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ABSTRACT
The global fight against Tuberculosis (TB) persists; grappling with approximately 10.6 million new 
cases in 2021, as documented in the 2022 WHO Global TB Report.1 Of concern is the escalating 
incidence of multidrug-resistant/rifampicin-resistant TB (MDR/RR-TB), which saw an estimated 
450,000 new cases in the same year. Today's major problem in the treatment of Mycobacterium 
TB is drug resistance brought on by anti-TB therapy. The degree of resistance led to variations and 
other effects that eventually ended in death and health risks. The advent of certain drug-resistant 
strains of TB that are resistant to several treatments, prolonged drugs and all drugs is going to 
bring a major and catastrophic comeback to the disease. Current advancements in TB treatment 
help to reduce anti-tubercular medication resistance. Due to Mycobacterium tuberculosis's 
extraordinary flexibility, drug resistance in tuberculosis is a complicated phenomenon. Via genetic 
mutations, efflux pumps and other processes, these bacteria may become resistant to anti-TB 
medications. Hence, against drug-resistant bacteria, conventional TB treatment regimens-which 
usually include a mix of antibiotics-may stop working. The worldwide account will lose about 
200,000 due to medication resistance fatalities in a single year. The development of vaccines 
against tuberculosis is a promising topic, but progress has been hampered by a lack of funding, 
organization and understanding of immunological responses. A Tubercular Vaccine Accelerator 
Council will combine resources and expertise to tackle these issues and accelerate development. 
Accomplish the WHO's goal of TB eradication by 2030.
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INTRODUCTION

Tuberculosis (TB) is a chronic inflammatory illness that is 
most often caused by the bacteria Mycobacterium tuberculosis. 
Mostly found in humans. Occasionally, the closely related 
mycobacteria M. bovis, M. africanum and M. microtia may cause 
similar diseases. M. avium complex (MAC), environmental 
Mycobacteria and a few less prevalent Mycobacteria comprise 
the Mycobacterium tuberculosis complex.2 An extremely powerful 
bacteria that mostly causes typical pulmonary tuberculosis illness 
by attacking the lungs. In addition, extrapulmonary Tuberculosis 
(TB) may affect the brain, kidneys, spine, lymph nodes and all 
other organs and tissues.3

An overview on TB

Approximately 10 million individuals suffer from active 
tuberculosis each year, out of the two billion people, or one-fourth 
of the world's population, who carry TB germs. Globally, 1.6 
million TB deaths occurred in 2021; 187,000 of those deaths 
were HIV-positive. The ongoing public health emergency and 

health security threat is multidrug-resistant tuberculosis. In 2021 
studies saw therapy for about 1 in 3 patients with drug-resistant 
tuberculosis. 74 million fatalities between 2000 and 2021 are 
expected to be avoided by TB screening and treatment.4 India's 
worst health problem now is tuberculosis. Based on reported 
cases, India leads the world in tuberculosis cases in 2019 with 
2.4 million, the World Health Organisation announced. Just 
over 1.6 million cases of tuberculosis were recorded in India in 
2020, suggesting that most illnesses were not reported following 
the COVID-19 pandemic, which halted TB surveillance 
and reporting.2,4,6 High-burden tuberculosis is observed in 
HIV-positive people, healthcare personnel and recent immigrants 
from tuberculosis-endemic areas in more developed nations. 
There is also evidence of a higher risk when immunosuppressive 
medications, such as long-term corticosteroid therapy, are used. 
More recently, there has been evidence linking the use of a 
monoclonal antibody that targets Tumour Necrotic Factor alpha 
(TNF-alpha), an inflammatory cytokine, to an elevated risk.

Tuberculosis is transmitted through airborne droplets when an 
uninfected individual coughs, sneezes, talks, or spits, especially 
in crowded places. People with HIV/AIDS5 or weakened immune 
systems are at a greater risk of contracting tuberculosis compared 
to healthy individuals. Tuberculosis can exist in both symptomatic 
and asymptomatic forms. Those with bacterial infections but no 
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symptoms may develop latent or inactive tuberculosis.7 Despite 
appearing dormant, tuberculosis remains within the body.

