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INTRODUCTION: Historically, extensively drug-resistant tuberculosis has been  
notoriously difficult to treat with devasing outcomes. As we are coming to the  
end of an era where the 2006 extensively drug-resistant tuberculosis definiions  
and old treatment regimens are being replaced, we aimed to esimate the  
proporion of extensively drug-resistant tuberculosis paients globally who  
achieved successful treatment outcomes. 
 
METHODS: We conducted a systemaic review of PubMed/MEDLINE, Scopus, Web of  
Science, and Embase from January 1, 2005, through April 3, 2023. Included  
studies reported WHO treatment outcomes, or adapions hereof, for  
pre-extensively and/or extensively drug-resistant tuberculosis paients  
according to the 2006 WHO definiion. Eligible studies included cohorts of at  
least 10 adults (aged>18 years) that were not pregnant. Using a random-effects  
model, we calculated pooled proporions of treatment outcomes and performed  
sensiivity and subgroup analyses. PROSPERO registraion number: CRD42022340961. 
 
RESULTS: Among 5056 studies reviewed, we idenified 94 studies from 26  
countries, involving 10,223 extensively drug-resistant tuberculosis paients.  



The pooled proporion of successful treatment outcomes was 44.2% (95%CI:  
38.3-50.3). Sensiivity analyses consistently produced similar esimates. A  
slight improvement in treatment outcomes was observed aZer 2013. Furthermore,  
25 studies reported outcomes for 3564 individuals with pre-extensively  
drug-resistant tuberculosis, of which 63.3% achieved successful treatment  
(95%CI: 43.1-72.5). 
 
CONCLUSION: Globally, the success rate of extensively drug-resistant  
tuberculosis treatment is 44.2%, far below the WHO's target rate of 75%. These  
results may serve as a reference for future studies assessing extensively  
drug-resistant tuberculosis treatment outcomes under the 2021 definiion treated  
with beQer treatment regimens available. Comprehensive surveillance data of  
extensively drug-resistant tuberculosis outcomes from the whole world are  
desirable to monitor treatment progress. 
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BACKGROUND: Pyrazinamide (PZA) and fluoroquinolone (FQ), paricularly  
moxifloxacin (MXF), are essenial drugs in the World Health Organizaion (WHO)  
recommended short-course regimen to treat drug-suscepible tuberculosis (TB). 
 
METHODS: To understand the extent of PZA and MXF suscepibility in general TB  
cases in Taiwan, we conducted retrospecive analyses of 385 conservaive  
Mycobacterium tuberculosis complex (MTBC) isolates idenified from 4 TB  
laboratories in different regions of Taiwan. The case informaion was obtained  
from the TB registry. Genotypic drug suscepibility tesing (DST) was performed  
by sequencing drug-resistance associated genes, PZA (pncA) and FQ (gyrA, and  
gyrB). Phenotypic DST was determined using the Bactec MGIT 960 system or the  
agar proporion method. Genotyping was carried out using spacer oligonucleoide  
typing. 
 
RESULTS: In this study, 4.7% (18/385) cases' isolates harbored pncA mutaions  
and 7.0% (27/385) cases' isolates harbored gyrA or gyrB mutaion. Notably, pncA  
mutaion was associated with Beijing family genotypes (P = 0.028), East  
African-Indian (EAI) genotypes (P = 0.047) and MDR-TB (P < 0.001). Whereas, gyrA  
or gyrB mutaion was associated with EAI genotypes (P = 0.020) and MDR-TB  
(P = 0.006). In addiion, a staisically significant difference was found  
between the favorable outcomes using acive and inacive PZA (P = 0.009) in 38  
case isolates with any pncA, gyrA, or gyrB mutaion. 
 
CONCLUSION: We concluded that rouine PZA and FQ suscepibility tests are  
recommended for guiding the treatment of TB. 
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4. Outbreak of Mul7drug-Resistant Tuberculosis - Kansas, 2021-2022. 
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An outbreak of mulidrug-resistant (MDR) tuberculosis (TB) involved 13 persons  
in four households in a low-income, under-resourced urban Kansas community  



during November 2021-November 2022. A majority of the seven adults idenified in  
the Kansas outbreak were born outside the United States in a country that had  
experienced an MDR TB outbreak with the same genotype during 2007-2009, whereas  
most of the six children in the Kansas outbreak were U.S.-born. Prompt  
idenificaion, evaluaion, and treatment of persons with MDR TB and their  
contacts is essenial to limiing transmission. 
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BACKGROUND: Mulidrug-resistant tuberculosis (MDR-TB) remains a public health  
emergency and a threat globally. Although increasing MDR-TB cases have been  
recently reported in Somalia, limited informaion is known. This study aims to  
determine the prevalence of drug-suscepible and MDR-TB in suspected paients  
referred to the TB Department in Mudug Hospital, Galkayo, Somalia, and idenify  
potenial factors associated with MDR-TB. 



 
METHODS: A 3-year hospital laboratory-based retrospecive study was conducted by  
manually reviewing laboratory records of Mycobacterium tuberculosis specimens  
and GeneXpert MTB/RIF results from January 2019 to December 2021 at the  
reference mycobacteria laboratory department in Mudug Hospital. 
 
RESULTS: A total of 714 posiive GeneXpert-MTB results were idenified: 619  
(86.7%) were drug suscepible (no Rifampin resistance [RR] detected) and 95  
(13.3%) with RR detected or defined as MDR-TB. Most of the MDR-TB paients were  
males (71.6%, 68/95) and between the ages of 15 to 24 (31.6%, 30/95). Most  
isolates were collected in 2021 (43.2%, 41/95). Mulivariate analyses show no  
significant difference between paients having MDR-TB and/or drug-suscepible TB  
for all variables. 
 
CONCLUSION: This study showed an alarming frequency of MDR-TB cases among M.  
tuberculosis-posiive paients at a regional TB reference laboratory in central  
Somalia. 
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Tuberculosis is a disease of poverty, discriminaion, and socioeconomic burden.  
Epidemiological studies suggest that the mortality and incidence of tuberculosis  
are unacceptably higher worldwide. Genomic mutaions in embCAB, embR, katG,  



inhA, ahpC, rpoB, pncA, rrs, rpsL, gyrA, gyrB, and ethR contribute to drug  
resistance reducing the suscepibility of Mycobacterium tuberculosis to many  
anibioics. Addiionally, treaing tuberculosis with anibioics also poses a  
serious risk of hepatotoxicity in the paient's body. Emerging data on  
drug-induced liver injury showed that ani-tuberculosis drugs remarkably altered  
levels of hepatotoxicity biomarkers. The review is an aQempt to explore the  
ani-mycobacterial potenial of selected, commonly available, and well-known  
phytocompounds and extracts of medicinal plants against strains of Mycobacterium  
tuberculosis. Many studies have demonstrated that phytocompounds such as  
flavonoids, alkaloids, terpenoids, and phenolic compounds have anibacterial  
acion against Mycobacterium species, inhibiing the bacteria's growth and  
replicaion, and someimes, causing cell death. Phytocompounds act by disruping  
bacterial cell walls and membranes, reducing enzyme acivity, and interfering  
with essenial metabolic processes. The combinaion of these processes reduces  
the overall survivability of the bacteria. Moreover, several phytochemicals have  
synergisic effects with anibioics rouinely used to treat TB, improving their  
efficacy and decreasing the risk of resistance development. Interesingly,  
phytocompounds have been presented to reduce isoniazid- and ethambutol-induced  
hepatotoxicity by reversing serum levels of AST, ALP, ALT, bilirubin, MDA, urea,  
creainine, and albumin to their normal range, leading to aQenuaion of  
inflammaion and hepaic necrosis. As a result, phytochemicals represent a  
promising field of research for the development of new TB medicines. 
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unrest and COVID-19 in Hai7. 
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Globally, treatment outcomes for people with muli-drug/rifampin-resistant  
tuberculosis (MDR/RR-TB) are sub-opimal, with MDR/RR-TB programs further  
weakened due to the COVID-19 pandemic, and in Haii, by severe civil unrest. We  



assessed the impact of these disrupions on treatment outcomes at GHESKIO, in  
Port-au-Prince, Haii. We conducted a retrospecive analysis including all  
adults (age ≥18 years) who iniiated MDR/RR-TB treatment at GHESKIO from 2010 to  
2020. We assessed predictors of poor treatment outcome using mulivariable  
logisic regression, adjusing for baseline characterisics and year of  
treatment. 453 paients iniiated treatment for MDR/RR-TB at GHESKIO. Median age  
was 31 (IQR: 25, 40), 233 (51.4%) were male, and 100 (22.1%) were living with  
HIV. Three hundred sixty-nine paients (81.5%) achieved cure, 42 (9.3%) died, 40  
(8.8%) were lost to follow-up and 2 (<1%) failed treatment. HIV status was  
associated with poor treatment outcome (aRR: 1.65 (95% CI: 1.09, 2.48)) but  
there was no difference by year of treatment iniiaion. Outcomes for paients  
with MDR/RR-TB remained outstanding, even during the COVID-19 pandemic and  
severe civil unrest in Haii. We aQribute this resilience in care to the  
adaptability of program staff and provision of economic and psychosocial  
support. 
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BACKGROUND: The emergence and spread of mulidrug-resistant tuberculosis  
(MDR-TB) presents a challenge to the "End TB by 2035" strategy. This study aimed  
to idenify the risk factors associated with MDR-TB in paients admiQed to the  
pneumo-physiology clinic of the Naional University Hospital of Bangui in  
Central African Republic. 
 



METHODS: This was a "retrospecive" chart review study. Cases were represented  
by paients more than 18 years of age treated for MDR-TB and controls were  
paients with "at least rifampicin-suscepible" TB treated "with first-line  
ani-TB regimen" and who at the end of treatment were declared cured. The status  
of "cured" was exclusively applicable to non-MDR TB. Risk factors associated  
with MDR-TB were idenified by mulivariate analysis. 
 
RESULTS: We included 70 cases and 140 controls. The median age was 35 years, IQR  
(22;46 years). The main factors associated with the occurrence of MDR-TB in  
mulivariate analysis were male gender (0 R = 3.02 [1.89-3.99], p = 0.001),  
residence in a peri-urban/urban area (0 R = 3.06 [2.21-4.01], p = 0.002),  
history of previous TB treatment (0 R= 3.99 [2.77-4.25], p < 0.001) and the  
presence of mulidrug-resistant TB in the family (0 R=1.86 [1.27-2.45],  
p = 0.021). 
 
CONCLUSION: The emergence of MDR-TB can be reduced by implemening appropriate  
strategies, such as prevenive therapy in contacts of MDR-TB paients and  
detecing and appropriately treaing MDR-TB paients to prevent further spread  
of infecion. 
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9. Analysis of Drug-Resistance Characteris7cs and Gene7c Diversity of  
Mul7drug-Resistant Tuberculosis Based on Whole-Genome Sequencing on the Hainan  
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PURPOSE: Given the high burden of Tuberculosis (TB) in China, the prevalence of  
mulidrug-resistant tuberculosis (MDR-TB) is significant. Whole-genome  
sequencing (WGS) of Mycobacterium tuberculosis (MTB) enables the idenificaion  
of lineages, drug-resistant mutaions, and transmission paQerns, offering  
valuable insights for TB control, clinical diagnosis, and treatment. 



 
METHODS: We collected 202 MDR-MTB strains from 3519 suspected pulmonary TB  
paients treated at The Second Affiliated Hospital of Hainan Medical University  
between July 2019 and June 2021. Proporional drug-suscepibility tesing was  
performed using 8 common ani-tuberculosis drugs. Subsequently, the genotypic  
drug resistance and geneic characterisics were analyzed by the WGS. 
 
RESULTS: Lineages are idenified by TB-profiler revealed 202 MDR-MTB strains,  
showcasing three predominant lineages, with lineage 2 being the most prevalent.  
Close genomic relatedness analysis and evidence of MTB transmission led to the  
formaion of 15 clusters comprising 42 isolates, resuling in a clustering rate  
of 20.8%. Novelty, lineage 2.1 (non-Beijing) accounted for 27.2% of the MDR-MTB  
strains, which is rare in China and Neighboring countries. Regarding first-line  
ani-TB drugs, genes associated with rifampicin resistance, primarily the rpoB  
gene, were detected in 200 strains (99.0%). Genes conferring resistance to  
isoniazid, ethambutol, and streptomycin were idenified in 191 (94.5%), 125  
(61.9%), and 100 (49.5%) strains, respecively. Among the second-line drugs, 97  
(48.0%) strains exhibited genes encoding resistance to fluoroquinolones.  
Comparing the results to phenotypic drug suscepibility-based tesing, the  
sensiivity of WGS for detecing resistance to each of the six drugs  
(rifampicin, isoniazid, ethambutol, ofloxacin, kanamycin, capreomycin) was 90%  
or higher. With the excepion of ethambutol, the specificity of WGS predicion  
for the remaining drugs exceeded 88%. 
 
