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Abstract/ Executive Summary  

In recent years, tuberculosis (TB) and multidrug-resistant TB (MDR TB) are increasing in several 

areas of this world. This study was conducted to provide a brief of recent findings and solutions 

for the underlying causes of the increased TB rate in Bangladesh's Sylhet division. This work has 

pointed out some major factors associated with tuberculosis in rural areas and the possible 

solutions that can serve as multipurpose documents, not only as evidence of scientific research but 

also to increase awareness among general people. Data were collected from three districts (Sylhet, 

Moulvibazar, and Habiganj) of the Sylhet division from January to March 2021 and thoroughly 

analyzed. A total of 25711 presumptive TB patients were tested, and among them, 4116 were 

confirmed to have TB aged between 0 to 65+ years. TB was more prevalent in males (59%) and 

people between 45 to 65 years. MDR TB was found in 0.48% of cases and, the number of patients 

with extra-pulmonary TB was 10.66%. Malnutrition, lack of female health workers, and lack of 

social awareness have been found as important associated factors contributing to the high 

incidence rate of TB in these areas.   Further studies need to be done to generate more evidence-

based data, which will help fight tuberculosis and save human lives. 

Keywords: Tuberculosis, MDR-TB, RR-TB, XDR-TB, Extra-Pulmonary TB, Sylhet, 

Bangladesh, Treatment, Drug resistance, Incident, Mortality.  
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Chapter 1 

Introduction 

Tuberculosis (TB) is an airborne contagious disease which was discovered by a renowned scientist 

Robert Koch in 1882. The causative agent of this infectious disease is a micro-organism of 

Mycobacterium tuberculosis (M. tuberculosis) complex. [1] Tuberculosis is becoming so deadly 

that it is now one of the ten leading diseases that cause deaths around the entire world. 

Approximately ten million people catch TB and nearly 1.4 million people lose their lives in 2019. 

Tuberculosis is a communicable disease because it can spread through human-to-human contact. 

When a TB-infected person discharges bacteria-contaminated fluid into the air through sneezing 

and coughing, the transmission occurs. [2] In terms of affecting body sites, there are mainly two 

types of Tb found, pulmonary TB and extra-pulmonary TB which indicates it is not only able to 

cause infection to the lungs but the other body organs as well. [1,3,4] According to the clinical 

point of view, TB patients can be differentiating by having latent TB or active TB infection. 

Between these two, LTBI is asymptomatic and remains non-transmissible where on the other hand, 

active TB infection can transmit from one person and can infect another. In case of active TB 

infections, an infected person may have high body temperature, loss of weight, fatigue, and less 

interest in consuming food. [1,3,4] However, TB can be treated and can also be prevented. With 

the proper treatment of TB, infected people can regain their previous healthy state. The treatment 

for TB is a lengthy process with 6 months medicine regimen. With this treatment method, nearly 

60 million people have obviated deaths from the year 2000 to date. [2] For the treatment of 

Tuberculosis, there are several first-line antimicrobials are available such as isoniazid, rifampicin, 

pyrazinamide, ethambutol, etc. [1,3,4] Without the proper treatment the death rates can be much 

higher. [2,6] However, recently, success in the treatment of TB is becoming more difficult to 

achieve because of the appearance of drug resistance which adds extra threat to the disease. The 
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drug resistance not only adding threats but also making the disease harder to control and this is the 

scenario of the whole world. [7,8] In some case scenario resistance towards isoniazid and 

rifampicin has been found and the condition is named MDR TB. Not only that but also in some 

cases it has been noticed resistance towards drugs like fluoroquinolones which is termed as XDR-

TB. [7,9] Tuberculosis is a significant reason for deaths in developing countries where people 

suffer from poverty and living a life below the margin. [1,2,5] Like, many other developing 

countries Bangladesh is also a developing country. Though in past years Bangladesh improves its 

condition in many ways, it is still one of the poor countries in the world with having a low GDP 

and lacks in many sectors, especially in education. [10,11] A life living below the line and lack of 

educational background influence people in many ways and eventually these things affect the 

treatment procedure because there are a lot of people living in the developing countries who have 

the fear about a lot of things for instance denial and separation from the other person and the 

society. As a result, they sometimes refuse to take medical attention which makes the entire 

condition even worse. [12,13,14,15,16] Moreover, gender discrimination adds some extra tension 

while seeking clinical advice especially the women who live in different rural areas in Bangladesh 

are having more disadvantages. [10,17] Furthermore, in the number of health workers, the number 

of females is very less comparatively male health supervisors. 

This paper analyzed the present situation of Tuberculosis in the rural area of Bangladesh to 

highlight some of the major problems and suggest probable solutions to improve the scenario. 
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Chapter 2 

2.1 Background 

After analyzing the historical data, it is found that Tuberculosis has a long relationship with human 

lives. According to the early history, the existence of this deadly disease and the occurrence of 

infecting humans can be found from the beginning of the recorded history. Male has been found 

with a wound in the vertebrae and it was from the Neolithic period timing around 5000 BC [21, 

22]. Tuberculosis was so vast that it has been found not only in the Neolithic age but also in 

mummies of Egypt during 3700 BC [21, 22]. According to modern research, Tuberculosis was 

present among the American eras even before the discovery of America by Columbus [21, 22]. 

From 1614 to 1672 a scientist named Franciscus Sylvius first came up with the designation 

tuberculosis when he was trying to explain some sort of lung nodules. Another scientist, 

Theophilus Bonetus listed incidents of around 3000 infectious materials in his book named 

‘Serpulchretum Sive Anatomica Practica’ where nearly 150 cases were found with relatable 

symptoms of tuberculosis. Later, in 1700, Jean Jacques Manget, a French researcher mimeograph 

this book with some of his personal views and came up with the idea of Miliary Tuberculosis [21]. 

