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OBJECTIVES: Heteroresistant infections are defined as infections in which a  
mixture of drug-resistant and drug-susceptible populations are present. In  
Mycobacterium tuberculosis (M. tb), heteroresistance poses a challenge in  
diagnosis and has been linked with poor treatment outcomes. We compared the  
analytical sensitivity of molecular methods, such as GeneXpert and whole genome  
sequencing (WGS) in detecting heteroresistance when compared with the 'gold  
standard' phenotypic assay: the agar proportion method (APM). 
METHODS: Using two rounds of proficiency surveys with defined monoresistant BCG  
strains and mixtures of susceptible/resistant M. tb, we determined the limit of  
detection (LOD) of known resistance associated mutations. 
RESULTS: The LOD for rifampin-R (RIF-R) detection was 1% using APM, 60% using  
GeneXpert MTB/RIF, 10% using GeneXpert MTB/RIF Ultra and 10% using WGS. While  
WGS could detect mutations beyond those associated with RIF resistance, the LOD  
for these other mutations was also 10%. Additionally, we observed instances  



where laboratories did not report resistance in the majority population, yet the  
mutations were present in the raw sequence data. 
CONCLUSION: The gold standard APM detects minority resistant populations at a  
lower proportion than molecular tests. Mycobacterium bovis BCG strains with  
defined resistance and extracted DNA from M. tb provided concordant results and  
can serve in quality control of laboratories offering molecular testing for  
resistance. Further research is required to determine whether the higher LOD of  
molecular tests is associated with negative treatment outcomes. 
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PURPOSE: In this study, we aimed to determine the transmission pattern of  
multidrug-resistant tuberculosis (MDR-TB) isolates circulating in Jiangxi  
Province with whole-genome sequencing (WGS). In addition, we also sought to  
describe mutational resistome of MDR-TB isolates. 
PATIENTS AND METHODS: A total of 115 MDR-TB isolates determined by the  
phenotypic proportion method of drug susceptibility testing between January 2018  
and December 2022 from provincial drug surveillance (DRS) in Jiangxi were  
included in our analysis. The demographic data and treatment history were  
extracted from the National TB Registry System. WGS was used to analyze the  
genotypic characteristics of drug resistance and transmissions. 
RESULTS: About 62.6% of MDR-TB strains were isolated from cases that received  
previous anti-tuberculosis treatment. According to the WGS results, 96.5% were  



genotypic MDR-TB, and more than half of MDR-TB isolates tested were also  
resistant to streptomycin (59.1%), ethambutol (56.5%), and fluroquinolones  
(53.0%), while resistance to cycloserine and linezolid was lowest, only in two  
(1.7%) and one (0.9%) isolate, respectively. Ser450Leu in rpoB (57.9%),  
Ser315Thr in katG (74.1%), Met306Val in embB (40.0%), Lys43Arg in rpsL (75.0%),  
Ala90Val in gyrA (32.8%) were predominant mutant types among the rifampin-,  
isoniazid-, ethambutol-, streptomycin-, fluoroquinolones-resistant isolates,  
respectively. Lineage 2 (East Asian genotype) occurred at the highest frequency  
with 97 cases (84.3%), followed by lineage 4 (Euro-American genotype) with 18  
cases (15.7%). Additionally, 5 clusters consisting of 10 isolates were  
identified in the present study, demonstrating a clustering rate of 8.7%. 
CONCLUSION: MDR/Rifampicin-Resistant (RR)-TB epidemic in this region is driven  
by lineage 2 clade that also show higher resistance to other anti-tuberculosis  
drugs. Lower cluster rates compared with a relatively higher proportion of new  
MDR-TB cases indicate that a considerable number of MDR-TB cases remain  
undiagnosed. 
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BACKGROUND: Tuberculosis (TB), one of the deadliest infectious diseases  
globally, is increasingly exacerbated in China by the emergence of resistant  
Mycobacterium tuberculosis (MTB) strains. Drug-resistant TB, including mono-drug  
resistant TB, multidrug-resistant TB (MDR-TB), and extensively drug-resistant TB  
(XDR-TB), presents significant public health challenges. 
METHODS: We conducted a systematic literature review from January 2010 to  
February 2024 using databases such as PubMed, Embase, Web of Science, and Google  
Scholar. Our focus was on empirical data related to drug resistance patterns in  
newly diagnosed TB cases. Non-empirical studies were excluded through meticulous  
filtering. For meta-analysis, we used Review Manager (RevMan) 5.2 and assessed  
evidence quality using the Newcastle-Ottawa Scale (NOS). 
RESULTS: Our search strategy identified 40 studies that met the inclusion  
criteria, encompassing a total sample size of 87,667 participants. Among new TB  
cases, the estimated prevalence of MDR-TB in China was 6.9% (95% CI: 5.6-8.1%).  
Prevalence rates for mono-drug resistance to first-line anti-TB medications were  
as follows: isoniazid at 18.2% (95% CI: 16.4-20.6%), rifampicin at 10.5% (95%  
CI: 8.6-12.8%), and ethambutol at 5.7% (95% CI: 4.1-7.3%). The prevalence of  
streptomycin resistance, a former first-line anti-TB drug, was 17.1% (95% CI:  
14.6-19.1%). The prevalence of other types of mono-drug resistance was 15.2%  
(95% CI: 13.9-17.3%), and for XDR-TB, it was 0.9% (95% CI: 0.6-1.4%). 
CONCLUSIONS: The high prevalence of drug-resistant TB in China poses a  
significant public health challenge. There is an urgent need for targeted  
interventions and continued surveillance to combat the spread of drug-resistant  
TB. 
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India's projected silica-dust-exposed workers will be 52 million at the end of  
2025. Elimination of tuberculosis is also targeted in India by 2025. Scientists  
in India have already pointed out that unless silicosis is controlled, the said  
elimination is difficult to achieve. This study evidences an increasing  
incidence of tuberculosis and multidrug resistant tuberculosis (MDR-TB) with  
five deaths due to treatment failure among the silica dust-exposed workers  
compared to their unexposed counterparts. It was also observed that both  
tuberculosis as well as MDR-TB were directly proportional to the dose and/or  
duration of silica dust exposure. This means the incidence of MDR-TB is lowest  
in the unexposed group, moderate in the radiologically negative but silica dust  
exposed group (subradiological silicosis due to moderate exposure), and highest  
in the radiologically confirmed silicotic workers (maximally exposed group.  
Since India has a huge burden of silicosis, they are vulnerable to tuberculosis  
including multidrug-resistant tuberculosis resulting in the emergence of MDR-TB  
among the silica dust-exposed workers. This will also lead to a silent epidemic  
of silicotuberculosis in India shortly. Therefore, it would be important to have  
tools to quickly detect silicosis cases at an early stage to identify a  
vulnerable population and adopt an effective intervention measure. 
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INTRODUCTION: This study aimed to analyze the risk factors associated with  
isoniazid-resistant and rifampicin-susceptible tuberculosis (Hr-TB) in adults. 
METHOD: The clinical data of 1,844 adult inpatients diagnosed with  
culture-positive pulmonary tuberculosis (PTB) in Nanjing Second Hospital from  
January 2019 and December 2021 were collected. All culture positive strain from  
the patient specimens underwent drug susceptibility testing (DST). Among them,  
166 patients with Hr-TB were categorized as the Hr-TB group, while the remaining  
1,678 patients were classified as having drug-susceptible tuberculosis (DS-TB).  
Hierarchical logistic regression was employed for multivariate analysis to  
identify variables associated with Hr-TB. 
RESULTS: Multivariate logistic regression analysis revealed that individuals  
with diabetes mellitus (DM) (OR 1.472, 95% CI 1.037-2.088, p = 0.030) and a  
history of previous tuberculosis treatment (OR 2.913, 95% CI 1.971-4.306,  
p = 0.000) were at higher risk of developing adult Hr-TB, with this risk being  
more pronounced in male patients. Within the cohort, 1,640 patients were newly  
treated, and among them, DM (OR 1.662, 95% CI 1.123-2.461, p = 0.011) was  
identified as risk factors for Hr-TB. 
CONCLUSIONS: Diabetes mellitus is a risk factor for Hr-TB in adults, and the  
contribution of diabetes as a risk factor was more pronounced in the newly  
treatment or male subgroup. And previous TB treatment history is also a risk  
factor for Hr-TB in adults. 
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BACKGROUND: Targeted next-generation sequencing (NGS) can rapidly and  
simultaneously detect mutations associated with resistance to tuberculosis drugs  
across multiple gene targets. The use of targeted NGS to diagnose drug-resistant  
tuberculosis, as described in publicly available data, has not been  
comprehensively reviewed. We aimed to identify targeted NGS assays that diagnose  
drug-resistant tuberculosis, determine how widely this technology has been used,  
and assess the diagnostic accuracy of these assays. 
METHODS: In this systematic review and meta-analysis, we searched MEDLINE,  
Embase, Cochrane Library, Web of Science Core Collection, Global Index Medicus,  
Google Scholar, ClinicalTrials.gov, and the WHO International Clinical Trials  
Registry Platform for published and unpublished reports on targeted NGS for  
drug-resistant tuberculosis from Jan 1, 2005, to Oct 14, 2022, with updates to  
our search in Embase and Google Scholar until Feb 13, 2024. Studies eligible for  
the systematic review described targeted NGS approaches to predict drug  
resistance in Mycobacterium tuberculosis infections using primary samples,  
reference strain collections, or cultured isolates from individuals with  
presumed or confirmed tuberculosis. Our search had no limitations on study type  
or language, although only reports in English, German, and French were screened  
for eligibility. For the meta-analysis, we included test accuracy studies that  
used any reference standard, and we assessed risk of bias using the Quality  
Assessment of Diagnostic Accuracy Studies-2 tool. The primary outcomes for the  
meta-analysis were sensitivity and specificity of targeted NGS to diagnose  
drug-resistant tuberculosis compared to phenotypic and genotypic drug  
susceptibility testing. We used a Bayesian bivariate model to generate summary  
receiver operating characteristic plots and diagnostic accuracy measures,  
overall and stratified by drug and sample type. This study is registered with  
PROSPERO, CRD42022368707. 
FINDINGS: We identified and screened 2920 reports, of which 124 were eligible  
for our systematic review, including 37 review articles and 87 reports of  
studies collecting samples for targeted NGS. Sequencing was mainly done in the  
USA (14 [16%] of 87), western Europe (ten [11%]), India (ten [11%]), and China  