CONCLUSION: Our study provides crucial insights into geneic mutaion types,  
geneic diversity, and transmission of MDR-MTB on Hainan Island, serving as a  
significant reference for MDR-MTB surveillance and clinical decision-making. 
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Mycobacterium tuberculosis by whole-genome sequencing in Southern India. 
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Whole-genome sequencing has created a revoluion in tuberculosis management by  
providing a comprehensive picture of the various geneic polymorphisms with  
unprecedented accuracy. Studies mapping genomic heterogeneity in clinical  
isolates of Mycobacterium tuberculosis using a whole-genome sequencing approach  
from high tuberculosis burden countries are underrepresented. We report  
whole-genome sequencing results of 242 clinical isolates of culture-confirmed M.  
tuberculosis isolates from tuberculosis paients referred to a teriary care  
hospital in Southern India. Phylogeneic analysis revealed that the isolates in  
our study belonged to five different lineages, with Indo-Oceanic (lineage 1, n =  
122) and East-African Indian (lineage 3, n = 80) being the most prevalent. We  
report several mutaions in genes conferring resistance to first and second line  
anitubercular drugs including the genes rpoB, katG, ahpC, inhA, fabG1, embB,  
pncA, rpsL, rrs, and gyrA. The majority of these mutaions were idenified in  
relaively high proporions in lineage 1. Our study highlights the uility of  
whole-genome sequencing as a potenial supplemental tool to the exising  
genotypic and phenotypic methods, in providing expedited comprehensive  
surveillance of mutaions that may be associated with anitubercular drug  
resistance as well as lineage characterizaion of M. tuberculosis isolates.  
Further larger-scale whole-genome datasets with linked minimum inhibiion  
concentraion tesing are imperaive for resolving the discrepancies between  
whole-genome sequencing and phenotypic drug sensiivity tesing results and  
quanifying the level of the resistance associated with the mutaions for  
opimizaion of anitubercular drug and precise dose selecion in clinics.  
IMPORTANCE Studies mapping geneic heterogeneity of clinical isolates of M.  
tuberculosis for determining their strain lineage and drug resistance by  
whole-genome sequencing are limited in high tuberculosis burden se�ngs. We  
carried out whole-genome sequencing of 242 M. tuberculosis isolates from  
drug-sensiive and drug-resistant tuberculosis paients, idenified and  
collected as part of the TB Portals Program, to have a comprehensive insight  
into the geneic diversity of M. tuberculosis in Southern India. We report  
several geneic variaions in M. tuberculosis that may confer resistance to  
anitubercular drugs. Further wide-scale efforts are required to fully  
characterize M. tuberculosis geneic diversity at a populaion level in high  
tuberculosis burden se�ngs for providing precise tuberculosis treatment. 
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fluoroquinolones, bedaquiline, and linezolid in clinical Mycobacterium  
tuberculosis: A systema7c review and meta-analysis. 
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OBJECTIVES: The aim of the study was to update the classificaion of drugs used  
in mulidrug-resistant tuberculosis (MDR-TB) regimens. Group A drugs  
(fluoroquinolones, bedaquiline (BDQ), and linezolid (LZD)) are crucial drugs for  
the control of MDR-TB. Molecular drug resistance assays could facilitate the  
effecive use of Group A drugs. 
 
METHODS: We summarised the evidence implicaing specific geneic mutaions in  
resistance to Group A drugs. We searched PubMed, Embase, MEDLINE, and the  
Cochrane Library for studies published from the incepion of each database unil  
July 1, 2022. Using a random-effects model, we calculated the odds raios and  
95% confidence intervals as our measures of associaion. 
 
RESULTS: A total of 5001 clinical isolates were included in 47 studies.  
Mutaions in gyrA A90V, D94G, D94N, and D94Y were significantly associated with  
an increased risk of a levofloxacin (LFX)-resistant phenotype. In addiion,  
mutaions in gyrA G88C, A90V, D94G, D94H, D94N, and D94Y were significantly  
associated with an increased risk of a moxifloxacin (MFX)-resistant phenotype.  
In only one study, the majority of gene loci (n = 126, 90.65%) in BDQ-resistant  
isolates were observed to have unique mutaions in atpE, Rv0678, mmpL5, pepQ,  
and Rv1979c. The most common mutaions occurred at four sites in the rrl gene  
(g2061t, g2270c, g2270t, and g2814t) and at one site in rplC (C154R) in  
LZD-resistant isolates. Our meta-analysis demonstrated that there were no  
mutaions associated with BDQ- or LZD-resistant phenotypes. 
 
CONCLUSION: The mutaions detected by rapid molecular assay were correlated with  
phenotypic resistance to LFX and MFX. The absence of mutaion-phenotype  
associaions for BDQ and LZD hindered the development of a rapid molecular  
assay. 
 
Copyright © 2023 The Author(s). Published by Elsevier Ltd.. All rights reserved. 
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Tuberculosis Treatment. 
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Delamanid (DLM) is a hydrophobic small molecule therapeuic used to treat  
drug-resistant tuberculosis (DR-TB). Due to its hydrophobicity and resuling  
poor aqueous solubility, formulaion strategies such as amorphous solid  
dispersions (ASDs) have been invesigated to enhance its aqueous dissoluion  
kineics and thereby improve oral bioavailability. However, ASD formulaions are  
suscepible to temperature- and humidity-induced phase separaion and  
recrystallizaion under harsh storage condiions typically encountered in areas  
with high tuberculosis incidence. Nanoencapsulaion represents an alternaive  
formulaion strategy to increase aqueous dissoluion kineics while remaining  
stable at elevated temperature and humidity. The stabilizer layer coaing the  
nanoparicle drug core limits the formaion of large drug domains by diffusion  
during storage, represening an advantage over ASDs. Iniial aQempts to form  
DLM-loaded nanoparicles via precipitaion-driven self-assembly were  
unsuccessful, as the trifluoromethyl and nitro funcional groups present on DLM  
were thought to interfere with surface stabilizer aQachment. Therefore, in this  
work, we invesigated the nanoencapsulaion of DLM via emulsificaion, avoiding  
the formaion of a solid drug core and instead keeping DLM dissolved in a  
dichloromethane dispersed phase during nanoparicle formaion. Iniial emulsion  
formulaion screening by probe-ip ultrasonicaion revealed that a 1:1 mass  
raio of lecithin and HPMC stabilizers formed 250 nm size-stable emulsion  
droplets with 40% DLM loading. Scale-up studies were performed to produce nearly  
idenical droplet size distribuion at larger scale using high-pressure  
homogenizaion, a coninuous and industrially scalable technique. The resuling  
emulsions were spray-dried to form a dried powder, and in vitro dissoluion  
studies showed dramaically enhanced dissoluion kineics compared to both  
as-received crystalline DLM and micronized crystalline DLM, owing to the  
increased specific surface area and parially amorphous character of the  
DLM-loaded nanoparicles. Solid-state NMR and dissoluion studies showed good  
physical stability of the emulsion powders during accelerated stability tesing  
(50 °C/75% RH, open vial). 
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13. Phenotypic and genotypic drug suscep7bility paberns of Mycobacterium  
tuberculosis isolates from pulmonary tuberculosis pa7ents in Central and  
Southern Ethiopia. 
 
PLoS One. 2023 Sep 8;18(9):e0285063. doi: 10.1371/journal.pone.0285063.  
eCollecion 2023. 
 
Tilahun M(1)(2), Wegayehu T(1), Wondale B(1), Gebresilase TT(2), Gebreyohannes  
T(2), Tekola A(2), Alemu M(2), Neway S(2), Adnew B(2), Nassir MF(2), Kassahun  
Y(2), Aseffa A(2), Bobosha K(2). 
 
INTRODUCTION: The persistence of tuberculosis (TB) infecion in some paients  
aZer treatment has highlighted the importance of drug suscepibility tesing  
(DST). This study aimed to determine the drug suscepibility paQerns of  
Mycobacterium tuberculosis (M. tuberculosis) isolates from pulmonary TB (PTB)  
paients in Central and Southern Ethiopia. 
METHODS: A health insituion-based cross-secional study was conducted between  
July 2021 and April 2022. Sputum samples were collected from newly diagnosed  
smear microscopy and/or Xpert MTB/RIF-posiive PTB paients. The samples were  
processed and culivated in Lowenstein-Jensen (LJ) pyruvate and glycerol medium.  
M. tuberculosis isolates were idenified using polymerase chain reacion (PCR)  
based region of difference 9 (RD9) deleion typing. Phenotypic DST paQerns of  
the isolates were characterized using the BACTEC MGIT™ 960 instrument with SIRE  
kit. Isoniazid (INH) and Rifampicin (RIF) resistant M. tuberculosis isolates  
were idenified using the GenoType® MTBDRplus assay. 
RESULTS: Sputum samples were collected from 350 PTB paients, 315 (90%) of which  
were culture-posiive, and phenotypic and genotypic DST were determined for 266  
and 261 isolates, respecively. Due to invalid results and missing data, 6%  
(16/266) of the isolates were excluded, while 94% (250/266) were included in the  
paired analysis. According to the findings, 14.4% (36/250) of the isolates  
tested posiive for resistance to at least one ani-TB drug. Gene mutaions were  
observed only in the rpoB and katG gene loci, indicaing RIF and high-level INH  
resistance. The GenoType® MTBDRplus assay has a sensiivity of 42% and a  
specificity of 100% in detecing INH-resistant M. tuberculosis isolates, with a  
kappa value of 0.56 (95%CI: 0.36-0.76) compared to the BACTEC MGIT™ DST. The  
overall discordance between the two methods was 5.6% (14/250) for INH alone and  
0% for RIF resistance and MDR-TB (resistance to both INH and RIF) detecion. 
CONCLUSION: This study reveals a higher prevalence of phenotypic and genotypic  
discordant INH-resistant M. tuberculosis isolates in the study area. The use of  
whole-genome sequencing (WGS) is essenial for gaining a comprehensive  
understanding of these discrepancies within INH-resistant M. tuberculosis  



strains. 
 
Copyright: © 2023 Tilahun et al. This is an open access aricle distributed  
under the terms of the Creaive Commons AQribuion License, which permits  
unrestricted use, distribuion, and reproducion in any medium, provided the  
original author and source are credited. 
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14. Difficulty in diagnosing peritoni7s caused by mul7drug-resistant tuberculosis. 
 
Clin Case Rep. 2023 Aug 29;11(9):e7759. doi: 10.1002/ccr3.7759. eCollecion 2023  
Sep. 
 
Aoyama S(1), Yamashita S(2), Ishizuka K(3), Katsukura S(4), Matsuura H(5), Kato  
M(6). 
 
KEY CLINICAL MESSAGE: The low sensiivity of ascites culture for acid-fast  
bacilli necessitates a peritoneal biopsy when tuberculous peritoniis is  
suspected. Findings in the peritoneum on computed tomography may prompt  
suspicion of tuberculous peritoniis. 
ABSTRACT: A 47-year-old Nigerian man presented with fever, abdominal distenion,  
and weight loss. Abdominal computed tomography revealed massive ascites and  
peritoneal thickening. Despite failing to culture acid-fast bacilli from  
ascites, histological examinaion and culture of peritoneum revealed  
mulidrug-resistant tuberculosis peritoniis. Peritoneal biopsy is mandatory  
when tuberculosis peritoniis is suspected. 
 
© 2023 The Authors. Clinical Case Reports published by John Wiley & Sons Ltd. 
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15. Time discrepancy for tuberculosis-nega7ve microscopy and culture - the  
diagnos7c gap remains: systema7c analysis from a large ter7ary care  
tuberculosis-clinic, Germany 2013-2017. 
 
Int J Infect Dis. 2023 Sep;134:269-272. doi: 10.1016/j.ijid.2023.07.009. Epub  
2023 Jul 16. 
 
Kessel J(1), Göymen E(1), Wolf T(1), Wetzstein N(1), Küpper-Tetzel C(1), Behrens  
P(1), Borgans F(1), Balaban Ü(2), Hogardt M(3), Wichelhaus TA(3), Stephan C(4). 
 
OBJECTIVES: Paients with open pulmonary tuberculosis (opTB) are subject to  
strict isolaion rules. Sputum smear microscopy is used to determine  
infecivity, but sensiivity is lower than for culture. This study aimed to  
invesigate the clinical relevance of this mismatch in contemporary se�ngs. 
 
METHODS: Differenial results between microscopy and culture were determined at  
the ime of microscopic sputum conversion, from all paients with opTB between  
01/2013 and 12/2017. In addiion, data on HIV, muli/extensive drug-resistant TB  
status, ime to smear- and cultural-negaivity conversion were analyzed; and a  
Kaplan-Meier curve was developed. 
 
