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INTRODUTION 

A significant subgroup of tuberculosis (TB) infections is 

known as extensively drug-resistant tuberculosis (XDR-

TB) , which is defined by resistance to at least one of the 

three injectable second-line drugs (amikacin, kanamycin, 

or capreomycin), a fluoroquinolone, and the two most 

effective first-line medications, isoniazid and rifampicin. 

Because of this resistance pattern, treating XDR-TB with 

traditional anti-TB treatments is very challenging, 

necessitating the use of second-line therapies, which are 

frequently more toxic and less effective. 

 

Multidrug-resistant tuberculosis (MDR-TB), in which 

resistance to first-line medications develops initially and 

then resistance to second-line treatments through genetic 

changes and bacterial adaptability, is the main cause of 

extended or inappropriate treatment-associated 

tuberculosis (XDR-TB). Limited treatment choices, 

difficulties in accurately diagnosing the disease, and 

socioeconomic factors that lead to treatment non-

compliance and transmission all contribute to the global 

spread of XDR-TB. 

 

A multimodal strategy that incorporates enhanced public 

health initiatives, innovative treatment agents, and better 

diagnostics is necessary for the effective management of 

XDR-TB. To lessen its effects on worldwide health and 

meet TB control goals, it is crucial to comprehend the 

meaning and traits of XDR-TB.
[1,2] 

 

Global Prevalence 
XDR-TB is a major worldwide health problem, with 

instances documented in almost every nation.  According 

to current estimates, 9% of cases of multidrug-resistant 

tuberculosis (MDR-TB) worldwide are caused by XDR-

TB. 

 

Regional Distribution 
The prevalence of XDR-TB differs by location. In areas 

of Eastern Europe, Central Asia, and Africa with greater 

prevalence of tuberculosis and multidrug-resistant 

tuberculosis, reports of it are more frequent.  Several 

former Soviet Union nations, India, China, Russia, and 

South Africa are among the specific nations having 

significant XDR-TB burdens. 

 

Incidence and Mortality 
Annual variations in the prevalence of XDR-TB cases 

are caused by factors such as treatment accessibility, 

diagnostic capacity, and healthcare infrastructure. 
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Because there are fewer treatment choices and a greater 

likelihood of treatment failure for XDR-TB, the 

mortality rates are much higher than those for drug-

sensitive TB.
[3,4,5] 

 

DRUG RESISTANCE IN TUBERCULOSIS 

Several intricate processes, which can exist alone or in 

combination within the same strain of Mycobacterium 

tuberculosis, give rise to drug resistance in tuberculosis 

(TB). It is essential to comprehend these mechanisms in 

order to create treatment plans that work. 

 

1. Genetic Mutations 
o Genetic mutations in certain genes that encode drug 

targets or enzymes involved in drug activation or 

metabolism are the most frequent cause of treatment 

resistance in tuberculosis. 

o Mutations in the rpoB gene, which encodes the RNA 

polymerase beta subunit, frequently lead to 

ribampicin (RIF) resistance. These mutations change 

rifampicin's binding site, which lessens the drug's 

potency. 

o One possible cause of isoniazid (INH) resistance is 

mutations in genes like katG and inhA. While 

mutations in inhA alter INH's binding to its target, 

the enoyl-ACP reductase enzyme, changes in katG 

lessen INH's activation. 

 

2. Target Modification 
o Certain mutations change the medication targets 

such that antibiotics can less effectively block them. 

DNA gyrase, the target of fluoroquinolone 

antibiotics, is altered by mutations in the gyrA and 

gyrB genes, which give resistance to these drugs. 

 

3. Drug Inactivation 
o Enzymes produced by mycobacteria can alter or 

break down medications before they have a chance 

to have an antibacterial impact. As an illustration, 

the catalytic conversion of the prodrug to its active 

form by the KatG enzyme renders INH inactive. 

INH resistance can result from katG mutations that 

lessen its activation. 

 

4. Efflux Pumps 
o Mycobacteria have the ability to produce efflux 

pumps, which aggressively pump medications out of 

the bacterial cell to lower their effectiveness and 

intracellular concentration. Efflux pumps, which 

pump medications out of the bacterial cell before 

they may reach effective concentrations, such the 

Rv1258c protein in Mycobacterium TB, contribute 

to resistance against various treatments. 