(nine [10%]). We included 24 test accuracy studies in the meta-analysis, in  
which 23 different tuberculosis drugs or drug groups were assessed, covering  
first-line drugs, injectable drugs, and fluoroquinolones and predominantly  
comparing targeted NGS with phenotypic drug susceptibility testing. The combined  
sensitivity of targeted NGS across all drugs was 94·1% (95% credible interval  
[CrI] 90·9-96·3) and specificity was 98·1% (97·0-98·9). Sensitivity for  
individual drugs ranged from 76·5% (52·5-92·3) for capreomycin to 99·1%  
(98·3-99·7) for rifampicin; specificity ranged from 93·1% (88·0-96·3) for  
ethambutol to 99·4% (98·3-99·8) for amikacin. Diagnostic accuracy was similar  
for primary clinical samples and culture isolates overall and for rifampicin,  
isoniazid, ethambutol, streptomycin, and fluoroquinolones, and similar after  
excluding studies at high risk of bias (overall sensitivity 95·2% [95% CrI  
91·7-97·1] and specificity 98·6% [97·4-99·3]). 
INTERPRETATION: Targeted NGS is highly sensitive and specific for detecting drug  
resistance across panels of tuberculosis drugs and can be performed directly on  
clinical samples. There is a paucity of data on performance for some currently  
recommended drugs. The barriers preventing the use of targeted NGS to diagnose  
drug-resistant tuberculosis in high-burden countries need to be addressed. 
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National Science Foundation. 
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BACKGROUND: Tuberculosis (TB) remains a global public health event of great  
concern, however epidemic data on TB covering entire areas during the special  
period of the COVID-19 epidemic have rarely been reported. We compared the  
dissemination and multidrug-resistance patterns of Mycobacterium tuberculosis  
complex (MTBC) in the main urban area of Luoyang City, China (including six  
municipal jurisdictions) and nine county and township areas under its  
jurisdiction, aimed to establish the epidemiology of TB in this region and to  
provide reference for precision anti-TB in places with similar settings. 
METHODS: From 2020 to 2022, sputum samples were collected from 18,504 patients  
with confirmed, suspected and unexcluded TB in 10 designated TB medical  
institutions. Insertion sequence 6110 was amplified by PCR (rpoB gene detection  
if necessary) to confirm the presence of MTBC. PCR-positive specimens were  
analyzed by multicolor melting curve analysis to detect multidrug resistance. 
RESULTS: Among the 18,504 specimens, 2675 (14.5%) were MTBC positive. The  
positive rate was higher in the main urban area than in the county and township  
areas (29.8% vs. 10.9%, p < 0.001). Male, re-treated and smear-positive groups  
were high-burden carriers of MTBC. Individuals aged > 60 years were the largest  
group infected with MTBC in the main urban area, compared with individuals  
aged < 61 years in the county and township areas. The detection of  
multidrug-resistant TB (MDR-TB) was higher in the main urban area than in the  
county and township areas (13.9% vs. 7.8%, p < 0.001). In all areas, MDR-TB  
groups were dominated by males, patients with a history of TB treatment, and  
patients aged < 61 years. Stratified analysis of MDR-TB epidemiology showed that  
MDR4 (INH þ RIF þ EMB þ SM) was predominant in the main urban area, while MDR3  
(INH þ RIF þ SM) was predominant in the county and township areas. MDR-TB  
detection rate and epidemiology differed among the county and township areas. 
CONCLUSIONS: For local TB control, it is necessary to plan more appropriate and  
accurate prevention and control strategies according to the regional  
distribution of MTBC infection. 
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Tuberculosis (TB) remains a global health challenge with the emergence of  
drug-resistant Mycobacterium tuberculosis variants, necessitating innovative  
drug molecules. One potential target is the cell wall synthesis enzyme  
decaprenylphosphoryl-β-D-ribose 2'-epimerase (DprE1), crucial for virulence and  
survival. This study employed virtual screening of 111 Protein Data Bank (PDB)  
database molecules known for their inhibitory biological activity against DprE1  
with known IC50 values. Six compounds, PubChem ID: 390820, 86287492, 155294899,  
155522922, 162651615, and 162665075, exhibited promising attributes as drug  
candidates and validated against clinical trial inhibitors BTZ043, TBA-7371,  
PBTZ169, and OPC-167832. Concurrently, this research focused on DprE1 mutation  
effects using molecular dynamic simulations. Among the 10 mutations tested,  
C387N significantly influenced protein behavior, leading to structural  
alterations observed through root-mean-square deviation (RMSD), root-mean-square  
fluctuation (RMSF), radius of gyration (Rg), and solvent-accessible surface area  
(SASA) analysis. Ligand 2 (ID: 390820) emerged as a promising candidate through  
ligand-based pharmacophore analysis, displaying enhanced binding compared with  
reference inhibitors. Molecular dynamic simulations highlighted ligand 2's  
interaction with the C387N mutation, reducing fluctuations, augmenting hydrogen  
bonding, and influencing solvent accessibility. These collective findings  
emphasize ligand 2's efficacy, particularly against severe mutations, in  
enhancing protein-ligand complex stability. Integrated computational and  
pharmacophore methodologies offer valuable insights into drug candidates and  
their interactions within intricate protein environments. This research lays a  
strategic foundation for targeted interventions against drug-resistant TB,  
highlighting ligand 2's potential for advanced drug development strategies. 
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The Nix-TB clinical trial evaluated a new 6-month regimen containing three-oral-  
drugs; bedaquiline (B), pretomanid (Pa) and linezolid (L) (BPaL regimen) for  
treatment of tuberculosis (TB). This regimen achieved remarkable results as  
almost 90% of the multidrug resistant (MDR) or extensively drug resistant (XDR)  
TB participants were cured but many patients also developed severe adverse  
events (AEs). The AEs were associated with the long-term administration of the  
protein synthesis inhibitor linezolid. Spectinamide 1599 is also a protein  
synthesis inhibitor of Mycobacterium tuberculosis with an excellent safety  
profile but which lacks oral bioavailability. Here, we propose to replace L in  
the BPaL regimen with spectinamide (S) administered via inhalation and we  
demonstrate that inhaled spectinamide 1599, combined with BPa --BPaS  
regimen--has similar efficacy to that of BPaL regimen while simultaneously  
avoiding the L-associated AEs. The BPaL and BPaS regimens were compared in the  
BALB/c and C3HeB/FeJ murine chronic TB efficacy models. After 4-weeks of  
treatment, both regimens promoted equivalent bactericidal effect in both TB  
murine models. However, treatment with BPaL resulted in significant weight loss  
and the complete blood count suggested development of anemia. These effects were  
not similarly observed in mice treated with BPaS. BPaL and BPa, but no the BPaS  
treatment, also decreased myeloid to erythroid ratio suggesting the S in the  
BPaS regimen was able to recover this effect. Moreover, the BPaL also increased  
concentration of proinflammatory cytokines in bone marrow compared to mice  
receiving BPaS regimen. During therapy both regimens improved the lung lesion  
burden, reduced neutrophil and cytotoxic T cells counts while increased the  
number of B and helper and regulatory T cells. These combined data suggest that  
inhaled spectinamide 1599 combined with BPa is an effective TB regimen that  
avoids L-associated AEs. 
IMPORTANCE: Tuberculosis (TB) is an airborne infectious disease that spreads via  
aerosols containing Mycobacterium tuberculosis (Mtb), the causative agent of TB.  
TB can be cured by administration of 3-4 drugs for 6-9 months but there are  
limited treatment options for patients infected with multidrug (MDR) and  
extensively resistant (XDR) strains of Mtb. BPaL is a new all-oral combination  
of drugs consisting of Bedaquiline (B), Pretomanid (Pa) and Linezolid (L). This  
regimen was able to cure ∼90% of MDR and XDR TB patients in clinical trials but  
many patients developed severe adverse events (AEs) associated to the long-term  
administration of linezolid. We evaluated a new regimen in which Linezolid in  
the BPaL regimen was replaced with inhaled spectinamide 1599. In the current  
study, we demonstrate that 4-weeks of treatment with inhaled spectinamide 1599  
in combination with Bedaquiline and Pretomanid has equivalent efficacy to the  
BPaL drug combination and avoids the L-associated-AEs. 
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outcomes among drug-resistant tuberculosis patients: a retrospective  
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Background: This study examined the time to sputum smear and culture conversion  
and determinants of conversion, as well as variables associated with treatment  
outcomes among drug-resistant pulmonary tuberculosis (DR-PTB) cases. Methods:  
The electronic database and written medical records of patients were utilized to  
assess the sociodemographic, clinical, microbiological, and treatment  
characteristics and outcomes of study participants. Results: Among 736 patients  
with pulmonary tuberculosis (PTB), the mean age was 36.5 ± 16.5 years, with  
males comprising 53.4% and a mean weight of 47.76 ± 11.97 kg. The median time  
period for sputum smear conversion and sputum culture conversion was a month.  
The first-month culture conversion (p < 0.001, aOR = 5.817, and 95% CI =  
3.703-9.138) was the determinant of sputum smear conversion and receiver  
operating curve analysis with AUC = 0.881, 95% CI = 0.855-0.907, and p < 0.001,  
which showed a high level of predictive ability for the regression model for the  
initial sputum smear conversion. However, the first-month sputum conversion (p <  
0.001, aOR = 7.446, and 95% CI = 4.869-11.388) was attributed to sputum culture  
conversion, and the model has shown excellent predictive ability for regression  
with ROC curve analysis demonstrating AUC = 0.862, 95% CI = 0.835-0.889, and p <  
0.001. A total of 63.2% of patients showed favorable treatment outcomes, with  
63.1% of cases achieving treatment-cured status. The previous use of SLD,  
history of smoking, duration of illness ≤ 1 year, extensively drug-resistant  
tuberculosis, and first-month sputum conversion were the variables attributed to  
favorable treatment outcomes observed in drug-resistant pulmonary tuberculosis  



cases. ROC curve analysis with AUC = 0.902, 95% CI = 0.877-0.927, and p < 0.001)  
has shown outstanding ability for regression model prediction for the variables  
influencing treatment outcomes. Conclusions: Within 2 months of treatment, most  
patients had converted their sputum cultures and sputum smears. The determinants  
of early sputum smear and sputum culture conversion, as well as favorable  
treatment outcomes, were identified. These factors should be considered during  
the design and implementation of effective strategies for drug-resistant  
tuberculosis control programs. 
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BACKGROUND: Co-infection of Mycobacterium tuberculosis (MTB) and the Human  
Immunodeficiency Virus (HIV) is a major global public health issue, particularly  
in border areas of resource-limited nations, including Ethiopia. 
OBJECTIVE: To explore the prevalence and associated variables of MTB/HIV  
co-infection among PTB presumptive patients in Northwest Ethiopia. 
METHODS: From February to August 2021, a cross-sectional institutional  
investigation was conducted at the Metema and Abrehajira hospitals.  
Semi-structured questionnaires were used to collect socio-demographic and  
clinical data. The MTB/RIF Xpert assay was used to process sputum, and 3 ml of  
veins blood was collected for HIV rapid test (STAT-PAK, ABON, and SD BIOLINE HIV  
test algorithm) following the Ethiopian National HIV test algorithm. The Gene  
Xpert assay's sample processing control was checked to ensure data quality. Data  
entered into Epi-Data were exported to SPSS version 20 for analysis.  
Statistically significant variables (p-value ≤0.2) from bivariable analysis were  



included in multivariable analysis. A p-value ≤ 0.05 was judged statistically  
significant. 
RESULTS: This study included 314 PTB presumptive patients with a median age of  
35.0 years, of which 178 (56.69 %) were males. Among all patients, 40(12.7 %)  
and 51(16.2 %) were PTB, and HIV seropositivity, respectively. Of the PTB  
patients, 14/40 (35 %) (95 % CI: 24.4-45.6) were co-infected with HIV/AIDS.  
Married patients were 70 % less likely than unmarried individuals (AOR = 0.3 CI;  
0.07-0.98) to have MTB/HIV co-infection. Patients who had contact history with  
MDR-TB patients (AOR = 5 CI; 1.37-18.00), and those who had a history of alcohol  
use (AOR = 12.2 CI; 2.56-57.8) were more likely to have MTB-HIV co-infection  
than their peers. 
CONCLUSION: Our findings showed that MTB-HIV co-infection is one of the most  
important community health concerns in the study area. Therefore, MTB/HIV  
cooperation activities should be fully in place to prevent co-infection and its  
impact on the population. 
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BACKGROUND: In 2019, the South African tuberculosis program replaced ethionamide  
with linezolid as part of an all-oral 9-month regimen. We evaluated treatment  
outcomes for patients assigned to regimens including linezolid in 2019 and  
ethionamide in 2017. 
METHODS: This retrospective cohort study included patients treated for  
multidrug-resistant/rifampicin-resistant tuberculosis throughout South Africa  
between 1 January and 31 December 2017 and 1 January to 31 December 2019. The  



cohort treated with a 9-month regimen containing ethionamide for four months,  
was compared with a cohort treated with a 9-month regimen containing linezolid  
for 2 months. The regimens were otherwise identical. Inverse probability  
weighting of propensity scores was used to adjust for potential confounding. A  
log-binomial regression model was used to estimate adjusted relative risk (aRR)  
comparing 24-month outcomes between cohorts including treatment success, death,  
loss to follow up, and treatment failure. Adverse event data were available for  
the linezolid cohort. 
FINDINGS: In total, 817 patients were included in the cohort receiving  
ethionamide and 4244 in the cohort receiving linezolid. No evidence for a  
difference was observed between linezolid and ethionamide regimens for treatment  
success (aRR = 0.96, 95% confidence interval [CI] .91-1.01), death (aRR = 1.01,  
95% CI .87-1.17) or treatment failure (aRR = 0.87, 95% CI .44-1.75). Loss to  
follow-up was more common in the linezolid group, although estimates were  
imprecise (aRR = 1.22, 95% CI .99-1.50). 
CONCLUSIONS: No significant differences in treatment success and survival were  
observed with substitution of linezolid for ethionamide as a part of an all-oral  
9-month regimen. Linezolid is an acceptable alternative to ethionamide in this  
shorter regimen for treatment of multidrug-resistant/rifampicin-resistant  
tuberculosis. 
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Tuberculosis (TB) stands as the second most prevalent cause of global human  
mortality from infectious diseases. In 2022, the World Health Organization  
documented an estimated number of global TB cases reaching 7.5 million, which  
causes death for 1.13 million patients. The continuous growth of drug-resistant  
TB cases due to various mutations in the Mycobacterium tuberculosis (MTB)  
strain, raises the urgency of the exploration of novel anti-TB treatments.  
Ursolic acid (UA) is a natural pentacyclic triterpene found in various plants  
that has shown potential as a novel anti-TB agent. This review aims to provide  
an overview of the therapeutic prospects of UA against MTB, with a particular  
emphasis on in silico, in vitro, and in vivo studies. Various mechanisms of  
action of UA against MTB are briefly recapped from in silico studies, such as  
enoyl acyl carrier protein reductase inhibitors, FadA5 (Acetyl-CoA  
acetyltransferase) inhibitors, tuberculosinyl adenosine transferase inhibitors,  
and small heat shock protein 16.3 inhibitor. The potential of UA to overcome  
drug resistance and its synergistic effects with existing antituberculosis drugs  
are briefly explained from in vitro studies using a variety of methods, such as  
Microplate Alamar Blue Assay, Mycobacteria Growth Indicator Tube 960 and  
Resazurin Assays, morphological change evaluation using transmission electron  
microscopy, and in vivo studies using BALB/C infected with multi drug resistant  
clinical isolates. Besides its promising mechanism as an antituberculosis drug,  
its complex chemical composition, limited availability and supply, and lack of  
intellectual property are also reviewed as those are the most frequently  
occurring challenges that need to be addressed for the successful development of  
UA as novel anti-TB agent. 
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OBJECTIVE: We compared the MeltPro assay to whole-genome sequencing (WGS) to  
investigate the molecular characterization of second-line injectable drug (SLID)  
resistance in multidrug-resistant tuberculosis (MDR-TB) isolates in Chongqing,  
China. 
METHODS: A total of 122 MDR-TB patient isolates were collected between March  
2019 and June 2020 from Chongqing Municipality, China. Conventional  
drug-susceptibility testing was performed using the proportion method, followed  
to generate minimum inhibitory concentrations (MICs) of SLIDs determined by  
microplate alamarblue assay. All strains were subjected to both MeltPro and WGS  
assays. 
RESULTS: Among 122 MDR-TB isolates, 30 (24.6%), 22 (18.0%), and 14 (11.5%) were  
resistant to kanamycin (KM), amikacin (AM), and capreomycin (CM), respectively.  
Of the 31 SLID-resistant isolates, 24 (77.4%, 24/31) isolates harbored mutations  
in the rrs gene, with the most prevalent mutations in rrs A1401G (22/24, 91.7%).  
Mutation in rrs A1401G was associated with high levels of resistance to KM (MIC,  
≥40 μg/mL) and AM (MIC, ≥64 μg/mL), but disparities in CM-resistance levels.  
Using phenotypic drug-susceptibility testing as gold standard, we found that the  
overall sensitivity of MeltPro and WGS was 87.1% and 90.32% and specificity 100%  
and 97.8%, respectively. Seven isolates had discordant results between  
phenotypic and genotypic resistance of SLIDs. 
CONCLUSION: MeltPro is a promising diagnostic tool for accurate identification  
of SLID-resistant MTB isolates with mutations in the rrs and eis genes. There  
was a disparity between MeltPro with WGS results in the proportion of  
heterogeneous drug-resistant bacteria with rrs mutation and limited probes.  
Resistance mechanisms other than genetic mutations will affect the consistency  
of MeltPro and WGS with phenotypic drug-susceptibility results. 
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INTRODUCTION: There is a global gap between tuberculosis incident cases and the  
notified cases. Active household contact investigation is one of the strategies  
to narrow this gap. It has the advantage of giving early diagnosis and  
preventive treatment to vulnerable and eligible groups. This study assessed the  
practice of contact investigation and tuberculosis preventive treatment  
adherence in central Ethiopia. 
METHOD: A cross-sectional study covering all registered bacteriologically  
confirmed pulmonary tuberculosis patients and their close contacts was conducted  
in central Ethiopia from January 1, 2022, to December 30, 2022. 
RESULT: A total of 1372 household contacts were declared by the index cases.  
From these 79.44 % (1090) contacts received a one-time tuberculosis screening  
giving a total of four (0.36 %) active TB cases. Among 484 household contacts of  
drug-resistant tuberculosis index cases, 5.53 % (14) had presumptive  
tuberculosis and 0.79 % (2) had active tuberculosis. While among 837 household  
contacts of drug-susceptible tuberculosis index cases presumptive TB cases were  
1.91 % (16) and active TB cases were 0.23 % (2). Of the 142 eligible under 15  
children 81.69 % (116) had started tuberculosis preventive treatment and 84.48 %  
(98) completed the treatment. On multivariable logistic regression, the  
associated factor for tuberculosis preventive treatment non-adherence was age  
2-5 years (aOR, 0.02, 95 % CI (0.002-0.20) and age 5-15 years (aOR, 0.04,95 % CI  
(0.002-0 0.95)) P=<0.05). 
CONCLUSION: There was low contact screening practice in the DR-TB index cases as  
compared to national and global targets. The yield of routine contact  
investigation was low and it indicates the quality of screening. Tuberculosis  
preventive treatment initiation and completion rates were also low as compared  
to those of many other countries and global achievements which need further  
improvement, especially for completion. Alternative mechanisms should be planned  
to increase the yield of tuberculosis screening and tuberculosis preventive  
treatment adherence. 
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BACKGROUND: Pharmacokinetic studies of bedaquiline and delamanid in patients  
with pre-extensively drug-resistant tuberculosis (pre-XDR TB) will help in the  
optimization of these drugs for both culture conversion and adverse events. 
METHODS: A prospective cohort of 165 adult patients (56% male with mean [SD] age  
29 [9.7] years) with pre-XDR TB was treated with bedaquiline, delamanid,  
clofazimine, and linezolid for 24 weeks at 5 sites in India. Bedaquiline was  
administered at 400 mg daily for 2 weeks followed by 200 mg thrice weekly for 22  
weeks, whereas delamanid was administered at 100 mg twice daily. In 23  
consenting participants at 8 and 16 weeks of treatment, blood was collected at  
0, 2, 4, 5, 6, 8, 12, and 24 hours postdosing for an intense pharmacokinetic  
study. Pharmacokinetic parameters were correlated with sputum culture conversion  
and adverse events. 
RESULTS: The mean (SD) age and weight of patients were 30 (10) years and 54 kg,  
respectively. The median minimum concentration (C min ) and time-concentration  
curve (AUC) for bedaquiline, respectively, were 0.6 mcg/mL and 27 mcg/mL·h at  
week 8 and 0.8 mcg/mL and 36 mcg/mL·h at week 16, suggesting drug accumulation  
over time. The median C min and AUC of delamanid, respectively, were 0.17 mcg/mL  
and 5.1 mcg/mL·h at week 8 and 0.20 mcg/mL and 7.5 mcg/mL·h at week 16. Delay in  
sputum conversion was observed in patients with drug concentrations lower than  
the targeted concentration. At weeks 8 and 16, 13 adverse events were observed.  
Adverse events were resolved through symptomatic treatment. Body mass index was  
found to be significantly associated with drug-exposure parameters. 
CONCLUSIONS: Bedaquiline and delamanid when co-administered exhibit plasma drug  
levels within the targeted concentrations, showing an exposure-response  
relationship. 
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Children have not equitably benefitted from improved RR-TB treatment shown to be  
efficacious in adults. This study from Afghanistan demonstrates short regimens  
are safe and effective in children, regardless of disease severity and  
resistance complexity. https://bit.ly/3UnWm43 
 
