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ABSTRACT 

Tuberculosis is an infectious disease caused by the bacterium 

Mycobacterium tuberculosis. It primarily affects the lungs but can also 

affect other parts of the body, such as the kidneys, spine, and brain. TB 

is transmitted from person to person through airborne droplets when an 

infected individual coughs, sneezes or talks.
[3] 

 

HISTORICAL CONTEXT 

Tuberculosis has plagued humanity for thousands of years, leaving 

behind a significant historical footprint. Here is an overview of its 

historical context: 

1. Ancient Times: Tuberculosis has been present since ancient times, 

with evidence of the disease found in human remains dating back  

to 4000 BCE. Ancient Egyptian and Indian texts describe symptoms similar to tuberculosis, 

and the disease was known by various names such as "phthisis" in ancient Greece and 

"consumption" in the 18th and 19th centuries. 

2. Industrial Revolution and Urbanization: The Industrial Revolution, which began in the 

18th century, brought about significant changes in population density and living 

conditions. Overcrowded cities, poor sanitation, and malnutrition contributed to the 

spread of tuberculosis, leading to its classification as a major public health concern.
[4]

 

3. Sanatorium Movement: In the late 18thand early 19th centuries, the idea of providing 

specialized care for tuberculosis patients emerged. Sanatoriums, dedicated facilities for 

the treatment and isolation of TB patients, became popular during this time. The 

sanatorium movement aimed to provide fresh air, rest, and good nutrition to aid in the 

recovery of patients. 

4. Discovery of the Tubercle Bacillus: In 1882, the German physician and microbiologist 
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Robert Koch discovered the causative agentof tuberculosis, Mycobacterium tuberculosis. 

This groundbreaking discoveryrevolutionized the understanding and diagnosis of the 

disease. 

5. Rise of Tuberculosis Epidemics: In the late 19th and early 20th centuries, tuberculosis 

reached epidemic proportions, particularly in Europe and North America.
[33]

 Factors 

such as poor living conditions, poverty, and lack of effective treatments contributed to the 

spread of the disease. 

6. Development of Tuberculosis Control Programs: With increasing awareness of 

tuberculosis as a major health issue, efforts were made to control the disease. The 

development of effective anti-tuberculosis drugs, such as streptomycin in the 1940s, 

played a crucial role in the control and treatment of the disease. 

7. Global Efforts for TB Control: Tuberculosis remains a global health concern, and 

several initiatives have been launched to combat the disease. The World Health 

Organization (WHO) declared TB a global emergency in 1993 and established the Stop 

TB Partnership to coordinate global efforts. The Millennium Development Goalsand, 

later, the Sustainable Development Goals included targets for reducing the burden of 

tuberculosis. 

8. Drug Resistance and Co-infection Challenges: The emergence of drug- resistant strains 

of tuberculosis, such as multidrug-resistant TB (MDR-TB) and extensively drug-resistant 

TB (XDR-TB), poses challenges for effective treatment and control. Additionally, the co-

epidemic of tuberculosis and HIV/AIDS has further complicated efforts to combat both 

diseases.
[22]

 

 

Understanding the historical context of tuberculosis helps shed light on the ongoing efforts to 

control and eradicate the disease. It emphasizes the importance of continued research, 

improved diagnostics, access to quality healthcare, and comprehensive public health 

strategies in tackling this global health challenge.
[8]

 

 

CAUSES AND TRANSMISSION 

Tuberculosis is caused by the bacterium Mycobacterium tuberculosis. The primary mode of 

transmission is through inhaling respiratory droplets containing the bacteria when an infected 

individual coughs, sneezes, or talks.
[1]

 Several factors contribute to the development of 

tuberculosis, including: 

1. Exposure to Infectious Individuals: Close and prolonged contact with individuals who 
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have active tuberculosis increases the risk of transmission. 

2. Weakened Immune System: People with weakened immune systems, such as those 

living with HIV/AIDS, malnutrition, or certain medical conditions (e.g., diabetes), are 

more susceptible to developing active tuberculosis. 

3. Latent TB Infection: In some cases, instead of progressing to active disease, the body 

can contain the bacteria in a dormant state, known as latent TB infection (LTBI). LTBI 

canlater become active if the immune system weakens.
[2]

 

 

Mycobacterium tuberculosis 

The bacterium responsible for causing tuberculosis is Mycobacterium tuberculosis. Here are 

some key characteristics of this bacterium: 

 

 

 

1. Acid-Fast Bacillus: Mycobacterium tuberculosis is an acid-fast bacillus, which means it 

has a unique cell wall structure that retains a stain even when exposed to acid alcohol. 

This property allows for its identification through acid-fast staining techniques, such as 

the Ziehl-Neelsen stain. 

2. Slow-Growing: Mycobacterium tuberculosisis a slow-growing bacterium, requiring 

specialized culture techniques and longer incubation periods compared to many 

otherbacteria. It typically takes several weeks for visible colonies to appear on solid 

culture media. 

3. Aerobic and Intracellular Pathogen: M. tuberculosis is an aerobic bacterium, meaning 

it requires oxygen for growth. It primarily infects the lungs but can also invade other 

organs, including the kidneys, spine, and brain. The bacterium is capable of surviving and 

multiplying inside macrophages, which are immune cells responsible for engulfing and 

destroying pathogens.
[31]

 

4. Complex Genome: The genome of Mycobacterium tuberculosis is relatively large and 

complex compared to other bacteria. It contains approximately 4,000 genes, including 

genes associated with virulence factors, antibiotic resistance, and mechanisms to evade the 
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host immune response.
[4,5]

 

5. Lipid-Rich Cell Wall: The cell wall of M. tuberculosis is composed of a unique lipid- 

rich structure that plays a crucial role in the bacterium's survival and pathogenesis. The 

mycolic acids present in the cell wall contribute to the impermeability of the bacterium, 

making it resistant to many antimicrobial agents and contributing to its ability to persist in 

the host. 

6. Virulence Factors: M. tuberculosis possesses various virulence factors that contribute to 

its ability to establish and maintain infection. These factors include cell wall components, 

such as lipoarabinomannan (LAM) and cord factor, which modulate the host immune 

response and facilitate bacterial survival within the host.
[9]

 

7. Latency and Reactivation: One of the unique characteristics of M. tuberculosis is its 

ability to establish latent infection in some individuals. In latent tuberculosis infection 

(LTBI), the bacteria remain dormant within the body, often for years or even decades, 

without causing active disease.
[13]

 Latent infection can later reactivate and progress to 

active tuberculosis, particularly in individuals with weakened immune systems. 

 

Understanding the characteristics of Mycobacterium tuberculosis is crucial for the 

development of effective diagnostic methods, treatment regimens, and preventive strategies. 

It highlights the challenges posed by the bacterium's unique features and its ability to persist 

in the host, contributing to the global burden of tuberculosis.
[18]

 

 

Transmission Modes 

Tuberculosis (TB) can be transmitted through various routes, with the most common mode of 

transmission being airborne.
[25]

 Here are the different ways tuberculosis is transmitted: 

1. Airborne Transmission: The primary modeof TB transmission is through inhaling 

respiratory droplets containing Mycobacterium tuberculosis bacteria. When an infected 

individual with active pulmonary TB coughs, sneezes, or even talks, they release 

aerosolized droplets containing the bacteria into the air. These droplets, when inhaled by a 

susceptible person, can lead to infection.
[33]

 

2. Close and Prolonged Contact: TB transmission usually occurs during close and 

prolonged contact with an infectious individual.
[33]

 This includes living in the same 

household, sharing enclosed spaces, such as classrooms or workplaces, or spending a 

significant amount of time in close proximity to an infected person. 

3. Droplet Spread: The infectious droplets released by an individual with active TB 
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canremain suspended in the air for several hours, creating a risk of transmission to others 

who subsequently enter that environment.
[6]

 

4. Occupational Exposure: Healthcare workersand individuals working in high-risk 

settings,such as prisons or homeless shelters, may face an increased risk of TB 

transmission due to their frequent contact with individuals who have active TB.
[23]

 

5. Risk Factors for Transmission 

o HIV/AIDS: Co-infection with HIV weakens the immune system, making individuals 

more susceptible to TB infection if exposed. It also increases the risk of latent TB 

infection progressing to active TB. 

o Overcrowded and Poorly VentilatedEnvironments: Living or spending time in 

overcrowded spaces with inadequate ventilation increases theconcentration of infectious 

droplets in the air, enhancing the risk of TB transmission.
[2]

 

o Malnutrition: Malnutrition compromises the immune system's ability to fight off 

infections, including tuberculosis, thereby increasing the risk of TB transmission and 

disease progression. 

o Substance Abuse: Substance abuse, particularly injection drug use, can contribute to an 

increased risk of TB transmission due to shared needles and high-risk behaviors.
[34]

 

o Travel and Migration: Movement across regions or countries with varying TB burdens 

can contributeto the spread of TB. Individuals migrating from areas with a high. 

prevalence of TB may carry latent TBinfection or active disease. 