In after years, in 1772 it was found that tuberculosis is a contagious disease, and this invaluable 

information was discovered by Benjamin Martin who also assumed the transmission occurred by 

the air excreted from lungs. However, the fact was proved with evidence by a professor of an 

institution of Military Hygiene at Val-de-Grace [21]. The French physician observed some young 

soldiers and stated that tuberculosis is a communicable disease and infect people who lived in a 

congested place [21]. After the establishment of the theory and relative proofs, the scientist, later, 

introduce some fluids and pus from the infected person into rabbits [21]. Unfortunately, this huge 

experiment did not get much attention and was ignored by the world up until the incredible 

discovery by Robert Koch in 1882 who managed to stain the causative agent of tuberculosis and 
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surprised the whole world [19]. After the successful isolation, Robert Koch took his experiment to 

another level when he inserted tubercle bacilli into the skin of Guinea pig for primary infection to 

occur, but Koch observed that the infection was not healing. For further inquiry, the scientist again 

inoculated the pathogenic sample into the Guinea pig and this time he noticed the formation of red 

nodules which gradually cured. This experiment is known as the famous Koch phenomenon which 

generates the idea of immunity [19]. However, in 1890 his statement about the theory that 

tuberculosis can be healed by the infiltrations, lose its creditability. Tuberculosis was becoming so 

deadly in the eighteen and in the starting of the nineteen centuries that almost 30% of the death 

was recorded because of tuberculosis in Europe and American region [19]. From the evidence, it 

was also predicted that the transmission increases in number among the people who stayed in a 

crowded place and who lived a life without having the fundamental opportunities. This disease 

started spreading more into the people who used to live in the suburban areas of Europe and 

America and among them, most of the people were coming from a different place to get a job in 

the new industries. In the time of World War 1, among 3200 post-mortems 33% had active TB 

[19]. Finally, in 1943 two researchers from the USA named Albert Schatz and Selman Waksman 

found a soil organism, streptomyces griseus, that produces antibiotic which proved to be effective 

as the treatment of TB. In the next year, a Swedish scientist, Jorgen Lehmann manifested that an 

antibiotic named para-aminosalicylic acid, a similar medicine like aspirin can be used for effective 

treatment of tuberculosis with the alliance of streptomycin. Upon the invention of several 

medicines to cure TB, people became overconfident and somehow neglect the disease [19]. A 

prediction was made and according to that assumption by 1990 the disease would be hard to find 

in the UK and by the year 2010, it would only a matter of interest for researchers who wanted to 

analyze and study the medical history [19, 27]. However, taking TB lightly costed many lives of 
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people both in the UK and the USA and became a major health issue [19, 28, 29, 30, 31, 32]. Most 

of the infection occurred in people having HIV, using intravenous drugs, staying in prison, and old 

people. The main reasons for the incident were the irregular or stop using of anti-TB drug regimen, 

migrated people from a place with high TB load, and an over-crowded living style [19, 30]. There 

were some other factors responsible such as ineffective communication between health care 

workers and the patients, which eventually ended up causing the drug resistance of two main 

medicine isoniazid and rifampicin [19, 35] which was responsible for the 8 million new cases and 

3 million deaths worldwide by 1990 [19, 36]. Nearly, one-third of the world’s population was 

under threat of getting infected with M. Tuberculosis [19, 36]. Most people infected with the 

disease were from Africa and Asia and which made TB a killer disease, reasons of 6.7% of deaths 

in developing countries [19, 36] and 18.5% of deaths among adults aged between 15 and 59 years. 

Not only the adults this disease is so deadly it also infects children and according to a report of 

USA, the infection rate among children less than 15 years increased from 29% to 59% in the year 

1990 [19, 25] and the report also showed that people from a minority group and people from urban 

areas had the high infection numbers. Not only in the USA but in Cape town the incident increased 

and reached 679 per 100000 people. In many countries, HIV added an extra threat to this situation, 

people having both the disease making the situation harder to control [19, 39]. Over time, people 

are becoming more susceptible to the disease and the drug resistance is making the scenario worse. 

According to World Health Organization (WHO), nearly 1 million people per year get infected by 

tuberculosis and it takes away approximately 4 thousand lives per day. In the year 2019, 87% of 

new cases have been reported. There are 30 countries identified by the World Health Organization 

having the high case numbers of Tuberculosis and about 87% of the cases of the whole world are 

from these countries and two-third of the global total is found in eight countries among them 
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countries like Pakistan, India, Bangladesh, China, Indonesia is leading [2]. In Bangladesh, the 

recent increase in tuberculosis incidents is alarming. A statistic in 2017 shows that around 13 

thousand people died of tuberculosis that year in Bangladesh, which increases in 2020 with the 

death of 107 people and nearly 987 new cases get diagnosed per day [44] which is immensely 

concerning and because of the pandemic this issue is not getting as much attention as it should get. 

If the disease does not get the proper attention, it may cause an epidemic and take away many 

lives. fig 2.01 indicates the number of deaths caused by the diseases that can be prevented with 

vaccines [45].  

 

fig 2.01: Death caused by diseases that can be prevented with vaccines, Bangladesh 2017. 

([Adopted from, Global Burden of Disease Collaborative Network. Global Burden of Disease 

Study 2017 (GBD 2017)] 
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2.2 Overview of Tuberculosis  

2.2.1 General Idea of Tuberculosis  

Tuberculosis is an airborne disease, and the causative agent is Mycobacterium tuberculosis. This 

infectious organism mainly enters the body with the air inhaled into the lungs. TB spread into the 

body through the bloodstream, lymphatic system, or through the augmentation to other body parts 

in a direct way [46].  