Clinical trials evaluating 9-month/7-drug and 6-month/4-drug all-oral treatment  
regimens for rifampicin-resistant (RR) tuberculosis (TB) showed that these are  
at least as effective and safer than previously used longer and  
injectable-containing regimens [1–4]. These findings have directly informed  
World Health Organization (WHO) guidelines for the treatment of adults with  
RR-TB, including those with pre-extensively drug-resistant TB (pre-XDR-TB; RR-TB  
with resistance to fluoroquinolones (FQ)) [5]. However, children were not  
included in these trials. In particular for children with pre-XDR-TB, severe TB  
disease or extrapulmonary TB (other than peripheral lymphadenitis), this has  
dire consequences. They are still treated with individualised 18-month regimens,  
which are not only longer, but also more toxic, less effective and with a higher  



pill burden than regimens for adults with a similar condition [5, 6]. 
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Targeted Next Generation Sequencing (tNGS) and Whole Genome Sequencing (WGS) are  
increasingly used for genotypic drug susceptibility testing (gDST) of  
Mycobacterium tuberculosis. Thirty-two multi-drugs resistant and 40 drug  
susceptible isolates from Madagascar were tested with Deeplex® Myc-TB and WGS  
using the Mykrobe analysis pipeline. Sixty-four of 72 (89 %) yielded concordant  



categorical gDST results for drugs tested by both assays. Mykrobe didn't detect  
pncA K96T, pncA Q141P, pncA H51P, pncA H82R, rrs C517T and rpsL K43R mutations,  
which were identified as minority variants in corresponding isolates by tNGS.  
One discrepancy (rrs C517T) was associated with insufficient sequencing depth on  
WGS. Deeplex® Myc-TB didn't detect inhA G-154A which isn't covered by the  
assay's amplification targets. Despite those targets being included in the  
Deeplex® Myc-TB assay, a pncA T47A and a deletion in gid were not identified in  
one isolate respectively. The evaluated WGS and tNGS gDST assays show high but  
imperfect concordance. 
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Tuberculosis (TB), caused by Mycobacterium tuberculosis, has a significant  
impact on global health worldwide. The development of multi-drug resistant  
strains that are resistant to the first-line drugs isoniazid and rifampicin  
threatens public health security. Rifampicin and isoniazid resistance are  
largely underpinned by mutations in rpoB and katG respectively and are  
associated with fitness costs. Compensatory mutations are considered to  
alleviate these fitness costs and have been observed in rpoC/rpoA (rifampicin)  
and oxyR'-ahpC (isoniazid). We developed a framework (CompMut-TB) to detect  
compensatory mutations from whole genome sequences from a large dataset  
comprised of 18,396 M. tuberculosis samples. We performed association analysis  
(Fisher's exact tests) to identify pairs of mutations that are associated with  
drug-resistance, followed by mediation analysis to identify complementary or  



full mediators of drug-resistance. The analyses revealed several potential  
mutations in rpoC (N = 47), rpoA (N = 4), and oxyR'-ahpC (N = 7) that were  
considered either 'highly likely' or 'likely' to confer compensatory effects on  
drug-resistance, including mutations that have previously been reported and  
validated. Overall, we have developed the CompMut-TB framework which can assist  
with identifying compensatory mutations which is important for more precise  
genome-based profiling of drug-resistant TB strains and to further understanding  
of the evolutionary mechanisms that underpin drug-resistance. 
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Regimens for the treatment of rifampicin-resistant tuberculosis currently rely  
on the use of QT-prolonging agents. Using data from the randomized controlled  
trial, TB-PRACTECAL, we investigated differences in QTcF among participants in  
the three interventional arms: BPaL (bedaquiline, pretomanid, and linezolid),  
BPaLC (BPaL with clofazimine), and BPaLM (BPaL with moxifloxacin). Additionally,  
we assessed whether age, body mass index, and country were causally associated  
with QTcF prolongation. The trial included participants from South Africa,  
Uzbekistan, and Belarus. A post hoc analysis of electrocardiogram data was  
undertaken. Random effects regression was used to model QTcF longitudinally over  
24 weeks and causal frameworks guided the analysis of non-randomized independent  
variables. 328 participants were included in BPaL-based arms. The longitudinal  
analysis of investigational arms showed an initial QTcF steep increase in the  
first week. QTcF trajectories between weeks 2 and 24 differed slightly by  
regimen, with highest mean peak for BPaLC (QTcF 446.5 ms). Overall, there were  
397 QTcF >450 ms (of 3,744) and only one QTcF >500 ms. The odds of QTcF >450 ms  
among participants in any investigational arm, was 8.33 times higher in  
Uzbekistan compared to Belarus (95% confidence interval: 3.25-21.33). No effect  
on QTcF prolongation was found for baseline age or body mass index (BMI).  
Clinically significant QTc prolongation was rare in this cohort of closely  
monitored participants. Across BPaL-based regimens, BPaLC showed a slightly  
longer and sustained effect on QTcF prolongation, but the differences (both in  
magnitude of change and trajectory over time) were clinically unimportant. The  
disparity in the risk of QTc prolongation across countries would be an important  
factor to further investigate when evaluating monitoring strategies. 
CLINICAL TRIALS: This study is registered with ClinicalTrials.gov as  
NCT02589782. 
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This study aims to elucidate additional mutation loci associated with  
fluoroquinolone (FQ) resistance and evaluate the discriminatory capacity of  
mutation loci and allele mutation frequencies in identifying FQ-resistant  
Mycobacterium tuberculosis (MTB) isolates. A random selection of isolates was  
extracted from an ongoing collection. Drug resistance was determined using the  
resazurin microtiter assay (REMA) as the gold standard. Mutation loci and the  
burden of mutations in the quinolone resistance-determining region (QRDR) were  
elucidated through whole-genome sequencing (WGS). Novel amino acid mutations,  
namely, G520D and G520T, were identified in the gyrB and associated with FQ  
resistance. In the context of distinguishing FQ-resistant isolates, the AUC for  
the QRDR mutation frequency burden (0.969) surpassed that of the mutation locus  
(0.929), and this difference was statistically significant (P = 0.03).  
Furthermore, using the resistance mutation locus as a reference, setting the  
QRDR mutation frequency burden threshold at 1.31% resulted in a 3.60% increase  
in the accuracy of classifying FQ-resistant isolates (NRI = 3.60%, P < 0.001).  
The QRDR mutation frequency burden appears to offer superior diagnostic efficacy  
in discriminating FQ-resistant isolates compared to qualitative detection of  
mutant loci.IMPORTANCEFluoroquinolone (FQ) drugs are recommended as second-line  
drugs for the treatment of multidrug-resistant tuberculosis. With the massive  
use of FQ drugs in the clinical treatment of tuberculosis (TB), there is an  
increasing rate of drug resistance to FQ drugs. In this study, we identified and  
demonstrated novel amino acid mutations associated with FQ resistance in  
Mycobacterium tuberculosis (MTB), and we quantified the mutation sites and  
identified the quinolone resistance-determining region (QRDR) mutation frequency  
burden as a novel diagnostic method for FQ resistance. We hope that the results  
of this study will provide data support and a theoretical basis for the rapid  
diagnosis of FQ-resistant MTB. 
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INTRODUCTION AND OBJECTIVES: There is an unmet need to develop high-quality  
evidence addressing tuberculosis (TB)-related mental health comorbidity,  
particularly in the context of lower-middle-income countries. This study aims to  
examine the effectiveness and cost-effectiveness of cognitive behavioural  
therapy (CBT) versus enhanced treatment as usual (ETAU) in improving depressive  
symptoms in people with TB and comorbid depression, enhancing adherence with  
anti-TB treatment (ATT) and its implementation in the real-world setting of  
Pakistan. 
METHODS: We will conduct a pragmatic parallel arm randomised control trial with  
an internal pilot. A brief psychological intervention based on CBT has been  
developed using a combination of qualitative and ethnographic studies. The  
inbuilt pilot trial will have a sample size of 80, while we plan to recruit 560  
(280 per arm) participants in the definitive trial. Participants who started on  
ATT within 1 month of diagnosis for pulmonary and extrapulmonary TB or multidrug  
resistant TB (MDR-TB) and meeting the criteria for depression on Patient Health  
Questionnaire-9 (PHQ-9) will be randomised with 1:1 allocation to receive six  
sessions of CBT (delivered by TB healthcare workers) or ETAU. Data on the  
feasibility outcomes of the pilot will be considered to proceed with the  
definitive trial. Participants will be assessed (by a blinded assessor) for the  
following main trial primary outcomes: (1) severity of depression using PHQ-9  
scale (interviewer-administered questionnaire) at baseline, weeks 8, 24 and 32  
postrandomisation and (2) ATT at baseline and week 24 at the end of ATT therapy. 
ETHICS AND DISSEMINATION: Ethical approval has been obtained from Keele  
University Research Ethics Committee (ref: 2023-0599-792), Khyber Medical  
University Ethical Review Board (ref: DIR/KMU-EB/CT/000990) and National  
Bioethics Committee Pakistan (ref: No.4-87/NBC-998/23/587). The results of this  
study will be reported in peer-reviewed journals and academic conferences and  
disseminated to stakeholders and policymakers. 
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INTRODUCTION: The surge of multidrug-resistant TB (MDR-TB) in Iran poses a  
significant challenge to global healthcare. The introduction of delamanid (DLM)  
and bedaquiline (BDQ), two potent antimycobacterial drugs, marks a crucial  
advance. Nevertheless, as resistance in Mycobacterium tuberculosis is on the  
rise in Iran and resistance to these newer medications is emerging,  
investigations in this field are of utmost importance. 
METHODS: In this cross-sectional study, 38 MDR-TB strains were collected from  
five distinct regional TB laboratories in Iran. The clinical isolates were  
confirmed as M. tuberculosis using the phenotypic tests and IS6110-based PCR  
assay. Drug susceptibility testing (DST) for isoniazid, rifampicin, ethambutol,  
DLM, and BDQ was performed using WHO-approved methods. Sequencing was used to  
investigate genetic mutations in DLM (ddn, fgd1) and BDQ (Rv0678, atpE, pepQ)  
genes associated with resistance. 
RESULTS: Among the 38 collected MDR-TB isolates, 7 (18.5 %) exhibited resistance  
to DLM, while all remained susceptible to BDQ. Analysis of the sequencing data  
revealed that the ddn gene exhibited the highest number of mutations in  
DLM-resistant isolates, including 18 nonsynonymous mutations and 1 indel leading  
to frameshift mutations. A common mutation, Gly81Ser, was present in 4 of the  
DLM-resistant isolates (4/7; 57.1 %). A synonymous mutation, T960C, in the fgd1  
gene was uniformly found in DLM-resistant samples. Notably, no significant  
mutations were observed in the atpE, Rv0678, or pepQ genes in any of the  
BDQ-susceptible isolates. 



CONCLUSIONS: Our study underscores the emergence of DLM resistance in a subset  
of MDR-TB isolates in Iran, primarily associated with mutations in the ddn gene.  
This emphasizes the ongoing necessity for TB drug resistance surveillance and  
research. While BDQ remains efficacious, the emergence of DLM resistance is a  
concerning development, warranting further exploration into resistance  
mechanisms and the formulation of effective TB control strategies. 
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BACKGROUND: Globally, multidrug-resistant tuberculosis (MDR-TB) is a major  
public health problem. The tuberculosis rate in Sierra Leone is 298 per 100,000  
people, and Sierra Leone is considered a country with a high burden of  
tuberculosis. In Sierra Leone, there are few studies on the outcomes of MDR-TB  
treatment, especially those exacerbated by COVID-19. We identified factors  
associated with unfavorable treatment outcomes among people with MDR-TB in  
Sierra Leone. 
METHODS: We conducted a cross-sectional study to analyze hospital-based MDR-TB  
data from 2017 to 2021. Demographic, clinical, and treatment outcome data were  
extracted from the main MDR-TB referral hospital database. We defined  
unfavorable outcomes as patients who died, were lost to follow-up, or defaulted.  
We calculated adjusted odds ratios (aORs) and 95% confidence intervals (CIs) to  
identify predictors of the outcomes of MDR-TB treatment. 
RESULTS: Between 2017 and 2021, 628 people with MDR-TB were reported at Lakka  