Tuberculosis is categorized into primary infection, where the 
body is initially invaded by the bacteria, sometimes presenting 
with symptoms such as fever or pulmonary symptoms or 
remaining asymptomatic. Active tuberculosis is a chronic disease, 
characterized by the continuous growth and spread of tuberculosis 
germs, potentially infecting others. Prompt treatment is crucial 
for minimizing complications and containing the spread of 
infection. Latent tuberculosis involves bacteria that are dormant 
and prevented from spreading by the immune system but can 
remerge at any time. Tuberculosis is a transmissible illness and 
immediate treatment is vital for containment. The World Health 
Organization classifies tuberculosis drug resistance into several 
types, including mono-resistance, poly-resistance, Multi-Drug 
Resistance (MDR), Extensive Drug Resistance (XDR) and 
Rifampicin Resistance (RR), each requiring specific management 
approaches to combat.7-10

When individuals with tuberculosis exhale through coughing, 
sneezing, speaking, or singing, they release bacteria into the air, 
which can infect nearby individuals upon inhalation. The bacteria 
traverse the upper and lower airways, infecting epithelial and 
microfold cells in nasal or bronchial mucosal tissue.10 Alveolar 
macrophages, specialized immune cells, interact with airborne 
pathogens in the alveoli, where infection may occur.5 Latent 
tuberculosis typically arises from successful containment by the 
immune system, but active illness can still develop. Once inhaled, 
the bacteria initiate their life cycle in the lungs and airways.11 
Primary infection occurs upon the initial contact of the bacillus 
with the airway.12,13 Mycobacterium's ability to compromise the 
immune system leads to symptoms, with infection being the 
primary cause of 90% of complications.

Diagnostic procedures for tuberculosis involve an initial 
assessment, including a medical history review and physical 
examination to identify relevant symptoms and potential 
exposure. Diagnostic tests encompass various methods:

Sputum Sampling: Patients with chest abnormalities should 
provide three sputum samples on different days for examination.

Mantoux Test (Tuberculin skin test): Detects delayed 
hypersensitivity to tuberculin, evaluating cell-mediated immunity 
with results recorded after 48 to 72 hr.

Interferon Release Assays: Assess cell-mediated immunity 
through T cell stimulation in vitro, utilizing unique proteins.

Radiographic Examinations: Chest radiography is used for 
patients with latent tuberculosis or pulmonary symptoms.

Microbiological Examinations: Acid-Fast Bacilli (AFB) staining 
is a quick and cost-effective method, recommended alongside 
fluorescence microscopy for higher sensitivity. Presence of AFB 

in respiratory specimens strongly suggests tuberculosis, when 
considered with clinical and radiographic data.

Individuals in close contact with someone with pulmonary 
tuberculosis face the highest risk of contracting the disease, 
including family members, friends and those working in 
specific settings like group homes or hospitals for TB patients. 
Transmission through surface contact is minimal unless there's 
direct interaction such as handshakes or sharing utensils. 
Immunocompromised individuals, particularly those with HIV or 
malnutrition, are at heightened risk due to compromised immune 
systems. Other vulnerable groups include homeless individuals, 
prisoners, substance abusers, those on immunosuppressive 
drugs, people with kidney or diabetes issues, smokers, organ 
transplant recipients and pregnant women, especially the elderly, 
young children and infants.14,15

Treatment for Tuberculosis (TB) involves tailored regimens, 
including Pharmacological and Non-Pharmacological 
approaches. Pharmacological treatment categorizes 
anti-tubercular medications into first-line, second line and Special 
drugs based on clinical use, with First-line drugs like rifampicin 
and isoniazid being the initial choice due to their efficacy and low 
toxicity. Second-line drugs, such as fluoroquinolones, are used 
when first-line drugs are ineffective or intolerable, while Special 
drugs, including newer discoveries, are reserved for complex 
cases like MDR or XDR tuberculosis.15 Lifestyle adjustments 
are emphasized in non-pharmacological approaches to enhance 
patients' overall well-being, addressing factors like healthcare 
access, living conditions, socioeconomic status and diet quality. 
Proper nutrition plays a crucial role in boosting immunity and 
supporting the body's ability to combat infection during TB 
treatment. However, socioeconomic challenges like cramped 
living conditions and poverty can hinder treatment success, while 
lifestyle habits such as substance abuse or smoking can worsen 
symptoms and reduce the effectiveness of TB medications.16 
The Directly Observed Therapy Short Course (DOTS)17 ensures 
treatment adherence through political commitment, microscopy 
services, prescription availability, surveillance techniques and 
direct therapy supervision. This approach, lasting 6 to 8 months, 
varies in duration based on patient history, with 99DOTS offering 
a cost-effective digital solution to enhance medication adherence, 
particularly in regions like Himachal Pradesh, India.18

