresistant  
tuberculosis (RMR-TB), and RR-TB if susceptibility to isoniazid was unknown.  
Multivariable logistic regression analysis was conducted to identify the factors  
associated with MDR/RR-TB. 
RESULTS: Between 2018 and 2021, the proportion of MDR/RR-TB cases among all TB  
cases and TB cases with known drug susceptibility test results was 2.1%  
(502/24,447). The proportions of MDR/RR-TB and MDR-TB cases among TB cases with  
known drug susceptibility test results were 3.3% (502/15,071) and 1.9%  
(292/15,071), respectively. Among all cases of rifampicin resistance, 31.7%  
(159/502) were RMR-TB and 10.2% (51/502) were RR-TB. Multivariable logistic  
regression analyses revealed that younger age, foreigners, and prior  
tuberculosis history were significantly associated with MDR/ RR-TB. 
CONCLUSION: Rapid identification of rifampicin resistance targeting the  
high-risk populations, such as younger generations, foreign-born individuals,  
and previously treated patients are necessary for patient-centered care. 
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BACKGROUND: A low body mass index (BMI) at the start of treatment for  
rifampicin- or multidrug-resistant tuberculosis (MDR/RR-TB) is associated with  
poor treatment outcomes and may contribute to delayed sputum culture conversion,  
thereby prolonging the period of potential transmission to others. Whether the  
relative importance of low BMI in predicting treatment outcomes differs by HIV  
status is unclear. 
OBJECTIVES: We evaluated the association between low BMI and two dependent  
variables, sputum culture conversion and end-of-treatment outcome, among  
patients receiving treatment for MDR/RR-TB in Lesotho, a setting with a high  
prevalence of HIV infection. 
METHODS: Secondary data from a prospective cohort of patients initiating a  
longer (18-20 months) treatment containing bedaquiline and/or delamanid under  
routine programmatic conditions in Lesotho were analysed. Risk ratios and  
differences were adjusted for potential confounders using multivariable logistic  
regression, and estimates were stratified by HIV status. 
RESULTS: Of 264 patients, 105 and 250 were eligible for culture conversion and  
end-of-treatment analyses, respectively. Seventy-one per cent of patients  
(74/105) experienced culture conversion within six months, while 74% (184/250)  
experienced a favourable end-of-treatment outcome. Low BMI was associated with a  
lower frequency of culture conversion at six months among those who were not  
living with HIV (relative risk [RR]: 0.50 [95% CI: 0.21, 0.79]); this  
association was attenuated among those living with HIV (RR: 0.88 [95% CI: 0.68,  
1.23]). A low BMI was moderately associated with a lower frequency of treatment  
success (RR = 0.89 [95% CI: 0.77, 1.03]), regardless of HIV status. 
CONCLUSIONS: Low BMI was common and associated with the frequency of six-month  
culture conversion and end-of-treatment outcomes. The association with culture  
conversion was more pronounced among those not living with HIV. Addressing the  
myriad factors that drive low BMI in this setting could hasten culture  
conversion and improve end-of-treatment outcomes. This will require a  
multipronged approach focused on alleviating food insecurity and enabling prompt  
diagnosis and treatment of HIV and TB. 
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Tuberculosis (TB) is a potentially fatal bacterial infection caused by the  
bacterium Mycobacterium tuberculosis (M. tuberculosis). It is a highly  
contagious droplet infection that primarily affects the lungs. However, it can  
affect numerous organ systems. Treatment for TB is available and effective, yet  
it remains a significant public health concern and a leading cause of morbidity  
and mortality worldwide, especially in developing countries. It is estimated  
that more than 1.7 billion people are infected with M. tuberculosis. Although  
the overall incidence and prevalence of tuberculosis have declined, the  
incidence of multidrug-resistant tuberculosis remains significant. Active and  
Latent TB Infection (LTBI) A person with an active infection usually presents  
with constitutional symptoms, including unexplained weight loss, fever, fatigue,  
loss of appetite, and night sweats. LTBI is asymptomatic and non-infectious.  
Early diagnosis of active TB is crucial to managing and preventing its spread.  
LTBI has a worldwide prevalence of 33%. Those with immunocompromised states are  
at an increased risk of reactivation and progression to active TB disease, which  
is symptomatic and highly contagious. The risk of LTBI progressing to active  
disease is greatest within the first two years of exposure. Therefore, detection  
and treatment of latent TB are critical to controlling the spread of TB and  
reducing the disease burden. The risk of LTBI progression to active disease  
declines with age, secondary to increased immunity. The risk of progression in  
infants is 50%, and this decreases to 1% to 2% by age ten. TB Screening Tests  
Two screening tests are available to detect TB infection in the United States:  
Tuberculin skin (TST) or purified-protein derivative (PPD) skin test via the  
Mantoux technique: Interferon-gamma release assay blood test (IGRA). Both tests  
measure delayed-type hypersensitivity reaction or type IV cell-mediated immunity  
involving T-lymphocytes, which are activated after exposure to mycobacteria.  
Notably, a positive test does not distinguish between latent and active TB.  
Therefore, symptom assessment and further testing with chest radiography, sputum  
test for acid-fast bacilli, or chest computed tomography scans are essential to  
diagnosing active infection. There is no definitive test to diagnose LTBI.  
Instead, it is a clinical diagnosis based on a history of prior TB infection and  