Hospital; 441 (71%) were male, with a median age of 25 years (interquartile  
ranges: 17-34). Clinically, 21% of the 628 MDR-TB patients were HIV positive,  
and 413 were underweight (66%). 70% (440) of MDR-TB patients received  
tuberculosis treatment. The majority of patients, 457 (73%), were treated with a  
short treatment regimen, and 126 (20%) experienced unfavorable outcomes. Age 45  
years or younger (aOR = 5.08; CI:1.87-13.82), 21-45 years (aOR = 2.22;  
CI:140-3.54), tuberculosis retreatment (aOR = 3.23; CI:1.82-5.73), age group,  
HIV status (aOR = 2.16; CI:1.33-3.53), and malnourishment status (aOR = 1.79;  
CI:1.12-2.86) were significantly associated with unfavorable treatment outcomes  
for DR-TB patients. 
CONCLUSION: This analysis revealed a high proportion of unfavorable treatment  
outcomes among MDR-TB patients in Sierra Leone. Malnourishment, TB retreatment,  
HIV coinfection, and age 45 years or younger were associated with unfavorable  
outcomes of MDR-TB treatment. Increasing patients' awareness, mainly among young  
people, heightens treatment adherence and HIV monitoring by measuring the amount  
of HIV in patient blood, which can reduce adverse treatment outcomes in Sierra  
Leone and other sub-Saharan African countries. 
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The most frequent adverse event associated with bedaquiline (BDQ) is the QTc  
interval prolongation; however, there was no biomarkers that could be used to  



predict the occurrence of QTc prolongation in BDQ-treated patients. In this  
study, we employed the ultra-high performance liquid chromatography-MS/MS  
(UHPLC-MS/MS) to generate metabolic profiling for the discovery of potential  
predictive urine biomarkers of QTc prolongation in these patients. Untargeted  
metabolomic technique was used to concentrate the differential metabolic  
pathway, and targeted metabolomic technique was subsequently performed to  
identify predictive biomarkers for QTc prolongation. A total of 45  
rifampicin-resistant TB (RR-TB) and multidrug-resistant TB (MDR-TB) patients  
were enrolled in our study, including 15 RR/MDR-TB patients with QTc interval  
prolongation (QIP) and 30 RR/MDR-TB patients with QTc interval un-prolongations  
(QIU). Untargeted technique revealed that the lipid metabolism was the most  
differential metabolic pathway between two groups. Further targeted technique  
identified four differential metabolites, including betaine, LPE (18:2), LPE  
(20:3), and LPE (20:4). The combined analysis of metabolisms revealed that the  
combined use of LPE (20:3) and LPE (20:4) had the best performance for  
predicting the occurrence of QTc prolongation in TB patients, yielding a  
sensitivity of 87.4% and a specificity of 78.5%. In addition, with the  
progression of BDQ treatment, the LPEs exhibited persistent difference in the  
BDQ-treated TB patients experiencing QTc interval prolongation. In conclusion,  
our data demonstrate that the combined use of LPE (20:3) and LPE (20:4) yields  
promising performance for predicting the occurrence of QTc interval prolongation  
in BDQ-treated patients. 
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Whole Genome Sequencing (WGS) is a promising tool in the global fight against  



tuberculosis (TB). The aim of this study was to evaluate the use of WGS in  
routine conditions for detection of drug resistance markers and transmission  
clusters in a multidrug-resistant TB hot-spot area in Peru. For this, 140  
drug-resistant Mycobacterium tuberculosis strains from Lima and Callao were  
prospectively selected and processed through routine (GenoType MTBDRsl and  
BACTEC MGIT) and WGS workflows, simultaneously. Resistance was determined in  
accordance with the World Health Organization mutation catalogue. Agreements  
between WGS and BACTEC results were calculated for rifampicin, isoniazid,  
pyrazinamide, moxifloxacin, levofloxacin, amikacin and capreomycin. Transmission  
clusters were determined using different cut-off values of Single Nucleotide  
Polymorphism differences. 100% (140/140) of strains had valid WGS results for 13  
anti-TB drugs. However, the availability of final, definitive phenotypic BACTEC  
MGIT results varied by drug with 10-17% of invalid results for the seven  
compared drugs. The median time to obtain results of WGS for the complete set of  
drugs was 11.5 days, compared to 28.6-52.6 days for the routine workflow.  
Overall categorical agreement by WGS and BACTEC MGIT for the compared drugs was  
96.5%. Kappa index was good (0.65≤k≤1.00), except for moxifloxacin, but the  
sensitivity and specificity values were high for all cases. 97.9% (137/140) of  
strains were characterized with only one sublineage (134 belonging to "lineage  
4" and 3 to "lineage 2"), and 2.1% (3/140) were mixed strains presenting two  
different sublineages. Clustering rates of 3.6% (5/140), 17.9% (25/140) and  
22.1% (31/140) were obtained for 5, 10 and 12 SNP cut-off values, respectively.  
In conclusion, routine WGS has a high diagnostic accuracy to detect resistance  
against key current anti-TB drugs, allowing results to be obtained through a  
single analysis and helping to cut quickly the chain of transmission of  
drug-resistant TB in Peru. 
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BACKGROUND: Tuberculosis remains a major public health threat worldwide, causing  
significant morbidity and mortality, particularly in low- and middle-income  
countries. In recent years, efforts to combat tuberculosis have focused on  
strengthening healthcare systems and increasing access to diagnostics and  
treatment services. There is scarcity of data on the prevalence of Mycobacterium  
tuberculosis and rifampicin-resistant tuberculosis in the Volta region of Ghana.  
Therefore, the aim of this study was to determine the trends of Mycobacterium  
tuberculosis and rifampicin resistance in a major teaching hospital in Ghana  
spanning a six-year period. 
METHODOLOGY: A retrospective cross-sectional hospital study was conducted at Ho  
Teaching Hospital, Ho, Ghana. Study data included archived results on  
tuberculosis testing using GeneXpert from 2016-2021. Archived data on  
tuberculosis testing were collected and entered using Microsoft Excel 2019. IBM  
SPSS (v26) was used for a statistical analysis of the prevalence of  
tuberculosis. P-value <0.05 was considered statistically significant. 
RESULTS: The study included 5128 presumptive tuberculosis cases from 2016 to  
2021, of which 552 were positive, revealing an overall prevalence of 10.76%.  
Males exhibited a significantly higher prevalence of tuberculosis (14.20%)  
compared to females (7.48%), with a male-to-female ratio of 2:1. The burden of  
tuberculosis varied significantly between age groups, with those aged 30-45  
years and 46-60 years facing twice the risk compared to those under 15 years  
(p<0.001). Rainy seasons correlated with heightened tuberculosis occurrences  
(12.12%) compared to dry seasons (8.84%) (p = 0.008). Rifampicin-resistant  
tuberculosis was prevalent at 3.45%, slightly higher in women, particularly in  
the 45-59 age group (5.97%). In particular, tuberculosis prevalence exhibited  
fluctuations, peaking in 2016 (17.1%) and 2020 (11.5%), with a trough in 2019  
(4.6%). 
CONCLUSION: The overall prevalence of laboratory confirmed tuberculosis was  
10.76%, and resistance to rifampicin, 3.45%, indicating high infection and  
possible treatment failure. Considering its infectious nature, this calls for  
concerted efforts to curb the spread of the infection. 
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INTRODUCTION: The treatment response of multi-drug resistance tuberculosis  
(MDR-Tuberculosis) patients is mainly dictated by the sputum culture conversion.  
An earlier culture conversion is a remarkable indicator of the improvement in  
the treatment response. In this study, we aimed to determine the time to culture  
conversion and its associated factors among MDR-Tuberculosis patients in All  
Africa Leprosy, Tuberculosis and Rehabilitation Training Center (ALERT)  
Hospital, Addis Ababa, Ethiopia. 
METHODS: A retrospective cohort study was conducted on 120 MDR-Tuberculosis  
patients attending ALERT Hospital from 2018-2022. Kaplan-Meier methods were used  
to determine the time to initial sputum culture conversion. All relevant  
laboratory, socio-demographic characteristics, and other clinical data were  
collected by chart abstraction using a structure data extraction form. The  
log-rank test was used to determine the survival rate. To identify the  
predictors of culture conversion, bivariate and multivariate Cox proportional  
hazard regression analysis was used. The hazard ratio (HR) with a 95% confidence  
interval was used to estimate the effect of each variable on the initial culture  
conversion. A test with a P value of < 0.05 was considered statistically  
significant. 
RESULTS: From the total of 120 study participants, 89.2% (107/120) have shown a  
successful culture conversion. The median age of the participants was 30 years  
(IQR = 12). The study participants were followed for 408.6 person-months (34.05  
person-years). The median time to initial sputum culture conversion was 80 days.  
The median time to initial sputum culture conversion among HIV-positive and  
HIV-negative participants was 61 days (IQR = 58-63.5) and 88 days (IQR = 75-91),  
respectively. HIV-negative and patients with previous treatment history were  
shown to be the predictor for a prolonged time to initial sputum culture  



conversion, (aHR = 0.24 (95% CI: 0.1-0.4), P value <0.001) and (aHR = 0.47 (95%  
CI: 0.31-0.71), P value <0.001) respectively. 
CONCLUSION: The median time to sputum culture conversion for HIV positive was  
found to be 61 days in our study. Notably, patients with a history of previous  
anti-tuberculosis treatment, HIV-negative status, and higher bacillary load at  
baseline exhibited delayed culture conversion. These findings underscore the  
importance of considering such patient characteristics in the management of  
MDR-TB cases, as tailored interventions and close monitoring may lead to more  
favorable treatment outcomes. By identifying individuals with these risk factors  
early in the treatment process, healthcare providers can implement targeted  
strategies to optimize patient care and improve overall treatment success rates  
in MDR-TB management programs. 
 
Copyright: © 2024 Abebe et al. This is an open access article distributed under  
the terms of the Creative Commons Attribution License, which permits  
unrestricted use, distribution, and reproduction in any medium, provided the  
original author and source are credited. 
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Drug-resistant tuberculosis (TB), especially multidrug-resistant tuberculosis (MDR-TB) and 
extensively drug-resistant tuberculosis (XDR-TB), is one of the urgent clinical problems and 
public health challenges. Culture-based phenotypic drug susceptibility testing (pDST) is time-
consuming, and PCR-based assays are limited to hotspot mutations. In this study, we developed 
and validated a convenient and efficient approach based on high-throughput nanopore 
sequencing technology combined with multiplex PCR, namely nanopore targeted sequencing 
(NTS), to simultaneously sequence 18 genes associated with antibiotic resistance in 
Mycobacterium tuberculosis (MTB). The analytical performance of NTS was evaluated, and 99 
clinical samples were collected to assess its clinical performance. The NTS results showed that 
MTB and its drug resistance were successfully identified in approximately 7.5 h. Furthermore, 
compared to the pDST and Xpert MTB/RIF assays, NTS provided much more drug resistance 
information, covering 14 anti-TB drugs, and it identified 20 clinical cases of drug-resistant MTB. 
The mutations underlying these drug-resistant cases were all verified using Sanger sequencing. 
Our approach for this TB drug resistance assay offers several advantages, including being 
culture-free, efficient, high-throughput, and highly accurate, which would be very helpful for 
clinical patient management and TB infection control. 
 
Copyright © 2024 Tang, Wu, Li, Dai, Shi, Wang, Xu, Zheng, Xiao, Cai, Zhang, Yang, Zheng and 
Xiang. 
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Tuberculosis (TB) disproportionally affects poor people, leading to income and  
non-income losses. Measures of socioeconomic impact of TB, e.g. impoverishment  
and patient costs are inadequate to capture non-income losses. We applied  
impoverishment and a multidimensional measure on TB and non-TB affected  
households in Zimbabwe. We conducted a cross-sectional study in 270 households:  
90 non-TB; 90 drug-susceptible TB (DS-TB), 90 drug-resistant TB (DR-TB) during  
the COVID-19 pandemic (2020-2021). Household data included ownership of assets,  
number of household members, income and indicators on five capital assets:  
financial, human, social, natural and physical. Households with incomes per  
capita below US$1.90/day were considered impoverished. We used principal  
component analysis on five capital asset indicators to create a binary outcome  
variable indicating loss of livelihood. Log-binomial regression was used to  
determine associations between loss of livelihood and type of household.  
TB-affected households were more likely to report episodes of TB and household  
members requiring care than non-TB households. The proportions of impoverished  
households were 81% (non-TB), 88% (DS-TB) and 94% (DR-TB) by the time of  
interview. Overall, 56% (152/270) of households sold assets: 44% (40/90) non-TB,  
58% (52/90) DS-TB and 67% (60/90) DR-TB. Children's education was affected in  
33% (55/168) of TB-affected compared to 14% (12/88) non-TB households. Overall,  
133 (50%) households experienced loss of livelihood, with TB-affected households  
almost twice as likely to experience loss of livelihood; adjusted prevalence  
ratio (aPR = 1.78 [95%CI:1.09-2.89]). The effect of TB on livelihood was most  
pronounced in poorest households (aPR = 2.61, [95%CI:1.47-4.61]). TB-affected  
households experienced greater socioeconomic losses compared to non-TB  
households. Multisectoral social protection is crucial to mitigate impacts of TB  
and other shocks, especially targeting poorest households. 
 
Copyright: © 2024 Timire et al. This is an open access article distributed under  
the terms of the Creative Commons Attribution License, which permits  
unrestricted use, distribution, and reproduction in any medium, provided the  
original author and source are credited. 
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IMPORTANCE: Rifampin-resistant tuberculosis treatment regimens require  
electrocardiographic (ECG) monitoring due to the use of multiple QTc-prolonging  
agents. Formal 12-lead ECG devices represent a significant burden in  
resource-constrained clinics worldwide and a potential barrier to treatment  
scale-up in some settings. 
OBJECTIVE: To evaluate the diagnostic accuracy of a handheld 6-lead ECG device  
within resource-constrained clinics. 
DESIGN, SETTING, AND PARTICIPANTS: This diagnostic study was performed within a  
multicenter, pragmatic (broad eligibility criteria with no exclusions for  
randomized participants), phase 3 rifampin-resistant tuberculosis treatment  
trial (BEAT Tuberculosis [Building Evidence for Advancing New Treatment for  
Tuberculosis]) in South Africa. A total of 192 consecutive trial participants  
were assessed, and 191 were recruited for this substudy between January 21,  
2021, and March 27, 2023. A low proportion (3 of 432 [0.7%]) of all screened  
trial participants were excluded due to a QTc interval greater than 450  
milliseconds. Triplicate reference standard 12-lead ECG results were human  
calibrated with readers blinded to 6-lead ECG results. 
MAIN OUTCOMES AND MEASURES: Diagnostic accuracy, repeatability, and feasibility  
of a 6-lead ECG device. 
RESULTS: A total of 191 participants (median age, 36 years [IQR, 28-45 years];  
81 female participants [42.4%]; 91 participants [47.6%] living with HIV) with a  
median of 4 clinic visits (IQR, 3-4 visits) contributed 2070 and 2015 12-lead  
and 6-lead ECG assessments, respectively. Across 170 participants attending 489  
total clinic visits where valid triplicate QTc measurements were available for  
both devices, the mean 12-lead QTc measurement was 418 milliseconds (range,  
321-519 milliseconds), and the mean 6-lead QTc measurement was 422 milliseconds  
(range, 288-574 milliseconds; proportion of variation explained, R2 = 0.4;  
P < .001). At a QTc interval threshold of 500 milliseconds, the 6-lead ECG  
device had a negative predictive value of 99.8% (95% CI, 98.8%-99.9%) and a  
positive predictive value of 16.7% (95% CI, 0.4%-64.1%). The normal expected  
range of within-individual variability of the 6-lead ECG device was high (±50.2  
milliseconds [coefficient of variation, 6.0%]) relative to the 12-lead ECG  
device (±22.0 milliseconds [coefficient of variation, 2.7%]). The mean (SD)  
increase in the 12-lead QTc measurement during treatment was 10.1 (25.8)  
milliseconds, with 0.8% of clinic visits (4 of 489) having a QTc interval of 500  
milliseconds or more. 