CHALLENGES IN MANAGEMENT OF TB

Combatting TB remains a significant challenge for global 
healthcare systems due to diagnostic complexities and evolving 
clinical presentations.19 Access to Point-of-Care (POC) tests is 
hindered by limitations in remote areas despite advancements 
like the lateral flow urine LAM assay.20,21 Diagnostic devices 
encounter errors, cost barriers and suitability issues, complicating 
TB diagnosis, particularly in children or extrapulmonary cases. 
Multidrug-Resistant TB (MDR-TB) adds further complexity, 
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requiring multifaceted strategies and collaboration among 
stakeholders to address diagnostic challenges. Additionally, 
TB-related stigma contributes to societal discrimination against 
patients, hindering timely diagnosis and treatment adherence.22,23 
Overcoming these hurdles necessitates comprehensive 
approaches involving education, community engagement and 
policy interventions to improve treatment outcomes and lessen 
the global TB burden.24-26

Drug resistance poses significant challenges in TB treatment, 
primarily due to resistance developed against anti-tubercular 
drugs. Resistance mechanisms vary among different drugs, 
impacting treatment efficacy and health risks. First-line drugs 
like Isoniazid, Rifampicin, Ethambutol, pyrazinamide and 
streptomycin.27-30

Second-line drugs like Fluoroquinolones, Para-aminosalicylic 
acid, Cycloserine, Kanamycin, Amikacin, Capreomycin, 
Terizidone, Prothionamide, Ethionamide, Rifabutin, 
Rifapentine.28-36 Some of the newer drugs also show resistance 
shown in Table 1.

Resource constraints pose significant challenges in addressing 
Tuberculosis (TB) on a global scale, particularly in areas 

with limited resources. These constraints hinder effective TB 
management across various fronts. Limited resources impact TB 
diagnosis, with scarce access to advanced diagnostic tools leading 
to delays in detection and increased transmission rates. Treatment 
initiation and adherence are also affected, as free treatment 
often lacks additional diagnostics, impacting patient care and 
outcomes. Investments in accessible diagnostics, affordable 
treatment options and strengthening healthcare infrastructure 
are crucial steps to mitigate the impact of resource constraints on 
TB management, particularly in resource-limited settings.

Recent advancement and strategies to overcome the 
resistance in management of TB

The rise in Mycobacterium tuberculosis infections, driven 
by increased resistance to traditional antimicrobial agents, 
necessitates the development of new treatments. Several 
innovative antimicrobial drugs are currently under investigation 
for tuberculosis treatment. However, challenges such as limited 
profitability and the need for significant investment hinder 
pharmaceutical companies' efforts to create novel medications. 
Overcoming barriers like conducting clinical trials, discovering 
novel molecules effective against M. tuberculosis and obtaining 

Drug Resistance Mechanism Cross-Resistance 
Drugs/Class

Resistance 
Stage

First Line Drugs
Rifampicin Mutations in the rpoB gene, which encodes the RNA polymerase β 

subunit. These mutations interfere with the binding of rifampicin to 
the RNA polymerase, reducing its effectiveness. Rifampicin binds to 
the β subunit of RNA polymerase, inhibiting RNA synthesis. However, 
mutations in rpoB alter the structure of RNA polymerase, reducing 
the affinity of rifampicin for its binding site. Consequently, bacterial 
RNA synthesis continues despite the presence of rifampicin, leading to 
drug resistance.

Rifabutin, 
Rifapentine

XDR, MDR

Isoniazid The katG gene mutation is the primary cause of isoniazid (INH) 
resistance, impacting enzyme function. In contrast, mutations in the 
inhA gene represent a secondary cause, lowering INH affinity and 
resulting in resistance. Mutations in ahpC, kasA, ndh, iniABC, fadE, 
furA, Rv1592c and Rv1772 also contribute to INH resistance, albeit 
less frequently observed compared to katG and inhA mutations2. 
Changes in drug activation or metabolism, particularly impaired INH 
activation by the KatG enzyme due to katG mutations, diminish INH's 
ability to kill bacteria. Additionally, mutations in the inhA gene reduce 
its binding affinity, diminishing INH's efficacy against Mycobacterium 
tuberculosis.