 

Understanding the modes of transmission and associated risk factors is crucial for 

implementing effective infection control measures, targeted screening, and preventive 

strategies to reduce the transmission and burden of tuberculosis.
[7]

 

 

CLINICAL PRESENTATION 

Latent TB Infection 

Latent tuberculosis infection (LTBI) is a condition inwhich a person has been infected with 

Mycobacterium tuberculosis, the bacterium that causes tuberculosis (TB), but does not have 

active disease or show any symptoms.
[35]

 Here are the key characteristics of latent 

tuberculosis infection and the risk of progression to active TB disease: 

1. Asymptomatic Infection: Individuals with LTBI do not experience any symptoms of 

active TB. They appear healthy and do nottransmit the infection to others. 

2. Immune Response: After being exposed to M. tuberculosis, the immune system mounts a 
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response to contain the bacteria.
[8]

 In most cases, the immune response successfully 

controls the infection, preventing the bacteria from multiplying and causing disease. 

3. Tuberculin Skin Test and Interferon- Gamma Release Assays: LTBI can be detected 

through tests such as the tuberculin skin test (TST) or interferon- gamma release assays 

(IGRAs).
[27]

 Thesetests measure the immune response to specific TB antigens and indicate 

exposureto M. tuberculosis. 

4. Persistence of Bacteria: Despite being in a dormant state, M. tuberculosis bacteria can 

remain alive in the body for years or even decades. They may reside within granulomas, 

which are small, organized collections of immune cells that form around the bacteria, 

keeping them contained.
[19]

 

5. Risk of Progression to Active TB Disease: While the majority of individuals with 

LTBInever develop active TB disease, there is arisk of progression. Factors that increase 

the risk of LTBI progressing to active TB include: 

o Weakened Immune System: A compromised immune system, such as due to HIV 

infection, immunosuppressive medications, or certain medical conditions, increases the 

risk of LTBI progressing to active TB. 

o Recent Infection: Individuals recently infected with M. tuberculosis have a higher risk of 

progression compared to those with remote infection. 

o Age: Infants, young children, and the elderly are more susceptible to progression to active 

TB disease. 

o Malnutrition: Malnutrition weakensthe immune system and increases the risk of LTBI 

progressing to activeTB.
[32]

 

6. Reactivation of Latent Infection: LTBI can reactivate and progress to active TB 

diseaseif the immune system becomes compromised or weakened. Reactivation can occur 

months, years, or even decades after the initial infection. The risk of reactivation is 

highest within the first two years after acquiring LTBI.
[30]

 

 

It is important to identify individuals with LTBI to provide appropriate treatment and prevent 

the development of active TB disease. Treatment of LTBI with medication such as isoniazid 

(INH) or a combination of INH and rifapentine can significantly reduce the risk of 

progression to active TB. Effective management of LTBI plays a crucial role in TB control 

efforts, particularly in populations at higher risk of developing active TB disease.
[5]
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Active TB Disease 

Active tuberculosis (TB) refers to the stage of TB infection where the bacteria, 

Mycobacterium tuberculosis, are actively multiplying and causing disease. The clinical 

manifestations and symptoms of active TB can vary depending on the site of infection. The 

two main forms of active TB are pulmonary TB and extrapulmonary TB. Here are the clinical 

manifestations and symptoms of each.
[17]

 

1. Pulmonary TB: Pulmonary TB primarily affects the lungs and is the most common form 

of active TB. The symptoms include: 

 Cough: Persistent cough lasting for more than two weeks is a common symptom. The 

cough may produce sputum, which can be mucoid, purulent, or blood-tinged. 

 Chest Pain: Chest pain may be present and can range from mild discomfort to sharp, 

localized pain. 

 Fatigue and Weakness: Generalized fatigue, weakness, and malaise are common. 

 Weight Loss: Unintentional weight loss and decreased appetite can occur. 

 Night Sweats: Profuse sweating, particularly at night, is a characteristic symptom of TB. 

 Fever: Low-grade fever is often present, but it can occasionally be high-grade. 

 Shortness of Breath: In advanced cases or when TB involves large areas of the lungs, 

shortness of breath and difficulty breathing may occur. 

 Hemoptysis: Coughing up blood or bloody sputum may be observed in some cases.
[3]

 

 

2. Extrapulmonary TB: Extrapulmonary TB occurs when M. tuberculosis affects organs 

outside of the lungs. It can involve various parts of the body, including the lymph nodes, 

pleura, bones, joints, genitourinary system, central nervous system, gastrointestinal tract, 

and skin.
[29]

 The symptoms depend on the specific site of infection and may include: 

 Lymph Nodes: Swollen lymph nodes, usually in the neck (scrofula), are a common 

presentation. 

 Pleura: Pleural TB may cause pleuritic chestpain, cough, and pleural effusion 

(accumulation of fluid in the pleural space). 

 Bone and Joint TB: Pain, swelling, and limited mobility of the affected bone or joint may 

occur. 

 Genitourinary TB: Symptoms can include urinary frequency, urgency, pain, blood in 

urine, and swelling or abscess formation inthe genital area. 

 Central Nervous System TB: Symptoms may include headache, neck stiffness, 
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confusion, focal neurological deficits, and seizures. 

 Gastrointestinal TB: Abdominal pain, diarrhea, blood in stool, and bowel obstruction 

can occur. 

 Skin TB: Skin lesions, such as nodules, ulcers, or abscesses, may be present.
[18]

 

 

It's important to note that the symptoms of active TB can be nonspecific and overlap with 

other diseases. Therefore, proper diagnostic tests, such as sputum analysis, chest X-rays, and 

culture of the bacteria, are necessary to confirm the diagnosis of active TB. 

 

Early detection, prompt treatment, and adherenceto the prescribed medication regimen are 

crucial for successful management of active TB, regardlessof its pulmonary or 

extrapulmonary form.
[5]

 

 

Extra-pulmonary TB 

Extrapulmonary tuberculosis (TB) refers to the involvement of organs or systems outside the 

lungs by the bacterium Mycobacterium tuberculosis.
[28]

 Here are the different forms of 

extrapulmonary TB and their clinical presentations 

1. Tuberculous Meningitis: TB meningitis is asevere form of extrapulmonary TB that 

affects the membranes surrounding the brain and spinal cord. Its clinical presentation 

includes.
[6]

 

 Headache: Persistent and severe headache is a common symptom. 

 Neck Stiffness: Stiffness and limited range of motion in the neck, also known as nuchal 

rigidity, is a characteristic sign. 

 Fever: Low-grade fever is often present. 

 Altered Mental Status: Confusion, disorientation, and changes in mental status may occur. 

 Neurological Symptoms: Neurological deficits can develop, such as focal neurological 

signs, seizures, cranial nerve palsies, and paralysis.
[15]

 

 

2. Skeletal Tuberculosis: Skeletal TB, also known as osteoarticular TB, affects the bones 

and joints. It can involve any skeletal site but commonly affects the spine (vertebral 

TB).
[31]

 Its clinical presentation includes 

 Back or Joint Pain: Persistent and worsening pain in the affected bone or joint is a 

common symptom. 

 Spinal Deformity: In vertebral TB, the infection can lead to destruction of the spine, 

resulting in a hunchback appearance (kyphosis) or other spinal deformities. 
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 Limited Mobility: Decreased range of motion, stiffness, and joint swelling may occur. 

 Neurological Symptoms: If the spinal cord is compressed, neurological deficits such as 

weakness, numbness, or paralysis in the limbs can develop.
[22]

 

 

3. Abdominal Tuberculosis: Abdominal TB involves the gastrointestinal tract, peritoneum 

(lining of the abdominal cavity), and abdominal lymph nodes.
[11]

 Its clinicalpresentation 

includes: 

 Abdominal Pain: Persistent and oftencolicky abdominal pain is a common symptom.
[17]

 

 Fever: Low-grade fever may be present. 

 Weight Loss: Unintentional weight loss and decreased appetite can occur.
[7]

 

 Gastrointestinal Symptoms: Symptoms such as diarrhea, abdominal distension, 

bloating, nausea, vomiting, and changes in bowel habits may be present. 