CONCLUSIONS AND RELEVANCE: This study suggests that simplified, handheld 6-lead  
ECG devices are effective triage tests that could reduce the need to perform  
12-lead ECG monitoring in resource-constrained settings. 
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BACKGROUND: Video-enabled directly observed therapy (video-DOT) has been  
proposed as an additional option for treatment provision besides in-person DOT  
for patients with drug-resistant TB (DRTB) disease. However, evidence and  
implementation experience mainly originate from well-resourced contexts. This  
study describes the operationalization of video-DOT in a low-resourced setting  
in Eswatini facing a high burden of HIV and TB amid the emergence of the  
COVID-19 pandemic. 
METHODS: This is a retrospectively established cohort of patients receiving DRTB  
treatment during the implementation of video-DOT in Shiselweni from May 2020 to  
March 2022. We described intervention uptake (vs. in-person DOT) and assessed  
unfavorable DRTB treatment outcome (death, loss to care) using Kaplan-Meier  
statistics and multivariable Cox-regression models. Video-related statistics  
were described with frequencies and medians. We calculated the fraction of  
expected doses observed (FEDO) under video-DOT and assessed associations with  
missed video uploads using multivariable Poisson regression analysis. 
RESULTS: Of 71 DRTB patients eligible for video-DOT, the median age was 39 (IQR  
30-54) years, 31.0% (n = 22) were women, 67.1% (n = 47/70) were HIV-positive,  
and 42.3% (n = 30) were already receiving DRTB treatment when video-DOT became  
available. About half of the patients (n = 37; 52.1%) chose video-DOT, mostly  
during the time when COVID-19 appeared in Eswatini. Video-DOT initiations were  
lower in new DRTB patients (aHR 0.24, 95% CI 0.12-0.48) and those aged ≥ 60  



years (aHR 0.27, 95% CI 0.08-0.89). Overall, 20,634 videos were uploaded with a  
median number of 553 (IQR 309-748) videos per patient and a median FEDO of 92%  
(IQR 84-97%). Patients aged ≥ 60 years were less likely to miss video uploads  
(aIRR 0.07, 95% CI 0.01-0.51). The cumulative Kaplan-Meier estimate of an  
unfavorable treatment outcome among all patients was 0.08 (95% CI 0.03-0.19),  
with no differences detected by DOT approach and other baseline factors in  
multivariable analysis. 
CONCLUSIONS: Implementing video-DOT for monitoring of DRTB care provision amid  
the intersection of the HIV and COVID-19 pandemics seemed feasible. Digital  
health technologies provide additional options for patients to choose their  
preferred way to support treatment taking, thus possibly increasing  
patient-centered health care while sustaining favorable treatment outcomes. 
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This study aimed to assess the possible causes of discordant results between  
Xpert MTB/RIF (Xpert) and Bactec MGIT 960 Culture System (MGIT960) regarding  
rifampicin (RIF) susceptibility in Mycobacterium tuberculosis. Patients with  
previous RIF-resistant tuberculosis who were admitted to Wenzhou Central  
Hospital from January 2020 to December 2022 were enrolled. The isolates obtained  
from these patients were subjected to RIF susceptibility tests using Xpert and  
MGIT960, and the minimum inhibitory concentration (MIC) of RIF was determined by  
the MYCOTB MIC plate test. Additionally, molecular docking and molecular  
dynamics (MD) simulations were performed to evaluate the binding efficacy of  
rpoB and RIF based on rpoB mutations detected in the isolates with discordant  
RIF susceptibility results. A total of 28 isolates with discordant RIF  
susceptibility test results were detected, 15 of them were RIF susceptible with  
MICs ≤ 0.5 µg/mL. Twelve out of 15 isolates contained borderline RIF  
resistance-associated mutations [L430P (n = 6), H445N (n = 6)], 1 isolate had  
D435Y and Q429H double mutation, and the remaining 2 isolates had a silent  
(Q432Q) mutation. Compared with the affinity of RIF toward the wild type (WT)  
(-45.83 kcal/mol) by MD, its affinity toward L452P (-55.52 kcal/mol), D435Y  
(-47.39 kcal/mol), L430P (approximately -69.72 kcal/mol), H445N (-49.53  
kcal/mol), and Q429H (-55.67 kcal/mol) increased. Borderline RIF  
resistance-associated mutations were the main cause for the discordant RIF  
susceptibility results between Xpert and MGIT960, and the mechanisms of the  
resistance need further investigated.IMPORTANCEThis study is aimed at assessing  
discordant results between Xpert MTB/RIF (Xpert) assay and Bactec MGIT 960  
Culture System (MGIT960) regarding the detection of rifampicin (RIF)-resistant  
Mycobacterium tuberculosis isolates in Wenzhou, China. The discordant results of  
RIF between these two assays were mainly caused by borderline RIF  
resistance-associated mutations, subsequently by silent mutations of rpoB.  
Borderline RIF resistance- associated mutations detected in our study were  
demonstrated to not be affected by the affinity of rpoB and RIF by molecular  
dynamics, and the mechanism of resistance was needed to be clarified. For the  
discordant results of RIF by Xpert and MGIT960 that occurred, rpoB DNA  
sequencing was recommended to investigate its association with resistance to  
RIF. 
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BACKGROUND: Tuberculosis (TB) is a major threat to public health, particularly  
in countries where the disease is highly prevalent, such as Ethiopia. Early  
diagnosis and treatment are the main components of TB prevention and control.  
Although the national TB guideline recommends the primary use of rapid TB  
diagnostics whenever feasible, there is limited evidence available that assess  
the efficiency of deploying various diagnostic tools in the country. Hence, this  
study aims to evaluate the cost-effectiveness of rapid TB/MDR-TB diagnostic  
tools in Ethiopia. 
METHODS: A hybrid Markov model for a hypothetical adult cohort of presumptive TB  
cases was constructed. The following TB diagnostic tools were evaluated: X-pert  
MTB/RIF, Truenat, chest X-ray screening followed by an X-pert MTB/RIF, TB-LAMP,  
and smear microscopy. Cost-effectiveness was determined based on incremental  
costs ($) per Disability-adjusted Life Years (DALY) averted, using a threshold  
of one times Gross Domestic Product (GDP) per capita ($856). Data on starting  
and transition probabilities, costs, and health state utilities were derived  
from secondary sources. The analysis is conducted from the health system  
perspective, and a probabilistic sensitivity analysis is performed. 
RESULT: The incremental cost-effectiveness ratio for X-pert MTB/RIF, compared to  
the next best alternative, is $276 per DALY averted, making it a highly  
cost-effective diagnostic tool. Additionally, chest X-ray screening followed an  
X-pert MTB/RIF test is less cost-effective, with an ICER of $1666 per DALY  
averted. Introducing X-pert MTB/RIF testing would enhance TB detection and  
prevent 9600 DALYs in a cohort of 10,000 TB patients, with a total cost of  
$3,816,000. 
CONCLUSION: The X-pert MTB/RIF test is the most cost-effective diagnostic tool  
compared to other alternatives. The use of this diagnostic tool improves the  
early detection and treatment of TB cases. Increased funding for this diagnostic  
tool will enhance access, reduce the TB detection gaps, and improve treatment  
outcomes. 
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BACKGROUND: With numerous trials investigating novel drug combinations to treat  
tuberculosis, we aimed to evaluate the extent to which future improvements in  
tuberculosis treatment regimens could offset potential increases in drug costs. 
METHODS: In this modelling analysis, we used an ingredients-based approach to  
estimate prices at which novel regimens for rifampin-susceptible and  
rifampin-resistant tuberculosis treatment would be cost-neutral or  
cost-effective compared with standards of care in India, the Philippines, and  
South Africa. We modelled regimens meeting targets set in the WHO's 2023 Target  
Regimen Profiles (TRPs). Our decision-analytical model tracked cohorts of adults  
initiating rifampin-susceptible or rifampin-resistant tuberculosis treatment,  
simulating their health outcomes and costs accumulated during and following  
treatment under standard-of-care and novel regimen scenarios. Price thresholds  
included short-term cost-neutrality (considering only savings accrued during  
treatment), medium-term cost-neutrality (additionally considering savings from  
averted retreatments and secondary cases), and cost-effectiveness (incorporating  
willingness-to-pay for improved health outcomes). 
FINDINGS: Total medium-term costs per person treated using standard-of-care  
regimens were estimated at US$450 (95% uncertainty interval 310-630) in India,  
$560 (350-860) in the Philippines, and $730 (530-1090) in South Africa for  



rifampin-susceptible tuberculosis (current drug costs $46) and $2100 (1590-2810)  
in India, $2610 (2090-3280) in the Philippines, and $3790 (3090-4630) in South  
Africa for rifampin-resistant tuberculosis (current drug costs $432). A  
rifampin-susceptible tuberculosis regimen meeting the optimal targets defined in  
the TRPs could be cost-neutral in the short term at drug costs of $140 (90-210)  
per full course in India, $230 (130-380) in the Philippines, and $280 (180-460)  
in South Africa. For rifampin-resistant tuberculosis, short-term cost-neutral  
thresholds were higher with $930 (720-1230) in India, $1180 (980-1430) in the  
Philippines, and $1480 (1230-1780) in South Africa. Medium-term cost-neutral  
prices were approximately $50-100 higher than short-term cost-neutral prices for  
rifampin-susceptible tuberculosis and $250-550 higher for rifampin-resistant  
tuberculosis. Health system cost-neutral prices that excluded patient-borne  
costs were 45-70% lower (rifampin-susceptible regimens) and 15-50% lower  
(rifampin-resistant regimens) than the cost-neutral prices that included patient  
costs. Cost-effective prices were substantially higher. Shorter duration was the  
most important driver of medium-term savings with novel regimens, followed by  
ease of adherence. 
INTERPRETATION: Improved tuberculosis regimens, particularly shorter regimens or  
those that facilitate better adherence, could reduce overall costs, potentially  
offsetting higher prices. 
FUNDING: WHO. 
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OBJECTIVE: To assess the validity of Xpert Tuberculosis Fingerstick score for  
monitoring treatment response and analyze factors influencing its performance. 
METHODS: 122 adults with pulmonary tuberculosis were recruited and stratified  
into three cohorts: Diabetic-drug-susceptible-TB (DM-TB),  
Non-diabetic-drug-susceptible-TB (NDM-TB) and Non-diabetic Multidrug-resistant  
TB (MDR-TB). Fingerstick blood specimens were tested at treatment initiation  
(M0) and the end of the first (M1), second (M2), and sixth month (M6) to  
generate a TB-score. 
RESULTS: The TB-score in all participants yielded an AUC of 0.707 (95% CI:  
0.579-0.834) at M2 when its performance was evaluated against sputum culture  
conversion. In all non-diabetes patients, the AUC reached 0.88 (95% CI:  
0.756-1.000) with an optimal cut-off value of 1.95 at which sensitivity was  
90.0% (95% CI: 59.6-98.2%) and specificity was 81.3% (95% CI: 70.0-88.9%). The  
mean TB score was higher in patients with low bacterial loads (n = 31) than  
those with high bacterial loads (n = 91) at M0, M1, M2, and M6, and was higher  
in non-cavitary patients (n = 71) than those with cavitary lesions (n = 51) at  
M0, M1, and M2. 
CONCLUSION: Xpert TB-score shows promising predictive value for culture  
conversion in non-diabetic TB patients. Sputum bacterial load and lung  
cavitation status have an influence on the value of TB score. 
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BACKGROUND: The genetic diversity of Mycobacterium tuberculosis complex (MTBC)  
strains was characterized among isolates from individuals with pulmonary  
tuberculosis (PTB) symptoms attended holy water sites (HWSs) in the Amhara  
region, Ethiopia. 
METHODS: A cross-sectional study was done from June 2019 to March 2020 to  
describe the genetic diversity and drug-resistance profiles of MTBC isolates.  
Sputum specimens were collected and cultured in the Löwenstein-Jensen culture  
medium. Line Probe Assay, MTBDRplus VER 2.0, and MTBDRsl VER 2.0 were used to  
detect first-and second-line anti-TB drug-resistance patterns. A spoligotyping  
technique was utilized to characterize the genetic diversity. Statistical  
analysis was performed using STATA 15. 
RESULTS: Of 560 PTB-symptomatic participants, 122 (21.8%) were culture-positive  
cases. Spoligotyping of 116 isolates revealed diverse MTBC sublineages, with  
four major lineages: Euro-American (EA) (Lineage 4), East-African-Indian (EAI)  
(Lineage 3), Ethiopian (ETH) (Lineage 7), East Asian (EA) (Lineage 2). The  
majority (96.6%) of the isolates were EA (lineage 4) and EAI, with proportions  
of 54.3% and 42.2%, respectively. A total of 31 spoligotype patterns were  
identified, 26 of which were documented in the SITVIT2 database. Of these, there  
were 15 unique spoligotypes, while eleven were grouped with 2-17 isolates.  
SIT149/T3-ETH (n = 17), SIT26/CAS1-DELHI (n = 16), SIT25/CAS1-DELHI (n = 12),  
and SIT52/T2 (n = 11) spoligotypes were predominant. A rare spoligotype pattern:  
SIT41/Turkey and SIT1/Beijing, has also been identified in North Shewa. The  
overall clustering rate of sub-lineages with known SIT was 76.4%.Of the 122  
culture-positive isolates tested, 16.4% were resistant to rifampicin (RIF)  
and/or isoniazid (INH). Multidrug-resistant TB (MDR-TB) was detected in 12.3% of  
isolates, five of which were fluoroquinolones (FLQs) resistant. SIT149/T3-ETH  
and SIT21/CAS1-KILI sublineages showed a higher proportion of drug resistance. 
CONCLUSIONS: Diverse MTBC spoligotypes were identified, with the T and CAS  
families and EA (lineage 4) predominating. A high prevalence of drug-resistant  
TB, with SIT149/T3-ETH and CAS1-KILI sublineages comprising a greater share, was  
observed. A study with large sample size and a sequencing method with stronger  



discriminatory power is warranted to understand better the genetic diversity of  
circulating MTBC in this cohort of study, which would help to adopt targeted  
interventions. 
 
© 2024 Published by Elsevier Ltd. 
 
DOI: 10.1016/j.nmni.2024.101235 
PMCID: PMC11000200 
PMID: 38590765 
 
38. A complex case study: coexistence of multi-drug-resistant pulmonary  
tuberculosis, HBV-related liver failure, and disseminated cryptococcal infection  
in an AIDS patient. 
 
BMC Infect Dis. 2024 May 27;24(1):533. doi: 10.1186/s12879-024-09431-9. 
 
Fu W(#)(1)(2), Deng ZW(#)(3), Wang P(1), Zhu ZW(1), Pu Y(1), Xie ZB(1), Li  
YZ(1), Yu HY(4). 
 