Ethionamide, 
protionamide

XDR, MDR

Pyrazinamide The resistance mechanisms primarily involve mutations in the pncA 
gene, which codes for pyrazinamidase, the enzyme required to 
activate pyrazinamide. These mutations may lead to reduced or loss 
of pyrazinamidase activity, rendering pyrazinamide ineffective against 
the tuberculosis-causing bacteria. Additionally, alterations in the 
efflux pump system and mutations in other genes like rpsA and panD 
have also been associated with pyrazinamide resistance.

Delamanid XDR, MDR

Table 1: Resistance caused by anti-tubercular drugs with their cross-resistance and resistance Class.56-58
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Drug Resistance Mechanism Cross-Resistance 
Drugs/Class

Resistance 
Stage

Ethambutol Primarily involves mutations in the embB gene, particularly codons 
306, 406 and 497, which encode the arabinosyl transferase enzyme. 
These mutations lead to altered enzyme activity, hindering the 
incorporation of arabinogalactan into the mycobacterial cell wall. 
Resistance can also arise from efflux pump mechanisms, reducing 
drug concentration inside the bacterial cell.

Terizidone XDR, MDR

Streptomycin Primarily occurs due to mutations in the rpsL and rrs genes. 
Mutations in rpsL gene (coding for ribosomal protein S12) alter the 
binding site of streptomycin, reducing its affinity. Mutations in the rrs 
gene (coding for 16S rRNA) interfere with streptomycin binding to 
the ribosome.

Kanamycin, 
Amikacin, 
Capreomycin

XDR, MDR

Second Line Drugs
Fluoroquinolones Primarily occurs due to mutations in the genes gyrA and gyrB, 

which encode subunits of DNA gyrase and inthe gene rrs, which 
encodes the 16S rRNA. These mutations hinder the binding of 
fluoroquinolones to their target sites, reducing their effectiveness. 
Additionally, mutations in the genes, which regulates the expression 
of aminoglycoside-modifying enzymes, can confer resistance to 
fluoroquinolones by potentially altering the permeability of the cell 
wall.

- XDR

Ethionamide Mutations in the EthA gene can lead to resistance to ethionamide by 
reducing the activity of the EthA enzyme, which is responsible for 
activating the drug. Some strains develop resistance by increasing 
the expression of efflux pumps, which decrease the amount of the 
drug inside the cell. Changes in the target enzyme, InhA, due to 
mutations in the inhA gene, can also make ethionamide less effective. 
Additionally, resistance may arise through the activation of alternative 
metabolic pathways that bypass EthA, making the drug ineffective.

Isoniazid, 
Pretomanid

XDR, MDR

Cycloserine Primarily occurs through mutations in genes involved in cell wall 
biosynthesis, altering the target site of cycloserine. Cycloserine 
inhibits D-alanine racemase and D-alanine ligase, enzymes involved 
in peptidoglycan synthesis, leading to cell wall disruption. Mutations 
can affect these enzymes, reducing cycloserine's binding affinity and 
rendering it ineffective against the bacteria. Additionally, mutations 
in other genes related to cycloserine transport and metabolism 
contribute to resistance.

- XDR, MDR

Para-aminosalicylic 
acid

Altered Target Site: Resistance can occur due to mutations in the gene 
folC, encoding Dihydropteroate Synthase (DHPS). Decreased Drug 
Uptake: Mutations in permease genes (such as iniB and iniC) can 
reduce the uptake of PAS into bacterial cells, leading to resistance. 
Increased Efflux Pump Activity: Overexpression of efflux pumps, such 
as iniA and iniB, can pump out PAS from bacterial cells, reducing its 
intracellular concentration and efficacy.

- XDR, MDR

Prothionamide Efflux Pump Overexpression: Bacteria can develop resistance to 
prothionamide by overexpressing efflux pumps, which actively remove 
the drug from the bacterial cell, reducing its concentration inside the 
cell and rendering it ineffective. Mutation in Drug Target: Mutations 
in enzymes targeted by prothionamide, such as mycobacterial InhA, 
can alter the binding site, reducing the drug’s effectiveness. Altered 
Drug Activation: Alterations in the enzyme responsible for activating 
prothionamide can reduce its conversion to its active form, thereby 
lowering its efficacy against bacteria.

