
                           International Scientific Journal of Engineering and Management (ISJEM)              ISSN: 2583-6129 
                                  Volume: 04 Issue: 04 | April – 2025                                                                                              DOI: 10.55041/ISJEM02845                                                                                                                                         

                                  An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata        

 

© 2025, ISJEM (All Rights Reserved)     | www.isjem.com                                                          |        Page 1 
 

Antimicrobial Resistance of Mycobacterium Tuberculosis A Global Health 

Challenge. 

Seema rani,1saytam kumar2,Sajad ahamd Malik3 

1. Assistant Professor at Desh Bhagat University Mandigobindgarh 

2. Assistant Professor at Desh Bhagat University Mandigobindgarh 

3. Assistant professor at bhai gurdas group of institutions sangrur 

Abstract: Antimicrobial resistance (AMR) in Mycobacterium tuberculosis (M. tuberculosis) has emerged as 

one of the most pressing challenges in global public health. The development of multidrug-resistant (MDR) 

and extensively drug-resistant (XDR) strains of tuberculosis (TB) has rendered conventional treatment 

regimens less effective, leading to increased morbidity, mortality, and treatment costs. This paper explores the 

mechanisms behind antimicrobial resistance in M. tuberculosis, the contributing factors such as improper 

treatment adherence and diagnostic delays, and global strategies for managing resistant TB. Furthermore, it 

discusses current diagnostic tools, therapeutic advancements, and the importance of surveillance and policy 

frameworks in mitigating the spread of resistant TB strains. The increasing incidence of drug resistance has 

made it necessary to reassess traditional TB control programs and adapt new evidence-based approaches. The 

implementation of rapid diagnostics, patient-centered treatment plans, community education, and international 

collaboration has become pivotal in achieving long-term control and eventual elimination of drug-resistant 

TB. Through detailed case studies and review of current literature, this research underscores the urgency of 

addressing antimicrobial resistance in TB through a multidisciplinary and globally coordinated effort. 
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1. Introduction Tuberculosis remains one of the top 10 causes of death worldwide and the leading cause from 

a single infectious agent. The rise of antimicrobial resistance in Mycobacterium tuberculosis has significantly 

complicated control efforts. While TB is a preventable and curable disease, drug-resistant TB presents new 

and difficult challenges for patients and health systems alike. In particular, MDR-TB (resistant to at least 

isoniazid and rifampicin) and XDR-TB (resistant to isoniazid, rifampicin, fluoroquinolones, and second-line 

injectable drugs) threaten to reverse the progress made over decades in TB control.AMR in TB is not just a 

medical problem but a multifaceted public health crisis influenced by social, economic, and infrastructural 

factors. In many high-burden countries, challenges such as underfunded healthcare systems, inadequate 

diagnostics, and poor treatment adherence have accelerated the rise of resistant strains. Global mobility, 

urbanization, and the HIV epidemic further complicate the landscape by increasing vulnerability and 

transmission rates. The persistence of TB in both developing and developed nations underscores the necessity 
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of a unified global response. With new technologies, such as rapid molecular testing and novel drug regimens, 

there is an opportunity to make significant progress in the fight against drug-resistant TB. However, success 

will require increased funding, political will, and a commitment to addressing the social determinants that 

underpin the disease. This paper aims to provide a comprehensive understanding of antimicrobial resistance in 

TB, focusing on its causes, clinical implications, and the global efforts being made to mitigate its impact. It 

highlights the urgent need for continued research, innovation, and collaborative action to prevent the further 

spread of resistant TB and protect global health gains made over recent decades. 

2. Global Epidemiology of Drug-Resistant TB According to the World Health Organization (WHO), nearly 

half a million people developed MDR/RR-TB in 2022. The highest burden is observed in countries such as 

India, China, the Russian Federation, and the Philippines. Alarmingly, treatment success rates for MDR-TB 

remain below 60% globally, highlighting the need for urgent and effective interventions. 

3. Mechanisms of Resistance Resistance in M. tuberculosis arises mainly due to chromosomal mutations that 

affect drug targets or activation mechanisms. Unlike many other bacteria, M. tuberculosis does not readily 

acquire resistance genes through horizontal gene transfer. Key resistance mechanisms include: 

• Rifampicin resistance through mutations in the rpoB gene 

• Isoniazid resistance via mutations in the katG gene or inhA promoter region 

• Resistance to fluoroquinolones and injectables due to gyrA/gyrB and rrs/eis mutations respectivelyThese 

mutations result in decreased efficacy of standard drugs, necessitating alternative treatment approaches. 

Resistance is cumulative, and stepwise acquisition of mutations leads to MDR and XDR phenotypes. 