 

5. Bacterial Persistence 
o Even after receiving antibiotic therapy, non-

replicating or slowly replicating microorganisms in 

TB lesions can persist. Due to their decreased 

medication susceptibility, these bacteria can become 

resistant to treatments and cause treatment failure. 

As a result of this persistence, drug-resistant 

bacterial subpopulations may form, making 

treatment even more difficult. 

 

6. Mixed Infections and Compartmentalization 
o Mixed infections, in which susceptible and resistant 

strains coexist, might result from inadequate 

treatment or noncompliance. Antibiotics can exert 

selection pressure on resistant bacteria, causing them 

to multiply. Drug penetration may be restricted in 

some host compartments, such as granulomas, where 

tuberculosis germs can live. This may lead to less 

than ideal drug exposure and promote the emergence 

of resistance. 

 

7. Biofilm Formation 
o Bacterial populations encased in a protective matrix 

are known as biofilms, and they can be formed by 

TB bacteria. Because biofilms change the 

physiology of the bacteria and reduce medication 

penetration, they can increase resistance to 

antibiotics. Compared to their planktonic 

counterparts, bacteria in biofilms are frequently 

more resistant to antibiotics, making treatment more 

difficult. 

 

Knowing these mechanisms highlights the importance of 

combination therapy, which targets several pathways at 

once, following treatment guidelines to stop resistance 

from developing, and continuous research into new 

medications and approaches to treatment that can get 

around these resistance mechanisms.
[6,7,8] 

 

DEVELOPING DRUG RESISTANCE IN 

EXTENSIVELY DRUG-RESISTANT 

TUBERCULOSIS (XDR-TB) 

Extensively drug-resistant tuberculosis (XDR-TB) is 

characterized by complicated processes that compromise 

public health initiatives and treatment efficacy. 

Tuberculosis resistant to isoniazid and rifampicin, any 

fluoroquinolone, and at least one of the three injectable 

second-line medications (amikacin, kanamycin, or 

capreomycin) is known as XDR-TB. It is essential to 

comprehend the processes underlying this resistance in 

order to create efficient treatment plans and slow its 

spread. 

 

1. Genetic Mutations and Mechanisms of Resistance 
o Resistance to Isoniazid (INH): The main cause of 

isoniazid resistance is mutations in the katG gene, 

which codes for the catalase-peroxidase enzyme that 

converts the prodrug isoniazid into its active form. 

The capacity of katG to activate isoniazid is reduced 

or eliminated by mutations, making the medication 

ineffective against Mycobacterium tuberculosis 

(Mtb) 

o Resistance to Rifampicin (RIF): Mutations in the 

rpoB gene, which codes for the RNA polymerase 

beta subunit, frequently lead to RIF resistance. 

Because of these changes, rifampicin cannot bind to 
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its intended target and cannot block RNA production 

in Mtb. 

 

2. Mechanisms of Fluoroquinolone Resistance 
o DNA gyrase and topoisomerase IV, crucial enzymes 

involved in DNA replication and repair, are the 

targets of fluoroquinolones like levofloxacin and 

moxifloxacin. Mutations in the genes gyrA and 

gyrB, which encode DNA gyrase subunits, are 

usually the cause of resistance. These alterations 

change the drug's binding site, which lessens its 

efficacy against Mtb. 

 

3. Resistance to Second-Line Injectable Drugs 
o Second-line injectable medications that interfere 

with Mtb protein synthesis include amikacin, 

kanamycin, and capreomycin. These medications 

target the 30S ribosomal subunit. Genes that impact 

drug binding or absorption, such as eis (enhanced 

intracellular survival protein) and rrs (which encodes 

the 16S rRNA), are frequently mutated in resistance 

to these medications. 

 

4. Efflux Pumps and Drug Efflux 
o Mycobacteria have efflux pumps, which 

aggressively move medications out of the cell, 

lowering drug concentrations within and fostering 

resistance. Genes like iniA, iniB, and others encode 

efflux pumps, which, when mutated or 

overexpressed, increase the efflux of medications 

like aminoglycosides and fluoroquinolones. 