RESULTS: Of 118 paients with opTB, 58 had demographic data available for  
microbiological and clinical follow-up analysis; among these, 26 (44.8%) had  
sill at least one posiive culture result. Median ime from opTB-treatment  
iniiaion to full microscopic sputum- or culture conversion, was 16.5 days  
(range 2-105), and 20 days (1-105), respecively (median difference: +3.5 days).  
Sixteen days aZer de-isolaion, >90% had converted culturally. HIV- or  
muli/extensive drug-resistant TB status did not impact conversion ime. 
 
CONCLUSION: When paients with opTB were de-isolated aZer 3 negaive sputum  
smear microscopy tests, a substanial part sill revealed cultural growth of  
Mycobacterium tuberculosis complex, but it remains unclear, whether  
smear-negaive and culturally-posiive individuals on therapy are really  
infecive. Thus, the clinical relevance of this finding warrants further  
invesigaion. 
 
Copyright © 2023 The Author(s). Published by Elsevier Ltd.. All rights reserved. 
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16. Mycobacterium tuberculosis carrying the rifampicin drug-resistance-conferring  
rpoB muta7on H445Y is associated with suppressed immunity through type I  
interferons. 
 
mBio. 2023 Sep 8:e0094623. doi: 10.1128/mbio.00946-23. Online ahead of print. 
 
Bobba S(1), Howard NC(1), Das S(1), Ahmed M(1)(2), Tang L(3), Thirunavukkarasu  
S(1), Larsen MH(4), Mathema B(3), Divangahi M(5)(6)(7), Khader SA(1)(2). 
 
Tuberculosis (TB) is one of the leading causes of death due to an infecious  
disease. The rise of muli-drug resistance (MDR) in Mycobacterium tuberculosis  
(Mtb), the causaive agent of TB, presents a significant obstacle to TB control.  
While human studies report dysregulated immune responses during MDR TB, a clear  
understanding of the host-pathogen interacions of MDR Mtb is lacking. Here, we  
studied the immune responses induced by Mtb strains carrying two of the most  
common rifampicin drug-resistance (RDR)-conferring single-nucleoide  
polymorphisms (SNPs) in the RNA polymerase gene of Mtb, which accounts for  
nearly 90% of drug-resistance mutaions found clinically in Mtb. During Mtb  
infecion of primary human macrophages, we found that pro-inflammatory cytokine  
producion was reduced upon infecion with Mtb carrying the H445Y SNP but not  
the S450L SNP. Using a mouse model, we also characterized the host immune  
response in vivo following infecion. Despite similar establishment of Mtb  
infecion in the lung and disseminaion to the peripheral organs, we show that  
infecion with the RDR Mtb rpoB-H445Y strain, but not with the rpoB-S450L  
strain, resulted in a suppressed lung myeloid and lymphoid immune responses  
through type I IFN-dependent pathways, relaive to wt Mtb. This suppressed host  
immunity had funcional consequences in limiing control of RDR Mtb strains  
harboring rpoB-H445Y and led to worse pathology during chronic TB disease.  
Collecively, our results suggest that disease pathogenesis may be associated  
with specific RDR mutaions in Mtb, which may differenially regulate immune  
responses. IMPORTANCE This study highlights the impact of specific  
rifampicin-resistance-conferring mutaions on the host immune response to  
Mycobacterium tuberculosis (Mtb), the causaive agent of tuberculosis (TB).  
Clinical reports have previously suggested that muli-drug-resistant) TB  
paients exhibit altered peripheral immune responses as compared with their  



drug-sensiive TB counterparts. The murine model of infecion with Mtb strains  
carrying drug-resistance-conferring mutaions recapitulated these findings and  
allowed us to mechanisically interrogate the pathways responsible for driving  
the divergent immune responses. Our findings underscore the need for greater  
invesigaion into bacterial heterogeneity to beQer appreciate the diversity in  
host-pathogen interacions during TB disease. 
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17. Insight into the drug-resistant characteris7cs and gene7c diversity of  
mul7drug-resistant Mycobacterium tuberculosis in China. 
 
Microbiol Spectr. 2023 Sep 21:e0132423. doi: 10.1128/spectrum.01324-23. Online  
ahead of print. 
 
Song Z(#)(1)(2), Liu C(#)(2), He W(#)(1)(2), Pei S(#)(3), Liu D(1), Cao X(1)(2),  
Wang Y(1)(2), He P(1)(2), Zhao B(2), Ou X(2), Xia H(2), Wang S(2), Zhao Y(2). 
 
Mulidrug-resistant tuberculosis (MDR-TB) has a severe impact on public health.  
To invesigate the drug-resistant profile, compensatory mutaions and geneic  
variaions among MDR-TB isolates, a total of 546 MDR-TB isolates from China  
underwent drug-suscepibility tesing and whole genome sequencing for further  
analysis. The results showed that our isolates have a high rate of  
fluoroquinolone resistance (45.60%, 249/546) and a low proporion of conferring  
resistance to bedaquiline, clofazimine, linezolid, and delamanid. The majority  
of MDR-TB isolates (77.66%, 424/546) belong to Lineage 2.2.1, followed by  
Lineage 4.5 (6.41%, 35/546), and the Lineage 2 isolates have a strong  
associaion with pre-XDR/XDR-TB (P < 0.05) in our study. Epidemic success  
analysis using ime-scaled haplotypic density (THD) showed that clustered  
isolates outperformed non-clustered isolates. Compensatory mutaions happened in  
rpoA, rpoC, and non-RRDR of rpoB genes, which were found more frequently in  
clusters and were associated with the increase of THD index, suggesing that  
increased bacterial fitness was associated with MDR-TB transmission. In  
addiion, the variants in resistance associated genes in MDR isolates are mainly  
focused on single nucleoide polymorphism mutaions, and only a few genes have  
indel variants, such as katG, ethA. We also found some genes underwent indel  
variaion correlated with the lineage and sub-lineage of isolates, suggesing  
the selecive evoluion of different lineage isolates. Thus, this analysis of  
the characterizaion and geneic diversity of MDR isolates would be helpful in  
developing effecive strategies for treatment regimens and tailoring public  
intervenions. IMPORTANCE Mulidrug-resistant tuberculosis (MDR-TB) is a serious  
obstacle to tuberculosis prevenion and control in China. This study provides  



insight into the drug-resistant characterisics of MDR combined with phenotypic  
drug-suscepibility tesing and whole genome sequencing. The compensatory  
mutaions and epidemic success analysis were analyzed by ime-scaled haplotypic  
density (THD) method, suggesing clustered isolates and compensatory mutaions  
are associated with MDR-TB transmission. In addiion, the inserion and deleion  
variants happened in some genes, which are associated with the lineage and  
sub-lineage of isolates, such as the mpt64 gene. This study offered a valuable  
reference and increased understanding of MDR-TB in China, which could be crucial  
for achieving the objecive of precision medicine in the prevenion and  
treatment of MDR-TB. 
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18. Discovery of novel reversible inhibitor of DprE1 based on benzomorpholine for  
the treatment of tuberculosis. 
 
Microbiol Spectr. 2023 Sep 12:e0472122. doi: 10.1128/spectrum.04721-22. Online  
ahead of print. 
 
Xiang W(#)(1), He H(#)(1), Duan X(#)(1), He Z(2), Xu X(2), Liao M(3), Teng F(1),  
Li X(1), Luo T(1), Zeng J(2), Yu L(1), Gao C(4). 
 
About a quarter of the world's populaion is infected with Mycobacterium  
tuberculosis, equivalent to about two billion people. With the emergence of  
mulidrug-resistant tuberculosis, those exising ani-tuberculosis drugs no  
longer meet the demand for cure anymore; there is an urgent need for the  
development of new ani-tuberculosis drugs. Decaprenylphosphoryl-β-D-ribose  
2´-epimerase (DprE1) has been proven to be a potenial animycobacterial target,  
and several inhibitors have entered clinical trial. Herein, we designed and  
synthesized a series of compounds based on the indole and benzomorpholine by  
using the strategy of scaffold hopping. The preferred compound B18 showed strong  
animycobacterial acivity in H37Rv and drug-resistant clinical isolates. In  
addiion, compound B18 did not exhibit animycobacterial efficacy against other  
species of strains. Subsequently, the target of B18 was idenified as DprE1 by  
analyzing spontaneous compound-resistant mutaion data, and a docking study was  
performed to illustrate the binding mode between B18 and DprE1. In general,  
compound B18 is compaible to current DprE1 inhibitors, even higher  
phosphodiesterase 6C selecivity and plasma protein binding rate, which  
represent a new type of effecive reversible DprE1 inhibitor. IMPORTANCE Drug  
therapy remains the cornerstone of tuberculosis (TB) treatment, yet first-line  
ani-tuberculosis drugs are associated with significant adverse effects that can  
compromise paient outcomes. Moreover, prolonged and widespread use has led to  



an alarming rise in drug-resistant strains of Mycobacterium tuberculosis,  
including mulidrug-resistant [MDR-tuberculosis (TB)] and extensively  
drug-resistant (XDR-TB) forms. Urgent acion is needed to develop novel  
ani-tuberculosis agents capable of overcoming these challenges. We report that  
compound B18, a decaprenylphosphoryl-β-D-ribose 2´-epimerase inhibitor with a  
benzomorpholine backbone, exhibits potent acivity against not only the  
non-pathogenic strain H37Ra, but also the pathogenic strain H37Rv and clinical  
MDR and XDR strains. Preliminary druggability studies indicate that B18  
possesses high safety and acceptable pharmacokineic properies, rendering it a  
promising candidate for further development as a novel ani-tuberculosis agent. 
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19. Radiomics analysis of lung CT for mul7drug resistance predic7on in ac7ve  
tuberculosis: a mul7centre study. 
 
Eur Radiol. 2023 Sep;33(9):6308-6317. doi: 10.1007/s00330-023-09589-x. Epub 2023  
Apr 1. 
 
Li Y(1), Xu Z(1), Lv X(1), Li C(1), He W(1), Lv Y(1), Hou D(2). 
 
OBJECTIVES: Mulidrug-resistant TB (MDR-TB) is a severe burden and public health  
threat worldwide. This study aimed to develop a radiomics model based on the  
tree-in-bud (TIB) sign and nodules and validate its predicive performance for  
MDR-TB. 
 
METHODS: We retrospecively recruited 454 paients with proven acive TB from  
two hospitals and classified them into three training and tesing cohorts: TIB  
(n = 295, 102), nodules (n = 302, 97), and their combinaion (n = 261, 81).  
Radiomics features relaing to TIB and nodules were separately extracted. The  
maximal informaion coefficient and recursive feature eliminaion were used to  
select informaive features per the two signs. Two radiomics models were  
constructed to predict MDR-TB using a random forest classifier. Then, a combined  
model was built incorporaing radiomics features based on these two signs. The  
capability of the models in the combined training and tesing cohorts was  
validated with ROC curves. 
 
RESULTS: Sixteen features were extracted from TIB and 15 from nodules. The AUCs  
of the combined model were slightly higher than those of the TIB model in the  
combined training cohort (0.911 versus 0.877, p > 0.05) and tesing cohort  
(0.820 versus 0.786, p < 0.05) and similar to the performance of the nodules  
model in the combined training cohort (0.911 versus 0.933, p > 0.05) and tesing  



cohort (0.820 versus 0.855, p > 0.05). 
 
CONCLUSIONS: The CT-based radiomics models hold promise for use as a  
non-invasive tool in the predicion of MDR-TB. 
CLINICAL RELEVANCE STATEMENT: Our study revealed that complementary informaion  
regarding MDR-TB can be provided by radiomics based on the TIB sign and nodules.  
The proposed radiomics models may be new markers to predict MDR in acive TB  
paients. 
 
KEY POINTS: • This is the first study to build, validate, and apply radiomics  
based on tree-in-bud sign and nodules for the predicion of MDR-TB. • The  
radiomics model showed a favorable performance for the idenificaion of MDR-TB.  
• The combined model holds potenial to be used as a diagnosic tool in rouine  
clinical pracice. 
 
© 2023. The Author(s), under exclusive licence to European Society of Radiology. 
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20. Mycobacterium tuberculosis infec7on depressed cytotoxic T cells ac7vity owing  
to decreasing NKG2C and increasing NKG2A expression. 
 
Mol Immunol. 2023 Oct;162:133-142. doi: 10.1016/j.molimm.2023.08.014. Epub 2023  
Sep 7. 
 
Shen X(1), Wu T(1), Ji X(1), Yang K(2), Wang L(1), Peng Y(3), Huang G(1), Shen  
H(4), Sha W(5). 
 