ruling out active disease. PPD Skin Test (TST) Robert Koch described the  
tuberculin reaction in 1890, and Felix Mandel developed the test in 1908.  
Charles Mantoux was credited with creating the technique of injecting material  
intradermally on the inner surface of the forearm. In 1934, Florence Seibert  
published her method of obtaining the purified-protein derivative, effectively  
creating the PPD test. The tuberculin protein used in the test is extracted from  
Mycobacterium tuberculosis cultures and is used as a purified-protein  
derivative. A standardized PPD-S utilizes a tuberculous mycobacterium.  
Non-tuberculous mycobacteria are identified by a letter other than S. The test  
results are interpreted by measuring the delayed-type hypersensitivity reaction.  
The peak of the induration reaction occurs 24 hours after the test and is  
secondary to cell infiltration. It takes approximately six to eight weeks after  
exposure to bacteria for the PPD test to become positive. The PPD test should be  
read between 48 and 72 hours after administration. 
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Tuberculosis (TB) continues to be a major cause of death worldwide despite  
having an effective combinatorial therapeutic regimen and vaccine. Being one of  
the most successful human pathogens, Mycobacterium tuberculosis retains the  
ability to adapt to diverse intracellular and extracellular environments  
encountered by it during infection, persistence, and transmission. Designing and  



developing new therapeutic strategies to counter the emergence of  
multidrug-resistant and extensively drug-resistant TB remains a major task. DNA  
topoisomerases make up a unique class of ubiquitous enzymes that ensure  
steady-state level supercoiling and solve topological problems occurring during  
DNA transactions in cells. They continue to be attractive targets for the  
discovery of novel classes of antibacterials and to develop better molecules  
from existing drugs by virtue of their reaction mechanism. The limited  
repertoire of topoisomerases in M. tuberculosis, key differences in their  
properties compared to topoisomerases from other bacteria, their essentiality  
for the pathogen's survival, and validation as candidates for drug discovery  
provide an opportunity to exploit them in drug discovery efforts. The present  
review provides insights into their organization, structure, function, and  
regulation to further efforts in targeting them for new inhibitor discovery.  
First, the structure and biochemical properties of DNA gyrase and Topoisomerase  
I (TopoI) of mycobacteria are described compared to the well-studied  
counterparts from other bacteria. Next, we provide an overview of known  
inhibitors of DNA gyrase and emerging novel bacterial topoisomerase inhibitors  
(NBTIs). We also provide an update on TopoI-specific compounds, highlighting  
mycobacteria-specific inhibitors. 
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PURPOSE: This study aims to evaluate the clinical diagnostic value of  
matrix-assisted laser desorption ionization time-of-flight mass spectrometry  



(MALDI-TOF MS) for tuberculosis and drug-resistant tuberculosis. 
PATIENTS AND METHODS: Totally 201 pulmonary tuberculosis patients were recruited  
retrospectively. All patients underwent smear microscopy, Mycobacterium growth  
indicator tube (MGIT) 960 culture, loop-mediated isothermal amplification (LAMP)  
molecular testing, Xpert MTB/RIF (Xpert), and MassARRAY assay which is a  
MALDI-TOF MS based method. 
RESULTS: Among the enrolled patients, 28.36 %, 43.78 %, 47.26 %, 64.68 %, and  
85.57 % tested positive by smear, culture, LAMP, Xpert, and MALDI-TOF MS,  
respectively. MALDI-TOF MS had significantly higher detection rates than the  
other methods (All P < 0.05). In the 88 culture-positive patients, the positive  
detection rates for smear, LAMP, Xpert, and MALDI-TOF MS were 43.2 %, 68.2 %,  
85.2 %, and 94.3 %, respectively; In 113 culture-negative cases, the positive  
rates for the above tests were 16.8 %, 31.0 %, 48.7 %, and 78.8 %, respectively.  
Among the 130 Xpert-positive cases, the positive rates for smear, culture, LAMP,  
and MALDI-TOF MS were 40.77 %, 57.7 %, 70.77 %, and 98.46 %, respectively; In  
the 71 Xpert-negative cases, the positive rates for above tests were 5.6 %, 18.3  
%, 4.2 %, and 62.0 %, respectively. In the 61 rifampicin-resistant cases, the  
successful detection rate of MALDI-TOF MS (96.72 %) was significantly higher  
than that of Xpert (81.97 %) (P < 0.05). The concordance between MALDI-TOF MS  
and pDST for detecting resistance to 11 anti-tuberculosis drugs ranged from 83.0  
% to 98.9 %. 
CONCLUSION: Nucleic acid detection technology using time-of-flight mass  
spectrometry provides a powerful tool for the rapid diagnosis of tuberculosis  
and drug-resistant tuberculosis, with advantages of high sensitivity and  
reliability, warranting further promotion and application. 
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Tuberculosis (TB) remains a major global threat, with 10 million new cases and  
1.5 million deaths each year. In multidrug-resistant tuberculosis (MDR-TB),  
resistance is most commonly observed against isoniazid (INH) and rifampicin  
(RIF), the two frontline drugs. Isoniazid resistance is predominantly linked to  
mutations in the InhA gene, which encodes an enzyme involved in mycolic acid  
synthesis, a vital component of the mycobacterial cell wall. Mutations in InhA  
reduce drug binding, rendering INH ineffective. These morbidity and mortality  
figures, along with the fact that the rise and global spread of drug-resistant  
TB, underscores the need for the discovery of novel therapeutics. In this  
direction, we have previously synthesized, characterized, and screened a library  
of diaryl ether dehydrozingerone derivatives against mycobacteria and identified  
two best hits, 7 and 14, based on bacteriostatic activities. The present study  
aimed to thoroughly investigate the antituberculosis potential of these  
compounds, particularly regarding drug-resistant TB. Our findings revealed that  
both compounds exhibited tuberculocidal activity against the standard laboratory  
strain Mycobacterium tuberculosis (M. tb) H37Rv, with minimal bactericidal  
concentrations (MBC) of 4μg/ml for compound 7 and 8 μg/ml for compound 14. Next,  
concentration vs time-kill kinetics of both these compounds showed  
concentration-dependent bactericidal activities against M. tb and complete  
pathogen eradication from culture at just 16× MIC. Both compounds were found to  
be suitable for combination regimens as their interactions with isoniazid and  
rifampicin against M. tb were observed to be synergistic. Additionally, 7 and 14  
exhibited minimal hemolysis against human RBCs and less cytotoxicity was  
observed against three human cell lines up to 1000 μM. Molecular docking  
revealed that these compounds bind more effectively to M. tb InhA, including its  
mutant forms where isoniazid binding is impaired, outperforming both isoniazid  
and triclosan in binding affinity. Importantly 7 and 14 showed potent activity  
against drug-susceptible clinical isolates and two isoniazid-resistant M. tb  
clinical isolates equivalent to that against M. tb H37Rv. The most interesting  
observation was that both compounds were found to be effective against three  
multi-drug resistant (MDR) strains of M. tb, thereby depicting their potential  
against drug-resistant TB. An ex vivo assay on RAW 264 cells infected with M. tb  
demonstrated a significant reduction in bacterial load at 8× MIC, revealing the  
fact that these compounds are highly effective against intracellular M. tb  
H37Rv. To the best of our knowledge, this is the first study that reports  
promising antimycobacterial potential of 7 and 14 against drug-susceptible,  