 

5. Biofilm Formation and Persister Cells 
o Mtb is capable of forming biofilms, which are 

collections of bacteria covered in extracellular 

matrix and shielded from antibiotics and host 

immunological responses. Bacteria go into a 

persister state within biofilms, which is marked by a 

decrease in metabolic activity and an increase in 

resistance to antibiotics. Because they may 

withstand antibiotic exposure and then reactivate 

infection, persister cells may play a role in the 

emergence of drug resistance. 

 

6. Horizontal Gene Transfer and Acquired 

Resistance 
o Mtb can obtain resistance genes from environmental 

sources or from other bacteria through the process of 

horizontal gene transfer. Drug-resistant 

characteristics may spread quickly across Mtb 

populations as a result of this mechanism, making 

treatment and control efforts more difficult.
[9,10,11,12]

 

 

DIAGNOSTIC CHALLENGES 

A number of different factors make it difficult to 

diagnose extensively drug-resistant tuberculosis (XDR-

TB) accurately and in a timely manner. 

 

 

 

1. Complexity of Drug Resistance Profiles 
o Fluoroquinolones, at least one second-line injectable 

medication (amikacin, kanamycin, or capreomycin), 

and resistance to first-line medications (rifampicin 

and isoniazid) characterize XDR-TB. 

Comprehensive drug susceptibility testing (DST), 

which is technically complex and might not be 

available in all circumstances, is necessary to 

determine this resistance profile. Conventional 

techniques, such as phenotypic DST, can be 

inaccurate in detecting all resistance mutations and 

are sluggish (requiring weeks to get data). 

 

2. Limited Access to DST Facilities 
o Many areas, particularly those with low resources, 

lack labs capable of doing DST on fluoroquinolones 

and second-line medications. This restriction 

impedes the timely identification and start of the 

proper therapy, which helps XDR-TB spread 

throughout communities. 

 

3. Sampling Challenges 
o It can be challenging to collect sufficient and high-

quality biological specimens (such as sputum 

samples) for DST and culture, particularly in 

patients with extrapulmonary or smear-negative TB. 

Inadequate sampling methods or low-quality 

specimens might provide false-negative findings, 

which can postpone diagnosis and treatment. 

 

4. Diagnostic Delays and Treatment Initiation 
o It may take a while for the DST to confirm the 

diagnosis of XDR-TB, which might mean that 

people go untreated or receive insufficient care. 

Postponing the start of therapy not only deteriorates 

the results for each patient but also raises the 

possibility of transmission throughout communities. 

 

5. Co-infection with HIV and Other Comorbidities 
o Comorbid diseases including HIV/AIDS, diabetes, 

or malnutrition are common in patients with XDR-

TB, which might make diagnosis and treatment 

results more difficult. Because of immune 

suppression and unusual clinical manifestations, 

HIV co-infection in particular can affect the course 

of tuberculosis (TB), the effectiveness of therapy, 

and the precision of diagnostic testing. 

 

6. High Cost of Diagnosis and Treatment 
o In low-resource settings, diagnostic testing for 

XDR-TB, particularly those utilizing genetic and 

molecular techniques, may be prohibitively costly. 

Drug-sensitive TB is far less expensive to treat than 

XDR-TB, which presents financial difficulties for 

healthcare systems as well as patients. 

 

7. Emergence of Pre-extensively Drug-Resistant TB 

(Pre-XDR-TB) 
o Pre-XDR-TB describes TB strains that are resistant 

to isoniazid and rifampicin in addition to 
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fluoroquinolones and second-line injectable 

medications. Diagnostic efforts are further 

complicated by the requirement for better 

monitoring and access to extensive DST in order to 

detect and manage Pre-XDR-TB strains. 

 

8. Quality Assurance and Laboratory Standards 
o Effective tuberculosis control depends on ensuring 

the accuracy and consistency of DST findings across 

various laboratories and environments. Minimizing 

diagnostic mistakes and ensuring proper treatment 

regimens need quality assurance processes and 

adherence to international standards. 