 Lymphadenopathy: Enlarged abdominallymph nodes can be palpable.
[10]

 

 

It's important to note that these are just a few examples of extrapulmonary TB manifestations, 

and TB can affect other organs as well, including the genitourinary system, skin, eyes, and 

more. The clinical presentation may vary depending on the specific site of infection.
[26]

 

 

Prompt diagnosis through appropriate tests, such as imaging, tissue biopsy, and culture, is 

crucial for confirming extrapulmonary TB. Treatment regimens for extrapulmonary TB often 

include a combination of anti-TB medications for an extended duration. Early detection and 

proper management are vital for successful treatment and prevention of complications.
[16]

 

 

DIAGNOSIS 

Tuberculin Skin Test (TST) 

The tuberculin skin test (TST), also known as the Mantoux test, is a commonly used 

diagnostic test for tuberculosis (TB) infection. It helps determine if an individual has been 

exposed to the bacterium Mycobacterium tuberculosis, which causes TB.
[20]

 Here's an 

explanation of the TST procedure, interpretation of results, and its limitations: 

 

Procedure 

1. Administration: A healthcare provider injects a small amount (0.1 mL) of purified 

protein derivative (PPD), which is a solutioncontaining specific TB antigens, into the 

inner forearm using a syringe and a small needle. 

2. Observation: The injection site is marked tofacilitate the interpretation of the test results. 



www.wjpr.net      │     Vol 14, Issue 9, 2025.      │     ISO 9001: 2015 Certified Journal      │ 

 

 

 

Lakshay et al.                                                                      World Journal of Pharmaceutical Research 

805 

3. Waiting Period: The individual must wait for 48 to 72 hours (typically 2-3 days) before 

returning for the test reading.
[12]

 

 

Interpretation of Results: The TST results are readbased on the measurement of the 

induration (raised, hardened area) at the injection site. The diameter of induration is measured 

in millimeters.
[21]

 Interpretation guidelines for TST results are as follows: 

1. Positive Result 

o ≥ 5 mm: Considered positive for individuals with HIV/AIDS, recent close contact with an 

active TB case, chest X-ray findings consistent with TB, or organ transplant recipients. 

o ≥ 10 mm: Considered positive for individuals with other risk factors such as injection 

drug users, individuals from high TB prevalence areas, healthcare workers, or those with 

medical conditions that weaken the immune system. 

o ≥ 15 mm: Considered positive forindividuals with no known risk factors for TB. 

 

2. Negative Result 

o < 5 mm: Generally considered negative. However, individuals who are 

immunocompromised or have recent TB exposure may require further evaluation.
[24]

 

 

Limitations of TST 

1. False Negatives: The TST can yield false- negative results, particularly in individuals with 

weakened immune systems (e.g., HIV-positive individuals) or recent TB infection. False 

negatives can also occur if the test is administered too soon after infection. 

2. False Positives: The TST may produce false-positive results in individuals who have 

received the Bacillus Calmette-Guérin (BCG)vaccine, which is used in many countries to 

prevent TB.
[14]

 BCG vaccination can lead to a positive TST result, even in the absence of 

TB infection.
[4]

 

3. Variability in Interpretation: The reading of TST results is subjective and can vary 

amonghealthcare providers. 

4. Delayed Results: The need to wait 48 to 72 hours for test reading can be a logistical 

challenge and may result in individuals not returning for interpretation.
[7]

 

 

To address the limitations of the TST, alternative tests such as interferon-gamma release 

assays (IGRAs) have been developed. IGRAs measure theimmune response to specific TB 

antigens and are less affected by BCG vaccination.
[10]

 However, both TST and IGRAs have 

their advantages and limitations, and the choice of test may depend onthe specific context and 
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available resources. 

 

Interferon-Gamma Release Assays (IGRAs) 

Interferon-gamma release assays (IGRAs) are diagnostic tests used to detect tuberculosis 

(TB) infection. They measure the immune response to specific TB antigens and are an 

alternative to the tuberculin skin test (TST). Here's an explanation of the principle, 

advantages, and limitations of IGRAs: 

 

Principle: IGRAs are based on the principle that individuals infected with Mycobacterium 

tuberculosis will mount an immune response and release interferon-gamma (IFN-γ) when 

specific TBantigens are encountered. The two main types of commercially available IGRAs 

are the QuantiFERON-TB Gold In-Tube test (QFT-GIT) and the T-SPOT.TB test. Both tests 

involve collecting blood samples from the individual and stimulatingthe immune cells in the 

laboratory with TB antigens. The amount of IFN-γ released by the immune cells is then 

measured, indicating the presence or absence of TB infection.
[28]

 

 

Advantages of IGRAs 

1. Specificity: IGRAs have higher specificity compared to the TST, meaning they have 

fewer false-positive results. This is especially relevant in populations where the BCG 

vaccine is commonly administered.
[27]

 

2. Single Patient Visit: IGRAs require only onepatient visit for blood collection and do not 

require a return visit for test interpretation. 

3. Objective Results: The results of IGRAs aredetermined using laboratory-based assays, 

reducing the subjectivity associated with the TST interpretation.
[34]

 

4. No Cross-Reactivity: IGRAs are not affectedby previous BCG vaccination, reducing the 

likelihood of false-positive results. 

5. Shorter Turnaround Time: Results of IGRAscan typically be obtained within 24- 48 

hours, allowing for faster diagnosis compared to waiting for TST readings.
[6]

 

 

Limitations of IGRAs 

1. Sensitivity: IGRAs may have lower sensitivity compared to the TST in certain 

populations, such as individuals with advanced or severe TB disease, 

immunocompromised individuals, and those with recent TB infection. 

2. Cost: IGRAs tend to be more expensive than the TST, which can limit their accessibility 

inresource-limited settings. 
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3. Technical Requirements: Performing IGRAsrequires laboratory facilities and trained 

personnel for blood processing and analysis, which may not be available in all healthcare 

settings. 

4. Indeterminate Results: In some cases, IGRAs may yield indeterminate results, meaning 

the test results are inconclusive and cannot definitively determine TB infection or absence. 

5. Limited Diagnostic Value in Children: IGRAshave limited diagnostic value in children 

under the age of 5 due to the difficulties in interpreting results and the lack of established 

cutoff values.
[35]

 

 

It's important to consider the local context, available resources, and specific patient 

characteristics when choosing between the TST and IGRAs for diagnosing TB infection. In 

some cases, a combination of both tests may be used to improve diagnostic accuracy.
[4] 

 

Chest X-rays and Radiological Imaging 

Chest X-rays and other imaging techniques play a crucial role in the diagnosis of pulmonary 

tuberculosis (TB). They help evaluate the extent and characteristics of TB infection in the 

lungs, aid in differential diagnosis, and monitor the response to treatment.
[14]

 Here's an 

overview of their rolein diagnosing pulmonary TB: 

1. Chest X-ray: Chest X-rays are commonly used as the initial imaging modality for 

suspected pulmonary TB. They provide valuable information about the lungs and can 

detect abnormalities suggestive of TB.
[9]

 including: 

 Pulmonary Infiltrates: Chest X-rays can reveal infiltrates, which are areas of increased 

density in the lungs. In TB, these infiltrates typically appear as nodular or patchy 

opacities. 

 Cavities: Advanced TB disease can result inthe formation of cavities in the lung 

parenchyma. Chest X-rays can detect these cavities, which are characteristic of pulmonary 

TB.
[7]

 

 Pleural Effusion: In some cases of TB, fluidcan accumulate in the pleural space 

surrounding the lungs, causing a pleural effusion. Chest X-rays can detect the presence of 

pleural effusion. 

 Fibrotic Changes: Chronic TB infection may lead to fibrotic changes in the lungs, which 

can be visualized on chest X-rays as areas ofscarring and increased lung markings.
[32]
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While chest X-rays can provide important clues suggestive of pulmonary TB, they cannot 

definitively confirm the diagnosis. Further diagnostic tests, such as sputum analysis and 

microbiological culture, are necessary to confirm the presence of Mycobacterium 

tuberculosis.
[29] 

 

2. Computed Tomography (CT) Scan: CT scansprovide more detailed images of the lungs 

and are often used when additional information is required. They are particularly useful in 

the following situations: 

 Assessing Disease Extent: CT scans can helpdetermine the extent of lung involvement 

and identify smaller or more subtle abnormalities that may be missed on a chest X-ray. 

 Detecting Cavities and Necrotic Lesions: CTscans are more sensitive in detecting 

cavities and necrotic lesions, which are characteristic features of advanced pulmonary 

TB. 

 Evaluating Lymph Nodes: CT scans can assess the involvement of mediastinal and hilar 

lymph nodes, which may be enlarged in TB.
[16

 

  

3. Other Imaging Techniques: Other imaging techniques, such as magnetic resonance 

imaging (MRI) and positron emission tomography (PET) scans, may have limited roles in 

the diagnosis of pulmonary TB. Theyare typically reserved for specific situations or when 

complications, such as central nervous system involvement or TB in extrapulmonary 

sites, are suspected.
[18]

 

 

It's important to note that imaging findings alone are not sufficient to diagnose TB. They are 

used in conjunction with clinical evaluation, patient history, and laboratory tests to make an 

accurate diagnosis.
[17]

 A multidisciplinary approach involving healthcare providers, 

radiologists, and microbiologists is essential for the comprehensive diagnosis and 

management of pulmonary TB.
[22]

 

 

Sputum Smear Microscopy 

Sputum smear microscopy is a commonly used diagnostic technique for tuberculosis (TB). It 

involves the microscopic examination of sputum samples to detect the presence of acid-fast 

bacilli (AFB), including Mycobacterium tuberculosis, the bacterium responsible for TB.
[33]

 

Here's an explanation of the technique, its limitations, and the detection of AFB: 
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Technique 

1. Sputum Collection: A healthcare provider collects a sputum sample from the patient, 

typically obtained through deep coughing or induced sputum. 