- XDR, MDR
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Drug Resistance Mechanism Cross-Resistance 
Drugs/Class

Resistance 
Stage

Terizidone Primarily involves mutations that alter the target enzymes involved in 
cell wall synthesis, specifically l-alanine racemase and d-alanine ligase. 
These mutations reduce the binding affinity of Terizidone to these 
enzymes, rendering the drug less effective against the bacteria.

Ethambutol XDR, MDR

Rifabutin Bacteria activate efflux pumps to expel rifabutin, decreasing its 
concentration inside cells and efficacy. Mutations in the rpoB gene 
alter rifabutin’s target binding site, reducing its effectiveness. Some 
bacteria produce enzymes that chemically modify rifabutin, rendering 
it inactive against bacterial growth. Changes in cell wall structure or 
membrane proteins reduce rifabutin’s ability to enter cells, limiting its 
antibacterial action.

Rifampicin, 
Rifapentine

XDR, MDR

Rifapentine A rifamycin antibiotic used to treat tuberculosis, typically occurs 
through mutations in the rpoB gene, which codes for the beta subunit 
of RNA polymerase. These mutations prevent Rifapentine from 
effectively binding to RNA polymerase, reducing its bactericidal 
activity. Additionally, efflux pumps may contribute to resistance by 
expelling Rifapentine from bacterial cells, reducing its intracellular 
concentration.

Rifampicin, 
Rifabutin

XDR, MDR

Kanamycin Enzymatic Modification: Bacteria produce enzymes that chemically 
alter kanamycin, making it inactive. Reduced Uptake: Some bacteria 
limit kanamycin uptake by changing membrane permeability or 
transport proteins, preventing its entry into cells. Efflux Pump 
Overexpression: Bacteria increase efflux pumps to remove kanamycin 
from cells, lowering its effectiveness. Target Modification: Mutations 
in bacterial ribosomal sites decrease kanamycin’s ability to bind 
effectively, reducing protein synthesis inhibition. Ribosomal 
Protection: Certain bacteria produce protective proteins that bind 
to ribosomes, preventing kanamycin from interfering with protein 
synthesis.

Streptomycin, 
Amikacin,
Capreomycin

XDR, MDR

Amikacin Efflux Pumps: Bacteria resist amikacin by increasing efflux pumps, 
expelling the drug from the cell and diminishing its effectiveness. 
Enzymatic Modification: Bacteria produce enzymes like 
Aminoglycoside-Modifying Enzymes (AMEs) that alter amikacin 
chemically, inhibiting its binding to target sites and reducing efficacy. 
Target Modification: Bacteria change ribosomal target sites, decreasing 
amikacin’s binding affinity and impairing protein synthesis. Decreased 
Permeability: Bacterial membrane changes reduce amikacin uptake, 
limiting access to intracellular targets and reducing effectiveness.
Biofilm Formation: Bacterial biofilms offer protection, limiting 
amikacin’s penetration and altering metabolic activity, leading to 
resistance.

Streptomycin,
Kanamycin, 
Capreomycin

XDR, MDR

Capreomycin Efflux Pump Activation: Bacteria activate efflux pumps to expel 
Capreomycin, reducing its effectiveness. Target Alteration: Changes 
in Capreomycin’s target site within bacteria reduce its binding affinity, 
diminishing its bactericidal effects. Enzymatic Inactivation: Bacteria 
produce enzymes that modify Capreomycin, rendering it inactive 
against tuberculosis bacteria.

Streptomycin, 
Kanamycin, 
Amikacin

XDR, MDR
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accurate laboratory specimens for therapy duration prediction is 
crucial. To enhance treatment effectiveness, both the discovery 
of new drugs and the modification of existing ones are essential 
approaches.37-41