Cytotoxic T lymphocytes (CTLs) play protecive roles in immunity against  
tuberculosis (TB) infecion by strongly inhibiing intracellular mycobacterial  
growth. In TB infecion, the impairing mechanism of CTLs funcion remains  
unclear. In this study, we idenified that the cytotoxic granule molecules  
expression levels of perforin (PRF) and granulysin (GNLY) in CD3+ and CD8+ CTL  
cells were significantly depressed in TB paients compared to those in healthy  
donors. The frequencies of T-CTLs, co-expressing granzyme B (GZMB), PRF and  
GNLY, were obviously decreased in TB paients. Moreover, NKG2C highly expressed  
in T-CTLs, was an effecive acivator of cytotoxic acivity of CD3+ T cells.  



And, NKG2C+CD3+ T cells potently inhibited intracellular mycobacterial growth.  
The proporions of NKG2C+ cells in CD3+ and CD8+ T cells were dramaically  
decreased in TB paients. Contrarily, NKG2A, an inhibitor of T cells cytotoxic  
aciviies, was highly expressed in T-CTLs of CD3+ and CD8+ T cells in TB  
paients. Here, we successfully discovered that depressed CTLs aciviies in TB  
paients were aQributed to low expression of cytotoxic granule molecules and  
high expression of inhibitory NKG2A receptor, suppression of agonist receptor  
NKG2C. Thus, NKG2 receptors were potenial targets for immunotherapy of  
tuberculosis, especially for mulidrug-resistant tuberculosis. 
 
Copyright © 2023. Published by Elsevier Ltd. 
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21. The associa7on of IL-17A rs2275913 single nucleo7de polymorphism with  
an7-tuberculous drug resistance in pa7ents with pulmonary tuberculosis. 
 
J Genet Eng Biotechnol. 2023 Sep 4;21(1):90. doi: 10.1186/s43141-023-00542-5. 
 
Elmadbouly AA(1), Abdul-Mohymen AM(2), Eltrawy HH(3), Elhasan HAA(4), Althoqapy  
AA(5), Amin DR(6). 
 
BACKGROUND: Drug-resistant  Tuberculosis (DR-TB) is a global health burden with  
high morbidity and mortality in developing countries including Egypt. The  
suscepibility to infecion with DR-TB strains may be geneically determined.  
Several interleukin gene polymorphisms were invesigated as risk factors for  
tuberculosis infecion but focusing on their associaion with DR-TB was limited.  
Therefore, the objecive of this study is to assess the associaion of IL  
17 - 197 G > A (rs2275913) single nucleoide polymorphism (SNP) with  
suscepibility to DR-TB strains in comparison to drug-sensiive tuberculosis  
(DS-TB) strains in Egypian paients with pulmonary TB. This cross-secional  
study was conducted on 80 paients with DR-TB strains and 80 with DS-TB strains  
as a control group. Both age and sex were comparable among the study's groups.  
IL-17 - 197 G > A (rs2275913) SNP was genotyped by real-ime PCR, and IL-17  
serum concentraion was measured by enzyme-linked immunosorbent assay (ELISA). 
 
RESULTS: The GA and AA genotype frequencies of IL 17 - 197 G > A (rs2275913) SNP  
were significantly higher in paients with DR-TB strains than those with DS-TB  
strains (p < 0.001). The frequency of the A allele was significantly (p < 0.001)  



higher in paients with DR-TB group (32.5%) compared to the control group  
(13.8%). Substanial higher serum levels of IL-17 were detected in the DR-TB  
group with significant associaion with AA and AG genotypes. 
 
CONCLUSION: Polymorphism in IL-17 -197 G > A (rs2275913) resulted in higher  
serum levels of IL-17 and Egypian paients with such polymorphism are three  
imes at risk of infecion with DR-TB strains than paients with wild type. 
 
© 2023. Academy of Scienific Research and Technology. 
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22. Mycobacterium tuberculosis complex whole-genome sequencing in New York State:  
Implementa7on of a reduced phenotypic drug suscep7bility tes7ng algorithm. 
  
Tuberculosis (Edinb). 2023 Sep;142:102380. doi: 10.1016/j.tube.2023.102380. Epub  
2023 Jul 22. 
 
Shea J(1), Halse TA(2), Modesil H(3), Kearns C(4), Fowler RC(5), Da  
Costa-Carter CA(6), Siemetzki-Kapoor U(7), Leisner M(8), Lapierre P(9),  
Kohlerschmidt D(10), Rowlinson MC(11), Escuyer V(12), Musser KA(13). 
 
Whole-genome sequencing (WGS) can predict drug resistance and animicrobial  
suscepibility in Mycobacterium tuberculosis complex (MTBC) and has shown  
promise in parially replacing culture-based phenotypic drug suscepibility  
tesing (pDST). We performed a two-year side by side study comparing the  
predicion of drug resistance and animicrobial suscepibility by WGS molecular  
DST (mDST) to pDST to determine resistance at the criical concentraion by  
Mycobacterial Growth Indicator Tube (MGIT) and agar proporion tesing. Negaive  
predicive values of WGS results were consistently high for the first-line  
drugs: rifampin (99.9%), isoniazid (99.0%), pyrazinamide (98.5%), and ethambutol  
(99.8%); the rates of resistance to these drugs, among strains in our  
populaion, are 2.9%, 10.4%, 46.3%, and 2.3%, respecively. WGS results were  
available an average 8 days earlier than first-line MGIT pDST. Based on these  
findings, we implemented a new tesing algorithm with an updated WGS workflow in  
which strains predicted pan-suscepible were no longer tested by pDST. This  
algorithm was applied to 1177 isolates between October 2018 and September 2020,  
eliminaing pDST for 66.6% of samples and reducing pDST for an addiional 22.0%.  



This algorithm change resulted in faster turnaround imes and decreased cost  
while maintaining comprehensive animicrobial suscepibility profiles of all  
culture-posiive MTBC cases in New York. 
 
Published by Elsevier Ltd. 
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23. The seroprevalence of an7-Histoplasma capsulatum IgG an7body among pulmonary  
tuberculosis pa7ents in seven referral tuberculosis hospitals in Indonesia. 
 
PLoS Negl Trop Dis. 2023 Sep 20;17(9):e0011575. doi:  
10.1371/journal.pntd.0011575. eCollecion 2023 Sep. 
 
Kusmiai T(1), Burhan E(2), Sugiyono RI(3), Arlinda D(3), Naysilla AM(3),  
Wibisono BH(4), El Khair R(5), Candrawai NW(6), Sinaga BYM(7), Djaharrudin  
I(8), Lokida D(9), Kosasih H(3), Susanto NH(3), Butar Butar DP(3), Adawiyah  
R(10), Fatril AE(10), Karyana M(3), Denning DW(11), Wahyuningsih R(10)(12). 
 
BACKGROUND: Histoplasma capsulatum exposure is rarely suspected in Indonesia.  
Pulmonary histoplasmosis can occur simultaneously with pulmonary tuberculosis  
(TB) or as an alternaive diagnosis in clinically-diagnosed TB paients with no  
microbiological evidence of TB. This study aimed to determine the seroprevalence  
of ani-H. capsulatum IgG anibody among pulmonary TB paients. 
 
METHODOLOGY: This was a sub-study of 306 paricipants from a prospecive cohort  
pulmonary TB study conducted at seven TB referral hospitals in Indonesia. The  
study populaion was presumpive pulmonary TB adult paients who underwent  
microbiological TB examinaions and were categorized as drug-sensiive (DS),  
drug-resistant (DR), and clinically-diagnosed TB. Ani-H. capsulatum IgG  
anibody levels at baseline were measured using MVista Histoplasma Ab enzyme  
immunoassays. Data were summarized using descripive staisics. Bivariate and  
mulivariate logisic regression analysis were performed to assess factors  
associated with ani-H. capsulatum IgG anibody posiive result. 
 
RESULTS: 12.7% (39/306) of pulmonary TB paients were posiive for ani-H.  
capsulatum IgG anibodies (DR-TB paients (15.9%, 18/114), DS-TB (13.0%,  
15/115), and clinically-diagnosed TB (7.8%, 6/77)). The median unit value of  
ani-H. capsulatum IgG anibody for all posiive samples was 15.7 (IQR  
10.2-28.9) EU. This median unit value was higher in clinically-diagnosed TB  
paients compared to DS-TB or DR-TB paients (38.1 (IQR 25.6-46.6) EU, 19.7 (IQR  
12.3-28.9) EU, and 10.9 (IQR 9.2-15.4), respecively). There were 10 paients  



(3.3%) with ani-H. capsulatum IgG anibody levels above 30 EU. Factors  
associated with the ani-H. capsulatum IgG anibody posiive result were  
malignancies (OR 4.88, 95% CI 1.09-21.69, p = 0.037) and cavitary lesions (OR  
2.27, 95% CI 1.09-4.70, p = 0.028). 
 
CONCLUSIONS: Our results provide evidence of exposure to H. capsulatum among  
pulmonary TB paients in Indonesia. Further studies are needed to provide a  
comprehensive picture of this fungal disease in other populaions and regions to  
enhance awareness among clinicians and public health officials. 
 
Copyright: © 2023 Kusmiai et al. This is an open access aricle distributed  
under the terms of the Creaive Commons AQribuion License, which permits  
unrestricted use, distribuion, and reproducion in any medium, provided the  
original author and source are credited. 
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24. Facilitators and barriers in implementa7on of ac7ve TB drug safety monitoring  
and management (aDSM) in programma7c management of drug resistance TB in Dar es  
Salaam region. 
 
PLoS One. 2023 Sep 15;18(9):e0291225. doi: 10.1371/journal.pone.0291225.  
eCollecion 2023. 
 
Nyaulingo BC(1)(2), Mhimbira FA(1). 
 
 
BACKGROUND: World Health Organizaion (WHO) recommends that acive TB Dug Safety  
Monitoring and Management (aDSM) be adopted in countries' programmaic  
management of DR-TB services. In Tanzania, the Naional TB Leprosy Programme  
(NTLP), under the ministry of health, adopted the aDSM component in 2018. The  
study evaluated the facilitators and barriers of aDSM implementaion in Dar es  
Salaam. 
 
MATERIALS AND METHODS: This was a process evaluaion study that adapted the  
descripive cross-secional approach, conducted in Dar es Salaam region. A total  
of 19 respondents, including clinicians, DOT (Direct Observed Therapy) nurses  
and key NTLP personnel, were interviewed using interview guides. Qualitaive  



content analysis based on Graneheim & Lundman was used to guide the analysis. 
 
RESULTS: For aDSM to be implemented in a health facility, tools like forms for  
recoding and reporing, access to a funcional laboratory for carrying out the  
required monitoring tests are a necessity. Moreover, the NTLP monitors the  
implementaion through received aDSM reports and DR-TB supporive supervisions.  
However, it was found that in many health faciliies, aDSM was parially being  
implemented due to various barriers: inadequate trained staff for aDSM  
implementaion, administraive burden in reporing and delaying in AE  
management. 
 
CONCLUSION: aDSM is inadequately being implemented due to the many setbacks  
faced by HCWs. aDSM-specific supporive supervisions and trainings to HCWs;  
incorporaing the current manual aDSM reporing flow into the already exising  
electronic (Tanzania Medicine and Medical Drugs Authority) TMDA database seems  
useful. 
 
Copyright: © 2023 Nyaulingo, Mhimbira. This is an open access aricle  
distributed under the terms of the Creaive Commons AQribuion License, which  
permits unrestricted use, distribuion, and reproducion in any medium, provided  
the original author and source are credited. 
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25. Nutri7onal support for adult pa7ents with microbiologically confirmed  
pulmonary tuberculosis: outcomes in a programma7c cohort nested within the  
RATIONS trial in Jharkhand, India. 
 
Lancet Glob Health. 2023 Sep;11(9):e1402-e1411. doi:  
10.1016/S2214-109X(23)00324-8. Epub 2023 Aug 8. 
 
Bhargava A(1), Bhargava M(2), Meher A(3), Teja GS(4), Velayutham B(3), Watson  
B(3), Benede� A(5), Barik G(3), Singh VP(3), Singh D(3), Madhukeshwar AK(6),  
Prasad R(7), Pathak RR(8), Chadha V(9), Joshi R(10). 
 
BACKGROUND: Undernutriion is a common comorbidity of tuberculosis in countries  
with a high tuberculosis burden, such as India. RATIONS is a field-based,  
cluster-randomised controlled trial evaluaing the effect of providing  



nutriional support to household contacts of adult paients with  
microbiologically confirmed pulmonary tuberculosis in Jharkhand, India, on  
tuberculosis incidence. The paient cohort in both groups of the trial was  
provided with nutriional support. In this study, we assessed the effects of  
nutriional support on tuberculosis mortality, treatment success, and other  
outcomes in the RATIONS paient cohort. 
 