isoniazid-resistant, and MDR tuberculosis which warrants further exploration  
considering the need for new anti-TB medicine. 
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The rise in global obesity prevalence has increased the need to understand the  
pharmacokinetics of drugs in overweight and obese individuals. Tuberculosis  
remains a significant health challenge, and its treatment outcomes can be  
influenced by the pharmacokinetic profiles of antitubercular agents. This  
literature review aims to point out the clinical pharmacokinetics of  
antitubercular drugs in the overweight and obese patient population,  
highlighting considerations for potential dosage adjustments. We conducted a  
comprehensive search of the PubMed US National Library of Medicine from  
inception to January 2024. Articles focusing on the pharmacokinetics of  
antitubercular agents used for both drug-susceptible and multidrug-resistant  
tuberculosis in overweight and obese adults were included. In total, 349  
scientific articles were identified and examined for human pharmacokinetic  
parameters. Of these, 19 were included in this article. To highlight potential  
differences, pharmacokinetic data for normal-weight tuberculosis patients are  
also presented, albeit selectively. In general, pharmacokinetic studies of  
antitubercular agents in overweight and obese individuals are lacking.  
Fixed-dose combinations often used in the treatment of drug-susceptible  
tuberculosis are not recommended when treating these population groups. Rather,  
individual dosing based on therapeutic drug monitoring and the known solubility  
of the substance should be considered. To improve the management of tuberculosis  