Author information: 
(1)Center for Infectious Diseases, Hunan University of Medicine General  
Hospital, Huaihua, Hunan, China. 
(2)Department of Tuberculosis, The First Affiliated Hospital of Xinxiang Medical  
University, XinXiang, Henan, China. 
(3)Department of Clinical Pharmacy, Hunan University of Medicine General  
Hospital, Huaihua, Hunan, China. 
(4)Center for Infectious Diseases, Hunan University of Medicine General  
Hospital, Huaihua, Hunan, China. yhy19959@163.com. 
(#)Contributed equally 
 
BACKGROUND: Hepatitis B virus (HBV) infection can cause liver failure, while  
individuals with Acquired Immunodeficiency Virus Disease (AIDS) are highly  
susceptible to various opportunistic infections, which can occur concurrently.  
The treatment process is further complicated by the potential occurrence of  
immune reconstitution inflammatory syndrome (IRIS), which presents significant  
challenges and contributes to elevated mortality rates. 
CASE PRESENTATION: The 50-year-old male with a history of chronic hepatitis B  
and untreated human immunodeficiency virus (HIV) infection presented to the  
hospital with a mild cough and expectoration, revealing multi-drug resistant  
pulmonary tuberculosis (MDR-PTB), which was confirmed by XpertMTB/RIF PCR  
testing and tuberculosis culture of bronchoalveolar lavage fluid (BALF). The  
patient was treated with a regimen consisting of linezolid, moxifloxacin,  
cycloserine, pyrazinamide, and ethambutol for tuberculosis, as well as a  
combination of bictegravir/tenofovir alafenamide/emtricitabine (BIC/TAF/FTC) for  
HBV and HIV viral suppression. After three months of treatment, the patient  
discontinued all medications, leading to hepatitis B virus reactivation and  



subsequent liver failure. During the subsequent treatment for AIDS, HBV, and  
drug-resistant tuberculosis, the patient developed disseminated cryptococcal  
disease. The patient's condition worsened during treatment with liposomal  
amphotericin B and fluconazole, which was ultimately attributed to IRIS.  
Fortunately, the patient achieved successful recovery after appropriate  
management. 
CONCLUSION: Enhancing medical compliance is crucial for AIDS patients,  
particularly those co-infected with HBV, to prevent HBV reactivation and  
subsequent liver failure. Furthermore, conducting a comprehensive assessment of  
potential infections in patients before resuming antiviral therapy is essential  
to prevent the occurrence of IRIS. Early intervention plays a pivotal role in  
improving survival rates. 
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BACKGROUND: The antibiotic bedaquiline is a key component of new WHO regimens  
for drug-resistant tuberculosis; however, predicting bedaquiline resistance from  
bacterial genotypes remains challenging. We aimed to understand the genetic  
mechanisms of bedaquiline resistance by analysing Mycobacterium tuberculosis  
isolates from South Africa. 
METHODS: For this genomic analysis, we conducted whole-genome sequencing of  
Mycobacterium tuberculosis samples collected at two referral laboratories in  
Cape Town and Johannesburg, covering regions of South Africa with a high  
prevalence of tuberculosis. We used the tool ARIBA to measure the status of  
predefined genes that are associated with bedaquiline resistance. To produce a  
broad genetic landscape of M tuberculosis in South Africa, we extended our  
analysis to include all publicly available isolates from the European Nucleotide  
Archive, including isolates obtained by the CRyPTIC consortium, for which  
minimum inhibitory concentrations of bedaquiline were available. 
FINDINGS: Between Jan 10, 2019, and July, 22, 2020, we sequenced 505 M  
tuberculosis isolates from 461 patients. Of the 64 isolates with mutations  
within the mmpR5 regulatory gene, we found 53 (83%) had independent acquisition  
of 31 different mutations, with a particular enrichment of truncated MmpR5 in  
bedaquiline-resistant isolates resulting from either frameshift mutations or the  
introduction of an insertion element. Truncation occurred across three  
M tuberculosis lineages, and were present in 66% of bedaquiline-resistant  
isolates. Although the distributions overlapped, the median minimum inhibitory  
concentration of bedaquiline was 0·25 mg/L (IQR 0·12-0·25) in mmpR5-disrupted  
isolates, compared with 0·06 mg/L (0·03-0·06) in wild-type M tuberculosis. 
INTERPRETATION: Reduction in the susceptibility of M tuberculosis to bedaquiline  
has evolved repeatedly across the phylogeny. In our data, we see no evidence  
that this reduction has led to the spread of a successful strain in South  
Africa. Binary phenotyping based on the bedaquiline breakpoint might be  
inappropriate to monitor resistance to this drug. We recommend the use of  
minimum inhibitory concentrations in addition to MmpR5 truncation screening to  
identify moderate increases in resistance to bedaquiline. 
FUNDING: US Centers for Disease Control and Prevention. 
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BACKGROUND: Identifying patients at increased risk of loss to follow-up (LTFU)  
is key to developing strategies to optimize the clinical management of  
tuberculosis (TB). The use of national registry data in prediction models may be  
a useful tool to inform healthcare workers about risk of LTFU. Here we developed  
a score to predict the risk of LTFU during anti-TB treatment (ATT) in a  
nationwide cohort of cases using clinical data reported to the Brazilian  
Notifiable Disease Information System (SINAN). 
METHODS: We performed a retrospective study of all TB cases reported to SINAN  
between 2015 and 2022; excluding children (< 18 years-old), vulnerable groups or  
drug-resistant TB. For the score, data before treatment initiation were used. We  
trained and internally validated three different prediction scoring systems,  
based on Logistic Regression, Random Forest, and Light Gradient Boosting. Before  
applying our models we splitted our data into training (~ 80% data) and test  
(~ 20%) sets, and then compared the model metrics using the test data set. 
RESULTS: Of the 243,726 cases included, 41,373 experienced LTFU whereas 202,353  
were successfully treated. The groups were different with regards to several  
clinical and sociodemographic characteristics. The directly observed treatment  
(DOT) was unbalanced between the groups with lower prevalence in those who were  
LTFU. Three models were developed to predict LTFU using 8 features (prior TB,  
drug use, age, sex, HIV infection and schooling level) with different score  
composition approaches. Those prediction scoring systems exhibited an area under  
the curve (AUC) ranging between 0.71 and 0.72. The Light Gradient Boosting  
technique resulted in the best prediction performance, weighting specificity and  
sensitivity. A user-friendly web calculator app was developed (  
https://tbprediction.herokuapp.com/ ) to facilitate implementation. 
CONCLUSIONS: Our nationwide risk score predicts the risk of LTFU during ATT in  
Brazilian adults prior to treatment commencement utilizing schooling level, sex,  
age, prior TB status, and substance use (drug, alcohol, and/or tobacco). This is  
a potential tool to assist in decision-making strategies to guide resource  
allocation, DOT indications, and improve TB treatment adherence. 
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BACKGROUND: This study aimed to explore the factors associated with extended  
length of stay (LOSE) for patients with tuberculosis (TB) in China, and  
construct a nomogram to predict it. In addition, the impact of extended hospital  
stay on short-term readmission after discharge was assessed. 
METHODS: A retrospective observational study was conducted at Changsha Central  
Hospital, from January 2018 to December 2020. Patients (≥18 years who were first  
admitted to hospital for TB treatment) with non-multidrug-resistant TB were  
selected using the World Health Organization's International Classification of  
Diseases, 10th Revision (ICD-10-CM), and the hospital's electronic medical  
record system. 
RESULTS: A multivariate logistic regression analysis was used to evaluate the  
associations between TB and LOSE. The relationship between length of hospital  
stay and readmission within 31 days after discharge was assessed using a  
univariate Cox proportional risk model. A total of 14259 patients were included  
in this study (13629 patients in the development group and 630 in the validation  
group). The factors associated with extended hospital stays were age, smear  
positivity, extrapulmonary involvement, surgery, transfer from other medical  
structures, smoking, chronic liver disease, and drug-induced hepatitis. There  
was no statistical significance in the 31-day readmission rate of TB between the  
LOSE and length of stay≤14 days groups (hazards ratio: 0.92, 95% CI: 0.80-1.06,  
P=0.229). 
CONCLUSION: LOSE with TB was influenced by several patient-level factors, which  
were combined to construct a nomograph. The established nomograph can help  
hospital administrator and clinicians to identify patients with TB requiring  
extended hospital stays, and more efficiently plan for treatment programs and  
resource needs. 
 
© 2024 The Author(s). This is an open-access article distributed under the terms  
of the Creative Commons Attribution License  
(https://creativecommons.org/licenses/by/4.0), which permits unrestricted use,  
distribution, and reproduction in any medium, provided the original work is  
properly cited. 
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Mycobacterium abscessus (Mab) affects patients with immunosuppression or  
underlying structural lung diseases such as cystic fibrosis (CF). Additionally,  



Mab poses clinical challenges due to its resistance to multiple antibiotics.  
Herein, we investigated the synergistic effect of dual β-lactams [sulopenem and  
cefuroxime (CXM)] or the combination of sulopenem and CXM with β-lactamase  
inhibitors [BLIs-avibactam (AVI) or durlobactam (DUR)]. The sulopenem-CXM  
combination yielded low minimum inhibitory concentration (MIC) values for 54  
clinical Mab isolates and ATCC19977 (MIC50 and MIC90 ≤0.25 µg/mL). Similar  
synergistic effects were observed in time-kill studies conducted at  
concentrations achievable in clinical settings. Sulopenem-CXM outperformed  
monotherapy, yielding ~1.5 Log10 CFU/mL reduction during 10 days. Addition of  
BLIs enhanced this antibacterial effect, resulting in an additional reduction of  
CFUs (~3 Log10 for sulopenem-CXM and AVI and ~4 Log10 for sulopenem-DUR).  
Exploration of the potential mechanisms of the synergy focused on their  
interactions with L,D-transpeptidases (Ldts; LdtMab1-LdtMab4),  
penicillin-binding-protein B (PBP B), and D,D-carboxypeptidase (DDC). Acyl  
complexes, identified via mass spectrometry analysis, demonstrated the binding  
of sulopenem with LdtMab2-LdtMab4, DDC, and PBP B and CXM with LdtMab2 and PBP  
B. Molecular docking and mass spectrometry data suggest the formation of a  
covalent adduct between sulopenem and LdtMab2 after the nucleophilic attack of  
the cysteine residue at the β-lactam carbonyl carbon, leading to the cleavage of  
the β-lactam ring and the establishment of a thioester bond linking the LdtMab2  
with sulopenem. In conclusion, we demonstrated the biochemical basis of the  
synergy of sulopenem-CXM with or without BLIs. These findings potentially  
broaden the selection of oral therapeutic agents to combat Mab. 
IMPORTANCE: Treating infections from Mycobacterium abscessus (Mab), particularly  
those resistant to common antibiotics like macrolides, is notoriously difficult,  
akin to a never-ending struggle for healthcare providers. The rate of treatment  
failure is even higher than that seen with multidrug-resistant tuberculosis. The  
role of combination β-lactams in inhibiting L,D-transpeptidation, the major  
peptidoglycan crosslink reaction in Mab, is an area of intense investigation,  
and clinicians have utilized this approach in the treatment of  
macrolide-resistant Mab, with reports showing clinical success. In our study, we  
found that cefuroxime and sulopenem, when used together, display a significant  
synergistic effect. If this promising result seen in lab settings, translates  
well into real-world clinical effectiveness, it could revolutionize current  
treatment methods. This combination could either replace the need for more  
complex intravenous medications or serve as a "step down" to an oral medication  
regimen. Such a shift would be much easier for patients to manage, enhancing  
their comfort and likelihood of sticking to the treatment plan, which could lead  
to better outcomes in tackling these tough infections. Our research delved into  
how these drugs inhibit cell wall synthesis, examined time-kill data and binding  
studies, and provided a scientific basis for the observed synergy in cell-based  
assays. 
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Despite available global efforts and funding, Tuberculosis (TB) continues to  
affect a considerable number of patients worldwide. Policy makers and  
stakeholders set clear goals to reduce TB incidence and mortality, but the  
emergence of multidrug-resistant TB (MDR-TB) and extensively drug-resistant TB  
(XDR-TB) complicate the reach of these goals. Drug-resistance TB needs to be  
diagnosed rapidly and accurately to effectively treat patients, prevent the  
transmission of MDR-TB, minimise mortality, reduce treatment costs and avoid  
unnecessary hospitalisations. In this narrative review, we provide a  
comprehensive overview of laboratory methods for detecting drug resistance in  
MTB, focusing on phenotypic, molecular and other drug susceptibility testing  
(DST) techniques. We found a large variety of methods used, with the BACTEC MGIT  
960 being the most common phenotypic DST and the Xpert MTB/RIF being the most  
common molecular DST. We emphasise the importance of integrating phenotypic and  
molecular DST to address issues like resistance to new drugs, heteroresistance,  
mixed infections and low-level resistance mutations. Notably, most of the  
analysed studies adhered to the outdated definition of XDR-TB and did not  
consider the pre-XDR definition, thus posing challenges in aligning diagnostic  
methods with the current landscape of TB resistance. 
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44. Risk factors associated with multidrug-resistant tuberculosis in areas with a  
moderate tuberculosis burden. 
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BACKGROUND: The emergence of multidrug-resistant tuberculosis (MDR-TB) or  
rifampicin-resistant (RR) TB poses a significant challenge for TB control  
initiatives on a global scale. This study's aim was to estimate the incidence of  
MDR-/RR-TB and identify the risk factors associated with their incidence in four  
provinces in northern Iran. 
METHODS: Drug susceptibility testing was conducted using the proportion method  
on Lowenstein-Jensen media. The demographic and clinical data were collected  
from the Iranian TB registry. 
RESULTS: Among 1083 individuals diagnosed with TB, 27 (2.5%) were identified as  
having MDR-/RR-TB, while 73 cases (6.7%) were any drug resistant (ADR). The  
statistical analysis revealed a significant association between marital status  
and MDR-/RR-TB (p=0.003). In addition, significant associations were observed  
between ADR-TB and gender (p=0.035) and previous treatment for TB (p=0.02). 
CONCLUSIONS: Our findings provide important information on the drug resistance  
pattern of Mycobacterium tuberculosis strains, as well as risk factors in  
northern Iran. Given the identified risk factors, creative approaches to promote  
treatment adherence in TB patients, particularly divorced/widowed women and  
individuals with a previous history of TB treatment, are required. 
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45. Advanced integrative molecular platform for high-throughput screening of  
drug-resistant tuberculosis. 
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A real time-polymerase chain reaction-based test in lyophilized form, was  
developed to simultaneously identify Mycobacterium tuberculosis complex (MTC) by  
targeting IS6110, rrs as dual markers, as well as mutations causing rifampicin  
and isoniazid resistance. The test was evaluated for pulmonary and non-pulmonary  
specimens from sample isolation to PCR analysis. The test demonstrated limit of  
detection of 25 CFU/mL for MTB, 200 CFU/mL for rpoB and inhA/katG targets with  
>95 % CI. The specificity for MTC was supported by a comprehensive clinical  
validation (n = 100). This load-and-go molecular platform, with features of high  
throughput, long shelf-life, room temperature storage provides simultaneous  
detection of MTC and its drug-resistant mutations in minimal time. The test  
named "PathoDetect TM MTB-RIF and INH resistance detection kit" has been  
approved by Central Drugs Standard Control Organisation, Indian Council of  
Medical Research and would have implications for tuberculosis elimination  
programs. 
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Tuberculosis remains the second deadliest infectious disease in humans and a  
public health threat due to the emergence of multidrug-resistant (MDR-TB) and  