 

2.2.2 Tuberculosis Infection and Tuberculosis Disease 

 2.2.2.1 Tuberculosis Infection 

The transmission of tuberculosis occurs through contaminated fluid excreted from the lungs. 

These fluids can stay into the air as air particles and upon inhalation a person can get infected. 

Among the infected people 90% does not develop the TB disease. The TB infected people do 

not have any significant sign symptoms and they cannot transmit TB to another human being. 

As because they do not have symptoms, they feel normal as a healthy individual [46].  

 

2.2.2.2 Tuberculosis Disease 

When a causative agent of TB increases their number and start multiplying into the lungs of a 

TB infected person, then that person gets the TB disease. Among all infected person only 10% 

of the infected person develops the disease. In this state, a person can spread the disease to 

another person and have noticeable sign symptoms of the disease [46].  

 

2.2.3 Transmission of Tuberculosis  

When droplets from a TB-infected patient get out into the air during coughing, sneezing and 

other activities like talking or singing, the air gets contaminated with a droplet that contains 
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Tuberculosis bacilli. This pathogen can stay in the air for many hours and when a healthy 

individual inhales the contaminated air, the bacilli get inside the lungs and started increasing 

their numbers. This way the transmission occurs from person to person. However, if a person 

does not get exposed regularly to the infecting agent, it may not affect infection. The person 

may overcome the infection. On the other hand, an individual living with the infected person 

or getting exposed to the organism regularly, that person may progress the tuberculosis 

disease [46] (fig 2.02). 

 

fig 2.02: Tuberculosis Transmission Cascade (adapted from Dowdy, David & Azman, 

Andrew & Kendall, Emily & Mathema, Barun. (2014). Transforming the Fight Against 

Tuberculosis: Targeting Catalysts of Transmission. Clinical infectious diseases: an 

official publication of the Infectious Diseases Society of America. 59. 

10.1093/cid/ciu506.)  
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2.2.4 Progression of Tuberculosis Disease 

TB infection often gets destroyed by sunlight and well ventilation. That is why among infected 

people 90% do not get the disease and continue living as a healthy individual with no 

symptoms of being ill (Latent infection) [46]. However, 10% of the people progress the 

disease and among them half develop the disease within one to two years after being infected 

and the other half takes a very long time (active disease). These 10% people may have many 

medical conditions and may be deprived socially such as immune-compromised, 

malnourished, living a life below the margin and living in an over-crowded area, etc. [46] fig 

2.03 shows the progression of active and latent TB. 
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fig 2.03: Latent infection and active disease progression (Adopted from Pai, M., Behr, M. 

A., Dowdy, D., Dheda, K., Divangahi, M., Boehme, C. C., … Raviglione, M. (2016). 

Tuberculosis. Nature Reviews Disease Primers, 2, 16076. doi:10.1038/nrdp.2016.76) 

 

2.3 Various types of TB 

2.3.1 Pulmonary TB 

When tuberculosis infects the lungs, parenchyma is known as pulmonary TB. Pulmonary TB is 

the most common form of tuberculosis found in the whole world. Now it is becoming the reason 

for the increased rate of mortality and morbidity rate in developing countries [46].   

 

2.3.2 Extrapulmonary TB 

The occurrence of TB in other organs instead of lungs is known as Extra-pulmonary 

tuberculosis. This kind of TB is more dangerous because it can attack any tissue or any body 

part. For example, hilar lymph nodes, larynx, pleura, cervical lymph nodes, meninges, CNS, 

skin, kidneys, intestines, etc. The risk of getting infected, increases upon immune-compromised 

condition [46, 48, 49].  

2.3.2.1 Miliary TB 

Miliary TB is a life-threatening type. It occurs when many bacilli accumulate into the 

bloodstream and infect different parts of the body. In this TB, the patient forms millet seed 

size granulomas in different body sites. Though the treatment is present, still it is becoming 

very dangerous because of not getting diagnose efficiently [46, 51].    

2.3.2.2 Gastro-intestinal TB 

This can happen if an individual consumes tuberculosis contaminated food. It can affect any 

part of the intestine, however; the ileum and cecum are the most common. The wounds in 



11 
 

the intestine can take the form of an ulcer. The symptoms involve are fever, abdominal 

cramps, weight loss, diarrhea, sweating at night, etc. [46].  

  

2.3.2.3 Spinal TB 

Lower thoracic vertebrae and upper lumbar spinal are generally get affected. In this case, the 

infection begins from the intervertebral disc and gradually infects the anterior and 

longitudinal ligaments. In the development of the next stage, kyphosis may occur due to the 

collapse of the vertebral parts [46].  

2.3.2.4 Joint TB 

Most of the time this type of TB affects those joints that carry most of the bodyweight for 

instance the joint of hips, knees. Consequence of this TB is very severe which may include 

the joint space narrowing, joint damage to destruction [46].  

 

2.3.2.5 Genito-urinary TB 

In this condition, most of the time patient remains asymptomatic and does not show any 

severe sign symptoms of the disease. However, this form of TB can also affect the body. It 

can be the cause of infections in different parts of the urinary tract. This is not so easy to 

diagnose and often get identified in serious condition such as presence of lesions in the 

kidney [46]. Genito-urinary tract TB is more commonly found in women rather than men. 

When women get infected, the fallopian tube may get serious damage and other issues may 

arise such as irregular menstruation cycle [46].  
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2.3.2.6 Hepatic TB 

The infection in the liver is known as hepatic Tuberculosis. Most of the time it cannot be 

diagnosed easily [46].   