in overweight and obese patients, there is an urgent need for pharmacokinetic  
studies and, ultimately, adequate dosing in this patient population, especially  
given the increasing prevalence of obesity. 
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INTRODUCTION: Most drug-resistant tuberculosis (DR-TB) occurs due to  
transmission of unsuspected or ineffectively treated DR-TB. The duration of  
treatment to stop person-to-person spread of DR-TB is uncertain. We evaluated  
the impact of novel regimens, including BPaL, on DR-TB transmission using the  
human-to-guinea pig (H-GP) transmission model. 
METHODS: In Experiment 1, patients initiated an optimized DR-TB regimen  
including bedaquiline (BDQ) and linezolid (LZD). In Experiment 2, patients  
initiated the BPaL regimen (BDQ, 1200mg LZD and pretomanid). We measured  
baseline infectivity for each cohort by exhausting ward air to one of two GP  
exposure rooms (Control), each containing 90 GPs, for 8 patient-days. Then,  
after 72 hours of treatment, ward air was exhausted to the second GP exposure  
room for 8 patient-days (Intervention). The infectiousness of each cohort was  
compared by performing tuberculin skin tests (TST) in GPs at baseline  
(pre-treatment) and 6 weeks after the exposure period. 
RESULTS: In Experiment 1, pre-treatment, five DR-TB patients infected 24/90  
(26.7%) GPs (Control). Post-treatment (72 hours after drug initiation), the same  
patients infected 25/90 (27.8%) GPs (Intervention) (p = 1.00). In Experiment 2,  
pre-treatment, nine DR-TB patients infected 40/90 (44.4%) GPs (Control).  
Post-treatment (beginning 72 hours after drug initiation), the same patients  
infected 0/90 (0%) GPs (Intervention) (p < 0.0001). 
CONCLUSIONS: In this study, DR-TB drug regimens including BDQ and standard-dose  
LZD for 72 hours did not decrease DR-TB transmission. In contrast, transmission  
was rapidly and completely inhibited in patients treated with BPaL for 72 hours,  
suggesting an early and profound impact on transmission. 
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BACKGROUND AND OBJECTIVES: Bedaquiline (BDQ) plays a critical role in the  
treatment of multidrug-resistant tuberculosis (MDR-TB). However, the large  
pharmacokinetic (PK) variability of BDQ presents a significant challenge in its  
clinical use. This study aimed to summarize the population PK characteristics of  
BDQ and to identify significant covariates affecting the PK variation of BDQ. 
METHODS: The PubMed and Web of Science databases were systematically searched  
from their inception to October 1, 2023. Population pharmacokinetics (PPK)  
studies on BDQ were searched and identified in this review. The PK  
characteristics of included studies and the significant covariates were  
systematically summarized. 
RESULTS: Eight studies conducted in adults and one in children and adolescents  
were included in this review. A three disposition compartments with dynamic  
absorption transport chamber model was the commonly used structural model for  
BDQ. Body weight, race, albumin, and concomitant medication were significant  
covariates affecting BDQ PK variation. With the increase of weight and albumin  
levels, the clearance (CL) of BDQ was gradually increased. The average CL value  
per body weight in children was 1.49-fold higher than that in adults. Black race  
patients had an 84% higher CL than other populations. Moreover, combined with  
rifampicin and rifapentine, BDQ had 378% and 296% higher clearance rates,  
respectively. 
CONCLUSIONS: Body weight, race, albumin level, and concomitant medication may be  
important factors affecting patients' exposure differences. Further PPK studies  
of BDQ are needed to facilitate optimal dosing regimens. 
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Tuberculosis (TB) in childhood presents a substantial global burden with nearly  
two million episodes of disease in children and adolescents annually. The  
majority of children who die from TB never receive appropriate treatment.  
Advancements in childhood TB treatments have been slow and there are many  
challenges with TB treatment in children. However, recently, there have been  
renewed efforts toward better options for TB treatment in children. The  
shortened duration of treatment (4 months) in nonsevere TB and an all-oral  
treatment for multidrug-resistant TB are major landmarks in childhood TB  
treatment. Although BCG remains the only vaccine for TB prevention, there are  
candidate vaccines that target infants and adolescents. 
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Antitubercular treatment (ATT) is associated with multiple cutaneous adverse  
drug reactions. Second-line ATT is also associated with numerous adverse  
reactions; however, cutaneous reactions are under-reported. Oral drug  
provocation (ODP) in multidrug-resistant tuberculosis is challenging because of  
the paucity of time and the risk of developing secondary drug resistance in the  
case of interrupted medication. In this paper, we report a case of drug reaction  
with eosinophilia and systemic symptoms caused by cycloserine in an 18-year-old  
girl, which was confirmed with ODP and a patch test. 
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Tuberculosis is a highly infectious disease and it is a global threat in  
particular affecting people from developing countries. It is thought that nearly  
one-third of the global population lives with this causative bacterium in its  
dominant form. The spread of HIV and the development of resistance to both  
multidrug-resistant TB (MDR-TB) and extensively drug-resistant TB (XDR-TB)  
aggravates the spread of the disease and needs novel drugs which combat this  
disease effectively. Triazole-containing anti-tubercular drugs are promising and  
need further tuning to develop as a potent scaffold for tuberculosis. In this  
review, we highlight the structural activity relationships of  
triazole-containing drugs and detailed understanding for the researchers in the  
field of medicinal chemistry to further explore these triazole-based compounds  
as well as synthesize new compounds for antitubercular activity against  
drug-sensitive and resistant strains. 
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Tuberculosis (TB) is the leading cause of death from a single infectious agent.  
The burden is highest in some low- and middle-income countries. One-quarter of  
the world's population is estimated to have been infected with TB, which is the  
seedbed for progressing from TB infection to the deadly and contagious disease  
itself. Although some individuals may clear their infections through innate and  
acquired immunity, many do not. People living with HIV, TB-exposed household  
contacts, other individuals recently infected, and immunosuppressed individuals  
are at especially high risk of progressing to TB disease. There have been major  
advances in recent years to support the programmatic management of TB infection.  
New tests of infection, including those that predict progression to TB disease,  
have become available. Numerous World Health Organization-recommended TB  
preventive treatment (TPT) regimens are available for all ages and for both  
drug-susceptible and drug-resistant TB infection. All regimens are generally  
safe, efficacious, and cost effective and have a low risk of generating  
resistance. TPT is recommended for pregnant women who are at risk for developing  
TB, but some regimens are associated with an increased likelihood of poor  
obstetric and fetal outcomes, and newer regimens have not yet been tested in  
pregnancy. New formulations of rifapentine-based TPT have been developed, and  
the cost has been radically reduced. Innovative models of delivery to support  