Inhancing the Utilization of Current Medications
Traditional antibiotics historically effective against TB now 
encounter challenges such as drug resistance and prolonged 
treatment durations. To address this, adjustments are made 
to both old and new treatments to efficiently combat TB. 
Following rifamycin administration, optimal dosages of previous 
medications are determined. While increasing antitubercular 
drug dosages is often necessary for effective treatment, caution 
is required to avoid overdosing and potential toxicity. Healthcare 
providers strive to achieve therapeutic drug levels in the body 
to inhibit bacterial growth, overcome resistance and ensure 
treatment success. Tailoring dosages to individual variations 
in drug metabolism and absorption can enhance treatment 
consistency. However, vigilant monitoring is essential to detect 
any adverse effects. Therefore, careful observation and dose 
adjustments are critical for successful TB therapy, minimizing 
treatment failure and the emergence of drug-resistant strains.42,43

To develop effective treatments for TB
New antimicrobial agents must meet specific criteria. These include 
robust bactericidal properties to combat cross-resistance, optimal 
pharmacokinetic/pharmacodynamic qualities, compatibility 
with other medications, affordability, stability, narrow spectrum, 
high effectiveness and minimal risk of resistance emergence. The 
pursuit of these attributes aims to shorten treatment duration 
and enhance patient outcomes while reducing the incidence 
of drug-resistant TB. Current efforts involve researching and 

developing new antimicrobial drugs and therapies, as well 
as exploring innovative strategies to target and eliminate TB 
bacteria.44-46 Understanding the mechanisms underlying drug 
tolerance and persistence in TB is crucial for developing novel 
therapeutic approaches.47 A description of Newer Anti-microbial 
agents used in TB is shown in Table 2.

Repositioning of antitubercular drugs

Involves repurposing existing medications approved for other 
conditions to treat tuberculosis, leveraging their established safety 
and efficacy profiles to expedite the search for new TB therapies. 
Identifying drugs with proven antimycobacterial activity or the 
ability to target specific M. tuberculosis pathways is crucial for 
this strategy. By repurposing already-approved medications, 
researchers and healthcare providers can bypass costly and 
time-consuming drug development stages like initial clinical trials 
and safety testing. Certain medications, such as antiretrovirals 
like lopinavir/ritonavir, show promise in TB treatment due to 
their antimycobacterial properties. Screening initiatives have 
explored various drug classes, including statins, calcium channel 
blockers and NSAIDs, for potential anti-TB activity. Through 
high-throughput screening and computational methods, 
compounds targeting specific M. tuberculosis mechanisms have 
been identified, with some progressing to preclinical and clinical 
testing phases.48-51

In the realm of TB treatment, the emergence of Drug-Resistant 
(DR) strains poses challenges despite limited therapeutic 
options. Second and third-line anti-TB drugs, while essential, 
often exhibit higher toxicity, lower efficacy and increased costs 
compared to first-line medications. Managing DR-TB effectively 
hinges on implementing tailored medication regimens guided 

Drug Resistance Mechanism Cross-Resistance 
Drugs/Class

Resistance 
Stage

Special Drugs/Newer Drug Class
Delamanid Mutations in Mycobacterium tuberculosis Genes: Mutations in 

ddn, encoding F420-dependent Ddn oxidoreductase, can cause 
delamanid resistance. Efflux Pump Activation: Activated efflux pumps 
in Mycobacterium tuberculosis expel delamanid, contributing to 
resistance. Altered Drug Target: Changes in delamanid’s bacterial 
target hinder its effectiveness against Mycobacterium tuberculosis 
growth.

Pyrazinamide XDR, MDR

Pretomanid Mutations in Target Genes: Certain gene mutations, like panD and 
fadD32, linked to mycolic acid biosynthesis, provide resistance. 
Efflux Pumps: Enhanced efflux pump activity expels Pretomanid, 
lowering its cellular levels. Biofilm Formation: Bacterial biofilms 
offer protection against Pretomanid, aiding survival and resistance 
development.

Isoniazid, 
Ethionamide

XDR, MDR

Bedaquiline Efflux Pump Activation: Bacteria may develop resistance to 
Bedaquiline by activating efflux pumps, which expel the drug from the 
bacterial cell, reducing its effectiveness. This mechanism is part of the 
multifactorial resistance seen in tuberculosis treatment.

- XDR, MDR
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by drug susceptibility testing results. Early detection of DR-TB 
is crucial for timely treatment initiation. Bedaquiline and 
delamanid are commonly used as last-resort treatments for 
Multidrug-Resistant (MDR) TB, yet their severe side effects and 
emerging resistance highlight the urgent need for novel drugs and 
treatment approaches. The development of 19 new drug regimens 
offers promise in simplifying treatment protocols by eliminating 
the need for current drug susceptibility testing requirements. 
Recent international efforts in TB treatment underscore evolving 
strategies in combating the disease.52-54 A few new anti-TB and 
repurposed drugs are under clinical development50 as shown in 
the pipeline as shown in Table 3.