 

2.3.2.7 Less Common Extra-pulmonary forms 

There are some less common extra-pulmonary forms of TB.  

2.3.2.8 CNS Tuberculosis 

CNS tuberculosis involves tuberculous meningitis, intracranial tuberculomas, and spinal 

tuberculous arachnoiditis. It starts when tiny foci of tuberculosis progress on the brain, spinal 

cord, or meninges. Based on the foci formation position is responsible for different CNS 

infections [46].  

 

2.4 Clinical symptoms and risk factors 

To treat tuberculosis properly it is very important to identify the sign and symptoms early. The 

probability of getting correct medical help and overcoming the disease mostly depends on the 

timing of recognizing the symptoms. However, there is some difference in symptoms between the 

pulmonary TB and the extra-pulmonary TB. In general, a person should seek clinical advice on 

having a cough for three weeks continuously, as a susceptive of TB patient, now known as 

suggestive TB patient [46].  

An individual with pulmonary TB may have the following sign, symptoms with the prolonged 

cough: 

 Visible symptoms: weight loss, appetite loss, increased body temperature, sweating at 

night, etc.  
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 Respiratory tract symptoms: pain in the chest, cough with blood, difficulties to breath.   

If the person does not have these additional symptoms yet sputum of the patient always needs to 

get through a microscopy test [46].  

Sign and symptoms of extra-pulmonary TB depend on the location of the infection. Sign, 

symptoms for extra-pulmonary tuberculosis: 

 Pain in the joints in case of joint tuberculosis 

 Pain in the chest, fever, breathing difficulties if the person has pleural effusion.  

 Swelling in the lymph nodes due to tuberculosis in lymphadenitis  

 If the patient has CNS TB, then headache, fever, neck stiffness, a mental disturbance may 

be experienced.  

Diagnosis of extra-pulmonary tuberculosis requires efficient medical personnel and, methods like 

X-ray, MT, CT scan, Biopsy, MRI, FNAC are used to identify and screen the disease [46].  

 

2.5 Diagnosis of Tb  

To treat tuberculosis, it is very important to diagnose the disease. There are several advanced 

methods available to screen and identify the disease such as examination of sputum, radiology or 

X-ray, biopsy, bronchoscopy, molecular test, culture test, Mantoux test, etc. [46] 

2.5.1 Sputum Examination 

The most effective way to detect pulmonary TB is the sputum smear test and this is also the 

most cost-effective method to identify. This examination is performed by the ZN method. 

Besides, this method of examination is most authentic when it comes to getting the maximum 

positive results. More than 65% of the pulmonary positive has been detected by the ZN 
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method [46]. However, recently LED fluorescent microscopy has been using by the 

recommendation of the WHO which will eventually succeed the ZN microscopy method as it 

generates 10% more accurate results [46]. Though this method has a great benefit, it has some 

drawbacks as well. To screen the disease through the ZN method or LED microscopy test, a 

minimum of 5000 bacilli needs to be present in the sample sputum. If the number of organisms 

is as low as 1000 then it is very difficult to detect them through this process and the possibility 

of getting a positive result is only 10%. [46] 

2.5.2 Radiology  

Radiology or X-ray is mainly done to the lungs of a suggestive TB patient. However, there 

are some problems with this type of test. Sometimes, other chest abnormalities may present 

in a patient, and which makes the thing difficult to detect the disease with accuracy. For 

different chest problems, this test may show similar kinds of images. That is why, after 

performing this process a smear test needs to be done to reinforce the test result and a well-

trained physician is always needed to check the report to avoid any mistakes [46].  

2.5.3 Mantoux Test 

This test is also known as the Tuberculin skin test. By this test, the fact that a person gained 

immunity through previous exposure to M. tuberculosis can be identified. Some particles 

extracted from TB cultures, injected into the skin of a patient to observe any skin reaction. As 

M. tuberculosis produces some late hypersensitivity skin response. If a person has been 

infected by the causative agent of TB, upon injecting the PPD into the skin, the test will 

generate a positive result since bodies T cell get activated and tries to neutralize the PPD into 

the skin. However, this test has some huge drawbacks. For instance, if a person is exposed to 

another type of mycobacterium and if any individual has been vaccinated with BCG or has an 
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immune-compromised condition may also produce a positive result (false positive) even if the 

patient may not have the disease [46].  

2.5.4 Biopsy 

This is a special test performed by specialist medical staff to detect extra-pulmonary TB [46].  

2.5.5 Molecular Test  

The molecular test is introduced into the diagnosis methods because of the ability to generate 

quick and efficient results. It can give the result within a few hours or maximum in one day. 

By this test, the TB disease can be identified with a confirmation. Some popular molecular 

tests are NAAT, Xpert RIF/ MTB, etc. [46] 

2.5.6 Culture Test 

This is a very effective way to detect a very small number of tuberculosis bacilli. It can detect 

as small a quantity as 100 per ml in a clinical sample. The problem with this is, it is a very 

time-consuming procedure, and it takes approximately 6 weeks to give the proper result and 

so it is not very reliable as a regular method of screening tuberculosis [46].  

2.5.7 ELISA  

 ELISA can also be used to detect tuberculosis. However, there is a huge variety of produced 

antibody and using this technic it is very difficult to identify active infection. So, it is not very 

reliable when it comes to the production of accurate results [46].  