the scale up of TPT have been developed. Modeling suggests that scaling up TPT,  
especially regimens with optimal target product profile characteristics, can  
contribute substantially to ending the TB epidemic. The global uptake of TPT has  
increased substantially, especially for people living with HIV. Implementation  
gaps remain, particularly for children, pregnant women, and other household  
contacts. Further innovation is required to support the continued scale up of  
TPT and to contribute to ending the TB epidemic. 
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The complexity of the currently registered dosing schedules for bedaquiline and  
delamanid is a barrier to uptake in drug-resistant tuberculosis treatment across  
all ages. A simpler once-daily dosing schedule is critical to ensure  
patient-friendly regimens with good adherence. We assessed expected drug  
exposures with proposed once-daily doses for adults and compared novel  
model-informed once-daily dosing strategies for children with current World  
Health Organization (WHO) recommended dosing. A reference individual and virtual  
pediatric population were generated to simulate exposures in adults and  
children, respectively. Published population models characterizing the exposures  
of bedaquiline and its metabolite M2, delamanid, and its metabolite DM-6705 were  
utilized. During simulation, child growth during treatment along with several  
CYP3A4 ontogeny profiles was accounted for. Exposures in children were compared  
with simulated adult targets to assess the expected treatment efficacy and  
safety. In adults, the proposed bedaquiline once-daily dosing (400 mg daily for  
2 weeks followed by 100 mg daily for 22 weeks) yielded 14% higher exposures of  
bedaquiline and M2 compared to the labeled dosing scheme at 24 weeks; for  
delamanid and DM-6705, the suggested 300 mg daily dose provided 13% lower  
exposures at steady state. For children, the cumulative proportions of exposures  
of both drugs showed < 5% difference between WHO-recommended and proposed  
once-daily dosing. This study demonstrated the use of model-informed approaches  
to propose rational and simpler regimens for bedaquiline and delamanid in adults  
and children. The new once-daily dosing strategies will be tested in the  
PARADIGM4TB and IMPAACT 2020 trials in adults and children, respectively. 
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The first FDA approved, MDR-TB inhibitory drug bedaquiline (BDQ), entraps the  
c-ring of the proton-translocating F0 region of enzyme ATP synthase of  
Mycobacterium tuberculosis, thus obstructing successive ATP production.  
Present-day BDQ-resistance has been associated with cardiotoxicity and  
mutation(s) in the atpE gene encoding the c subunit of ATP synthase (ATPc)  
generating five distinct ATPc mutants: Ala63→Pro, Ile66→Met, Asp28→Gly,  
Asp28→Val and Glu61→Asp. We created three discrete libraries, first by  
repurposing bedaquiline via scaffold hopping approach, second one having natural  
plant compounds and the third being experimentally derived analogues of BDQ to  
identify one drug candidate that can inhibit ATPc activity more efficiently with  
less toxic properties. For this purpose, we adopted techniques like molecular  
dynamics simulation, virtual screening, PCA, DCCM, binding affinity analysis to  
gauge structure-function relationship of the L136-ATPc complexes. L136 was found  
to induce a distinguishable conformational change in the bound ATPc which  
captivated the c9 rotor ring. L136 displays a binding free energy of -57.294,  
-59.027, -57.273, -58.726, -55.889 and -58.651 kcal/mol for ATPc_WT and the five  
respective mutants. The pIC50 value for the L136 ligand for the same proteins  
was unveiled to be 6.760, 7.285, 6.898, 7.222, 6.987 and 7.687. Moreover, L136  
exhibited a strong ADMET profile. Furthermore, we discovered that the change in  
the hydrophobic platform in ATPc mutants hinders BDQ binding, which is overcome  
by L136, ensuring efficient binding and providing an assessment of L136's  
mechanism of ATPc inhibition. L136 provides a scope for in vivo test for future  
clinical drug trials. 
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BACKGROUND: Data from randomized trials evaluating the effectiveness of  
tuberculosis (TB) preventive treatment for contacts of multidrug-resistant  
(MDR)-TB are lacking. Two recently published randomized trials that did not  
achieve statistical significance provide the opportunity for a meta-analysis. 
METHODS: We conducted combined analyses of two phase 3 trials of levofloxacin  
MDR-TB preventive treatment - Levofloxacin for the Prevention of  
Multidrug-Resistant Tuberculosis (VQUIN) trial and the Levofloxacin preventive  
treatment in children exposed to MDR-TB (TB-CHAMP) trial. Following MDR-TB  
household exposure, VQUIN enrolled mainly adults in Vietnam; TB-CHAMP enrolled  
mainly young children in South Africa. Random assignment in both trials was 1:1  
at the household level to daily levofloxacin or placebo for 6 months. The  
primary outcome was incident TB by 54 weeks. We estimated the treatment effect  
overall using individual participant data meta-analysis. 
RESULTS: The VQUIN trial (n=2041) randomly assigned 1023 participants to  
levofloxacin and 1018 participants to placebo; TB-CHAMP (n=922) assigned 453  
participants to levofloxacin and 469 participants to placebo. Median age was 40  
years (interquartile range 28 to 52 years) in VQUIN and 2.8 years (interquartile  
range 1.3 to 4.2 years) in TB-CHAMP. Overall, 8 levofloxacin-group participants  
developed TB by 54 weeks versus 21 placebo-group participants; the relative  
difference in cumulative incidence was 0.41 (95% confidence interval [CI] 0.18  
to 0.92; P=0.03). No association was observed between levofloxacin and grade 3  
or above adverse events (risk ratio 1.07, 95% CI 0.70 to 1.65). Musculoskeletal  
events of any grade occurred more frequently in the levofloxacin group (risk  
ratio 6.36, 95% CI 4.30 to 9.42), but not among children under 10 years of age.  
Overall, four levofloxacin-group participants and three placebo-group  
participants had grade 3 events. 
CONCLUSIONS: In this meta-analysis of two randomized trials, levofloxacin was  