extensively drug-resistant (XDR-TB) strains. Therefore, it is urgent to identify  
new anti-tuberculosis treatments and novel therapeutic targets to prevent the  
emergence of resistance. In recent years, the study of anti-tuberculosis  
properties of nitroaromatic compounds has led to the identification of two novel  
biological targets, the deazaflavin (F420)-dependent nitroreductase Ddn and the  
decaprenylphosphoryl-β-d-ribose 2'-epimerase DprE1. This review aims to show why  
Ddn and DprE1 are promising therapeutic targets and highlight nitroaromatic  
compounds interest in developing new anti-tuberculosis treatments active against  
MDR-TB and XDR-TB. Despite renewed interest in the development of new  
anti-tuberculosis nitroaromatic compounds, pharmaceutical companies often  
exclude nitro-containing molecules from their drug discovery programs because of  
their toxic and mutagenic potential. This exclusion results in missed  
opportunities to identify new nitroaromatic compounds and promising therapeutic  
targets. 
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Tuberculosis (TB) is the world's deadliest infectious disease, with over 1.5  
million deaths and 10 million new cases reported anually. The causative organism  
Mycobacterium tuberculosis (Mtb) can take nearly 40 d to culture, a required  
step to determine the pathogen's antibiotic susceptibility. Both rapid  
identification and rapid antibiotic susceptibility testing of Mtb are essential  
for effective patient treatment and combating antimicrobial resistance. Here, we  
demonstrate a rapid, culture-free, and antibiotic incubation-free drug  
susceptibility test for TB using Raman spectroscopy and machine learning. We  
collect few-to-single-cell Raman spectra from over 25,000 cells of the Mtb  
complex strain Bacillus Calmette-Guérin (BCG) resistant to one of the four  
mainstay anti-TB drugs, isoniazid, rifampicin, moxifloxacin, and amikacin, as  
well as a pan-susceptible wildtype strain. By training a neural network on this  
data, we classify the antibiotic resistance profile of each strain, both on  
dried samples and on patient sputum samples. On dried samples, we achieve >98%  
resistant versus susceptible classification accuracy across all five BCG  
strains. In patient sputum samples, we achieve ~79% average classification  
accuracy. We develop a feature recognition algorithm in order to verify that our  
machine learning model is using biologically relevant spectral features to  
assess the resistance profiles of our mycobacterial strains. Finally, we  
demonstrate how this approach can be deployed in resource-limited settings by  
developing a low-cost, portable Raman microscope that costs <$5,000. We show how  
this instrument and our machine learning model enable combined microscopy and  
spectroscopy for accurate few-to-single-cell drug susceptibility testing of BCG. 
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BACKGROUND: Escalating cases of multidrug-resistant tuberculosis (MDR-TB) pose a  
major challenge to global TB control efforts, necessitating innovative  
diagnostics to empower decentralized detection of gene mutations associated with  
resistance to rifampicin (RIF) and isoniazid (INH) in Mycobacterium tuberculosis  
(M. tuberculosis) in resource-constrained settings. 
METHODS: Combining multiplex fluorescent PCR and Multiple Probes Melting  
Analysis, we identified mutations in the rpoB, katG, ahpC and inhA genes from  
sputum specimens. We first constructed a reference plasmid library comprising 40  
prevalent mutations in the target genes' resistance determining regions and  
promoters, serving as positive controls. Our assay utilizes a four-tube  
asymmetric PCR method with specifically designed molecular beacon probes,  
enabling simultaneous detection of all 40 mutations. We evaluated the assay's  
effectiveness using DNA isolated from 50 clinically confirmed M. tuberculosis  
sputum specimens, comparing our results with those obtained from Sanger  
sequencing and retrospective validation involving bacteriological culture and  
phenotypic drug susceptibility testing (pDST). We also included the commercial  
Xpert MTB/RIF assay for accuracy comparison. 
RESULTS: Our data demonstrated remarkable sensitivity in detecting resistance to  
RIF and INH, achieving values of 93.33% and 95.24%, respectively, with a  
specificity of 100%. The concordance between our assay and pDST was 98.00%.  
Furthermore, the accuracy of our assay was comparable to both Sanger sequencing  
and the Xpert assay. Importantly, our assay boasts a 4.2-h turnaround time and  
costs only $10 per test, making it an optimal choice for peripheral healthcare  
settings. 
CONCLUSION: These findings highlight our assay's potential as a promising tool  
for rapidly, accurately, and affordably detecting MDR-TB. 
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Through a comprehensive molecular docking study, a unique series of  
naphthoquinones clubbed azetidinone scaffolds was arrived with promising binding  
affinity to Mycobacterial Cytbc1 complex, a drug target chosen to kill  
multi-drug resistant Mycobacterium tuberculosis (MDR-Mtb). Five compounds from  
series-2, 2a, 2c, 2g, 2h, and 2j, showcased significant in vitro anti-tubercular  
activities against Mtb H37Rv and MDR clinical isolates. Further, synergistic  
studies of these compounds in combination with INH and RIF revealed a potent  
bactericidal effect of compound 2a at concentration of 0.39 μg/mL, and remaining  
(2c, 2g, 2h, and 2j) at 0.78 μg/mL. Exploration into the mechanism study through  
chemo-stress assay and proteome profiling uncovered the down-regulation of key  



proteins of electron-transport chain and Cytbc1 inhibition pathway. Metabolomics  
corroborated these proteome findings, and heightened further understanding of  
the underlying mechanism. Notably, in vitro and in vivo animal toxicity studies  
demonstrated minimal toxicity, thus underscoring the potential of these  
compounds as promising anti-TB agents in combination with RIF and INH. These  
active compounds adhered to Lipinski's Rule of Five, indicating the suitability  
of these compounds for drug development. Particular significance of molecules  
NQ02, 2a, and 2h, which have been patented (Published 202141033473). 
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BACKGROUND: In 2019, WHO called for operational research on all-oral shortened  
regimens for multidrug- and rifampicin-resistant tuberculosis (MDR/RR-TB). We  
report safety and effectiveness of three nine-month all-oral regimens containing  
bedaquiline (Bdq), linezolid (Lzd), and levofloxacin (Lfx) and reinforced with  
cycloserine (Cs) and clofazimine (Cfz), delamanid (Dlm) and pyrazinamide (Z), or  



Dlm and Cfz. 
METHODS: We conducted a prospective cohort study of patients initiating  
treatment for pulmonary MDR/RR-TB under operational research conditions at  
public health facilities in Kazakhstan. Participants were screened monthly for  
adverse events. Participants with baseline resistance were excluded from the  
study and treated with a longer regimen. We analyzed clinically relevant adverse  
events of special interest in all participants and sputum culture conversion and  
end-of-treatment outcomes among individuals who were not excluded. 
RESULTS: Of 510 participants, 41% were women, median age was 37 years  
(interquartile range: 28-49), 18% had a body mass index <18·5 kg/m2, and 51% had  
cavitary disease. Three hundred and ninety-nine (78%) initiated  
Bdq-Lzd-Lfx-Cs-Cfz, 83 (16%) started Bdq-Lzd-Lfx-Dlm-Z, and 28 (5%) initiated  
Bdq-Lzd-Lfx-Dlm-Cfz. Fifty-eight individuals (11%) were excluded from the study,  
most commonly due to identification of baseline drug resistance (n = 52; 90%).  
Among the remaining 452 participants, treatment success frequencies were 92%  
(95% confidence interval [CI]: 89 to 95), 89% (95%CI: 80 to 94), and 100%  
(95%CI: 86 to 100) for regimens with Cs/Cfz, Dlm/Z, and Dlm/Cfz respectively.  
Clinically-relevant adverse events of special interest were uncommon. 
CONCLUSION: All regimens demonstrated excellent safety and effectiveness,  
expanding the potential treatment options for patients, providers, and programs. 
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Based on the assessment of new evidence, the World Health Organization (WHO)  
updated its guidelines for the treatment of drug-resistant tuberculosis (TB) in  
December 2022. The new recommendations and the latest study data made it  
necessary to update the existing guideline on the treatment of at least  
rifampicin- (RR-TB) for the German-speaking countries, replacing the respective  
chapters of the treatment guidelines published 2022. A shortened treatment of  



proven RR-TB and multidrug-resistant (MDR)-TB for at least 6 months using the  
fixed and non-modifiable drug combination of bedaquiline, pretomanid, linezolid,  
and moxifloxacin (BPaLM) is now also recommended for Austria, Germany, and  
Switzerland under certain conditions considering the existing barriers for the  
implementation of the new treatment regimen. For the treatment of  
pre-extensively drug-resistant (pre-XDR)-TB, an individualized treatment for 18  
months continues to be the primary recommendation. The non-modifiable drug  
combination of bedaquiline, pretomanid, and linezolid (BPaL) may be used  
alternatively in selected pre-XDR-TB cases, provided that all prerequisites are  
met. The necessary requirements for using BPaLM and BPaL are presented in detail  
in this amendment to the consensus-based TB treatment guideline for adult  
patients. 
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US-bound immigrants and refugees undergo a mandatory overseas medical  
examination that includes tuberculosis screening; this exam is not routinely  
required for temporary visitors applying for non-immigrant visas (NIV) to visit,  
work, or study in the United States. US health departments and foreign  
ministries of health report tuberculosis cases in travelers to Centers for  
Disease Control and Prevention Quarantine Stations. We reviewed cases reported  
to this passive surveillance system from January 2011 to June 2016. Of 1252  
cases of tuberculosis in travelers reported to CDC, 114 occurred in travelers  
with a long-term NIV. Of these, 83 (73%) were infectious; 18 (16%) with  
multidrug-resistant tuberculosis (MDR TB) and one with extensively  
drug-resistant tuberculosis (XDR TB). We found evidence that NIV holders are  
diagnosed with tuberculosis disease in the United States. Given that long-term  
NIV holders were over-represented in this data set, despite the small proportion  



(4%) of overall non-immigrant admissions they represent, expanding the US  
overseas migration health screening program to this population might be an  
efficient intervention to further reduce tuberculosis in the United States. 
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BACKGROUND: Tuberculosis (TB), and especially its drug resistant forms, is  
responsible for not only significant mortality, but also considerable morbidity,  
still under-quantified. This study used four Patient-Reported Outcome Measures  
(PROMS) to assess the status of persons affected by drug-susceptible and  
drug-resistant TB during their TB treatment or after treatment completion, in  
Romania, the highest TB burden country in the EU. 



METHODS: People affected by TB in two different regions in Romania were included  
during and after treatment, following a cross-sectional design. PROMs used were  
SF-36, EQ-5D-5L, WPAI and the app-based audiometry screening tool 'uHear.'  
Descriptive statistics and relevant statistical tests were used to compare  
groups between themselves and with the general Romanian population. 
RESULTS: Both patients with drug-susceptible and drug-resistant TB experience,  
with drug-resistant patients experiencing statistically significantly more pain  
and hearing loss. PROMs show some improvement in the after-treatment group;  
however, compared with the general Romanian population for which data were  
available, all groups scored lower on all outcome measures. 
CONCLUSION: PROMs offer the possibility of obtaining a more comprehensive view  
of patients' status, by involving them directly in the medical process and could  
guide a rehabilitation strategy. 
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Mycobacterium Tuberculosis (Mtb) causing Tuberculosis (TB) is a widespread  
disease infecting millions of people worldwide. Additionally, emergence of drug  
resistant tuberculosis is a major challenge and concern in high TB burden  
countries. Most of the drug resistance in mycobacteria is attributed to  
developing acquired resistance due to spontaneous mutations or intrinsic  
resistance mechanisms. In this review, we emphasize on the role of bacterial  
cell cycle synchronization as one of the intrinsic mechanisms used by the  



bacteria to cope with stress response and perhaps involved in evolution of its  
drug resistance. The importance of cell cycle synchronization and its function  
in drug resistance in cancer cells, malarial and viral pathogens is well  
understood, but its role in bacterial pathogens has yet to be established. From  
the extensive literature survey, we could collect information regarding how  
mycobacteria use synchronization to overcome the stress response. Additionally,  
it has been observed that most of the microbial pathogens including mycobacteria  
are responsive to drugs predominantly in their logarithmic phase, while they  
show resistance to antibiotics when they are in the lag or stationary phase.  
Therefore, we speculate that Mtb might use this novel strategy wherein they  
regulate their cell cycle upon antibiotic pressure such that they either enter  
in their low metabolic phase i.e., either the lag or stationary phase to  
overcome the antibiotic pressure and function as persister cells. Thus, we  
propose that manipulating the mycobacterial drug resistance could be possible by  
fine-tuning its cell cycle. 
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OBJECTIVE: The burden of tuberculosis (TB) in migrant children and young people  
(CYP) is commonly overlooked, despite the increasing incidence of TB in migrant  
populations in the European region. This study aimed to examine the distribution  



and disease characteristics of TB among migrant and native-born CYP through  
analysis of data from the European Centre for Disease Prevention and Control  
(ECDC) surveillance system (TESSy). 
STUDY DESIGN: Retrospective database analysis. 
METHODS: A retrospective database analysis was conducted on all CYP TB cases  
(0-17 years) reported to TESSy (1995-2017), exploring distribution, site of TB,  
and presence of MDR-TB using multivariate analysis in R statistical software. 
RESULTS: Of the 73,176 CYP TB cases reported in the EU/EFTA (1995-2017), 24.4%  
(n = 17,879) occurred in migrant CYP and 75.6% (n = 55,297) occurred in  
native-born CYP. Migrant CYP were more likely (P < 0.001) to have pulmonary TB  
(OR: 1.90; 95% CI: 1.74-2.09) and unsuccessful treatment outcomes (OR: 2.05; 95%  
CI: 1.74-2.40) compared to native-born CYP. The proportion of extrapulmonary TB,  
compared to pulmonary TB across total CYP cases was higher than the existing  
evidence base. 
CONCLUSIONS: Overall, there were significant differences in the site of TB and  
treatment outcomes between migrant and native-born CYP. To improve outcomes, TB  
screening and detection practices should focus on facilitating care in migrant  
CYP. However, to better understand the implications of these findings on broader  
TB control, TB among CYP should be addressed more frequently in reports and  
research. 
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OBJECTIVES: To conduct a thorough pharmacokinetic (PK) - pharmacodynamic (PD)  
analysis of second-line anti-tubercular therapy (ATT) in children diagnosed with  
multi-drug resistant tuberculosis (MDR-TB). 
METHODS: Twenty-seven children undergoing second-line ATT, including kanamycin  



(KM, n = 13), fluoroquinolones (FQs, n = 26), ethionamide (ETH, n = 20), para  
amino salicylic acid (PASA, n = 4), and cycloserine (CS, n = 15), were sampled  
at 0 (pre-dose), 1, 2, 3, and 4 h post-drug administration. Plasma drug levels  
were determined using a mass spectrometer and the collected dataset underwent  
non-compartmental PK analysis using PK solver ver2.0. PK/PD assessments involved  
individual drug simulation studies on 1000 subjects using Modviz Pop ver 1.0 in  
R-software. 
RESULTS: A total of 22 and 5 children were considered as responders and  
non-responders, respectively. Non-compartmental PK analysis revealed mean plasma  
drug levels of this study cohort attained the targeted maximum drug plasma  
concentration (Cmax). The ratio of Cmax /minimum inhibitory concentration (MIC)  
or the area under the curve (AUC)/MIC of the studied drugs had not shown a  
significant difference between responders and non-responders. Non-responders of  
ETH and ofloxacin had shown deviation from the derived dose-response profile for  
the simulated population. 
CONCLUSIONS: The management of MDR-TB with second-line ATT following national  
guidelines had cured the majority of the children (> 80%) who participated in  
the study. Inter-individual variability in few children from the targeted Cmax  
range suggests the need for future investigations on pharmacogenomic aspects of  
drug metabolism. 
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OBJECTIVES: To analyze the epidemiological,  
demographic, clinical, laboratory, radiographic and treatment outcome trends in  
non-US-born individuals with TB in New Mexico.  