2.6 Treatment of Tuberculosis  

2.6.1 General Information 

It is globally known that TB is a curable disease, with proper treatment and consumption of 

drugs and following the clinical guideline will eradicate the disease. The entire treatment 

guideline has made mainly based on three exhortations; (1) treatment procedure should have 

included multiplex medicine (2) a patient should take the medicine regularly (3) the 

administration of the medicine should continue for a good amount of time and the focus of 
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the therapy should be providing danger-free and impactful treatment within a very less amount 

of time possible. There are different ranges of drugs available to treat and cure tuberculosis 

such as isoniazid, rifampin, pyrazinamide, ethambutol, ethionamide, etc. Not only that there 

a huge number of amalgamations of drug therapy which is considered to work against 

tuberculosis. Though there are multiple ways to treat the disease, it is always wise to start the 

treatment in the initial stage. The early-stage treatment plays a vital role to not only cure the 

person but also helps to save many other people who are at risk of infection. The monitoring 

of the patients should also consider as important as the treatment procedure because if the 

patient is not taking the medicine regularly and if that diseased person is not following the 

medical guideline, then the treatment method has no value. It is equally important to check 

the patient as the medicine needs to enter the body to fight the disease. The elimination of the 

disease depends on good communication between patients and clinical staff and the proper 

measurements to monitor the patients [46].  

 

2.6.2 Brief information of the available drugs  

2.6.2.1 Isoniazid 

Isoniazid is the most classic medicine used to treat TB patients. It is one of the best-suited 

drugs for many reasons. Isoniazid is a very cost-effective medicine with a very low 

amount of side effects.  Not only that, compared to the other medicine’s isoniazid has 

fewer toxic properties and it can be easily absorbed by the body. This medicine has so 

well functioned that when it enters the body it almost acts like the other liquids found in 

the serum. It is also safe and can be provided to pregnant women. However, isoniazid has 

some negative properties as well (maybe not as much as other drugs). After a certain age, 
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consumption of the drug may cause hepatitis, many CNS diseases, and may be 

responsible for peripheral neuropathy [58].  

2.6.2.2 Rifampin 

Rifampin is another useful medicine. It gets absorbed by the gastrointestinal tract. 

Rifampin is a drug that binds with protein, but it can enter the other body tissues and cells 

equally well. Rifampin comes with a lot of drawbacks. First, its performance is very poor 

when it comes to infiltrating into the inflamed meninges. Then, it is unfavorable and is a 

reason for stomach upset, hepatitis, skin rash. In some intermittent conditions, 

thrombocytopenia and cholestatic jaundice can happen. Another very adverse 

disadvantage of consuming rifampin is, it can interfere with the function of other drugs 

and make their effect lesser. This bactericidal is also responsible for the discoloration of 

many fluids discharged from the body such as tears and urine [58].  

2.6.2.3 Pyrazinamide  

This medicine works best in an acid environment. Pyrazinamide kills and stops the 

growth of the micro-organism that causes tuberculosis. This kind of drug is very 

particular to identify the causative agent and work specifically against Mycobacterium 

tuberculosis. It does not directly block the action of the causative agent but indirectly 

inhibits the mechanism. It works well when combined with other drugs. Using 

pyrazinamide also has disadvantages. It can cause lesions on the liver. However, this 

problem can be overcome if pyrazinamide is combined with isoniazid and rifampin. Other 

than liver injury, skin eruptions and gastrointestinal abnormalities may also appear [58].   

2.6.2.4 Ethambutol 

In general, Ethambutol does not kill the bacteria instead it prevents the growth of the 

organism. It can kill the bacteria if it administers in a large quantity. The mechanism of 
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the drug is not clear yet. There is some adverse reaction to using ethambutol. Retrobulbar 

neuritis can be found in a patient with some symptoms like blurred vision, color-

blindness, etc. The side effects mostly depend on the quantity of the drug. If the doge is 

high the possible side effects will be high and vice-versa. If ethambutol has been 

suggested to the diseased person, it is important to ask about any abnormalities in visuals. 

When administered to children’s extra precautions should be maintained as children may 

not sometimes able to interpret their problems to a medical specialist [58].  

2.6.2.5 Ethionamide    

It is a by-product of isonicotinic acid which helps to prevent the growth of M. 

tuberculosis. The required amount is 15 to 20 mg per kg body weight. Some impacts of 

consuming the drug are nausea, vomiting, abdominal cramp, etc. In the most unfavorable 

condition, a person may experience hepatitis and the possibility is even higher than the 

consumption of pyrazinamide. Another issue, for instance, arthralgias, impotence, 

photosensitive dermatitis, hypothyroidism, and a distaste in the mouth. Patients who are 

prescribed ethionamide should monitor every month. If any effects are being noticed the 

consumption should immediately be stopped [58].  

2.6.2.6 Streptomycin   

This is not an oral drug therefore it needs penetration through injections. Streptomycin 

works best in alkaline conditions and can kill almost all M. tuberculosis strains. This 

medicine has very efficient penetration capability, but it only enters the cerebrospinal 

fluid in case of inflammation in the meninges. It always gets out of the body through the 

nephritic route. As a result, it may cause damage to the patient with pre-conditioned renal 

defects.  Other than that, streptomycin can cause damage to the auditory nerve or 

vestibular system of the ear (known as ototoxicity) and harm the kidney because of having 
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nephrotoxicity properties. Therefore, patients with an age range of 65 years or above 

should not be prescribed this medicine or else should suggest a very lower dose [58].  

2.6.2.7 Cycloserine  

Cycloserine has also a bacteriostatic property like ethionamide. It is an oral drug and 

usually comes in 250 mg tablet. Administration of this medicine may have some serious 

problems especially to those patients who have any kind of psychiatric issues. In the case 

of mental unstableness, a person may experience different side effects. Therefore, it is 

very important to know the patient’s previous medical conditions regarding mental 

illness. If a person with a psychiatric problem needs treatment for tuberculosis, 

cycloserine should not be prescribed [58].   