associated with a 60% relative reduction in TB incidence among adult and child  
household MDR-TB contacts, but with an increased risk of musculoskeletal adverse  
events. (Funded by the Australian National Health and Medical Research Council,  
UNITAID, and others.). 
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Even if in the past years new effective, safe, and orally administrable drugs  
are available to create shorter regimens, drug-resistant (DR) tuberculosis (TB)  
treatment remains a critical issue and a major challenge faced by clinicians  
worldwide. We present the first case of transborder pulmonary pre-extensively  
drug-resistant (pre-XDR)-TB treated in Italy with the  
bedaquiline-pretomanid-linezolid regimen. Diagnosis and treatment were started  
in Ukraine, and, after a month of treatment, due to the Russo-Ukrainian war, the  
patient moved to Italy, where the diagnosis was confirmed both by genotypic and  
phenotypic drug susceptibility tests, and treatment continued. In this short  
report, we highlight challenges and future opportunities to improve the clinical  
management of patient with DR-TB. 
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and serotonergic toxicity. 
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Tuberculosis (TB) remains a significant global health challenge, with  
multidrug-resistant (MDR-TB) and extensively drug-resistant (XDR-TB) strains  
posing severe threats to treatment efficacy. Linezolid, a key component of the  
BPaL (Bedaquiline, Pretomanid and Linezolid) regimen, has demonstrated  
substantial efficacy against MDR-TB and XDR-TB. However, its clinical utility is  
often limited by side effects such as myelosuppression and monoamine oxidase  
(MAO) inhibition, linked to its mechanism of action. This perspective centres on  
the structural toxicity relationship (STR) of Linezolid and its analogues,  
exploring modifications to the C-ring and C-5 position that aim to reduce these  
toxicities while maintaining or enhancing antibacterial activity. Several  
promising analogues have been identified that exhibit reduced myelosuppression  
and MAO inhibition, highlighting the potential for developing safer Linezolid  
derivatives. The findings underscore the importance of continued research into  
the structure toxicity relationships of oxazolidinones to improve the  
therapeutic profiles of these essential drugs in combating drug-resistant TB. 
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Drug-resistant tuberculosis infections are a major threat to global public  
health. The essential mycobacterial ClpC1P1P2 protease has received attention as  
a prospective target for novel antibacterial therapeutics. However, efforts to  
probe its function in cells are constrained by our limited knowledge of its  
physiological proteolytic repertoire. Here, we interrogate the role of  
mycobacterial ClpS in directing N-degron pathway proteolysis by ClpC1P1P2 in  
Mycolicibacterium smegmatis. Binding assays demonstrate that mycobacterial ClpS  
binds canonical primary destabilizing residues (Leu, Phe, Tyr, Trp) with  
moderate affinity. N-degron binding restricts the conformational flexibility of  
a loop adjacent to the ClpS N-degron binding pocket and strengthens ClpS•ClpC1  
binding affinity ~30-fold, providing a mechanism for cells to prioritize  
N-degron proteolysis when substrates are abundant. Proteolytic reporter assays  
in M. smegmatis confirm degradation of substrates bearing primary N-degrons, but  
suggest that secondary N-degrons are absent in mycobacteria. This work expands  
our understanding of the mycobacterial N-degron pathway and identifies ClpS as a  
critical component for substrate specificity, providing insights that may  
support the development of improved Clp protease inhibitors. 
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Given the increasing prevalence of drug-resistant tuberculosis (TB), there is an  
urgent demand in developing novel anti-TB medications with highly effective,  
safe, and utilize innovative mechanisms of action. Blocking the mycolic acid  
synthesis pathway is well-established to be a significant strategy in developing  
anti-TB drugs, and Pks13 was identified as a crucial enzyme in this process.  
Importantly, the modes of action of recognized Pks13 inhibitors differ from  
traditional anti-TB medications, highlighting Pks13 as a potential and promising  
target in drug development within TB treatment. In this study, we discovered a  
compound named BMVC-8C3O that effectively inhibited the activity of Pks13 with a  
6.94 μM IC50 value. The binding between BMVC-8C3O and Pks13 was validated  
through surface plasmon resonance (SPR) assay as well as molecular docking  
analysis. Moreover, the SPR assay showed that the mutation of Asn1640 and  
Ser1533 resulted in decreased affinity of BMVC-8C3O to Pks13. Additionally,  
BMVC-8C3O not only exhibited activity against Mycobacterium tuberculosis (MTB),  
but also displayed potential intracellular anti-TB activity in macrophages. In  
summary, our findings indicate that BMVC-8C3O holds great potential as a lead  
compound against TB. 
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Multidrug resistant tuberculosis (MDR-TB) have emerged as a global challenge.  
There are several underlying mechanisms which are involved in causing  
mycobacterial resistance towards antitubercular agents including post  
translational modifications, efflux pumps and gene mutations. This resistance  
necessitates the investigation of complementary therapeutic options including  
the use of bioactive compounds from plants. Recent studies have focused on  
recognising and isolating the characteristics of these compounds to assess their  
potential against MDR-TB. Phytoconstituents such as alkaloids, flavonoids,  
terpenoids, glycosides, and essential oils have shown promising antimicrobial  
activity against Mycobacterium tuberculosis. These compounds can either directly  
kill or inhibit the growth of M. tuberculosis or enhance the immune system's  
ability to fight against the infection. Some studies suggest that combining  
phytoconstituents with standard antitubercular medications works synergistically  
by enhancing the efficacy of drug, potentially lowering the associated risk of  
side effects and eventually combating resistance development. This review  
attempts to elucidate the potential of phytoconstituents in combating resistance  
in MDR-TB which hold a promise to change the course of treatment strategies in  
tuberculosis. 
 
Copyright © 2024 Elsevier Ltd. All rights reserved. 
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genotypic analysis. 
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OBJECTIVES: The co-resistance between bedaquiline and clofazimine raises  
significant concerns, as they are commonly co-administered as core drugs in  
drug-resistant TB regimens. The present study aimed to monitor drug  
resistance-associated gene mutations and the phenotypic change in Mycobacterium  
tuberculosis (Mtb) under a stepwise drug resistance induction in vitro using  
bedaquiline, clofazimine or combined drugs. 
METHODS: Drug-resistant Mtb strains were gradually induced in vitro on a  
drug-containing solid medium with a 2-fold increasing concentration of  
bedaquiline, clofazimine and their combination. The MIC of the induced  
drug-resistant Mtb strains was determined. The drug resistance-associated genes,  
including Rv0678, Rv1979c, atpE and pepQ, were sequenced and analysed. 
RESULTS: Unlike exposure to bedaquiline alone or the combination of these two  
drugs, clofazimine alone resulted in drug resistance gene mutations occurring  
later, specifically in the fourth round of induction as opposed to the second  
round of induction. Besides, nucleotide deletion or insertion in Rv0678 was the  
main mutation type for induction under the two-drug combination, while  
single-nucleotide polymorphisms (SNPs) in Rv0678 were the major mutation types  
when induced by bedaquiline or clofazimine alone. Rv0678 mutation happened at a  
relatively lower bedaquiline concentration exposure alone, while atpE mutation  