2. Smear Preparation: A thin smear is made by spreading a small amount of the sputum 

sample onto a glass slide. 

3. Fixation: The smear is air-dried and then heat-fixed by passing the slide over a flame or 

using a hot plate. Heat fixing helps to preserve the bacteria and adhere them to the slide. 

4. Staining: The most commonly used stain forsputum smear microscopy is the Ziehl- 

Neelsen (ZN) staining method. The smear is flooded with a primary stain called carbol 

fuchsin, which stains AFB red. 

5. Decolorization: Acid-alcohol or acid-fast decolorizer is applied to remove the primary 

stain from non-acid-fast organisms. 

6. Counterstaining: The smear is counterstained with methylene blue or brilliant green, 

which stains non-acid-fast organisms blue or green. 

7. Microscopic Examination: The stained smear is examined under a light microscope 

using oil immersion lenses. Acid-fast bacilli appear as red rods against a blue or green 

background.
[4]

 

 

Detection of Acid-Fast Bacilli: During microscopic examination, the presence of acid-fast 

bacilli is determined based on the following criteria 

 Acid-fast Bacilli: Red-colored bacilli that retain the primary stain (carbol fuchsin) even 

after decolorization are consideredacid-fast bacilli. 

 Non-acid-fast Organisms: Other bacteria orcells that take up the counterstain (methylene 

blue or brilliant green) and appear blue or green are considered non- acid-fast 

organisms.
[8]

 

 

Limitations of Sputum Smear Microscopy 

1. Sensitivity: Sputum smear microscopy has limited sensitivity, especially in cases of 

paucibacillary (low bacterial load) pulmonary TB. It may miss a significant number of TB 

cases, particularly in individuals with early or extrapulmonary TB. 

2. Operator Dependency: The accuracy of sputum smear microscopy can vary depending 

on the experience and expertise of the microscopist. Training and quality assurance 

measures are crucial to minimize errors. 

3. False-Negative Results: The technique mayyield false-negative results if the sputum 
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sample is of poor quality, contains few AFB, or if the bacteria are not evenly distributedin 

the smear. 

4. Lack of Species Differentiation: Sputum smear microscopy cannot differentiate between 

different mycobacterial species. It only detects acid-fast bacilli, which can include other 

non-tuberculous mycobacteria (NTM) besides M. tuberculosis. 

5. Limited Information: Sputum smear microscopy provides information regarding the 

presence or absence of AFB but does not provide additional details about drug 

susceptibility or strain typing.
[21]

 

 

Despite its limitations, sputum smear microscopy remains a valuable tool for TB diagnosis, 

particularly in resource-limited settings where more advanced diagnostic techniques may be 

unavailable. It is often used as a screening test, and positive smears warrant further 

confirmation and additional diagnostic tests, such as culture and molecular techniques, for 

accurate diagnosis and appropriate treatment.
[13]

 

 

Culture and Drug Susceptibility Testing 

Culture-based methods play a crucial role in the diagnosis of tuberculosis (TB) and the 

determination of drug resistance. These methods involve the growth and isolation of 

Mycobacterium tuberculosis, the bacterium responsible for TB, from clinical samples.
[7]

 

Here's an explanation of the importance of culture-based methods in TB diagnosis and drug 

resistance determination: 

1. Definitive Diagnosis: Culture-based methods provide a definitive diagnosis of TB by 

confirming the presence of viable M. tuberculosis in clinical specimens. Unlike other 

diagnostic methods that detect antigens or immune responses, culture allows for the direct 

isolation and identification of the bacteria. It helps differentiate active TB disease from 

latent infection or non-tuberculous mycobacterial (NTM) infections. 

 

2. Detection of Drug Resistance: Culture- based methods are crucial for determining drug 

resistance patterns of M. tuberculosis. Drug resistance is a major concern in TB control, 

as it can significantly impact treatment outcomes. Culture allows the testing of isolates 

against various anti-TB drugs to determine their susceptibility or resistance. This 

information is vital for guiding appropriate treatment regimens and preventing the use of 

ineffective drugs, thus minimizing the risk of treatment failureand the development of 

further drug resistance. 
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3. Identification of Species and Strain Typing: Culture-based methods enable the 

identification of different mycobacterial species within the Mycobacterium tuberculosis 

complex, including M. tuberculosis, M. bovis, M. africanum, and others. This information 

is important for understanding the epidemiology of TB and the distribution of different 

species in specific regions. Additionally, culture allowsfor strain typing, which helps in 

tracking thetransmission of TB and identifying outbreaks. 

 

4. Assessment of Viability and Infectivity: Culture-based methods provide information 

about the viability and infectivity of M. tuberculosis. Only viable bacteria have the 

potential to cause active disease and are of public health concern. Determining the 

viability of M. tuberculosis is essential for assessing the infectiousness of individuals and 

implementing appropriate infection control measures. 

 

5. Research and Surveillance: Culture-based methods are essential for TB research and 

surveillance efforts. They provide valuable data on the prevalence, incidence, and 

geographic distribution of drug-resistant TB. Culture isolates can be stored and used for 

further studies, including genetic analysis and the development of new diagnostic tools, 

drugs, and vaccines.
[2]

 

 

While culture-based methods offer several advantages, they also have some limitations, 

including longer turnaround times, the need for specialized laboratory infrastructure and 

trained personnel, and a higher cost compared to rapid diagnostic techniques. However, their 

importance in accurately diagnosing TB, determining drug resistance, and providing valuable 

epidemiological information cannot be overstated. They are critical components of 

comprehensive TB control programs, particularly in settings with high TB burden and 

significant drug resistance challenges.
[39]

 

 

TREATMENT 

Drug Therapy 

The treatment of tuberculosis (TB) typically involves a combination of several anti-

tuberculosis drugs. The standard drug regimens for TB include first-line and second-line 

drugs. Here's an explanation of these drug regimens: 

 

First-Line Anti-Tuberculosis Drugs: First-line drugs are the primary medications used for 

the treatment of drug-susceptible TB. They are highly effective and generally well-tolerated. 
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The standard first-line drug regimen for TB treatment isknown as the "RIPE" regimen, which 

stands for: 

 

1. Rifampicin (R) 

 

 

Rifampicin is a key drug in the treatment of TB. It has potent bactericidal activity against 

Mycobacterium tuberculosis and is highly effective in reducing the bacterial load. 

 

Rifampicin is active against both actively dividing and dormant bacteria. It is a cornerstone 

drug and is included in all first- line regimens. 

 

2. Isoniazid (I) 

 

 

Isoniazid is another essential drug in TB treatment. It works by inhibiting the synthesis of 

mycolic acids, crucial components of the mycobacterial cell wall. Isoniazid is effective 

against actively growing bacteria and has a sterilizing effect on dormant bacilli. It is also 

included in all first-line regimens.
[14] 

 

3. Pyrazinamide (P) 

 

 

Pyrazinamide is a bactericidal drug that is particularly effective against dormant bacteria in 

acidic environments, such as within granulomas. It helps to shorten the duration of treatment 

by targeting dormant bacilli. Pyrazinamide is included in the initial phase of TB treatment.
[33] 

 

4. Ethambutol (E) 
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Ethambutol is a bacteriostatic drug that inhibits the synthesis of the mycobacterial cell wall. It 

is often included in the initial phase of TB treatment to prevent the emergence of drug 

resistance. Ethambutol is commonly used in combination with other first-line drugs, 

especially when the drug susceptibility of the infecting strain is not yet known.
[4]

 

 

The standard first-line regimen for TB treatment consists of an initial phase followed by a 

continuation phase. The initial phase lasts for two months and includes all four drugs (RIPE 

regimen). The continuation phase lasts for four to six months and typically includes 

rifampicin and isoniazid.
[4]

 

 

Second-Line Anti-Tuberculosis Drugs: Second- line drugs are used in the treatment of 

drug-resistant TB, including multidrug-resistant TB (MDR-TB) and extensively drug-

resistant TB (XDR-TB). 