2.6.2.8 Para-amino salicylic acid  

This is also an effective drug with bacteriostatic properties. When taking the medicine, 

foods like orange juice should have taken with it as para-amino salicylic acid has a huge 

sodium load. It has few drawbacks such as gastrointestinal problems and sometimes 

hepatitis may occur [58].  

2.6.2.9 Kanamycin  

It also needs parenteral penetration. It has some ototoxicity and may cause a problem to 

the kidney. Therefore, a creatinine check is a must if this has been prescribed [58].  

2.6.2.10 Thiacetazone 

This drug mainly uses in most developing countries because of the cost-effectiveness. 

The properties of thiacetazone are very similar to isoniazid however, it is more toxic than 

isoniazid. The main issues are, jaundice, skin breakout, etc. and most commonly get to 

see in immune suppress patient having HIV infection. This is very effective among the 

people of East Africa than Asia [58].  
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         2.6.3 Less used medicines  

 2.6.3.1 Amikacin 

Amikacin can effectively fight against tuberculosis. It is a parenteral medicine and needs 

to inject five times a week. Though it is bactericidal, it has some serious side effects such 

as renal failure, loss of hearing, nausea, fatigue, etc. The level of magnesium, potassium, 

calcium needs to monitor as there is the possibility of chemical imbalance [58].  

2.6.3.2 quinolones  

Many fluoroquinolones have been invented which shows effectiveness in order to treat 

tuberculosis. However, these should be used carefully for pregnant women and children 

as there are some serious health risk factors [58].  

2.6.3.3 Rifabutin 

This can be a good alternative to rifampin as it is less toxic than rifampin. Though it also 

arises problems for example, stomach upset and in rare cases hypersensitivity [58].  

2.5.3.4 Clofazimine  

The drug was previously considered ineffective against tuberculosis. However, in a recent 

analysis, it is known to be impactful to fight drug-resistance TB. Eye discoloration, 

serious abdominal cramps, stomach upset, skin rash, etc. are some of the adverse effects 

of taking clofazimine [58].  

2.6.4 Combination Drug therapy  

There are a lot of studies done regarding combination drug therapy over the past 45 years. 

There is much important information about the combination drug therapy that came to light 

which may be helpful in the coming future to effectively fight tuberculosis. The first 

combination therapy was using streptomycin and PAS. In the study, it is noticed that treatment 

with the only streptomycin raises the resistance by 70%, and with the combination method, it 

decreases dramatically to 9%. Moreover, the treatment with the combination of drugs is very 



21 
 

less time-consuming [58]. Though it has some benefits, it needs further trials and experiments. 

Table 2.1 listed all the drugs recommended by WHO. 

Table 2.1: Drugs for tuberculosis treatment according to WHO recommendations. 

 

  

2.6.5 Special considerations while using the medications. 

2.6.5.1 Drug responsible for hepatitis  

There are some drugs that induce hepatitis in patients getting treatment for tuberculosis. 

Among them isoniazid, rifampin has the most adverse effects. Patients with tuberculosis 

may also have the possibility to progress hepatitis during the treatment because of anti-

tuberculosis drugs. If a person develops hepatitis because of consuming drugs, the use 

should be stopped up until the symptoms subside. After the disappearance of the 

symptoms, it is wise to wait two weeks before starting the treatment again if a liver test 

is not possible. After two weeks the patient can re-start the drug administration. Some 
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patients experience severe jaundice due to hepatitis and they are recommended not to take 

rifampin and pyrazinamide. In severe cases, a person can die of TB if not get proper 

treatment. In such a situation, a diseased person should be suggested to have streptomycin 

and ethambutol [46].   

2.6.5.2 In case of active viral hepatitis 

Consumption of any anti-TB drug should be forbidden if a person has acute viral hepatitis. 

However, sometimes some patients need treatment in the presence of active viral 

hepatitis. In those circumstances, the combination of streptomycin and ethambutol for 

three months is the preferable solution to avoid any kind of unwanted situation. Later, the 

patient can have isoniazid and rifampin for six months, or else if the person is not fully 

recovered from viral hepatitis, then streptomycin and ethambutol are advised to take 

continuously [46].    

2.6.5.3 Pre-existing Liver disease 

In case of chronic liver disease, a patient should advise not to take pyrazinamide. For the 

treatment, it is best to use combination therapy with isoniazid and rifampin and either 

streptomycin or ethambutol for eight months [46].  

2.6.5.4 Renal Failure  

In case of patients with renal failure should be extra cautious. Those medicines that get 

out of the body and do not use the kidney can refer to the patient having renal failure. For 

instance, drugs like isoniazid, rifampin, and pyrazinamide can be advised to use. In 

serious conditions, pyridoxine with isoniazid should prescribe.  Though streptomycin and 

ethambutol are discharged by the kidney, they can be useful when given in a small 

amount. However, places where monitoring the patient is not possible should avoid 

prescribing these drugs [46].  
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2.6.5.5 Pregnancy and breast-feeding women  

Almost all the available drugs for tuberculosis are safe to use during pregnancy. However, 

streptomycin has some adverse reactions and should not be used at the time of 

childbearing. On the other hand, the patient who has a newborn baby and needs to feed it 

should give some chemotherapy to prevent the transmission of the causative agent of 

tuberculosis. The baby should also receive treatment with isoniazid for six months and 

needs to get vaccinated after the end of the drug course. Moreover, while feeding the 

mother should wear a medical mask to avoid any possible contamination [46].  