occurred at a higher bedaquiline concentration. Regardless of the drug exposure  
manner, a strong correlation between bedaquiline MICs and clofazimine MICs was  
observed in all drug resistance strains. 
CONCLUSIONS: Combined exposure to bedaquiline and clofazimine developed Rv0678  
mutation as early as exposure to bedaquiline alone. However, rather than SNPs,  
deletion and insertion were the dominant mutation types in dual-drug exposure  
strain. 
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Tuberculosis continues to pose a health challenge causing the loss of millions  
of lives despite the existence of multiple drugs, for treatment. The emergence  
of drug-resistant strains has made the situation more complex making it  
increasingly difficult to fight against this disease. This review outlines the  
challenges associated with TB drug discovery, the nature of Mycobacterium  
tuberculosis shedding light on the mechanisms that lead to treatment failure and  
antibiotic resistance. We explore promising drug targets, encompassing  
inhibition of mycolyarabinogalactan peptidoglycan (MAGP) assembly, mycolic acid  
biosynthesis, DNA replication, transcription, translation, protein synthesis,  
and bioenergetics/metabolism pathways. A comprehensive overview of the global  
pipeline of anti-tuberculosis drugs at various stages of clinical trials, the  
diverse strategies being pursued to tackle this complex disease. By gaining an  
understanding of the mechanisms that contribute to resistance development and  



identifying suitable targets, we can pave the way for more effective treatments  
and contribute to global efforts to combat drug-resistant tuberculosis. 
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This case report discusses two instances of iatrogenically induced  
pre-extensively drug-resistant tuberculosis (pre-XDR TB). In both cases, the  
patients were initially diagnosed with tuberculosis and hospitalized in  
university hospitals. Nucleic acid amplification tests identified  
rifampicin-resistant tuberculosis, leading to a deviation from clinical  
guidelines. Without prior verification of susceptibility to other drugs,  
levofloxacin was added to the standard antituberculosis regimen, which included  
isoniazid, pyrazinamide, ethambutol, and rifampicin. Subsequent phenotypic drug  
susceptibility tests (DST) revealed resistance to isoniazid but susceptibility  



to levofloxacin, thus reclassifying the condition as multidrug-resistant  
tuberculosis (MDR-TB). However, by the time these patients were transferred to  
our hospital and began MDR-TB treatment, they had already developed resistance  
to levofloxacin, escalating their condition to pre-XDR TB. These cases  
underscore the importance of rapid access to comprehensive DST upon the  
identification of rifampicin resistance and adherence to established clinical  
guidelines. 
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BACKGROUND: Tuberculosis (TB), primarily caused by Mycobacterium tuberculosis,  
remains a significant global health concern. Targeted Next-Generation Sequencing  
(tNGS) has emerged as a rapid and comprehensive diagnostic tool for  
tuberculosis, offering advantages over traditional methods and serving as an  
effective alternative for drug susceptibility testing and the detection of  
drug-resistant tuberculosis. 
OBJECTIVE: This study aimed to retrospectively analyze the clinical  
characteristics of pulmonary tuberculosis patients. After explore the  
application value of targeted next-generation sequencing technology in this  
patient population, providing valuable insights for clinical diagnosis and  
treatment. 
METHODS: In this retrospective study, we analyzed data from 65 patients with  
laboratory-confirmed tuberculosis admitted to Tianjin Baodi Hospital from  
November 14, 2020, to February 1, 2023. Patients underwent bronchoalveolar  
lavage fluid (BALF) testing, including acid-fast staining, culture, and tNGS.  
Biopsies and histopathological examinations were performed on some patients,  



along with comprehensive radiological assessments for all. 
RESULTS: Among the 65 pulmonary tuberculosis patients, targeted next-generation  
sequencing detected pathogens in bronchoalveolar lavage fluid with a positivity  
rate of 93.8%, significantly higher than traditional methods such as acid-fast  
staining, culture, and pathology. Compared to bronchoalveolar lavage fluid  
smear, targeted next-generation sequencing demonstrated significantly higher  
diagnostic sensitivity (98.46% vs. 26.15%) and accuracy (98.46% vs. 26.15%). 
CONCLUSION: Targeted next-generation sequencing, with its high sensitivity and  
specificity compared to traditional methods, provides unique advantages in  
detecting pathogens among these patients, highlighting its importance in disease  
management. 
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Pretomanid (PTM), an oral antibiotic used in the treatment of adults with  
pulmonary extensively drug-resistant, nonresponsive multidrug-resistant  
tuberculosis (MDR-TB). It is a poor glass former, that shows high  
recrystallization tendency from the amorphous and supersaturated state,  
resulting in low aqueous solubility and suboptimal absorption through the  
gastrointestinal tract. The present investigation aimed to develop high drug  
loaded ternary amorphous solid dispersions (ASDs) of PTM with improved stability  
and enhanced biopharmaceutical performance by utilizing a combination of  
polymers. The polymers were comprehensively screened based on drug-polymer  
miscibility and saturation solubility analysis. A combination of Hydroxypropyl  
Methylcellulose Acetate Succinate (HPMCAS-HF) and Polyvinylpyrrolidone K-30 (PVP  
K-30) showed synergism in drug-polymer miscibility as evidenced through  
pronounced depression in the melting endotherm of PTM. The Powder X-ray  
Diffraction (P-XRD) diffractograms of 30% w/w PTM loaded ternary ASDs displayed  