METHODS: We enrolled paients (aged 18 years or older) with microbiologically  
confirmed pulmonary tuberculosis across 28 tuberculosis units. Paients received  
nutriional support in the form of food raions (1200 kcal and 52 g of protein  
per day) and micronutrient pills. Nutriional support was for 6 months for  
drug-suscepible tuberculosis and 12 months for mulidrug-resistant  
tuberculosis; paients with drug-suscepible tuberculosis could receive an  
extension of up to 6 months if their BMI was less than 18·5 kg/m2 at the end of  
treatment. We recorded BMI, diabetes status, and modified Eastern Cooperaive  
Oncology Group (ECOG) performance status at baseline. Clinical outcomes  
(treatment success, tuberculosis mortality, loss to follow-up, and change in  
performance status) and weight gain were recorded at 6 months. We assessed the  
predictors of tuberculosis mortality with Poisson and Cox regression using  
adjusted incidence rate raios (IRRs) and adjusted hazard raios (HRs). The  
RATIONS trial is registered with the Clinical Trials Registry of India  
(CTRI/2019/08/020490). 
 
FINDINGS: Between Aug 16, 2019, and Jan 31, 2021, 2800 paients (mean age 41·5  
years [SD 14·5]; 1979 [70·7%] men and 821 [29·3%] women) were enrolled. At  
enrolment, 2291 (82·4%) paients were underweight (BMI <18·5 kg/m2), and 480  
(17·3%) had a BMI of less than 14 kg/m2. The mean weight and BMI were 42·6 kg  
(SD 7·8) and 16·4 kg/m2 (2·6) in men and 36·1 kg (7·3) and 16·2 kg/m2 (2·9) in  
women. During the 6-month follow-up, treatment was successful in 2623 (93·7%)  
paients, 108 (3·9%) tuberculosis deaths occurred, 28 (1·0%) paients were lost  
to follow-up, and treatment failure was experienced by five (0·2%) paients. The  
median weight gain was 4·6 kg (IQR 2·8-6·8), but 1441 (54·8%) of 2630 paients  
remained underweight. At 2 months, 1444 (54·0%) of 2676 paients gained at least  
5% of baseline weight. Baseline weight (adjusted IRR 0·95, 95% CI 0·90-0·99),  
BMI (0·88, 0·76-1·01), poor performance status (ECOG categories 3-4; 5·33,  
2·90-9·79), diabetes (3·30, 1·65-6·72), and haemoglobin (0·85, 0·71-1·00) were  
predictors of tuberculosis mortality. A reduced hazard of death (adjusted HR  
0·39, 95% CI 0·18-0·86) was associated with a 5% weight gain at 2 months. 
I 
NTERPRETATION: In this study, nutriional support was provided to a cohort with  
a high prevalence of severe undernutriion. Weight gain, paricularly in the  
first 2 months, was associated with a substanially decreased hazard of  
tuberculosis mortality. Nutriional support needs to be an integral component of  
paient-centred care to improve treatment outcomes in such se�ngs. 
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26. In vitro ac7vity of new combina7ons of β-lactam and β-lactamase inhibitors  
against the Mycobacterium tuberculosis complex. 
 
Microbiol Spectr. 2023 Sep 22:e0178123. doi: 10.1128/spectrum.01781-23. Online  
ahead of print. 
 
Economou Lundeberg E(1), Andersson V(2), Wijkander M(3), Groenheit R(3), Mansjö  
M(3), Werngren J(3), Cortes T(4), Barilar I(5)(6), Niemann S(5)(6), Merker  
M(6)(7), Köser CU(8), Davies Forsman L(2)(9). 
 
As meropenem-clavulanic acid is recommended for the treatment of drug-resistant  
tuberculosis, the repurposing of new carbapenem combinaions may provide new  
treatment opions, including oral alternaives. Therefore, we studied the in  
vitro aciviies of meropenem-vaborbactam, meropenem-clavulanic acid, and  
tebipenem-clavulanic acid. One hundred nine Mycobacterium tuberculosis complex  
(MTBC) clinical isolates were tested, of which 69 were pan-suscepible and the  
remaining pyrazinamide- or mulidrug-resistant. Broth microdiluion MICs were  
determined using the EUCAST reference method. Meropenem and tebipenem were  
tested individually and in combinaion with vaborbactam 8 mg/L and  
clavulanic-acid 2 and 4 mg/L, respecively. Whole-genome sequencing was  
performed to explore resistance mechanisms. Clavulanic acid lowered the modal  
tebipenem MIC approximately 16-fold (from 16 to 1 mg/L). The modal meropenem MIC  
was reduced twofold by vaborbactam compared with an approximately eigh�old  
decrease by clavulanic acid. The only previously described high-confidence  
carbapenem resistance mutaion, crfA T62A, was shared by a subgroup of lineage  
4.3.4.1 isolates and did not correlate with elevated MICs. The presence of a  
β-lactamase inhibitor reduced the MTBC MICs of tebipenem and meropenem. The  
resuling MIC distribuion was lowest for the orally available drugs  
tebipenem-clavulanic acid. Whether this in vitro acivity translates to similar  



or greater clinical efficacy of tebipenem-clavulanic acid compared with the  
currently WHO-endorsed meropenem-clavulanic acid requires clinical studies.  
IMPORTANCE Repurposing of already approved anibioics, such as β-lactams in  
combinaion with β-lactamase inhibitors, may provide new treatment alternaives  
for drug-resistant tuberculosis. Meropenem-clavulanic acid was more acive in  
vitro compared to meropenem-vaborbactam. Notably, tebipenem-clavulanic acid  
showed even beQer acivity, raising the potenial of an all-oral treatment  
opion. Clinical data are needed to invesigate whether the beQer in vitro  
acivity of tebipenem-clavulanic acid correlates with greater clinical efficacy  
compared with the currently WHO-endorsed meropenem-clavulanic acid. 
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27. Synthesis and Structure-Ac7vity Rela7onships of a New Class of Oxadiazoles  
Targe7ng DprE1 as An7tubercular Agents. 
 
ACS Med Chem LeQ. 2023 Aug 15;14(9):1275-1283. doi:  
10.1021/acsmedchemleQ.3c00295. eCollecion 2023 Sep 14. 
 
Yadav VD(1), Boshoff HI(1), Trifonov L(1), Roma JSO(1), Ioerger TR(2), Barry CE  
3rd(1), Oh S(1). 
 
The coninuing prevalence of drug-resistant tuberculosis threatens global TB  
control programs, highlighing the need to discover new drug candidates to feed  
the drug development pipeline. In this study, we describe a high-throughput  
screening hit  
(4-benzylpiperidin-1-yl)(1-(5-phenyl-1,3,4-oxadiazol-2-yl)piperidin-4-yl)methanone  
(P1) as a potent anitubercular agent. Structure-acivity guided synthesis led  
to the discovery of several analogs with high in vitro potency. P1 was found to  
have promising potency against many drug-resistant strains, as well as  
drug-suscepible clinical isolates. It also showed cidality against Mtb growing  
in host macrophages. Whole genome sequencing of genomic DNA from resistant  
mutants raised to P1 revealed mutaions in decaprenylphosphoryl-β-d-ribose  
2'-oxidase (DprE1). This novel oxadiazole scaffold expands the set of chemical  
tools for targeing a well-validated pathway to treat tuberculosis. 
 
© 2023 The Authors. Published by American Chemical Society. 
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28. [Management of drug-resistant tuberculosis]. 
 
Dtsch Med Wochenschr. 2023 Sep;148(19):1236-1241. doi: 10.1055/a-1939-0000. Epub  
2023 Sep 15. 
 
[Aricle in German] 
 
Lange C. 
 
The spread of mulidrug-resistant Mycobacterium tuberculosis bacteria  
jeopardizes tuberculosis control, especially in the WHO Europe region. Following  
the availability of novel drugs and treatment regimens the World Health  
Organizaion has updated management recommendaions for paients affected by  
drug-resistant tuberculosis. These novel recommendaions include a significant  
reducion in the duraion of therapy. This review presents the epidemiology and  
diagnosics of anibioic-resistant tuberculosis as well as up-to-date treatment  
recommendaions. 
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29. Rifampicin drug resistance and host immunity in tuberculosis: more than meets  
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Bobba S(1), Khader SA(2). 
 



Tuberculosis (TB) is the leading cause of death due to an infecious agent, with  
more than 1.5 million deaths aQributed to TB annually worldwide. The global  
disseminaion of drug resistance across Mycobacterium tuberculosis (Mtb)  
strains, causaive of TB, resulted in an esimated 450 000 cases of  
drug-resistant (DR) TB in 2021. Dysregulated immune responses have been observed  
in paients with mulidrug resistant (MDR) TB, but the effects of drug  
resistance acquisiion and impact on host immunity remain obscure. In this  
review, we compile studies that span aspects of altered host-pathogen  
interacions and highlight research that explores how drug resistance and  
immunity might intersect. Understanding the immune processes differenially  
induced during DR TB would aid the development of raional therapeuics and  
vaccines for paients with MDR TB. 
 
Copyright © 2023 Elsevier Ltd. All rights reserved. 
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30. Effec7veness and safety of tuberculosis preven7ve treatment for contacts of  
mul7drug-resistant tuberculosis pa7ents: A systema7c review and  
Meta-analysis. 
 
Clin Microbiol Infect. 2023 Sep 21:S1198-743X(23)00477-9. doi:  
10.1016/j.cmi.2023.09.015. Online ahead of print. 
 
Zhou G(1), Luo S(2), He J(3), Chen N(4), Zhang Y(4), Cai S(5), Guo X(5), Chen  
H(6), Song C(7). 
 
BACKGROUND: Contacts of paients with mulidrug-resistant tuberculosis (MDR-TB)  
are at risk of developing TB disease. Tuberculosis prevenive treatment (TPT) is  
an intervenion that can potenially reduce this risk. 
 
OBJECTIVES: To evaluate the effeciveness and safety of TPT for contacts of  
MDR-TB paients. 
 
DATA SOURCES: EMBASE, PubMed, Web of Science, and the Cochrane Library were  
searched for eligible studies on July 24, 2023, without start date restricions. 
 
STUDY ELIGIBILITY CRITERIA: We included studies that compared TPT with no  
treatment in contacts of MDR-TB paients and reported outcomes of progression to  
TB disease. 



PARTICIPANTS: Contacts of MDR-TB paients. 
 
INTERVENTIONS: TPT. 
 
ASSESSMENT OF RISK OF BIAS: A modified version of the Newcastle-OQawa Scale was  
used. 
 
METHODS OF DATA SYNTHESIS: Random-effects meta-analysis was uilized to  
calculate the relaive risk (RR) for disease progression to TB in contacts of  
MDR-TB paients who received TPT compared to those who did not. Addiionally,  
compleion, adverse effect, and disconinued rates were assessed. 
 
RESULTS: Involving 1105 individuals from eleven studies, the pooled RR for  
disease progression in contacts receiving TPT versus those without treatment was  
0.34 (95% CI: 0.16-0.72). Subgroup analysis indicated a lower pooled RR for  
regimens based on the drug-resistance profile of the index TB paients compared  
to uniform treatment regimens (0.22 [95% CI: 0.06-0.84] vs. 0.49 [95% CI:  
0.17-1.35]), although not staisically significant. The pooled completed rate  
was 83.8%, adverse effect rate was 22.9%, and disconinued rate was 6.5%. AZer  
excluding the levofloxacin and pyrazinamide regimen study, the completed rate  
increased to 88.0%, and adverse effects and disconinued rates decreased to 8.0%  
and 4.0%, respecively. 
 
DISCUSSION: TPT reduces TB disease progression risk in contacts of MDR-TB  
paients. Tailored TPT regimens based on drug-resistance profiles may offer  
addiional benefits. Furthermore, efforts to improve completed rates and manage  
adverse effects are essenial for opimizing effeciveness and safety. 
 
Copyright © 2023 The Author(s). Published by Elsevier Ltd.. All rights reserved. 
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32. Intricate link between siderophore secre7on and drug efflux in Mycobacterium  



tuberculosis. 
 
Animicrob Agents Chemother. 2023 Sep 7:e0162922. doi: 10.1128/aac.01629-22.  
Online ahead of print. 
 
Meikle V(1), Zhang L(1), Niederweis M(1). 
 
Drug-resistant Mycobacterium tuberculosis is a worldwide health-care problem  
rendering current tuberculosis (TB) drugs ineffecive. Drug efflux is an  
important mechanism in bacterial drug resistance. The MmpL4 and MmpL5  
transporters form funcionally redundant complexes with their associated MmpS4  
and MmpS5 proteins and consitute the inner membrane components of an essenial  
siderophore secreion system of M. tuberculosis. Inacivaing siderophore  
secreion is toxic for M. tuberculosis due to self-poisoning at low-iron  
condiions and leads to a strong virulence defect in mice. In this study, we  
show that M. tuberculosis mutants lacking components of the MmpS4-MmpL4 and  
MmpS5-MmpL5 systems are more suscepible to bedaquiline, clofazimine, and  
rifabuin, important drugs for treatment of drug-resistant TB. While geneic  
deleion experiments revealed similar funcions of the MmpL4 and MmpL5  
transporters in siderophore and drug secreion, complementaion experiments  
indicated that the MmpS4-MmpL4 proteins alone are not sufficient to restore drug  
efflux in an M. tuberculosis mutant lacking both operons, in contrast to  
MmpS5-MmpL5. Importantly, an M. tuberculosis mutant lacking the recently  
discovered periplasmic Rv0455c protein, which is also essenial for siderophore  
secreion, is more suscepible to the same drugs. These results reveal a  
promising target for the development of dual-funcion TB drugs, which might  
poison M. tuberculosis by blocking siderophore secreion and synergize with  
other drugs by impairing drug efflux. 
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33. Pediatric mul7-drug-resistant tuberculosis in Germany - diagnos7c and  
therapeu7c challenges of an "orphan disease". 
 