2.6.5.6 Consumptions of oral contraceptive pills  

Some anti-tuberculosis drugs have the properties to interfere with estrogen, therefore, 

increase the risk of getting pregnant. In this case, rifampin should not be used [46].  

2.6.5.7 Diabetics  

A diabetic patient should continue the treatment with insulin [46].  

 

2.7 Prevention of Tuberculosis 

Vaccination plays the key role to prevent Tuberculosis and in TB prevention there is only one 

licensed vaccine available named BCG vaccine [1, 99, 100].  Globally more than 90% of newborn 

babies get injected with this vaccine [1, 99, 100]. This vaccine has been in use since 1921 and has 

many evidence to prevent the progress of active TB disease. However, there are also studies that 

found this vaccine works best in the children and can give protection for up to ten years. In adult, 

BCG vaccine has the efficiency of 0 to 80% based on different circumstances [1, 101, 102]. On 

the other hand, upon giving the vaccine to the children age below 5, shows better outcome. In 

those children (age <5 years old) it has been noticed that not only the TB disease, but the TB 

infection can be prevented [1, 103]. Nonetheless, TB disease has the tendency to develop in the 
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adolescence. As a result, the chances of BCG vaccine with the current regimen to fight TB 

epidemic and prevent TB disease is very less because in most of the countries this vaccine is 

administered one time when a child born but that is not sufficient to control TB disease [1, 100]. 

fig 2.04 shows the world map and countries that have BCG vaccine policies.  

 

 

fig 2.04: Global BCG Vaccination policies and participation (adapted from 

http://www.bcgatlas.org)  

 

2.8 Drug resistance  

fig 2.05 illustrates how the M. tuberculosis gain resistant.  

http://www.bcgatlas.org/
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fig 2.05: The main concept of drug resistance.  (Adopted from Zhang, Y., & Yew, W. W. (2009). 

Mechanisms of drug resistance in Mycobacterium tuberculosis [State of the art series. Drug-

resistant tuberculosis. Edited by CY. Chiang. Number 1 in the series]. The International Journal of 

Tuberculosis and Lung Disease, 13(11), 1320-1330.)  

2.8.1 Mechanism of drug resistance  

2.8.1.1 Resistance based on genetics.  

2.8.1.1.1 Resistance due to mutation  

Resistance through mutation occurs when a group of susceptible micro-organisms started 

developing mutation in their genes. As a result, even after the drug therapy it becomes 

very difficult to destroy the pathogen and hence, they survive. If the mutation can occur 

successfully the previous susceptible group also become resistant which makes the 

scenario even worse and hard to control. The resistant organism adapts many strategies 

to decrease the efficiency of the antibiotics. Some of the mechanisms are, i) alteration of 

the antimicrobial binding site, ii) efflux pump activation to get the drug particles out of 

the cell, iii) modifications of vital pathways etc. [93] 
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2.8.1.1.2 HGT 

Horizontal Gene Transfer (HGT) is a very frequent way of bacteria to acquire resistance. 

Through this process bacteria can uptake genes from other organisms and activate 

different mechanism. HGT can occur in three ways, i) Transformation ii) Transduction 

and iii) conjugation. Besides, these three methods there is another named integrons which 

makes the uptake of foreign material easier for the pathogens. Among the three classical 

ways, transformation is very common when it comes to gain resistance. Through 

transformation micro-organism can uptake naked DNA from a relative organism but only 

few pathogens have this ability. On the other hand, in clinical settings, conjugation is very 

common way to acquire resistance. Through conjugation bacteria establish the cell-to-

cell contact and by that they exchange genes. In clinical environment, there have been 

chances to become exposed to many pathogens and thus the antimicrobial resistance may 

arise as bacteria use MGEs to transfer genes from one to another [93, 104]. Lastly, 

integrons which are the easiest way to achieve resistance. It gives bacteria the ability to 

get open reading frames. This process is very simple, and bacteria can achieve resistance 

very quickly through this [93].  

2.8.1.2 Acquired resistance.   

2.8.1.2.1 Antibiotic Molecule Alteration 

Most effective way to acquire resistance is the modification or destruction of 

antimicrobial compound. Through this alteration bacteria can neutralize the drug 

molecules and can escape from the harmful consequences. This alteration can take place 

mainly in two ways [93]. 

2.8.1.2.2 Chemical alteration  

By using this method, pathogens can modify the target binding site by using different 

chemicals or enzyme groups. Those chemicals bind with the target site and alter the 
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binding site in a manner that the drug molecule cannot attach with them and hence 

become inactive. [93] 

2.8.1.2.3 Destruction of the drug molecule  

Some bacteria can produce enzymes that can destroy a key element of a drug. One of the 

major examples is production of β-lactamase enzyme that can successfully inactive a 

major component called β-lactam ring found in antibiotic like penicillin which is being 

used for the treatment of wide variety of infections [93].  

2.8.1.2.4 Poor Antibiotic Penetration  

Many micro-organisms have the capability to prevent antibiotic to enter the cell. To do 

that, bacteria decrease the permeability of their cell membrane as a result the drug 

molecules cannot pass through the membrane of the bacterial cell and cannot kill them 

[93].  

2.8.1.2.5 Efflux Pump 

Efflux pump in bacteria has many functions like transporting nutritional compound and 

molecules for signaling. However, these efflux pump might sometimes take the antibiotic 

particles out of the cell. As a result, the concentration of the therapeutic agents decreased 

dramatically and thus perform poorly. In many cases, through mutation some microbes 

may increase the production of these sort of efflux pump to get rid of the antibiotics and 

through this acquire resistance [93].  