 

9. Public Health Implications and Surveillance 
o Effective public health actions, such as contact 

tracing, infection control measures, and focused 

treatment strategies, depend on a timely and correct 

diagnosis of XDR-TB. These attempts may be 

thwarted by inadequate diagnostic capability, which 

might result in continuous transmission and 

outbreaks.
[13,14,15,16]

 

 

TREATMENT OUTCOMES AND PROGNOSIS IN 

XDR TB CASES 

Because it is resistant to several first- and second-line 

medications, extensively drug-resistant tuberculosis 

(XDR TB) presents substantial therapeutic problems. 

The prognosis and results of treatment for instances with 

XDR TB might differ based on many factors. 

1. Severity and Spread of Resistance: XDR TB is 

characterized by resistance to a fluoroquinolone, a 

second-line injectable medication, and at least four 

of the main anti-TB medications, such as isoniazid 

and rifampicin. Treatment becomes more 

challenging the more widespread the resistance 

pattern is. 

2. Treatment Regimen: Generally, a mix of 

antibiotics is used for therapy, frequently 

incorporating medications that are more hazardous 

and less effective than conventional TB therapies. 

The treatment plan is frequently extended (up to 18–

24 months) and may entail taking many drugs every 

day. 

3. Patient Factors: A patient's capacity to accept 

medicine, any underlying medical issues, 

immunological state, and general health all affect 

how well a treatment plan works. 

4. Access to Care and Treatment Adherence: For 

optimal results, patients must have access to expert 

care, get regular monitoring, and strictly follow their 

prescribed course of action. Treatment failure and 

the emergence of new resistance might result from 

non-adherence. 

5. Prognosis: There is a cautious outlook for XDR TB. 

Because treating drug-resistant forms of tuberculosis 

can be more difficult, treatment outcomes are less 

successful than with drug-sensitive strains. Higher 

death rates are possible, particularly in situations 

involving severe illness or in individuals with 

weakened immune systems. 

6. New Treatments and Strategies: Investigations 

into novel antibiotics and approaches to treating 

drug-resistant tuberculosis persist, encompassing 

abbreviated treatment plans and novel drug 

amalgamations. Future results might be improved by 

these advances.
[17,18,19]

 

 

CURRENT TREATMENT PROTOCOLS FOR XDR 

TB 

Because the bacterium that causes extensively drug-

resistant tuberculosis (XDR TB) is resistant to several 

common TB treatments, the treatment procedures for this 

kind of tuberculosis are complicated and usually entail 

numerous medications. The following are the main 

elements of the XDR TB treatment regimens in use 

today. 

 

1. Individualized Treatment Plans: The findings of 

drug susceptibility testing (DST), which show which 

medications the bacteria are susceptible to, are used 

to customize treatment regimens. This aids in 

creating a routine that has the best chance of 

working. 

2. Drug Regimens: A mix of antibiotics, comprising 

some of the following classes, is frequently included 

of the prescription for XDR TB. 

o Group A: Oral medications that are more recent and 

have efficacy against drug-resistant tuberculosis, 

such as bedaquiline, linezolid, clofazimine, and 

delamanid. 

o Group B: Injectable medications, such as 

capreomycin, kanamycin, or amikacin; nevertheless, 

XDR TB is frequently associated with injectable 

resistance. 

o Group C: Older second-line medications with 

potential lingering efficacy, such as ethionamide, 

cycloserine, and para-aminosalicylic acid (PAS). 

3. Duration: The course of treatment is extended; it 

often lasts 18 to 24 months or longer. The patient's 

reaction to therapy, the severity of the illness, and 

their drug tolerance are some of the factors that 

determine how long the course will take. 

4. Monitoring: To evaluate the effectiveness of a 

treatment, control side effects, and stop additional 

resistance, close monitoring is necessary. This 

covers routine imaging investigations, lab testing, 

and clinical assessments. 

5. Adherence Support: It's critical to make sure 

patients follow their treatment plan. This might 

entail giving patients and their families information 

and assistance in addition to directly observed 

treatment (DOT), in which medical professionals 

watch patients take their prescriptions. 