DESIGNS: We retrospectively analyzed TB data from New Mexico TB surveillance system from 
(1993-2021), comparing variables between non-US-born and US-born individuals 
RESULTS: Of the 1,512 TB cases, 876 (56.5%) were non-US-born and 653 (43.3%) were US-
born. The incidence rate among non-US-born patients declined from 15.3/100,000 (1993)  
to 7.8/100,000 (2021) (54.6% reduction), while among US-born patients it  
declined from 3.3/100,000 (1993) to 0.5/100,000 (2021) (84.8% reduction). The  
majority of non-US-born individuals were from Mexico (n = 482, 73.5%).  
Non-US-born were typically younger adults (median age: 54 vs. 61), predominantly  
male (64.8% vs. 59.4%), less likely to consume excess alcohol and have  
extrapulmonary TB. However, they were more likely to exhibit resistance to  
standard TB drugs (P < 0.01). Non-US-born individuals were less likely to die  
(7.8% vs. 15.4%), but more likely to be lost to follow-up (P < 0.007). Treatment  
by providers outside the Department of Health was associated with noncompletion  
(OR 0.18, 95% CI 0.09-0.35; P < 0.001). 
CONCLUSION: These results highlight the need for a  
detailed understanding of the impact of migration on TB epidemiology and the  
development of tailored interventions to improve treatment outcomes. 
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Tuberculosis, caused by Mycobacterium tuberculosis, is an infectious disease  
that most often affects the lungs. China is still among the high-burden  
tuberculosis countries in the world. Although the estimated incidence of  



tuberculosis in China has declined in recent years, the declining rate is slow.  
It still faces major issues such as a slower rate of decline, a widening gap  
between estimated and notified incidence, higher risk among middle-aged and  
older adults, a high number of cases among agriculture and related workers, and  
a heavier disease burden in the country's western regions. In addition, latent  
tuberculosis infection, drug-resistant tuberculosis, tuberculosis coinfection  
with HIV, and extrapulmonary tuberculosis have also exacerbated the disease  
burden of tuberculosis to some extent. This paper reviewed the epidemic  
characteristics of tuberculosis, the epidemiological triad, three links and two  
factors in the transmission process, the disease burden, and other aspects to  
provide a reference for formulating prevention and control strategies on  
tuberculosis. 
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Mycobacterium tuberculosis (Mtb) is a notorious pathogen that causes one of the  
highest mortalities globally. Due to a pressing demand to identify novel  
therapeutic alternatives, the present study aims to focus on screening the  
putative drug targets and prioritizing their role in antibacterial drug  
development. The most vital proteins involved in the Biotin biosynthesis pathway  
and the Lipoarabinomannan (LAM) pathway such as biotin synthase (bioB) and  
alpha-(1->6)-mannopyranosyltransferase A (mptA) respectively, along with other  
essential virulence proteins of Mtb were selected as drug targets. Among these,  
the ones without native structures were modelled and validated using standard  
bioinformatics tools. Further, the interactions were performed with naturally  
available lead molecules present in selected mushroom species such as Agaricus  
bisporus, Pleurotus djamor, Hypsizygus ulmarius. Through Gas Chromatography-Mass  
Spectrometry (GC-MS), 15 bioactive compounds from the methanolic extract of  
mushrooms were identified. Further, 4 were selected based on drug-likeness and  
pharmacokinetic screening for molecular docking analysis against our prioritized  
targets wherein Benz[e]azulene from Pleurotus djamor illustrated a good binding  
affinity with a LF rank score of -9.036 kcal mol -1 against nuoM (NADH quinone  
oxidoreductase subunit M) and could be used as a prospective candidate in order  
to combat Tuberculosis (TB). Furthermore, the stability of the complex are  
validated using MD Simulations and subsequently, the binding free energy was  
calculated using MM-GBSA analysis. Thus, the current in silico analysis suggests  
a promising role of compounds extracted from mushrooms in tackling the TB  
burden.Communicated by Ramaswamy H. Sarma. 
 
DOI: 10.1080/07391102.2024.2335292 
PMID: 38895953 
 
60. Formulation development, characterization, and evaluation of bedaquiline  
fumarate - Soluplus(®) - solid dispersion. 
 
Pharm Dev Technol. 2024 Jun;29(5):492-503. doi: 10.1080/10837450.2024.2348585.  
Epub 2024 May 10. 
 
Pardhi VP(1), Patel M(1), Jain K(1). 
 
Author information: 
(1)Department of Pharmaceutics, Drug Delivery and Nanomedicine Research  
Laboratory, National Institute of Pharmaceutical Education and Research (NIPER),  
Raebareli, India. 
 
Bedaquiline fumarate (BQF) is classified as a BCS class II drug and has poor  
water solubility and dissolution rate, which ultimately compromises  
bioavailability. The objective of this study is to improve the biopharmaceutical  
properties of BQF through a solid dispersion system by using Soluplus®. Two  
solid dispersion systems were prepared i.e. binary solid dispersion (BSD) and  
ternary solid dispersion (TSD) where 14.31-fold and 20.43-fold increase in  



solubility of BQF was observed with BSD and TSD in comparison to BQF. In our  
previous research work, we explored the BSD and TSD of BQF with a crystalline  
polymer, poloxamer 188, which showed an increment in the solubility of BQF. In  
the current research, amorphous Soluplus® polymer was selected to formulate BSD  
and TSD with BQF and showed higher solubility than poloxamer 188. The various  
solid and liquid state characterization results confirmed the presence of an  
amorphous form of BQF inside solid dispersion. The Fourier transform infrared  
spectroscopy showed no chemical interactions between BQF and polymer. The  
cellular uptake results demonstrated higher uptake in Caco-2 cell lines.  
Pharmacokinetic studies showed enhanced solubility and bioavailability of TSDs.  
Hence, the present research shows a promising formulation strategy for enhancing  
the biopharmaceutical performance of BQF by increasing its solubility. 
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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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The current tuberculosis (TB) treatment is challenged by a complex first-line  
treatment for drug-sensitive (DS) TB. Additionally, the prevalence of multidrug  
(MDR)- and extensively drug (XDR)-resistant TB necessitates the search for new  
drug prototypes. We synthesized and screened 30 hybrid compounds containing  
aminopyridine and 2-chloro-3-formyl quinoline to arrive at a compound with  
potent antimycobacterial activity, UH-NIP-16. Subsequently, antimycobacterial  
activity against DS and MDR Mycobacterium tuberculosis (M.tb) strains were  



performed. It demonstrated an MIC50 value of 1.86 ± 0.21 μM for laboratory  
pathogenic M.tb strain H37Rv and 3.045 ± 0.813 μM for a clinical M.tb strain  
CDC1551. UH-NIP-16 also decreased the MIC50 values of streptomycin, isoniazid,  
ethambutol, and bedaquiline to about 45, 55, 68, and 76%, respectively, when  
used in combination, potentiating their activities. The molecule was active  
against a clinical MDR M.tb strain. Cytotoxicity on PBMCs from healthy donors  
and on human cell lines was found to be negligible. Further, blind docking of  
UH-NIP-16 using Auto Dock Vina and MGL tools onto diverse M.tb proteins showed  
high binding affinities with multiple M.tb proteins, the top five targets being  
metabolically critical proteins CelA1, DevS, MmaA4, lysine acetyltransferase,  
and immunity factor for tuberculosis necrotizing toxin. These bindings were  
confirmed by fluorescence spectroscopy using a representative protein, MmaA4.  
Envisaging that a pathogen will have a lower probability of developing  
resistance to a hybrid molecule with multiple targets, we propose that UH-NIP-16  
can be further developed as a lead molecule with the bacteriostatic potential  
against M.tb, both alone and in combination with first-line drugs. 
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Due to its emerging resistance to first-line anti-TB medications, tuberculosis  
(TB) is one of the most contagious illness in the world. According to reports,  
the effectiveness of treating TB is severely impacted by drug resistance,  
notably resistance caused by mutations in the pncA gene-encoded pyrazinamidase  
(PZase) to the front-line drug pyrazinamide (PZA). The present study focused on  
investigating the resistance mechanism caused by the mutations D12N, T47A, and  



H137R to better understand the structural and molecular events responsible for  
the resistance acquired by the pncA gene of Mycobacterium tuberculosis (MTB) at  
the structural level. Bioinformatics analysis predicted that all three mutations  
were deleterious and located near the active centre of the pncA, affecting its  
functional activity. Furthermore, molecular dynamics simulation (MDS) results  
established that mutations significantly reduced the structural stability and  
caused the rearrangement of FE2+ in the active centre of pncA. Moreover,  
essential dynamics analysis, including principal component analysis (PCA) and  
free energy landscape (FEL), concluded variations in the protein motion and  
decreased conformational space in the mutants. Additionally, the mutations  
potentially impacted the network topologies and altered the residual  
communications in the network. The complex simulation study results established  
the significant movement of the flap region from the active centre of mutant  
complexes, further supporting the flap region's significance in developing  
resistance to the PZA drug. This study advances our knowledge of the primary  
cause of the mechanism of PZA resistance and the structural dynamics of pncA  
mutants, which will help us to design new and potent chemical scaffolds to treat  
drug-resistant TB (DR-TB). 
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BACKGROUND: Tuberculosis, a global health concern, was anticipated to grow to  
10.6 million new cases by 2021, with an increase in multidrug-resistant  



tuberculosis. Despite 1.6 million deaths in 2021, present treatments save  
millions of lives, and tuberculosis may overtake COVID-19 as the greatest cause  
of mortality. This study provides a six-compartmental deterministic model that  
employs a fractal-fractional operator with a power law kernel to investigate the  
impact of vaccination on tuberculosis dynamics in a population. 
METHODS: Some important characteristics, such as vaccination and infection rate,  
are considered. We first show that the suggested model has positive bounded  
solutions and a positive invariant area. We evaluate the equation for the most  
important threshold parameter, the basic reproduction number, and investigate  
the model's equilibria. We perform sensitivity analysis to determine the  
elements that influence tuberculosis dynamics. Fixed-point concepts show the  
presence and uniqueness of a solution to the suggested model. We use the  
two-step Newton polynomial technique to investigate the effect of the fractional  
operator on the generalized form of the power law kernel. 
RESULTS: The stability analysis of the fractal-fractional model has been  
confirmed for both Ulam-Hyers and generalized Ulam-Hyers types. Numerical  
simulations show the effects of different fractional order values on  
tuberculosis infection dynamics in society. According to numerical simulations,  
limiting contact with infected patients and enhancing vaccine efficacy can help  
reduce the tuberculosis burden. The fractal-fractional operator produces better  
results than the ordinary integer order in the sense of memory effect at  
diffract fractal and fractional order values. 
CONCLUSION: According to our findings, fractional modeling offers important  
insights into the dynamic behavior of tuberculosis disease, facilitating a more  
thorough comprehension of their epidemiology and possible means of control. 
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65. Granulomatous amoebic encephalitis due to Acanthamoeba spp complicating  
multidrug-resistant tuberculous meningitis in an immunocompetent individual. 
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Granulomatous amoebic encephalitis due to Acanthamoeba spp is a rare, near-fatal  
central nervous system infection. It is often seen in immunocompromised  
individuals. Here we describe a survivor of this infection who was co-infected  



with multidrug-resistant tuberculosis. He presented to us with features of  
meningitis and a history of chronic cough. The chest X-ray was classical for  
pulmonary tuberculosis. Neuroimaging was suggestive of encephalitis; herpes  
simplex virus PCR was negative. Cerebrospinal fluid (CSF) showed lymphocytic  
pleocytosis. Wet mounts revealed trophozoites of Acanthamoeba Currently, he is  
being treated with oral bedaquiline, levofloxacin, linezolid, clofazimine,  
cycloserine and pyridoxine for tuberculosis. He received intravenous amikacin  
and oral cotrimoxazole and fluconazole for Acanthamoeba infection for 1 month.  
The resolution was confirmed by repeating the CSF wet mount, culture and  
neuroimaging. He was then discharged with oral rifampicin, cotrimoxazole and  
fluconazole. He is currently under our close follow-up. 
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66. Design and Synthesis of the Linezolid Bioisosteres to Resolve the Serotonergic  
Toxicity Associated with Linezolid. 
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Serotonergic toxicity due to MAO enzyme inhibition is a significant concern when  
using linezolid to treat MDR-TB. To address this issue, we designed linezolid  
bioisosteres with a modified acetamidomethyl side chain at the C-5 position of  



the oxazolidine ring to balance activity and reduce toxicity. Among these  
bioisosteres, R7 emerged as a promising candidate, demonstrating greater  
effectiveness against M. tuberculosis (Mtb) H37Rv cells with an MIC of 2.01 μM  
compared to linezolid (MIC = 2.31 μM). Bioisostere R7 also exhibited remarkable  
activity (MIC50) against drug-resistant Mtb clinical isolates, with values of  
0.14 μM (INHR, inhA+), 0.53 μM (INHR, katG+), 0.24 μM (RIFR, rpoB+), and 0.92 μM  
(INHR INHR, MDR). Importantly, it was >6.52 times less toxic as compared to the  
linezolid toward the MAO-A and >64 times toward the MAO-B enzyme, signifying a  
substantial improvement in its drug safety profile. 
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News Articles 
 
1. Drug-resistant tuberculosis leaves EU scrambling for medicines 
 
https://www.politico.eu/article/drug-resistant-tuberculosis-eu-medicines-drus-world-health-
organization-refugees/ 
 
Earlier this year, the European Centre for Disease Prevention and Control (EDC) and the WHO 
warned that the EU may not hit its 2030 targets to suppress TB. This followed a rise in new cases 
identified throughout Europe and a survey that identified 18 EU countries that lack access to 
standard MDR TB drug regimens. With a standard price of around 40,000 euros per patient, the 
lack of access stems from the cost-prohibitive nature of the treatment regimen. MSF and the 
WHO have started providing aid in some EU countries, specifically Slovakia and Poland. 
 
2. Researchers discover a potential vaccine to prevent tuberculosis in people of all ages 
 
https://medicalxpress.com/news/2024-06-potential-vaccine-tuberculosis-people-ages.html 
 
Researchers utilized CRISPR to silence a gene encoding two enzymes in the current BCG 
vaccine associated with decreased immune responses to the TB pathogen. By reducing enzyme 
activity, they triggered greater immunogenicity in vitro and found greater efficacy in preventing 
TB infection in mouse models. This modified vaccine has not been tested in humans. 
 
3. Shorter TB treatment regimen shown to be safe and effective in operational research 

led by WHO 
 
https://www.who.int/azerbaijan/news/item/19-06-2024-shorter-tb-treatment-regimen-shown-to-
be-safe-and-effective-in-operational-research-led-by-who 
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The results of the 9-month treatment regimen for MDR TB have been recently published by the 
WHO. This regimen is clinically indicated for patients who cannot use or do not have access to 
pretomanid. They found that the 9-month regimen has an 83% success rate and less than 1% 
chance of recurrence. 