 

These drugsare reserved for cases where the infecting strain of M. tuberculosis is resistant to 

one or more first-line drugs. Second-line drugs are generally less effective, more toxic, and 

more expensive than first-line drugs.
[16]

 They include: 

 Fluoroquinolones (e.g., levofloxacin, moxifloxacin): These drugs have bactericidal 

activity against M. tuberculosis and are commonly used in MDR-TB treatment. 

 Injectable agents (e.g., kanamycin, amikacin, capreomycin): These drugs aretypically 

used in the intensive phase of MDR-TB treatment due to their potent bactericidal activity. 

 Other second-line drugs (e.g., ethionamide, cycloserine, para- aminosalicylic acid) 

These drugs are used in combination with other second-line drugs to construct an 

individualized treatment regimen based on drug susceptibility testing results.
[17]

 

 

Treatment for drug-resistant TB requires a more extended duration, often ranging from 18 to 

24 months or even longer, depending on the type and extent of drug resistance.
[25]

 

 

It's important to note that the specific drug regimen and duration of treatment may vary based 

on the individual's clinical condition, drug susceptibility testing results, and local treatment 

guidelines. The treatment of TB should always be guided by healthcare.
[30]

 

 

Directly Observed Treatment, Short- course (DOTS) 

The DOTS (Directly Observed Treatment, Short- Course) strategy is a comprehensive 

approach recommended by the World Health Organization (WHO) for the management and 
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control of tuberculosis (TB). It aims to ensure effective treatment adherence, reduce the 

development of drug resistance, and improve treatment outcomes. The DOTS strategy 

consists of several key components, with supervised treatment being a crucial element.
[3] 

Here's an explanation of the DOTS strategy, its components, and the benefits of supervised 

treatment: 

 

Components of the DOTS Strategy 

1. Political Commitment and Increased Funding: Governments and health authorities 

commit to implementing and sustaining TB control programs by allocatingadequate 

resources, including financial support, to ensure effective implementation. 

2. Case Detection through Quality-Assured Microscopy: It involves strengthening 

laboratory services to ensure accurate and timely diagnosis of TB using quality- 

assuredmicroscopy for sputum smear examination. 

3. Standardized Treatment Regimens: The DOTS strategy promotes the use of 

standardized treatment regimens, primarily the RIPE regimen (Rifampicin, Isoniazid, 

Pyrazinamide, Ethambutol) for drug- susceptible TB, ensuring the appropriate 

combination and duration of anti-TB drugs. 

4. Uninterrupted Supply of Quality- AssuredDrugs: The DOTS strategy emphasizes 

theuninterrupted supply of quality-assured anti-TB drugs to ensure availability throughout 

the treatment period. 

5. Directly Observed Treatment (DOT): DOT isa key component of the DOTS strategy. It 

involves ensuring that patients take their medications under direct observation by a healthcare 

worker or trained observer, preferably on a daily basis, throughout the treatment course.
[3]

 

 

Benefits of Supervised Treatment (DOT) 

1. Treatment Adherence: Supervised treatment improves treatment adherence, as 

healthcare workers directly observe patients taking their medications. It reducesthe risk of 

incomplete or irregular drug intake, which can lead to treatment failure, relapse, and the 

development of drug resistance. 

2. Ensuring Correct Dosage: With supervised treatment, healthcare workers can ensure 

that patients take the correct dosage of anti-TB drugs as prescribed. This helps optimize 

the effectiveness of treatment andminimize the risk of suboptimal dosing. 

3. Monitoring Side Effects: During supervisedtreatment, healthcare workers can 

monitorand promptly address any potential side effects or adverse reactions to the 
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medications. This improves patient safety and treatment tolerability. 

4. Patient Support and Education: Supervisedtreatment provides an opportunity for 

healthcare workers to offer support, guidance, and education to patients. They can address 

concerns, provide information about TB, and reinforce the importance of treatment 

adherence, lifestyle modifications, and infection control measures. 

5. Treatment Completion and Cure Rates: TheDOTS strategy with supervised treatment 

has been associated with higher treatment completion rates and improved cure rates for 

TB. By ensuring that patients complete their full course of treatment, it reduces therisk of 

relapse and contributes to successfultreatment outcomes. 

 

Supervised treatment can be provided in various settings, including health facilities, 

community- based clinics, or through trained community health workers. The implementation 

of DOT requires a strong healthcare infrastructure, trained personnel, and a supportive 

healthcare system.
[36]

 

 

Overall, supervised treatment as part of the DOTS strategy plays a vital role in ensuring 

successful TB treatment outcomes, preventing the development of drug resistance, and 

controlling the spread of TB in communities.
[11]

 

 

Multidrug-Resistant TB (MDR-TB) and Extensively Drug-Resistant TB (XDR- TB) 

Drug-resistant tuberculosis (TB) poses significantchallenges to TB control and treatment 

efforts. Here's an explanation of the challenges posed bydrug-resistant TB, treatment options, 

and the importance of infection control measures: 

 

Challenges of Drug-Resistant Tuberculosis 

1. Limited Treatment Options: Drug- resistantTB, including multidrug-resistant TB 

(MDR- TB) and extensively drug- resistant TB (XDR-TB), is characterized by resistance 

to one ormore anti-TB drugs. This limits the availabletreatment options, as second-line 

drugs used to treat drug- resistant TB are less effective, more toxic, and more expensive 

than first-line drugs. The treatment regimens for drug-resistant TB are longer and more 

complex, often requiring up to 18-24 months or more. 

 

2. Poor Treatment Outcomes: Compared to drug-susceptible TB, treatment outcomes for 

drug-resistant TB are generally poorer. The cure rates are lower, and the risk of treatment 

failure, relapse, and death is higher. This is partly due to the limited efficacy and 
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increased toxicity of second- line drugs, as well as challenges in ensuring treatment 

adherence throughout the lengthy treatment course. 

3. Transmission and Spread: Drug-resistant TBcan be transmitted to others, leading to 

further spread of drug-resistant strains within communities and healthcare settings. The 

prolonged infectiousness of drug-resistant TB cases and the potential for airborne 

transmission increase the riskof new infections, especially among close contacts and 

individuals with weakened immune systems.
[30]

 

 

Treatment Options for Drug- ResistantTuberculosis 

1. Drug Susceptibility Testing (DST): It is crucial for identifying drug resistance patterns 

in TB isolates. DST helps determine which drugs the infecting strain is susceptible to, 

guiding the selection of appropriate drugs for treatment. 

2. Individualized Treatment Regimens: Basedon DST results, individualized treatment 

regimens are constructed using a combination of second-line anti-TB drugs. These 

regimens are tailored to target the specific drug-resistant strain of M. tuberculosis. 

3. Shorter Regimens and New Drugs: Effortsare being made to develop shorter, more 

effective regimens for drug-resistant TB. New drugs, such as bedaquiline and delamanid, 

have been approved for the treatment of MDR-TB and offer improved treatment options. 

These drugs, when combined with other second-line agents, can improve treatment 

outcomes and reduce the duration of treatment.
[4]

 

 

Importance of Infection Control Measures 

1. Prevention of Transmission: Infection control measures are crucial for preventing the 

transmission of TB, including drug- resistant strains. Implementing measures such as 

proper ventilation, airborne infection isolation rooms, and use of personal protective 

equipment (masks) reduces the risk of TB transmission in healthcare facilities and other 

high-risk settings. 

2. Early Case Detection: Timely detection anddiagnosis of TB, including drug- resistant 

TB, are vital for preventing further transmission. Effective case finding strategies, 

including active case finding and contact tracing, can help identify individuals with TB 

and initiate appropriate treatment promptly. 

3. Treatment Adherence and Support: Ensuring treatment adherence is essential for 

preventing the development of further drug resistance. Supportive measures, including 

directly observed treatment (DOT), patient education, and counseling, can improve 
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treatment adherence and outcomes. 

4. Infection Control Training: Healthcare workers and other individuals working in TB-

related settings should receive training on infection control measures. This includes 

education on proper respiratory hygiene, cough etiquette, use of personal protective 

equipment, and implementation of administrative controls.
[11,13]

 

 

Addressing the challenges of drug-resistant TB requires a comprehensive approach that 

includes a strong healthcare infrastructure, access to quality- assured drugs and diagnostics, 

effective infection control measures, and patient-centered care. It also emphasizes the 

importance of research and development of new drugs, diagnostics, and vaccines to combat 

drug-resistant TB effectively.
[12]

 

 

GLOBEL BURDEN OF TUBERCULOSIS 

Epidemiology 

Tuberculosis (TB) remains a global public health challenge, with significant impact on 

morbidity and mortality worldwide.
[37]

 Here's an overview of the global epidemiology of 

tuberculosis, including incidence, prevalence, and mortality rates: 

 

Incidence: TB incidence refers to the number of new cases of TB that occur within a specific 

population over a given period. According to the World Health Organization (WHO), in 

2020, an estimated 10 million people developed TB globally. This includes all forms of TB, 

such as pulmonary and extrapulmonary TB. The incidence rate of TB isan essential indicator 

of the burden of the disease in a population. 