6. Supportive Care: In order to control problems and 

enhance treatment results, patients with XDR TB 

frequently need supportive care. This covers treating 

additional medical illnesses, managing the negative 
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effects of medications, and providing dietary 

assistance. 

7. Infection Control: To stop the spread of XDR TB 

in medical facilities and the population, stringent 

infection control procedures are required. This 

include keeping infected patients apart, providing 

enough air, and having healthcare personnel wear 

personal protective equipment. 

8. Research and Clinical Trials: To enhance results, 

shorten treatment time, and lessen toxicity, current 

research and clinical studies are investigating novel 

medications and treatment plans for XDR TB. 

The management of XDR TB necessitates a 

multidrug regimen customized to each patient's drug 

susceptibility profile, an extended course of therapy, 

close monitoring, assistance with adherence, and 

stringent infection control measures. Working 

together, public health officials, academics, and 

healthcare practitioners can successfully address the 

issues presented by this complicated type of 

TB.
[20,21,22] 

 

CHALLENGES IN CLINICAL 

IMPLEMENTATION OF NEW THERAPIES 

Many obstacles stand in the way of the practical use of 

novel treatments for extensively drug-resistant 

tuberculosis (XDR TB), which may have an impact on 

their uptake and efficacy: 

1. Drug Access and Availability: Access to newly 

authorized treatments for XDR TB may be limited in 

some areas, especially in low- and middle-income 

nations where the prevalence of TB is highest. 

Access to these medicines may be restricted by 

factors including supply chain management, cost, 

and regulatory approval procedures. 

2. Diagnostic Challenges: Starting the right treatment 

for XDR TB requires an accurate and prompt 

diagnosis. However, diagnostic testing for drug-

resistant tuberculosis may not be readily accessible 

or reasonably priced, particularly in environments 

with low resources. This raises the possibility of 

transmission and postpones the start of treatment. 

3. Complex Treatment Regimens: Novel treatments 

for XDR TB frequently entail intricate plans that call 

for several prescription drugs and a protracted 

course of treatment. Patients may find it difficult to 

follow these regimens, particularly if their drugs 

have severe adverse effects or call for unusual 

administration techniques. 

4. Monitoring and Management of Side Effects: 

Certain new medications for XDR TB may have 

unusual toxicities or side effects that call for careful 

monitoring and handling. To manage these 

intricacies and offer patients complete treatment, 

healthcare systems must be outfitted. 

5. Healthcare Infrastructure and Human 

Resources: Robust systems for patient follow-up 

and support, as well as laboratory facilities for drug 

susceptibility testing, are necessary for the effective 

implementation of new therapies. Trained healthcare 

personnel can also be used for treatment 

administration and monitoring. 

6. Data and Evidence Generation: To guide clinical 

practice and policy choices, real-world data on the 

efficacy and safety of novel medicines for XDR TB 

must be generated. On the other hand, carrying out 

post-marketing surveillance and clinical studies in 

various contexts can be resource- and logistically-

demanding. 

7. Integration with Existing Programs: Collaboration 

between several stakeholders, including as 

government health departments, non-governmental 

organizations, and foreign agencies, is necessary to 

integrate novel medicines into current TB control 

programs and healthcare delivery systems. In this 

way, novel treatments are certain to reach the people 

who require them the most. 

8. Sustainability and Funding: Long-term success 

depends on securing stable financing for operational 

research, capacity-building programs, and the 

acquisition of novel medicines. Treatment continuity 

may be jeopardized by reliance on outside financial 

sources and donors.
[23,24,25]

 

 

FUTURE DIRECTIONS 

The future of treating extensively drug-resistant 

tuberculosis (XDR TB) is expected to center on a 

number of important areas in order to enhance overall 

control, diagnosis, treatment, and prevention. 

 

1. Development of New Drugs and Treatment 

Regimens 
o Novel Antibiotics: To increase treatment choices 

and boost efficacy, ongoing research and 

development of novel antibiotics with action against 

drug-resistant tuberculosis, especially XDR 

tuberculosis, is needed. 

o Shorter and Simplified Regimens: Research is 

being done to find shorter, less complicated 

treatment plans that work well for treating XDR TB, 

shortening treatment times, and enhancing 

adherence. 