Eur J Pediatr. 2023 Sep 14. doi: 10.1007/s00431-023-05167-x. Online ahead of  
print. 
 
Schäfer HL(1), Barker M(2), Follmann P(3), Günther A(2), Hörning A(4),  
Kaiser-Labusch P(5), Kerzel S(6), Maier C(7), Roth S(6), Schmidt C(8), Schütz  
K(9), Stehling F(10), Struffert M(7), Timmesfeld N(11), Vöhringer P(12),  
Brinkmann F(7)(13). 
 
Delay in diagnosing mulidrug-resistant tuberculosis (MDR-pTB) in children  



prolongs ime to effecive treatment. Data on risk factors for pediatric MDR  
from low-incidence countries are scarce. Retrospecive naionwide case-control  
study to analyze MDR-pTB cases in Germany between 2010 and 2020 in comparison to  
a drug-suscepible (DS)-pTB group. We included 52 MDR cases (24 tuberculosis  
(TB), 28 TB infecion (TBI); mean age 7.3 years) and 56 DS cases (31 TB, 26 TBI;  
mean age 7.9 years). Groups were similar for sex, household size, and migraion  
background. Compared to the DS group, more children with MDR were born in the  
Commonwealth of Independent States (CIS) (22% MDR-pTB vs. 13% DS-pTB, n.s.) and  
had more MDR index cases (94% MDR-pTB, 5% DS-pTB, p < 0.001). The interval  
between first healthcare contact and iniiaion of effecive therapy was  
significantly longer in MDR-pTB (47 days) than in DS-pTB (11 days, p < 0.001),  
correlaing with disease progression. Treatment for MDR-pTB was successful in  
74%, but 22% experienced long-term adverse effects (e.g., hepatopathy, hearing  
loss). 
CONCLUSIONS: Close contact to MDR cases or birth in MDR-TB-high-incidence  
countries are risk factors for MDR-pTB. Early idenificaion of potenial MDR  
index cases by contact invesigaion, and suscepibility tesing in children  
from high-burden MDR-TB countries are essenial for imely diagnosis and  
treatment, reducing the severity of disease and treatment side effects. 
TRIAL REGISTRATION: Deutsches Register Klinischer Studien (  
hQps://www.drks.de/drks_web/navigate.do?navigaionId=trial.HTML&TRIAL_ID=DRKS0002381
7  
), DRKS00023817, 2020-09-08. 
WHAT IS KNOWN: •Management of children with MDR-TB remains challenging due to  
difficulies in diagnosing MDR-TB (lack of informaion on MDR index case, lack  
of microbiological confirmaion in paucibacillary disease). •Choice of treatment  
regimen and monitoring of side effects. 
WHAT IS NEW: •Children with an MDR-TB index or born in a MDR-TB-high-incidence  
country are at higher risk of developing MDR-TB in a low incidence country. •The  
ime lag to iniiate treatment in MDR-TB is longer than in DS-TB and MDR-TB  
treatment involves a higher risk of adverse effects in longer treatment regimens  
especially with injectables. 
 
© 2023. The Author(s). 
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34. Transforming growth factor-β, Interleukin-23 and interleukin-1β modulate TH22  
response during ac7ve mul7drug-resistant tuberculosis. 
 
Immunology. 2023 Sep 16. doi: 10.1111/imm.13698. Online ahead of print. 
 
Imperiale BR(1), Gamberale A(2), Yokobori N(3), García A(2), Bartole� B(2),  



Aidar O(2), López B(3), Cruz V(2), González Montaner P(2)(4), Palmero DJ(2)(4),  
de la Barrera S(1). 
 
We previously reported that paients with mulidrug-resistant tuberculosis  
(MDR-TB) showed low systemic and Mtb-induced Th22 responses associated to high  
sputum bacillary load and severe lung lesions suggesing that Th22 response  
could influence the ability of these paients to control bacillary growth and  
issue damage. In MDR-TB paients, the percentage of IL-22+ cells inversely  
correlates with the proporion of senescent PD-1+ T cells. Herein, we aimed to  
evaluate the pathways involved on the regulaion of systemic and Mtb-induced  
Th22 response in MDR-TB and fully drug-suscepible TB paients (S-TB) and  
healthy donors. Our results show that while IL-1β and IL-23 promote Mtb-induced  
IL-22 secreion and expansion of IL-22+ cells, TGF-β inhibits this response.  
Systemic and in vitro Mtb-induced Th22 response inversely correlates with TGF-β  
amounts in plasma and in PBMC cultures respecively. The number of circulaing  
PD-1+ T cells directly correlates with plasmaic TGF-β levels and blockade of  
PD-1/PD-L1 signalling enhances in vitro Mtb-induced expansion of IL-22+ cells.  
Thus, TGF-β could also inhibit Th22 response through upregulaion of PD-1  
expression in T cells. Higher percentage of IL-23+ monocytes was observed in TB  
paients. In contrast, the proporion of IL-1β+ monocytes was lower in TB  
paients with bilateral lung caviies (BCC) compared to those paients with  
unilateral caviies (UCC). Interesingly, TB paients with BCC showed higher  
plasmaic and Mtb-induced TGF-β secreion than paients with UCC. Thus, high  
TGF-β secreion and subtle differences in IL-23 and IL-1β expression could  
diminish systemic and in vitro Mtb-induced Th22 response along disease  
progression in TB paients. 
 
© 2023 John Wiley & Sons Ltd. 
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35. An7tubercular drugs: possible role of natural products ac7ng as  
an7tuberculosis medica7on in overcoming drug resistance and drug-induced  
hepatotoxicity. 
 
Naunyn Schmiedebergs Arch Pharmacol. 2023 Sep 4. doi:  
10.1007/s00210-023-02679-z. Online ahead of print. 
 
Rana HK(1)(2), Singh AK(1)(3), Kumar R(1)(4), Pandey AK(5). 
 
Mycobacterium tuberculosis (Mtb) is a pathogenic bacterium which causes  
tuberculosis (TB). TB control programmes are facing threats from drug  
resistance. Mulidrug-resistant (MDR) and extensively drug-resistant (XDR) Mtb  



strains need longer and more expensive treatment with many medicaions resuling  
in more adverse effects and decreased chances of treatment outcomes. The World  
Health Organizaion (WHO) has emphasised the development of not just new  
individual ani-TB drugs, but also novel medicaion regimens as an alternaive  
treatment opion for the drug-resistant Mtb strains. Many plants, as well as  
marine creatures (sponge; Haliclona sp.) and fungi, have been coninuously used  
to treat TB in various tradiional treatment systems around the world, providing  
an almost limitless supply of acive components. Natural products, in addiion  
to their ani-mycobacterial acion, can be used as adjuvant therapy to increase  
the efficacy of convenional ani-mycobacterial medicaions, reduce their side  
effects, and reverse MDR Mtb strain due to Mycobacterium's geneic flexibility  
and environmental adaptaion. Several natural compounds such as quercein,  
ursolic acid, berberine, thymoquinone, curcumin, phlorein, and propolis have  
shown potenial ani-mycobacterial efficacy and are sill being explored in  
preclinical and clinical invesigaions for confirmaion of their efficacy and  
safety as ani-TB medicaion. However, more high-level randomized clinical  
trials are desperately required. The current review provides an overview of  
drug-resistant TB along with the latest ani-TB medicaions, drug-induced  
hepatotoxicity and oxidaive stress. Further, the role and mechanisms of acion  
of first and second-line ani-TB drugs and new drugs have been highlighted.  
Finally, the role of natural compounds as ani-TB medicaion and  
hepatoprotectants have been described and their mechanisms discussed. 
 
© 2023. The Author(s), under exclusive licence to Springer-Verlag GmbH Germany,  
part of Springer Nature. 
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36. Exploring and exploi7ng the host cell autophagy during Mycobacterium  
tuberculosis infec7on. 
 
Eur J Clin Microbiol Infect Dis. 2023 Sep 23. doi: 10.1007/s10096-023-04663-0.  
Online ahead of print. 
 
Nagdev PK(1), Agnivesh PK(1), Roy A(1), Sau S(1), Kalia NP(2). 
 
Tuberculosis, caused by Mycobacterium tuberculosis, is a fatal infecious  
disease that prevails to be the second leading cause of death from a single  
infecious agent despite the availability of muliple drugs for treatment. The  
current treatment regimen involves the combinaion of several drugs for 6 months  
that remain ineffecive in completely eradicaing the infecion because of  
several drawbacks, such as the long duraion of treatment and the side effects  
of drugs causing non-adherence of paients to the treatment regimen. Autophagy  



is an intracellular degradaive process that eliminates pathogens at the early  
stages of infecion. Mycobacterium tuberculosis's unique autophagy-blocking  
capability makes it challenging to eliminate compared to usual pathogens. The  
present review discusses recent advances in autophagy-inhibiing factors and  
mechanisms that could be exploited to idenify autophagy-inducing  
chemotherapeuics that could be used as adjuncive therapy with the exising  
first-line ani-TB agent to shorten the duraion of therapy and enhance cure  
rates from mulidrug-resistant tuberculosis (MDR-TB) and extreme drug-resistant  
tuberculosis (XDR-TB). 
 
© 2023. The Author(s), under exclusive licence to Springer-Verlag GmbH Germany,  
part of Springer Nature. 
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37. 1-Year Incidence of Tuberculosis Infec7on and Disease Among Household Contacts  
of Rifampin- and Mul7drug-Resistant Tuberculosis. 
 
Clin Infect Dis. 2023 Sep 18;77(6):892-900. doi: 10.1093/cid/ciad301. 
 
Krishnan S(1), Wu X(2), Kim S(3), McInire K(1), Naini L(4), Hughes MD(2),  
Dawson R(5), Mave V(1)(6), Gaikwad S(6), Sanchez J(7), Mendoza-Ticona A(8),  
Gonzales P(9), Comins K(8), Shenje J(10), Fontain SN(11), Omozoarhe A(12),  
Mohapi L(13), Lalloo UG(14), Garcia Ferreira AC(15), Mugah C(16), Harrington  
M(17), Shah NS(18), Hesseling AC(19), Churchyard G(20)(21)(22), Swindells S(23),  
Gupta A(1)(6); AIDS Clinical Trials Group A5300/Internaional Maternal Pediatric  
Adolescent AIDS Clinical Trials I2003 Protecing Households on Exposure to Newly  
Diagnosed Index Mulidrug-resistant Tuberculosis Paients Feasibility Study  
Team* (Addiional study group members are listed in the Acknowledgment secion). 
 
BACKGROUND: Tuberculosis infecion (TBI) and TB disease (TBD) incidence remains  
poorly described following household contact (HHC) rifampin-/mulidrug-resistant  
TB exposure. We sought to characterize TBI and TBD incidence at 1 year in HHCs  
and to evaluate TB prevenive treatment (TPT) use in high-risk groups. 
 
METHODS: We previously conducted a cross-secional study of HHCs with  
rifampin-/mulidrug-resistant TB in 8 high-burden countries and reassessed TBI  
(interferon-gamma release assay, HHCs aged ≥5 years) and TBD (HHCs all ages) at  
1 year. Incidence was esimated across age and risk groups (<5 years; ≥5 years,  
diagnosed with human immunodeficiency virus [HIV]; ≥5 years, not diagnosed with  
HIV/unknown, baseline TBI-posiive) by logisic or log-binomial regression  
fiQed using generalized esimaing equaions. 
 



RESULTS: Of 1016 HHCs, 850 (83.7%) from 247 households were assessed (median,  
51.4 weeks). Among 242 HHCs, 52 tested interferon-gamma release assay-posiive,  
yielding a 1-year 21.6% (95% confidence interval [CI], 16.7-27.4) TBI cumulaive  
incidence. Sixteen of 742 HHCs developed confirmed (n = 5), probable (n = 3), or  
possible (n = 8) TBD, yielding a 2.3% (95% CI, 1.4-3.8) 1-year cumulaive  
incidence (1.1%; 95% CI, .5-2.2 for confirmed/probable TBD). TBD relaive risk  
was 11.5-fold (95% CI, 1.7-78.7), 10.4-fold (95% CI, 2.4-45.6), and 2.9-fold  
(95% CI, .5-17.8) higher in age <5 years, diagnosed with HIV, and baseline TBI  
high-risk groups, respecively, vs the not high-risk group (P = .0015). By 1  
year, 4% (21 of 553) of high-risk HHCs had received TPT. 
 