INDIA OVERCOMING FROM TB BEFORE 2030: A 
ROADMAP

A rise of Tuberculosis in India: In 2021, an estimated 504,000 
individuals in India lost their lives to Tuberculosis (TB), equating 
to nearly one death every minute. India bears the burden of over 

a quarter of the global TB cases. In 2018, The United Nations 
committed to eradicating the epidemic worldwide by 2030 
through the "End TB" strategy, aiming for an 80% reduction in 
TB incidence and a 90% decrease in deaths, while also eliminating 
financial burdens on households affected by TB. India took a step 
further by setting a goal to eliminate TB within the country by 
2025, 5 years ahead of the UN's target. However, a recent survey, 
the first of its kind since the 1950s, revealed that TB rates in the 
Indian population are much higher than expected. The initial 
national tuberculosis survey in India, conducted from 1955 to 
1958, reported an average of 4 out of every 1,000 people having 
TB. After this, the establishment of the National Tuberculosis 
Institute in 1959 led to a comprehensive research effort by a diverse 
group of experts. This culminated in the creation of the NTP in 
1963, with the primary strategy being the use of chemotherapy 
for treatment. Despite these efforts, the recent findings indicate 
a need for renewed and intensified approaches to address the 
persistent challenges posed by TB in India.54

Class of Anti-microbial agents Drug Description
Diarylquinolines and Respiratory 
chain inhibitors

Bedaquiline Bedaquiline is an innovative antitubercular medication that belongs 
to the diarylquinoline class. The medication inhibits ATPase function 
specifically and selectively. Mycobacterial strains that are hibernating or 
reproducing exhibit this restriction. An F0F1 ATP synthase component, 
the rotor ring, is the target of an antitubercular drug. Drug bonding 
to the synthase’s c subunit takes place. Ongoing work is being done 
to create diarylquinolines of a second generation, though. The use of 
medications has been linked to improvements in cardiac liability.

Telacebec Q 203 A chemical with imidazopyridine antitubercular properties that 
specifically targets the cytochrome b subunit (QcrB) within the 
cytochrome bc1 complex within the Electron Transport Chain (ETC). 
Additionally important to ATP production is the complex. While the 
medication is present, intracellular ATP is rapidly depleted and ATP 
homeostasis is disturbed in dormant Mtb. Compared to Bedaquiline, 
the results show greater promise.

Fluroquinolones Gatifloxacin A crucial stage of chromosomal replication is stopped by gatifloxacin, 
which also inhibits DNA gyrase in the same way as moxifloxacin.

Moxifloxacin This medication is a broad-spectrum 8-methoxy fluoroquinolone. 
Both Gram-positive and Gram-negative bacteria are susceptible to the 
drug’s bactericidal effects. Prokaryotic bacterial DNA gyrase is inhibited 
inactivated as the action mode.

Inhibitors of MnpL (Mycobacterial 
membrane protein Large)

SQ 109 SQ 109 has a strong effect on latent cells that do not synthesize cell 
walls and bacteria and fungi that lack mycolic acids. A thorough 
understanding of SQ 109’s mode of action has shown that it prevents 
the generation of ATP, menaquinone and cells from respiring. 
SQ 109 is a viable and efficient therapeutic candidate for treating 
multidrug-resistant tuberculosis due to its broad use.

InhA inhibitors Isoniazid The mainstay of therapy for TB is isoniazid. Reductase enoyl Isoniazid 
targets the Mycobacterium InhA at the molecular level. Mycolic acid 
production, a characteristic of the outer cell wall of mycobacteria, 
depends on InhA and is required for the proliferation and pathogenicity 
of the organism.