the halo pattern, contrary to the binary ASDs. Drug-polymer interactions  
(hydrophobic forces) involved between PTM and polymers were detected through  
Fourier Transform Infrared Spectroscopy (FT-IR) and Nuclear Magnetic Resonance  
Spectroscopy (13C-NMR) which contributed to the synergistic enhancement in  
solubility and dissolution of ternary ASDs with sustained release over 12 h.  
Ternary ASDs demonstrated better in-vivo performance compared to the binary  
ASDs, showing a 4.63-fold increase in maximum plasma concentration. All ASDs  
remained stable and resisted phase separation during short-term stability  
studies for 3 months at ambient conditions. It was concluded that the  
hydrophobic and hydrophilic polymeric combination (HPMCAS-HF and PVP K-30,  
respectively) effectively prevented the crystallization and ensured sustained  
drug release with improved in-vivo absorption of PTM. 
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Cases of active tuberculosis (TB) in the U.S. Military have fallen over the last  
century in large part due to improved screening and treatment options. The  
subset of multidrug-resistant TB (MDR-TB) is almost nonexistent within the U.S.  
Military. We present a case of MDR-TB in an active duty U.S. Military health  
care worker and discuss several considerations for treatment that may present  
challenges for U.S. Military medical practitioners. A 30-year-old active duty  
Soldier was referred to Army public health services after a bronchoscopy sample  
was positive for Mycobacterium tuberculosis complex. Sputum smears were negative  
for acid-fast bacilli, suggesting lower risk for community spread. One month  
after initiation of the standard 4-drug regimen for active TB, genetic  
susceptibility testing found the patient's M. tuberculosis isolate to be  
resistant to rifampin, isoniazid, and pyrazinamide. Contact investigation  
efforts among co-workers and family members fortunately found no new  
interferon-gamma release assay conversions. Coordination of public health assets  
to ensure a successful treatment regimen occurred across varied local, state,  
and federal agencies. Atypical medications required coordination with the FDA  
for procurement. An extensive surveillance plan for medication adverse effects  
was required. Finally, questions of public health authority versus patient  
autonomy arose requiring multidisciplinary input and ethical discussions. 
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Mycobacterium tuberculosis (MTB) causing tuberculosis (TB) infection is a  
leading source of illness and death in developing nations, and the emergence of  
drug-resistant TB remains a significant global threat and a challenge in  
treating the disease. Mutations in the inhA and katG genes are connected to the  
principal molecular mechanism of isoniazid (INH) resistance, and continuous  



treatment of INH for more than a decade led to the evolution of INH resistant-TB  
(inhR-TB). Structure-based drug discovery approaches on traditional natural  
compounds are the contemporary source to identify significant lead molecules.  
This work focuses on discovering effective small compounds from natural compound  
libraries and applying pharmacophore-based virtual screening to filter out the  
molecules. The best-identified hit complexes were used for molecular dynamics  
simulations (MDS) to observe their stability and compactness. A  
three-dimensional e-pharmacophore hypothesis and screening generated 62 hits  
based on phase fitness scores from the pharmacophore-based virtual screening.  
Molecular docking experiments in Maestro's GLIDE module indicated that  
ZINC000002383126 and ASN22022 may be potential inhibitors of inhA and katG  
(native, inhA mutants S94A, Y158A, Y158F and Y158S and D137S, Y229F, S315T,  
W321F, and R418L mutants of katG). In addition, MDS analysis indicated that the  
native and mutant docked complexes of inhA and katG had good stability and  
remained compact in the binding pocket of the targets. In vitro studies can  
further validate the compounds that can act as INH competitive  
inhibitors.Communicated by Ramaswamy H. Sarma. 
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Recent TB News 
 

1. NHIA Expands Health Insurance Coverage For PLHIV, Drug-Resistant TB Patients 
 
https://sciencenigeria.com/nhia-expands-health-insurance-coverage-for-plhiv-drug-
resistant-tb-patients/ 
 
A new initiative in Nigeria aims to provide state health insurance to any patient with drug 
resistant TB in the country. Implementation will begin in February 2025 and aims to 
expand access to care by reducing financial burden for patients. 
 

2. New antibiotic shows promise in fighting tuberculosis 
 
https://www.news-medical.net/news/20250109/New-antibiotic-shows-promise-in-
fighting-tuberculosis.aspx 
 
Preliminary findings from the phase 1B PanACEA trial shows promising results for a 
new antibiotic, BTZ-043. The aim is to create an antibiotic that can treat MDR-TB. So 
far, the trial has shown antibacterial efficacy in a cohort of 77 individuals with newly 
diagnosed pulmonary TB. 
 

3. Experts worry over TB treatment resistance, transmission 
 
https://guardian.ng/features/health/experts-worry-over-tb-treatment-resistance-
transmission/ 

https://sciencenigeria.com/nhia-expands-health-insurance-coverage-for-plhiv-drug-resistant-tb-patients/
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A new study revealed that resistance is developing to the 6-month BPaLM regimen 
recommended by the WHO. The study investigated around 90,000 strains of M. 
tuberculosis from around the world and found that 28% showed resistance to both older 
and new treatment options, including the BPaLM regimen. Additionally, resistant strain 
transmission is being observed between patients. 