 

Prevalence: TB prevalence refers to the total number of individuals living with active TB in 

a population at a given point in time. In 2020, the estimated global prevalence of TB was 

approximately 14 million cases. This includes individuals with both newly diagnosed and 

previously treated cases of TB. Prevalence is an important indicator of the existing burden of 

TB in a population. 

 

Mortality: TB-related mortality represents the number of deaths directly attributed to TB. In 

2020, an estimated 1.5 million people died from TB globally. TB mortality is a significant 

concern, especially in cases where diagnosis and treatment are delayed or inadequate. It is 

also influenced by factors such as co-infections, drug resistance, and underlying health 

conditions like HIV/AIDS. 
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Regional and Country Patterns: The burden of TB is not evenly distributed globally, and 

certain regions and countries bear a disproportionate share of the disease. High TB burden 

regions include sub- Saharan Africa, Southeast Asia, and the Western Pacific. These regions 

account for the majority of new TB cases and TB-related deaths worldwide. 

 

Within these regions, specific countries with large populations and high TB incidence rates 

contribute significantly to the global burden of the disease.
[37]

 

 

Factors Affecting TB Epidemiology: Several factorscontribute to the global epidemiology 

of TB, including socioeconomic conditions, healthcare access and quality, prevalence of risk 

factors (e.g., HIV/AIDS, malnutrition), population density, and levels of TB control 

measures. Co-infection with HIV/AIDS is a significant driver of the TB epidemic, as it 

increases the susceptibility to TB infection andthe risk of progression from latent TB 

infection to active TB disease.
[8]

 

 

Progress and Challenges: Efforts to control TB haveshown progress over the years, with 

reductions in TB incidence and mortality rates observed globally. 

 

However, challenges persist, including drug- resistant TB, inadequate access to quality 

diagnostics and treatment, barriers to early detection and timely care-seeking, and social 

determinants of TB. The COVID-19 pandemic hasalso posed additional challenges in TB 

diagnosis and care delivery. 

 

To combat TB effectively, global initiatives such as the End TB Strategy and the Sustainable 

Development Goals (SDGs) have set targets to reduce TB incidence, mortality, and 

prevalence by specific milestones. These targets aim to accelerate progress and ensure that 

TB remains a priority on the global health agenda. 

 

It's important to note that TB epidemiology data can vary between countries and regions due 

to differences in data collection, surveillance systems, and reporting mechanisms. Regular 

monitoring, data collection, and analysis are essential for assessing the progress of TB 

control programs and guiding evidence-based interventions.
[27]

 

 

High-Burden Countries 

Several countries bear a significant burden of tuberculosis (TB) and face unique challenges in 

controlling the disease. Here are some of the countries with the highest burden of TB and the 
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challenges they face: 

1. India: India has the highest burden of TB globally, with a large number of new cases and 

TB-related deaths each year. The challenges in TB control in India include a high 

population density, poverty, inadequate healthcare infrastructure in some regions, limited 

access to quality diagnostics and treatment, high rates of drug-resistant TB, and co-

infection with HIV/AIDS. Additionally, addressing TB in urban slums and reaching 

marginalized populations remains a challenge. 

 

2. China: China has a high burden of TB, with asignificant number of new cases reported 

annually. The challenges in TB control in China include a large population, regional 

disparities in healthcare services, the presence of drug-resistant TB, and the need for 

improved infection control measures. 

 

Effective TB control efforts in China require addressing urban-rural disparities, strengthening 

healthcare systems, and expanding access to quality care and diagnostics. 

 

3. Indonesia: Indonesia is among the countries with a high burden of TB. Challenges in TB 

control in Indonesia include the country's vast geography and scattered population, 

limited access to healthcare services in some remote areas, the presence of drug- resistant 

TB, and the need for increased funding for TB programs. Enhancing case detection, 

improving treatment adherence, and strengthening healthcare infrastructureare essential in 

controlling TB in Indonesia. 

 

4. Nigeria: Nigeria ranks among the countries with a high burden of TB, particularly in sub-

Saharan Africa. Challenges in TB controlin Nigeria include a large population, weak 

healthcare systems, limited resources for TBprograms, inadequate diagnostic facilities, 

and low treatment coverage. Addressing TBin Nigeria requires improving diagnostic 

capabilities, expanding access to quality care, and implementing strategies to reach 

vulnerable populations, including those affected by HIV/AIDS. 

 

5. South Africa: South Africa has a high burden of TB, compounded by a significant 

HIV/AIDS epidemic. Challenges in TB controlin South Africa include the high 

prevalence of HIV/AIDS, which increases the risk of TB infection and progression. Other 

challengesinclude limited access to quality care in some areas, drug-resistant TB, and 

addressing social determinants such as poverty and overcrowding. Collaborative efforts 
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integrating HIV and TB services, expanding access to treatment, and improving infection 

control measures are crucial in controlling TB in South Africa.
[8]

 

 

These countries, among others, face common challenges in TB control, such as limited 

resources, weak healthcare systems, inadequate infrastructure, high rates of drug-resistant TB, 

and reaching marginalized populations. Overcoming these challenges requires sustained 

political commitment, increased funding for TB programs, strengthening healthcare systems, 

improving access to diagnostics and treatment, implementing effective infection control 

measures, and addressing social determinants of TB.
[8]

 

 

International partnerships, collaboration between governments, non-governmental 

organizations, and other stakeholders play a vital role in supporting these countries in their 

efforts to control TB and reduce the burden of the disease.
[20]

 

 

PREVENTION AND CONTROL 

Bacillus Calmette-Guérin (BCG) Vaccine 

The Bacillus Calmette-Guérin (BCG) vaccine is a vaccine used to prevent tuberculosis (TB), 

particularly the severe forms of TB in children. 

 

Here's an explanation of the BCG vaccine, its effectiveness, limitations, and role in preventing 

severe forms of TB: 

1. BCG Vaccine 

o Vaccine Composition: The BCG vaccine is derived from an attenuated (weakened) 

strain of Mycobacterium bovis, a bacterium closely related to the Mycobacterium 

tuberculosis bacterium that causes TB. 

o Mode of Administration: The BCG vaccine is typically administered as asingle dose 

through intradermal injection on the upper arm. 

o Immunization Schedule: BCG vaccination is often given to infants shortly after birth in 

countries with a high burden of TB. The timing of vaccination may vary depending on 

national policies and TB prevalence. 

 

2. Effectiveness 

o Protection Against Severe Forms of TB: The BCG vaccine is most effective in 

preventing severe forms of TB, such as TB meningitis and disseminated TB, in young 

children. It provides a high level of protection against these severe manifestations of TB in 



www.wjpr.net      │     Vol 14, Issue 9, 2025.      │     ISO 9001: 2015 Certified Journal      │ 

 

 

 

Lakshay et al.                                                                      World Journal of Pharmaceutical Research 

821 

infants and young children. 

o Variable Protection Against Pulmonary TB: The BCG vaccine's effectiveness in 

preventing pulmonary TB (TB of the lungs) in adolescents and adults is more variable. 

The vaccine's protective effect against pulmonary TB varies depending on factors such as 

the prevalence of TB in the community, strain differences, and host immune response. 

 

3. Limitations 

o Limited Efficacy in Adults: The BCGvaccine's protective efficacy againstpulmonary TB 

in adolescents and adults is generally lower compared to its efficacy in preventing severe 

forms of TB in children. 

o Variable Efficacy Against Different Strains: The BCG vaccine's effectiveness can vary 

depending onthe strain of Mycobacterium tuberculosis prevalent in a specific geographic 

area. The vaccine may offer better protection against somestrains but may have limited 

efficacyagainst others. 

o Duration of Protection: The duration of protection provided by the BCG vaccine is 

variable. While it can provide some level of protectionfor several years, its effectiveness 

may decrease over time, particularlyagainst pulmonary TB. 

 

4. Role in Preventing Severe TB in Children 

o Protection Against TB Meningitis and Disseminated TB: The BCG vaccine plays a 

critical role in preventing severe forms of TB, such as TB meningitis and disseminated 

TB, in children. These forms of TB can be life-threatening, particularly in young children 

with immature immune systems. 

o Reduction in Childhood Mortality: BCG vaccination has contributed to a significant 

reduction in childhood mortality associated with severe TB manifestations in high-burden 

TB countries. 

o Herd Immunity: BCG vaccination canalso provide a certain level of indirect protection 

to unvaccinated individuals through the concept of herd immunity, reducing the overall 

transmission of TB in communities. 