Table 2: Description of Newer Anti-microbial agents used in TB.44-46
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Steps taking forward to eradicate TB from India: The recently 
published results of the latest national TB survey in India 
(2019-21) reveal that slightly over 3 individuals per 1,000 have 
active cases. This represents a modest improvement compared 
to the earlier survey conducted in the 1950s, which reported 
a rate of four per 1,000. However, it is notably higher than the 
World Health Organization's (WHO) 2020 estimate of 1.8 per 

1,000. The city with the highest prevalence is Delhi, where the 
rate surpasses five per 1,000. Certain demographic groups exhibit 
a higher prevalence of TB, including the elderly, malnourished 
individuals, smokers, those with alcohol dependence and 
diabetics. Despite efforts over the years, the persistence of 
relatively high TB rates emphasizes the ongoing challenges in 
combating the disease in India. India's National Strategic Plan 
for Tuberculosis Elimination outlines a comprehensive approach 
based on four strategic pillars: Detect, Treat, Prevent and Build 
(DTPB). The "Detect" pillar emphasizes the early identification of 
potential TB cases at the initial point of care, followed by prompt 
diagnosis utilizing highly sensitive diagnostic tests. The "Treat" 
aspect involves the initiation and consistent administration 
of first-line anti-tuberculosis drug treatment for patients with 
drug-sensitive TB, along with appropriate antibiotics for those 
with drug- resistant TB. Under the "Prevent" pillar, efforts focus 
on expanding airborne infection control measures in healthcare 
facilities, providing treatment for TB infection among contacts 
of confirmed cases and addressing social determinants such as 
crowded living conditions and sanitation. Lastly, the "Build" 
component aims at reinforcing and enhancing the existing health 
services to prevent and treat tuberculosis, while also advocating 
for a higher priority for TB within the broader health and 
development agenda.55

CONCLUSION

The treatment of tuberculosis necessitates a coordinated, 
interdisciplinary strategy that includes early detection, efficient 
therapy, preventative measures and ongoing research. We can 
lessen the impact of this long-standing illness and get closer 
to our goal of a TB-free world with persistent commitment 
and investment. Comprehensively combating the TB epidemic 
depends on international cooperation and finance. Supporting 
research, diagnosis, treatment and preventive initiatives requires 
collaboration between international organizations, governments 
and non-governmental organizations, especially in areas with a 
high TB burden.

Hope for more efficient management has recently been raised by 
improvements in TB research and healthcare infrastructure. The 
creation of novel medications holds promise for the treatment 
of drug-resistant TB. Furthermore, work on a TB vaccine and 
diagnostic methods is still being done.

Governments, healthcare professionals and communities must 
work together consistently if they are to succeed in eliminating 
TB as a hazard to the public's health. More efficient management 
has recently been raised by improvements in TB research and 
healthcare infrastructure. The creation of novel medications 
holds promise for the treatment of DR TB. Furthermore, work 
on a TB vaccine and novel diagnostic methods is still being done.

Development 
Status

Stage/ Phase Anti-TB agents

Discovery Lead 
Optimization

PanD inhibitors
Diarylthiazoles
DprE1 inhibitors
Indazole sulfonamides
Macrolide Gyrase 
inhibitors
Translocase-1

Preclinical 
Development

Early-Stage 
Development

JSF-3285*
NTB-3319*
TB-47*
MPL-446, 447*
CPZEN-45*
TZY-5-84*
FNDR-20081*
Spectinamide-1810*

GMP/GLP 
Toxicity

GSK-839*
OTB-658
Sanfetrinem

Clinical 
Development

Phase 1 BVL-GSK098*
Macozinone*
TBAJ-587
TBI-223
TBI-166
GSK-286*

Phase 2 SPR720*
BTZ-043*
TBA-7371*
Delpazolid
Sutezolid
Telacebec*
SQ-109*
Macozinone*

Phase 3 Badaquiline*
Delamanid*
Pretomanid*

Table 3: Newer anti-TB agents and repurposed drugs under clinical 
development.46
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ATP: Adenosine triphosphate; COVID-19: Corona virus disease 
2019; DNA: Deoxy ribonucleic acid; DR-TB: Drug resistance 
tuberculosis; DTPB: Detect – Treat – Prevent – Build; GMP/GLP: 
Good manufacturing practices/Good laboratory practices; HIV/
AIDS: Human immunodeficiency virus & acquired immune 
deficiency syndrome; LAM: Mycobacterial lipoarabinomannan; 
NSAIDs: Non-steroidal anti-inflammatory drugs; NTP: National 
tubercular programme; RNA: Ribonucleic acid; WHO: World 
health organisation.
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