CONCLUSIONS: TBI and TBD incidence coninued through 1 year in  
rifampin-/mulidrug-resistant TB HHCs. Low TPT coverage emphasizes the need for  
evidence-based prevenion and scale-up, paricularly among high-risk groups. 
 
© The Author(s) 2023. Published by Oxford University Press on behalf of  
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38. Clofazimine: A journey of a drug. 
  
Biomed Pharmacother. 2023 Sep 22;167:115539. doi: 10.1016/j.biopha.2023.115539.  
Online ahead of print. 
 
Xu J(1), Koval A(1), Katanaev VL(2). 
 
Among different strategies to develop novel therapies, drug reposiioning (aka  
repurposing) aims at idenifying new uses of an already approved or  
invesigaional drug. This approach has the advantages of availability of the  
extensive pre-exising knowledge of the drug's safety, pharmacology and  
toxicology, manufacturing and formulaion. It provides advantages to the  
risk-versus-rewards trade-off as compared to the costly and ime-consuming de  
novo drug discovery process. Clofazimine, a red-colored syntheic derivaive of  
riminophenazines iniially isolated from lichens, was first synthesized in the  
1950 s, and passed through several phases of reposiioning in its history as a  
drug. Being iniially developed as an ani-tuberculosis treatment, it was  
repurposed for the treatment of leprosy, prior to re-reposiioning for the  
treatment of mulidrug-resistant tuberculosis and other infecions. Since  
1990 s, reports on the anicancer properies of clofazimine, both in vitro and  
in vivo, started to appear. Among the diverse mechanisms of acion proposed, the  
acivity of clofazimine as a specific inhibitor of the oncogenic Wnt signaling  
pathway has recently emerged as the promising targeing mechanism of the drug  
against breast, colon, liver, and other forms of cancer. Seventy years aZer the  
iniial discovery, clofazimine's journey as a drug finding new applicaions  
coninues, serving as a colorful illustraion of drug repurposing in modern  
pharmacology. 
 
Copyright © 2023 The Authors. Published by Elsevier Masson SAS.. All rights  
reserved. 
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39. Impairments in pulmonary func7ons in paediatric spinal tuberculosis: a  
cross-sec7onal study. 
 
Spine Deform. 2023 Sep 8. doi: 10.1007/s43390-023-00764-0. Online ahead of  
print. 



 
Kolur SS(1), Rathod TN(2), Pail MB(3), Prabhu RM(2), Marathe N(4), Rai AK(2),  
 
PURPOSE: This study aimed to invesigate the impact of vertebral column  
destrucion and kyphoic deformity due to spinal tuberculosis on pulmonary  
funcions in paediatric paients. 
 
METHODS: A cross-secional study was conducted, involving 30 paients diagnosed  
with healed spinal tuberculosis, aged 7-18 years. Detailed radiographic  
measurements, including the level of involvement, kyphosis angle, Spinal  
Deformity Index (SDI), and drug-resistance status, were compared with various  
pulmonary funcion parameters. 
 
RESULTS: The mean age of the study group was 12.8 ± 2.7 years (range  
7-17 years), consising of 11 males and 19 females. Fourteen paients were  
managed conservaively and 16 were managed operaively. The mean SDI was  
5.2 ± 4.7. The mean kyphoic angle was 31.3° ± 25.3. The average number of  
involved vertebrae was 2.6 ± 1.5. Pulmonary funcions were classified as  
restricive in 24 paients, normal in 4 paients, obstrucive in 1 paient, and  
mixed in 1 paient. Mulidrug-resistant tuberculosis (MDR-TB) was detected in 5  
(16.7%) paients, while the remaining 25 (83.3%) paients were sensiive to  
convenional anitubercular drugs. The correlaion coefficients between the  
percentage reducion in forced vital capacity (FVC) and kyphosis angle, SDI, and  
number of vertebrae were 0.4 (p = 0.026), 0.4 (p = 0.028), and 0.19 (p = 0.295),  
respecively. The mean percentage reducion in FVC and total lung capacity (TLC)  
were 35.8 ± 15.7 and 6.2 ± 2.3, respecively. No significant associaion was  
observed between pulmonary funcions and drug sensiivity status (p = 0.074). 
 
CONCLUSIONS: Paediatric spinal tuberculosis can lead to thoracic insufficiency  
due to progressive destrucion and shortening of the spinal column, spinal  
growth inhibiion, and kyphoic deformity. Management of these cases should  
focus on promoing normal lung development while ensuring disease resoluion and  
deformity correcion. Further research should explore growth conserving or  
growth guiding systems to address or prevent growth retardaion and  
simultaneously provide spinal stabilizaion. 
 
© 2023. The Author(s), under exclusive licence to Scoliosis Research Society. 
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40. Linezolid-related adverse effects in the treatment of rifampicin resistant  
tuberculosis: a retrospec7ve study. 
 



J Chemother. 2023 Sep;35(5):404-410. doi: 10.1080/1120009X.2022.2136447. Epub  
2022 Nov 2. 
 
Cui D(1), Hu X(2), Shi L(3), Wang D(4), Chen G(4). 
 
Linezolid (LZD) is an effecive drug in treaing mulidrug-resistant  
tuberculosis and extensively drug-resistant tuberculosis. This study aimed to  
evaluate the safety of LZD in the treatment of paients with rifampicin  
resistant tuberculosis. This was a mulicenter retrospecive study. A total of  
184 paients of the rifampicin resistant tuberculosis paients treated with LZD  
from Jan 2018 to Apr 2020 in three hospitals were involved, and their clinical  
symptoms were recorded and analyzed. Meanwhile, the types and incidence of  
adverse effects associated with LZD were evaluated. It showed that peripheral  
neuriis (51, 27.7%) and hemochromatosis (42, 22.8%) were the most common  
adverse effects observed among these paients. The median ime of symptoms aZer  
LZD treatment was 45.5 and 120.0 days, respecively. Furthermore, female  
paients had a significantly higher risk for leukopenia (P = 0.002) and  
hemochromatosis (P = 0.033) when compared with male paients. History of  
underlying disease was the risk factor for thrombocytopenia (P = 0.022).  
Paients with long duraion of medicaion (RR = 1.004, 95%CI: 1.002-1.006, P <  
0.001) and daily dosage ≥600mg (RR = 3.059, 95%CI: 1.238-7.558, P = 0.015) were  
at higher risk of hemochromatosis. Age was the risk factor for rash (P = 0.008)  
and nausea and vomiing (P = 0.018). In addiion, LZD administraion ime was  
the risk factor for opic neuriis (P < 0.001) and peripheral neuriis (P <  
0.001). LZD can cause adverse symptoms in paients with rifampicin resistant  
tuberculosis. Gender, history of underlying disease, LZD use ime, LZD dosage,  
and age are the risk factors in the LZD treatment of these paients. During  
medicaion, bone marrow suppression and neuropathy should be closely monitored.  
This study could potenially provide useful informaion for the clinical  
pracice. 
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41. Tuberculosis contact-tracing results in childhood: a retrospec7ve study in a  
ter7ary-care children's hospital in Turkey. 
 
Paediatr Int Child Health. 2023 Sep 6:1-8. doi: 10.1080/20469047.2023.2252167.  
Online ahead of print. 
 
Yaşar Durmuş S(1), Tanır G(2), Aydın Teke T(2), Kaman A(2), Yalçınkaya R(2),  
Üner Ç(3), Öz FN(2). 
 
BACKGROUND: Smear-posiive adults with tuberculosis are the main source of  



childhood tuberculosis. The evaluaion of children exposed to tuberculosis and  
determinaion of the disease stages are the cornerstones of managing childhood  
tuberculosis. 
 
AIM: To determine the frequency of tuberculous contact, latent tuberculosis  
infecion and tuberculosis disease in children who were in contact with  
smear-posiive adults. 
 
METHODS: This is a single-centre, retrospecive study. The medical records of  
children exposed to tuberculosis (<18 years old) between 2014 and 2018 were  
invesigated. AZer diagnosing the index cases, the children were referred to  
the hospital. To idenify the children in contact with adults with tuberculosis,  
a careful medical history, demographic features and physical examinaion,  
tuberculin skin test, postero-anterior and lateral chest radiographs, and, if  
necessary, chest computed tomography and microbiological tests were undertaken.  
The children's final diagnosis, treatment regimens and follow-up were  
documented. The sensiivity, specificity and posiive and negaive predicive  
values, tuberculin skin test and chest radiograph imaging were assessed and  
compared with computed tomography results. 
 
RESULTS: A total of 150 paediatric paients were exposed to 88 index cases.  
These were fathers in 29.3% of cases and mothers in 10% of cases. Of the  
children, 131 (87.3%) were asymptomaic, and physical examinaion was normal in  
all children, apart from one who had respiratory symptoms. The tuberculin skin  
test results were posiive in 60 (43%) paients and chest radiograph was  
abnormal in 100 (66%) children. Findings were consistent with tuberculosis in 34  
(40%) of the 84 paients who underwent computed tomography. FiZy (38.5%) of the  
remaining children were defined as having been in contact with a case of  
tuberculosis, 41 (31.5%) had latent tuberculous infecion and 39 (30%) had  
tuberculosis disease. 
 
CONCLUSION: Pulmonary tuberculosis is asymptomaic in most children but with  
meiculous use of computed tomography it can be detected in asymptomaic  
children who have had close contact with tuberculosis.Abbreviaion: AFB:  
acid-fast bacilli; AUC: area under the curve; BCG: bacillus CalmeQe-Guérin; CI:  
confidence interval; CT: computed tomography; CXR: chest radiograph; HIV: human  
immunodeficiency virus; ICD-10: Internaional Classificaion of Diseases 10;  
LTBI: latent tuberculosis infecion; MDR-TB: muli-drug-resistant tuberculosis;  
NPV: negaive predicive value; PCR: polymerase chain reacion; PPV: posiive  
predicive value; ROC: receiver operaing characterisics; SD: standard  
deviaion; TB: tuberculosis; TST: tuberculin skin test; XDR-TB: extensively  
drug-resistant tuberculosis. 
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42. Clinical U7lity of Contezolid-Containing Regimens in 25 Cases of  
Linezolid-Intolerable Tuberculosis Pa7ents. 
 
Infect Drug Resist. 2023 Sep 19;16:6237-6245. doi: 10.2147/IDR.S425743.  
eCollecion 2023. 
 
Wang J(1), Nie W(1), Ma L(1), Li Q(1), Geng R(2), Shi W(1), Chu N(1). 
 
OBJECTIVE: Linezolid is increasingly used in the treatment of  
mulidrug-resistant (MDR) M. tuberculosis (TB) with good efficacy; however, its  
clinical use is limited by intolerable adverse events (AEs). This usually  
results in dose adjustment or even disconinuaion. Contezolid is a new  
oxazolidinone anibioic with in vitro anibacterial acivity against MDR TB  
equivalent to linezolid, but its safety and efficacy in MDB TB treatment has not  
been established. 
 
METHODS: We conducted a retrospecive study on 25 TB paients who received both  
linezolid and contezolid in Beijing Chest Hospital from January 1, 2022, to  
January 31, 2023. All paients received linezolid-containing ani-TB regimen  
first and then switched to contezolid-containing regimens due to the intolerable  
linezolid-related AEs. 
 
RESULTS: Most (68%, 17/25) of the paients were diagnosed with RR-TB or MDR-TB.  
A total of 30 AEs were reported in these paients. About 26.7% (8/30) of the AEs  
were Grade 3 (severe) in severity. AZer switching to contezolid-containing  
ani-TB regimens for at least 1 month, the linezolid-related AEs were resolved  
or improved in 90% of the cases. Clinical improvement was observed in all  
paients aZer treatment with contezolid-containing regimen, with negaive  
results of sputum culture and/or smear for M. tuberculosis in 84% of the  
paients. 
 
CONCLUSION: Contezolid can be the first choice instead of linezolid to combine  
with other ani-TB drugs if necessary. Well-designed clinical trials are  
required to further confirm the safety and efficacy of contezolid in the  
treatment of TB paients. 
 
© 2023 Wang et al. 
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43. Determining the diagnos7c poten7al of Truenat MTB Plus for Tubercular  
lymphadeni7s and detec7on of drug resistance and a comparison with GeneXpert  
Ultra. 
 
Tuberculosis (Edinb). 2023 Sep;142:102379. doi: 10.1016/j.tube.2023.102379. Epub  
2023 Jul 17. 
 
Sharma K(1), Sharma M(2), Gupta N(3), Modi T(4), Joshi H(1), Shree R(5), Sharma  
A(6). 
 