 

It's important to note that while the BCG vaccine is recommended for use in high-burden TB 

settings, its effectiveness varies, and it does not provide complete protection against all forms 

of TB. Therefore, it is crucial to implement comprehensive TB control strategies, including 

improved case detection, early diagnosis, effective treatment, and infection control measures, 

alongside vaccination, to reduce the overall burdenof TB.
[34]
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Infection Control Measures 

Preventing the transmission of tuberculosis (TB) requires the implementation of effective 

infection control strategies both in healthcare settings and community settings.
[37]

 Here are 

some key strategies for TB infection control: 

 

In Healthcare Settings 

1. Administrative Controls 

o TB Infection Control Policies: Develop and implement comprehensive TB infection 

control policies that address risk assessment, early identification of TB suspects, triage 

procedures, and patient management protocols. 

o Staff Education and Training 

Provide regular education and training to healthcare workers on TB infection control 

measures, including proper use of personal protective equipment (PPE), cough etiquette, and 

adherence to infection control protocols.
[6] 

 

2. Environmental Controls 

o Proper Ventilation: Ensure proper ventilation systems in healthcare facilities, 

particularly in high-risk areas such as TB wards, isolation rooms, and diagnostic areas. 

Implement measures to increase the flow of fresh air and minimize the recirculation of air. 

o Isolation and Separation: Implement appropriate isolation measures, such as airborne 

infection isolation rooms (AIIRs), for patients with suspected or confirmed TB. Ensure 

strict adherence to isolation procedures and minimize the movement of TB patients within 

the healthcare facility. 

 

3. Personal Protective Equipment (PPE) 

o Respiratory Protection: Provide healthcare workers with fit-tested N95 respirators or 

other respiratory protective devices when caring for patients with suspected or confirmed 

TB. 

o Gloves and Gowns: Ensure the availability and appropriate use of gloves and gowns 

when there is a risk of contact with respiratory secretions or contaminated surfaces. 

 

4. Infection Control Practices 

o Cough Etiquette: Promote and educate patients and healthcare workers on proper cough 

etiquette, including covering the mouth and nose with tissues or elbow during coughing 

or sneezing. 
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o Hand Hygiene: Emphasize hand hygiene practices, including regular handwashing with 

soap and water or use of alcohol-based hand sanitizers, among healthcare workers and 

patients. 

o Environmental Cleaning: Implementregular and effective cleaning and disinfection of 

surfaces and equipment in healthcare settings, paying particular attention to areas where 

TB patients are evaluated or treated.
[18]

 

 

In Community Settings 

1. Public Education and Awareness 

o Health Promotion: Conduct public awareness campaigns to educate communities about 

TB transmission, symptoms, and the importance of early diagnosis and treatment. 

o Stigma Reduction: Address TB- related stigma and discrimination through community 

engagement, dispelling myths, and promoting empathy and support for individuals 

affected by TB. 

 

2. Early Case Detection and Diagnosis 

o Accessible Diagnostic Services: Ensure that diagnostic facilities for TB, such as sputum 

collection centers and laboratories, are readily available and easily accessible to 

community members. 

o Training Healthcare Providers: Provide training to healthcare providers in community 

settings to improve their skills in recognizing TBsymptoms, referring suspected cases for 

diagnostic evaluation, and initiating appropriate treatment. 

 

3. Treatment Adherence and Support 

o Directly Observed Treatment (DOT): Implement DOT strategies to ensure that TB 

patients complete their treatment regimens. This involves healthcare workers or trained 

volunteers directly observing the administration of medication to patients. 

o Patient Education and Support 

Provide comprehensive education and counseling to TB patients, emphasizing the importance 

of treatment adherence and providing support to address barriers to completing treatment, 

such as transportation or medication costs. 

 

4. Household Infection Control 

o Infection Control Education: Educate household members of TB patients on infection 

control practices, including proper ventilation, cough hygiene, and handwashing. 
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o Respiratory Protection: Encouragethe use of masks or respiratory protective devices by 

TB patients within the household, particularly during periods of increased coughing or 

close contact with others.
[37]

 

 

Implementing these infection control strategies in both healthcare settings and community 

settings is crucial to preventing the transmission of TB. It requires collaboration between 

healthcare providers, public health agencies, policymakers, and communities to create a 

comprehensive approach to TB control and prevention. 

 

DOTS Expansion and Beyond 

Expanding the DOTS (Directly Observed Treatment, Short-course) strategy and 

implementing comprehensive approaches for tuberculosis (TB) control, including active case-

finding and contact tracing, are crucial steps in effectively combating TB. Here's the 

importance of these strategies: 

1. DOTS Strategy: The DOTS strategy is a globally recommended approach for TB 

treatment and control. Its key components include: 

 Government commitment and support: Governments play a vital role in prioritizingTB 

control, allocating resources, and establishing policies to ensure the implementation of the 

DOTS strategy. 

 Case detection through quality-assured bacteriological diagnosis: DOTS 

emphasizesthe importance of diagnosing TB cases accurately using laboratory tests, such 

as sputum smear microscopy or rapid molecular tests, to identify individuals with TB 

infection. 

 Standardized treatment with direct observation: DOTS ensures that TB 

patientsreceive a standardized treatment regimen under direct observation to promote 

treatment adherence, minimize the development of drug resistance, and improve treatment 

outcomes. 

 Regular drug supply and management: Adequate drug supply and management 

systems are essential to ensure uninterrupted access to quality- assured anti-TB 

medications for all patients. (36)) 

The expansion of the DOTS strategy is vital for TB control because it: 

 Enhances treatment success rates: The DOTS strategy has proven to be effective in 

improving treatment outcomes, reducing the development of drug-resistant TB, and 

increasing treatment success rates. 
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 Promotes treatment adherence: Direct observation of treatment helps ensure that 

patients complete their full course of medication, reducing the risk of treatment failure and 

the development of drug resistance. 

 Facilitates monitoring and evaluation: TheDOTS strategy includes a robust 

monitoringand evaluation system to track treatment outcomes, identify areas for 

improvement, and measure the impact of TB control efforts. 

 

2. Active Case-Finding: Active case-finding involves proactively identifying 

individualswith TB who may not seek healthcare or present with typical TB symptoms. It 

is crucial because: 

 Identifies undiagnosed cases: Active case-finding aims to identify individuals with TB 

who may not actively seek healthcare or present with typical symptoms. This helps ensure 

early diagnosis and prompt initiation of treatment, reducing the risk of transmission and 

severe disease. 

 Targets high-risk populations: Active case- finding focuses on high-risk populations 

such as close contacts of TB patients, individuals living with HIV/AIDS, and vulnerable 

groups like the homeless or prisoners. By targeting these populations, it helps identify TB 

cases early and prevent further transmission. 

 Prevents delay in diagnosis: Active case- finding reduces the delay in diagnosing TB 

cases by actively seeking out individuals who may not be aware of their infection or have 

limited access to healthcare services. 

 

3. Contact Tracing: Contact tracing involves identifying and evaluating individuals 

whohave been in close contact with an infectious TB patient. It is important because: 

 Detects additional cases: Contact tracing allows for the identification of additional 

TBcases among close contacts, including those who may be asymptomatic or have early- 

stage disease. This helps prevent further transmission and ensures timely treatment. 

 Prevents ongoing transmission: By identifying and treating individuals who have been 

in contact with an infectious TB patient, contact tracing helps break the chain of 

transmission and prevent further spread of the disease. 

 Provides preventive therapy: Contact tracing also facilitates the provision of preventive 

therapy, such as isoniazid preventive therapy (IPT), to individuals who have been exposed 

to TB but have not developed active disease. This helps reduce the risk of TB progression 

and the development of active TB. 
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Expanding the DOTS strategy, along with activecase-finding and contact tracing, enables a 

comprehensive approach to TB control. By combining early case detection, prompt treatment 

initiation, and preventive measures, these strategies contribute to reducing TB transmission, 

improving treatment outcomes, and ultimately reducing the burden of TB on individuals, 

communities, and public health.
[15]

 

 

FUTURE PERSPECTIVE AND RESEARCH 

Drug Development and Innovation 

Ongoing research and development efforts for tuberculosis (TB) are focused on developing 

new drugs, diagnostics, and vaccines to improve TB prevention, diagnosis, and treatment. 

Here are some key areas of research: 

1. New Drugs 

o Bedaquiline and Delamanid 

 

 

Bedaquiline and delamanid are two novel drugs approved for the treatment of drug-resistant 

TB. Research continues to optimize their use, assess their long-term safety and efficacy, and 

explore their potential in combination therapy. 

o Shorter Treatment Regimens: Research is focused on developing shorter and more 

effective treatment regimens to improve treatment adherence, reduce the duration of 

therapy, and enhance treatment outcomes. 

o New Drug Candidates: Various drugcandidates are being evaluated in preclinical and 

clinical trials, including those targeting new drug targets or with novel mechanisms of 

action. These studies aim to identify effective and safer drugs for TB treatment. 