4. Risk and Contributing Factors Several factors contribute to the emergence and transmission of drug-

resistant TB: 

• Poor adherence to long and complex treatment regimens 

• Inadequate treatment regimens or inappropriate use of second-line drugs 

• Delayed diagnosis and misdiagnosis of resistant strains 

• Weak health infrastructure with limited laboratory and diagnostic capabilities 

• Socioeconomic conditions such as poverty, poor housing, malnutrition, and co-infection with HIV 

• Prison settings and urban slums with overcrowding and limited access to health services 

5. Clinical Presentation and Complications Drug-resistant TB presents similarly to drug-susceptible TB but 

is often associated with: 

• Longer duration of illness before diagnosis 

• Poorer clinical outcomes 

• Increased likelihood of lung damage and complications 

• Higher rates of recurrence and mortality 

Comorbidities like HIV/AIDS further complicate management, and resistance is often discovered after failure 

of first-line treatment, delaying effective care. 
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6. Diagnostic Tools and Challenges Rapid and accurate diagnosis is crucial. Conventional methods are too 

slow, leading to delayed treatment. 

6.1 Molecular Diagnostics 

• Xpert MTB/RIF: Detects rifampicin resistance within two hours, WHO-endorsed. 

• Xpert MTB/XDR: An expanded assay that detects resistance to isoniazid, fluoroquinolones, and 

second-line injectables. 

• Line Probe Assays (LPA): Genotypic testing to detect mutations. 

• Whole Genome Sequencing (WGS): Provides detailed mutation mapping and surveillance data. 

6. Treatment Approaches 

6.1 First-Line vs. Second-Line Treatment First-line anti-TB drugs include isoniazid, rifampicin, ethambutol, 

and pyrazinamide. These drugs are effective in treating drug-susceptible TB but lose efficacy in MDR and 

XDR strains. Second-line treatments consist of fluoroquinolones (e.g., levofloxacin, moxifloxacin) and 

injectable agents (e.g., amikacin, capreomycin), along with newer drugs such as bedaquiline and delamanid. 

6.2 MDR-TB and XDR-TB Management Treating MDR-TB typically requires longer regimens, ranging 

from 18 to 24 months. Newer WHO-recommended regimens have reduced treatment duration to 9–12 months 

in eligible patients. Bedaquiline-based all-oral regimens have significantly improved outcomes, with fewer 

adverse effects compared to older injectable-based therapies. The BPaL regimen (bedaquiline, pretomanid, 

linezolid) is a major advancement in the treatment of highly drug-resistant TB, offering cure rates over 80% in 

some studies. 

6.3 Supportive and Adjunctive Therapies In addition to pharmacological treatment, supportive care plays a 

crucial role. This includes nutritional support, management of side effects, psychological counseling, and 

treatment of coexisting conditions like HIV/AIDS. Host-directed therapies (HDTs), aimed at enhancing the 

immune response, are under investigation and may become valuable adjuncts in the future. 

6.4 Challenges in Treatment Treatment challenges include high toxicity, patient non-adherence, and drug 

interactions. Long and complex regimens often cause side effects such as hepatotoxicity, nephrotoxicity, and 

hearing loss. Drug availability, cost, and diagnostic limitations in resource-limited settings further hinder 

effective management. 

6.5 Future Directions in TB Treatment The pipeline for TB drug development includes several promising 

agents and treatment strategies. Innovations such as long-acting injectable formulations, nanotechnology-

based drug delivery, and individualized treatment regimens guided by genomic resistance profiling are 

expected to revolutionize TB care. Integration of artificial intelligence in treatment monitoring and digital 

adherence technologies (e.g., 99DOTS, video-supported therapy) also shows potential in improving 

outcomes.. 
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7. Prevention and Control 

• Vaccination: BCG remains the only available TB vaccine, with limited protection against pulmonary 

TB in adults. 

• Infection control: Especially in health facilities, including isolation and ventilation improvements 

• Contact tracing: Early identification of cases among close contacts 

• Community engagement and awareness: To improve treatment adherence and reduce stigma 

8. Global Strategies and Surveillance Efforts 

• The End TB Strategy: Targets a 90% reduction in TB deaths and 80% cut in new cases by 2030 

• Global Drug-Resistance Surveillance (GDRS): Tracks trends and resistance patterns 

• STOP TB Partnership: Mobilizes resources and coordinates advocacy 

• Funding for R&D: Accelerates development of diagnostics, vaccines, and treatments 

 

   9. Research and Innovations 

• New drug candidates: Pretomanid, sutezolid, and TB47 

• Novel regimens: BPaL (bedaquiline, pretomanid, and linezolid) for highly resistant TB 

• AI-assisted diagnostics: Enhanced interpretation of radiographs and data integration 

• Host-directed therapies: Strengthen immune responses 

10. Conclusion Antimicrobial resistance in Mycobacterium tuberculosis is a formidable public health crisis. A 

comprehensive and coordinated response is essential to prevent further spread, improve patient outcomes, and 

achieve global TB elimination targets. Timely diagnosis, effective treatment, investment in research, and 

robust public health policies are key to curbing this threat. 
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