SETTING: Tubercular lymphadeniis (TBLA), the most common form of extrapulmonary  
tuberculosis, is a diagnosic challenge. 
OBJECTIVE: Truenat MTB Plus (TruPlus) along with Truenat Rif assay (TruRif) was  
evaluated for detecion of TBLA and rifampicin resistance and compared with  
GeneXpert Ultra (Xpert Ultra). 
DESIGN: 100 fine-needle aspirated specimens [50 confirmed by  
culture/smear/cytology, 20 clinically suspected, and 30 controls], processed in  
the mycobacteriology division of department of microbiology were subjected to  
TruPlus and TruRif, Xpert Ultra and muliplex PCR. The results of TBLA detecion  
were compared against composite reference standard (CRS) and those of rifampicin  
resistance were compared against phenotypic drug suscepibility tesing and rpoB  
gene sequencing. 
RESULTS: In comparison to CRS, the diagnosic yield of TruPlus, Xpert Ultra and  
MPCR was 77.14%, 59.18% and 84.28%, respecively; with substanial agreement for  
TruPlus (k = 0.66) and MPCR (k = 0.76) and moderate for Xpert Ultra (k = 0.60).  
TruRif reported four cases as RifR and Xpert Ultra reported two. On comparing  
with phenotypic DST and gene sequencing, only two cases of RifR were confirmed,  
hence TruRif reported false-RifR in two cases. 
CONCLUSION: TruPlus could be used as a reliable tool for diagnosing TBLA. The  
reporing of RifR by TruRif should be confirmed by phenotypic DST or gene  
sequencing. 
 
Copyright © 2023 Elsevier Ltd. All rights reserved. 
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44. Nanomo7on technology in combina7on with machine learning: a new approach for a  
rapid an7bio7c suscep7bility test for Mycobacterium tuberculosis. 



 
Microbes Infect. 2023 Sep-Oct;25(7):105151. doi: 10.1016/j.micinf.2023.105151.  
Epub 2023 May 18 
 
Vocat A(1), Sturm A(2), Jóźwiak G(2), Cathomen G(2), Świątkowski M(2), Buga  
R(2), Wielgoszewski G(2), Cichocka D(2), Greub G(3), Opota O(4). 
 
Nanomoion technology is a growth-independent approach that can be used to  
detect and record the vibraions of bacteria aQached to canilevers. We have  
developed a nanomoion-based anibioic suscepibility test (AST) protocol for  
Mycobacterium tuberculosis (MTB). The protocol was used to predict strain  
phenotype towards isoniazid (INH) and rifampicin (RIF) using a leave-one-out  
cross-validaion (LOOCV) and machine learning techniques. This MTB-nanomoion  
protocol takes 21 h, including cell suspension preparaion, opimized bacterial  
aQachment to funcionalized canilever, and nanomoion recording before and  
aZer anibioic exposure. We applied this protocol to MTB isolates (n = 40) and  
were able to discriminate between suscepible and resistant strains for INH and  
RIF with a maximum sensiivity of 97.4% and 100%, respecively, and a maximum  
specificity of 100% for both anibioics when considering each nanomoion  
recording to be a disinct experiment. Grouping recordings as triplicates based  
on source isolate improved sensiivity and specificity to 100% for both  
anibioics. Nanomoion technology can potenially reduce ime-to-result  
significantly compared to the days and weeks currently needed for current  
phenotypic ASTs for MTB. It can further be extended to other ani-TB drugs to  
help guide more effecive TB treatment. 
 
Copyright © 2023. Published by Elsevier Masson SAS. 
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45. Arylidene and amino spacer-linked rhodanine-quinoline hybrids as upgraded  
an7microbial agents. 
 
Chem Biol Drug Des. 2023 Sep 12. doi: 10.1111/cbdd.14345. Online ahead of print. 
 
Khalifa Z(1), Upadhyay R(1), Patel AB(1). 
 
Anibioic resistance associated with various microorganisms such as  
Gram-posiive, Gram-negaive, fungal strains, and mulidrug-resistant  
tuberculosis increases the risk of healthcare survival. Preliminary therapeuics  
becoming ineffecive that might lead to noteworthy mortality presents a crucial  
challenge for the scienific community. Hence, there is an urgent need to  



develop hybrid compounds as animicrobial agents by combining two or more  
bioacive heterocyclic moieies into a single molecular framework with fewer  
side effects and a unique mode of acion. This review highlights the recent  
advances (2013-2023) in the pharmacology of rhodanine-linked quinoline hybrids  
as more effecive animicrobial agents. In the drug development process, linker  
hybrids acquire the top posiion due to their excellent π-stacking and Van der  
Waals interacion with the DNA acive sites of pathogens. A molecular  
hybridizaion strategy has been opimized, indicaing that combining these two  
bioacive moieies with an arylidene and an amino spacer linker increases the  
animicrobial potenial and reduces drug resistance. Moreover, the  
structure-acivity relaionship study is discussed to express the role of  
various funcional groups in improving and decremening animicrobial aciviies  
for raional drug design. Also, a linker approach may accelerate the development  
of dynamic animicrobial agents through molecular hybridizaion. 
 
© 2023 John Wiley & Sons Ltd. 
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46. Inves7ga7on of genomic muta7ons and their associa7on with phenotypic  
resistance to new and repurposed drugs in Mycobacterium tuberculosis complex  
clinical isolates. 
 
J Animicrob Chemother. 2023 Sep 23:dkad252. doi: 10.1093/jac/dkad252. Online  
ahead of print. 
 
Mok S(1)(2), RoycroZ E(1)(2), Flanagan PR(1)(2), Wagener J(1)(2), Fitzgibbon  
MM(1)(2). 
 
BACKGROUND: WGS has the potenial to detect resistance-associated mutaions and  
guide treatment of MDR TB. However, the knowledge base to confidently interpret  
mutaions associated with the new and repurposed drugs is sparse, and phenotypic  
drug suscepibility tesing is required to detect resistance. 
 
METHODS: We screened 900 Mycobacterium tuberculosis complex genomes from  
Ireland, a low TB incidence country, for mutaions in 13 candidate genes and  
assessed their associaion with phenotypic resistance to bedaquiline,  
clofazimine, linezolid, delamanid and pretomanid. 
 
RESULTS: We idenified a large diversity of mutaions in the candidate genes of  
195 clinical isolates, with very few isolates associated with phenotypic  
resistance to bedaquiline (n = 4), delamanid (n = 4) and pretomanid (n = 2). We  
idenified bedaquiline resistance among two drug-suscepible TB isolates that  



harboured mutaions in Rv0678. Bedaquiline resistance was also idenified in two  
MDR-TB isolates harbouring Met146Thr in Rv0678, which dated back to 2007, prior  
to the introducion of bedaquiline. High-level delamanid resistance was observed  
in two isolates with deleions in ddn, which were also resistant to pretomanid.  
Delamanid resistance was detected in two further isolates that harboured  
mutaions in £iA, but did not show cross-resistance to pretomanid. All isolates  
were suscepible to linezolid and clofazimine, and no mutaions found were  
associated with resistance. 
 
CONCLUSIONS: More studies that correlate genotypic and phenotypic drug  
suscepibility data are needed to increase the knowledge base of mutaions  
associated with resistance, in paricular for pretomanid. Overall, this study  
contributes to the development of future mutaion catalogues for M. tuberculosis  
complex isolates. 
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47. Meropenem-vaborbactam restora7on of first-line drugs' efficacy and comparison  
of meropenem-vaborbactam-moxifloxacin versus BPaL MDR-TB regimen. 
 
Int J Animicrob Agents. 2023 Sep 17:106968. doi:  
10.1016/j.ijanimicag.2023.106968. Online ahead of print. 
 
Singh S(1), Gumbo T(2), Alffenaar JW(3), Boorgula GD(1), Thomas TA(4), Dheda  
K(5), Malinga L(6), Raj P(7), Aryal S(8), Srivastava S(9). 
 
BACKGROUND: . To idenify alternaive treatment regimens for muli-drug  
resistant tuberculosis (MDR-TB), we tested meropenem in combinaion with  
β-lactamase inhibitors (BLIs) and other drugs. 
METHODS: . We performed (1) MIC experiments, (2) staic ime-kill studies (STKs)  
with different BLIs, and (3) a hollow fiber model system of TB (HFS-TB) study  
with meropenem-vaborbactam combined with human equivalent daily doses of 20mg/kg  
or 35mg/kg rifampin, or moxifloxacin 400mg, or linezolid 600mg versus the  
bedaquiline-pretonamid-linezolid (BPaL) for MDR-TB. The studies were performed  
using the Mycobacterium tuberculosis (Mtb) H37Rv and an MDR-TB clinical strain  
(named Mtb16D) that underwent whole genome sequencing (WGS). Exponenial decline  
models were used to calculate the kill rate constant (K) of different HFS-TB  
regimens. 
RESULTS: . WGS revealed mutaions associated with resistance to rifampin,  



isoniazid, and cephalosporins. The meropenem-vaborbactam MIC of Mtb was H37Rv  
2mg/L and >128 mg/L for Mtb 16D. Relebactam and vaborbactam improved both the  
potency and efficacy of meropenem in STKs. Meropenem-vaborbactam alone failed to  
kill Mtb16D but killed below day 0 burden when combined with isoniazid and  
rifampin, with moxifloxacin combinaion being the most effecive and outranking  
bedaquiline and pretomanid. In the HFS-TB, meropenem-vaborbactam-moxifloxacin,  
and BPaL had the highest K (log10 cfu/mL/day) of 0.31 (95%CI: 0.17-0.58) and  
0.34 (95%CI: 0.21-0.56), while meropenem-vaborbactam-rifampin (35mg/kg) had K of  
0.18 (95%CI: 0.12-0.25). K for meropenem-vaborbactam-moxifloxacin-linezolid  
demonstrated antagonism. 
CONCLUSION: . Adding meropenem-vaborbactam could potenially restore the  
efficacy of isoniazid and rifampin against MDR-TB. The  
meropenem-vaborbactam-moxifloxacin backbone regimen has implicaions for  
creaing a new effecive MDR-TB regimen. 
IMPORTANCE: Tuberculosis (TB), caused by Mycobacterium tuberculosis (Mtb),  
remains a significant cause of mortality globally. The  
bedaquiline-pretonamid-linezolid (BPaL) regimen is effecive against MDR-TB.  
However, the drugs in the regimen are also associated with adverse events.  
β-lactam anibioics, including carbapenems, have shown efficacy against MDR-TB.  
Further pharmacokineics/pharmacodynamics studies are needed to develop opimal  
dose combinaions with other drugs to create alternate MDR-TB regimens. This  
study describes that the combinaion of β-lactam (meropenem) and β-lactamase  
inhibitor (vaborbactam) could restore the efficacy of isoniazid and rifampin  
against MDR-TB clinical strains, and the meropenem-vaborbactam-moxifloxacin  
combinaion has equal efficacy as the standard of care BPaL regimen for MDR-TB  
treatment. 
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48. Microbial glycosyla7on of an7tubercular agent chlorflavonin. 
 
J Biosci Bioeng. 2023 Sep 22:S1389-1723(23)00300-6. doi:  
10.1016/j.jbiosc.2023.09.005. Online ahead of print. 
 
Ren J(1), Zhan J(2). 
 
Flavonoids have shown health-benefiing properies, such as anioxidaive and  
ani-inflammatory aciviies, and are commonly used as nutraceuicals and  
pharmaceuicals. Although flavonoids are predominantly idenified from plants,  
several filamentous fungal species have also been reported to produce bioacive  
flavonoids, including chlorflavonin from Aspergillus candidus, a novel  



halogenated flavonoid with potent anifungal and anitubercular (ani-TB)  
aciviies. Unfortunately, the low water-solubility of this molecule may hinder  
its bioavailability. Glycosylaion is an effecive method to enhance the  
polarity of natural products and alter their physicochemical properies. This  
work focuses on the development of novel water-soluble chlorflavonin derivaives  
to combat the threat of drug-resistant tuberculosis. In this study, we first  
increased the producion iter of chlorflavonin in A. candidus NRRL 5214 by  
opimizing the fermentaion and purificaion processes. Next,  
chlorflavonin-5-O-β-d-glucuronopyranoside (1) and  
chlorflavonin-7-O-4ʺ-O-methyl-β-d-glucopyranoside (2) were produced from  
chlorflavonin using Streptomyces chromofuscus ATCC 49982 and Beauveria bassiana  
ATCC 7159, respecively. Compared to chlorflavonin (4.38 ± 0.54 mg/L in water),  
the water solubility of the two new glycosides was determined to be 117.86 ±  
4.81 mg/L (1) and 124.34 ± 9.13 mg/L (2), respecively. This study provides a  
promising method to create water-soluble glycosides of chlorflavonin for the  
development of novel ani-TB drugs. 
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