 

2. Diagnostics 

o Molecular Diagnostics: Molecular diagnostics, such as nucleic acid amplification tests 

(NAATs), are being developed to improve the speed and accuracy of TB diagnosis, 

including drug resistance testing. These tests offer faster and more sensitive detection of 

TB and allow for targeted treatment based on drug resistance profiles. 
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o Point-of-Care Tests: Research is focused on developing rapid and user-friendly point-of-

care tests that can be used in resource-limited settings to facilitate early diagnosis and 

timely initiation of treatment. 

o Biomarkers and Host Response: Studies are underway to identify biomarkers and host 

response signatures that can aid in the diagnosis of TB, including differentiating active TB 

from latent infection and monitoring treatment response. 

 

3. Vaccines 

o Bacillus Calmette-Guérin (BCG) Improvements: Efforts are underway to develop 

improved versions of the BCG vaccine, such asrecombinant BCG strains or BCG prime-

boost strategies, to enhance its protective efficacy against TB, particularly in adolescents 

and adults. 

o Novel Vaccine Candidates: Several novel vaccine candidates are being evaluated in 

clinical trials, includingsubunit vaccines, viral vector-basedvaccines, and whole- cell 

inactivatedvaccines. These candidates aim to induce stronger and more durable immune 

responses against TB. 

o Vaccine Regimens: Research isexploring the optimal vaccine regimens, including prime-

boost strategies and the timing of vaccination, to maximize vaccine effectiveness and 

provide long-term protection. 

 

4. Host-Directed Therapies (HDTs) 

o HDTs aim to modulate the host immune response to enhance the effectiveness of TB 

treatment and improve patient outcomes. Research is focused on identifying host- directed 

therapeutic targets and developing novel therapies that can be used in combination with 

standard anti-TB drugs. 

 

It is important to note that research and development efforts are ongoing, and translating 

promising candidates into approved and widely accessible interventions can take time. 

 

Collaboration between researchers, funders, regulatory agencies, and affected communities is 

essential to accelerate the development and implementation of new tools for TB prevention, 

diagnosis, and treatment.
[17]

 

 

Technological Advances 

New technologies have the potential to revolutionize tuberculosis (TB) control by improving 
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diagnostics, enhancing access to care, and facilitating treatment monitoring. Here's an 

exploration of the potential of new technologies in TB control: 

1. Molecular Diagnostics: Molecular diagnostics, such as nucleic acid amplification tests 

(NAATs), have greatly improved TB diagnosis by offering faster and more accurate 

results compared to traditional methods. The potential benefits include: 

 Rapid and accurate diagnosis: Molecular tests can detect TB DNA or RNA in 

patientsamples, allowing for rapid and sensitive diagnosis, even in individuals with low 

bacterial loads. 

 Drug resistance detection: Molecular diagnostics enable simultaneous detection of TB 

and drug resistance-associated mutations, aiding in the selection of appropriate treatment 

regimens. 

 Point-of-care applications: Advances in molecular diagnostics have led to the 

development of portable and user-friendly platforms that can be used in resource- limited 

settings, bringing rapid TB diagnosiscloser to the point of care.
[13]

 

 

2. Point-of-Care Tests: Point-of-care tests (POCTs) are diagnostic tools that can 

deliverquick and reliable results at the patient's location, without the need for 

sophisticatedlaboratory infrastructure. In the context of TB control, POCTs offer several 

advantages: 

 Accessibility: POCTs can be deployed inremote or resource-limited areas, improving 

access to TB diagnosis and reducing delays in treatment initiation. 

 Speed and simplicity: POCTs provide rapidresults, enabling immediate clinical decision-

making and reducing the time between diagnosis and treatment initiation. 

 Reduced reliance on laboratory infrastructure: POCTs eliminate the needfor complex 

laboratory facilities, making them suitable for settings with limited resources.
[2]

 

 

3. Telemedicine: Telemedicine, which involvesthe use of telecommunications technology 

for remote healthcare delivery, holds significant potential in TB control: 

 Improved access to care: Telemedicine enables remote consultations, allowing 

healthcare providers to reach patients in underserved areas and facilitate timely diagnosis 

and treatment initiation. 

 Enhanced treatment adherence: Throughtelemedicine, healthcare providers can 

remotely monitor treatment adherence, provide counseling and support, and address 

barriers to completing treatment. 



www.wjpr.net      │     Vol 14, Issue 9, 2025.      │     ISO 9001: 2015 Certified Journal      │ 

 

 

 

Lakshay et al.                                                                      World Journal of Pharmaceutical Research 

829 

 Expert consultation and collaboration: Telemedicine allows for virtual consultations 

with TB experts, facilitating remote guidance, training, and collaboration between 

healthcare providers. 

 

4. Mobile Health (mHealth) Solutions: mHealth solutions, including mobile applications 

and text messaging systems, can play a role in TB control by: 

 Raising awareness: Mobile applications andmessaging platforms can disseminate 

information about TB prevention, symptoms, and treatment, reaching a wide audience and 

promoting early detection. 

 Treatment reminders and support: mHealth interventions can send automated 

reminders and educational messages to patients to improve treatment adherence and 

provide support throughout the treatment course. 

 Data collection and monitoring: Mobile applications can facilitate the collection of real-

time data on TB cases, treatment outcomes, and drug stock levels, aiding in surveillance 

and program management.
[6]

 

 

These technologies have the potential to strengthen TB control efforts by improving accessto 

diagnostics, facilitating prompt treatment initiation, and enhancing treatment adherence. 

 

However, their successful implementation requires consideration of factors such as cost-

effectiveness, infrastructure requirements, training of healthcare providers, data privacy, and 

regulatory considerations. Collaborative efforts between technology developers, public health 

agencies, healthcare providers, and affected communities are crucial to harness the full 

potential of these innovations in TB control.
[33]

 

 

Public Health Strategies 

Strengthening health systems, integrating tuberculosis (TB) services with other healthcare 

programs, and implementing evidence-based public health strategies are essential for 

effectiveTB control. Here's the importance of these approaches: 

1. Strengthening Health Systems 

 Comprehensive healthcare: Strengthening health systems ensures that TB services are 

integrated into a broader healthcare framework, allowing individuals to access quality 

care beyond TB treatment alone. This includes addressing infrastructure, human 

resources, financing, and supply chain management. 

 Improved access and coverage: A strong health system ensures equitable access to TB 
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services for all individuals, including vulnerable populations. It reduces barriers to care, 

such as geographical distance, financial constraints, and social determinants of health, 

enabling early diagnosis, timely treatment initiation, and long-term care. 

 Quality of care: Strengthening health systems promotes the delivery of high- quality TB 

services, including accurate diagnosis, appropriate treatment regimens, and patient-

centered care. It ensures adherence to national and international guidelines, 

standardization of care, and monitoring of treatment outcomes.
[11]

 

 

2. Integration of TB Services 

 Improved health outcomes: Integrating TB services with other healthcare programs, 

such as HIV/AIDS, maternal and child health, and primary care, leads to improved health 

outcomes for individuals. It allows for comprehensive care addressing co- morbidities and 

ensures early detection and management of TB cases. 

 Increased efficiency: Integrating TB servicesreduces duplication of efforts, optimizes 

theuse of resources, and streamlines service delivery. It promotes a holistic approach to 

healthcare and facilitates collaboration among different healthcare providers and 

stakeholders. 

 Strengthened health systems: Integration of TB services strengthens health systems by 

leveraging existing healthcare infrastructure, human resources, and supply chains. It 

enhances the capacity of healthcare systems to respond to TB and other health challenges 

efficiently.
[17,18]

 

 

3. Evidence-Based Public Health Strategies 

 Targeted interventions: Evidence-based strategies help identify and prioritize high- 

burden areas and populations, allowing for targeted interventions. This includes active 

case-finding, contact tracing, and preventive therapy for individuals at high risk of TB 

infection or progression. 

 Effective use of resources: Evidence- basedstrategies guide resource allocation, ensuring 

that investments are directed towards interventions that have proven efficacy and cost-

effectiveness. This maximizes the impact of TB control efforts within limited resources. 

 Monitoring and evaluation: Evidence- basedapproaches emphasize the importance of 

robust monitoring and evaluation systems to measure the effectiveness of interventions, 

identify gaps, and inform programmatic adjustments. It enables the continuous 

improvement of TB control programs and the adaptation of strategies based on emerging 
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evidence. 

 

By strengthening health systems, integrating TB services, and implementing evidence-based 

public health strategies, countries can optimize TB control efforts, improve health outcomes, 

and reduce the burden of TB on individuals, families, and communities. These approaches 

foster a comprehensive and coordinated response to TB, ensuring that healthcare systems are 

equipped to address the multifaceted aspects of TB prevention, diagnosis, treatment, and 

care.
[15]
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