 

2. Improved Diagnostics 
o Point-of-Care Tests: Creation and implementation 

of quick, precise, and reasonably priced point-of-

care diagnostic tests for drug-resistant tuberculosis, 

particularly XDR tuberculosis, to facilitate early 

identification and timely start of suitable treatment 

o Molecular and Genetic Tools: Technological 

developments in molecular and genetic testing have 

improved drug susceptibility testing's accuracy and 

speed, enabling more individualized treatment plans. 

 

3. Vaccination Strategies 
o New TB Vaccines: To improve preventive efforts 

and lower the worldwide incidence of TB, 

particularly XDR TB, ongoing research is being 

done on novel TB vaccine candidates, including 

those that target drug-resistant strains. 
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4. Digital Health and Telemedicine 
o Telemedicine and Digital Tools: Integration of 

digital health technology and telemedicine platforms 

to enhance patient access to tuberculosis care, 

provide remote patient monitoring during treatment, 

and assist healthcare practitioners in environments 

with limited resources. 

 

5. Health Systems Strengthening 
o Capacity Building: To guarantee the efficient 

delivery of TB prevention, diagnostic, and treatment 

services, especially in high-burden regions, 

strengthen the workforce, laboratory systems, and 

healthcare infrastructure. 

o Integration of TB Services: To maximize resource 

allocation and enhance patient outcomes, TB care 

should be integrated with other health initiatives, 

such as HIV/AIDS and maternal health. 

 

6. Addressing Social Determinants of Health 
o Social Support: Putting social support interventions 

into practice to address socioeconomic issues 

including poverty, stigma, and access to healthcare 

services that affect treatment results and the spread 

of tuberculosis. 

 

7. Global Collaboration and Financing 
o International Cooperation: Persistent cooperation 

between nations, international organizations, donors, 

and stakeholders to secure political support, 

financial support, and resources for tuberculosis 

control initiatives, including the creation of new 

interventions and their research. 

o Financial Sustainability: Ensuring TB programs 

have long-term funding sources to enable 

intervention implementation and help the world 

reach its TB eradication goals. 

 

8. Monitoring, Evaluation, and Research 
o Research and Innovation: Ongoing funding for 

operational research to analyze and improve 

implementation plans, track medication resistance 

patterns, and gauge the effect of actions on 

tuberculosis reduction. 

o Surveillance Systems: Enhancing TB surveillance 

systems to track advancements made toward the 

eradication of tuberculosis, identify new trends in 

drug resistance, and inform evidence-based policy 

choices.
[26 to 30]

 

 

Achieving the ultimate aim of TB eradication worldwide 

and effectively defeating extensively drug-resistant 

tuberculosis may be accelerated by stakeholders by 

concentrating on these future paths and utilizing 

scientific, technological, and international partnership 

advancements. 

 

CONCLUSION 

One major obstacle to international attempts to eradicate 

tuberculosis is the establishment and spread of 

extensively drug-resistant tuberculosis (XDR-TB). The 

complex processes by which XDR-TB becomes resistant 

to several anti-tuberculosis medications have been 

clarified in this study, emphasizing genetic alterations 

and acquired resistance mechanisms as the main causes 

of treatment failure. Notwithstanding progress in 

comprehension, the management of XDR-TB 

nevertheless faces several obstacles, such as restricted 

diagnostic options, intricate therapy plans, and systemic 

healthcare limits. Prospective approaches to address 

XDR-TB in the future include the creation of quick 

molecular diagnostics for early drug resistance 

identification, investigation of new anti-tuberculosis 

drugs active against resistant strains, and application of 

patient-centered treatment plans. To overcome these 

obstacles and make significant progress toward 

worldwide tuberculosis control, cross-sector cooperation 

and ongoing investment in R&D are crucial. 

 

In the end, treating medication resistance in XDR-TB 

necessitates an all-encompassing strategy that 

incorporates scientific advancements, fortifies healthcare 

institutions, and places a premium on fair access to high-

quality care. By using these tactics, we may work to 

lessen the impact of XDR-TB, enhance treatment results, 

and get closer to the global elimination of tuberculosis as 

a hazard to public health. 
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