2.8.1.2.6 Target sites modification  

Alteration of the target site of an antibiotic can be a crucial reason for gaining resistance. 

In this case, an organism modifies the structure of a target area and change the shape of 

it. Therefore, the antibiotic become dysfunctional and this way the bacteria prevent the 

interaction and become resistant towards the drug [93].    
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2.8.1.2.7 Resistance through Global cell adaption  

During the lifetime of a bacteria, they need to go through different harsh environments 

and when inside a host must face many attacks from the host immune system. With time 

these pathogens learn how to cope up with the condition and survive. As a result, they 

evolve many strategies that helps them to survive and grow continuously. Through this 

evolution sometimes these pathogens develop the resistant mechanism and become 

resistant towards specific group of therapeutic agents [93].  

2.8.1.2.8 Introduce Alternative proteins  

Sometimes micro-organism develop some new protein which may not be recognized by 

the antibiotic particles. For instance, Staphylococcus aureus can produce an alternative 

protein for penicillin binding. This new protein has very low binding affinity as a result 

the antibiotic cannot bind efficiently and thus the bacteria keep on escaping the treatment 

and acquire resistance. In the fig 2.06 all the resistance mechanism has been shown in 

one place for the better understanding [93].  

 

 

Fig 2.06: Antibiotic resistance mechanism (adapted from 

https://www.reactgroup.org/toolbox/understand/antibiotic-resistance/resistance-

mechanisms-in-bacteria/ , courtesy of E. Wistrand- Yuen)  



29 
 

2.8.2 Causes of drug resistance  

2.8.2.1 Consuming single antibiotics  

Taking one single drug for a long period of time can make some of the micro-organism 

resistant to that antibiotic and even worst to many other drugs. These organisms may acquire 

more than one resistant mechanism to avoid getting neutralized by the therapeutic agents. In 

some research it is found that, some of the pathogens can take up these factors from other 

organism neighboring to them [87].   

2.8.2.2 Resistance mechanism remains for a long time.  

When an organism acquires the resistant mechanism, it usually does not go away very quickly. 

These resistance trait remains for a very long period and increase the survival rate of these 

pathogens into the host [87].  

2.8.2.3 Use of antibiotics in food and agriculture. 

With the growing population the need of more food has arisen and to produce and cultivate 

more products antibiotics are being using in many countries for the better survival of the 

animal and collectively high growth of agricultural products. As, antibiotics are being added 

there are chances, these antibiotics make some of the organisms found in different animals 

become resistant and later they get into the human body through consuming those micro-

organisms from different foods. However, there are a controversy among the researcher about 

the theory and many countries has already banned using antibiotics in the human food [87].  

2.8.2.4 Irregular consumption of drugs  

Many patients do not take their medicines regularly and often when they start feeling better, 

they stop following the regimen in middle of the treatment. As a result, the micro-organism 

gets adapted with the medicine and generate defense mechanism against the therapeutic agent. 

When the patient re-starts the treatment, the medicine does not work on them [87].  
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2.9 Multi drug resistance 

Among world’s major health issues one of the most concerning and alarming thing is the antibiotic 

resistance and to be more specific multi drug resistance. When a group of bacteria or many other 

organisms become adapted and acquired capability to fight against a group of drugs, that organism 

becomes resistant, and it becomes a challenge to kill them. In case of MDR the situation is more 

complicated as in our world the number of antibiotics is limited, as a result, if these pathogens 

keep on acquiring adaptive methods it becomes a challenge to destroy them to protect humans 

from different diseases. The incident that creates more concern that the discovery of new 

antibiotics is not advancing with the rate the micro-organism inventing new ability to resist [92]. 

Table 2.3 shows the general characteristics of MDR organisms.  

 

Table 2.2: General characteristics of MDR organisms. (Adapted from Molecular 

Mechanisms of Antibacterial Multidrug Resistance, Michael N. Alekshun, and Stuart B. 

Levy) 



31 
 

Now-a-days MDR is becoming so common in case of tuberculosis, and it is becoming one of the 

major threats to overcome the TB problem worldwide. MDR occurred when an individual 

develops resistant towards multiple drugs (mainly isoniazid and rifampin) at the same time. As 

new drugs are not easy to develop it become very difficult to treat these patients. Which not only 

increase the life threat but also increase the risk of transmission of the disease among healthy 

people. 
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Chapter 3  

Methodology  

3.1 Study Area  

For the project Sylhet division has been fixed as a model area (fig 3.01). Sylhet division is an area 

of nearly 12.1 million people with four districts: Habiganj, Moulvibazar, Sunamganj and Sylhet. 

All the data for the thesis work has been collected from HEED Bangladesh –TB Control 

Programme-GFATM which is running under National TB Control Programme, currently is 

working in three districts of Sylhet: Habiganj, Moulvibazar and Sylhet district, respectively. 

 

fig 3.01: Map of Sylhet Division  

The geographic area covered by the project is almost 9-thousand-kilometer square. fig 3.02 shows 

the total coverage of Sylhet Division separately and specifically.  
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fig 3.02: Geographic coverage (land area, km²) of Sylhet Division by HEED Bangladesh TB 

Programme.  

3.2 Study Population 

Though all types of people are included as the study population of the model area, the people of 

tea garden community, workers from tea garden, community members of punji (a tribal group), 

people of rubber garden, people of industrial areas and factories, slum dwellers, workers of stone 

Corey are the main concern.  

3.3 Data Collection 

A meeting was fixed with the health officer of the project for the permission to conduct the research 

and as well as the smooth running of the work. Before collecting the quantitative data, a 

hypothetical observation was made to identify the underlying causes of the problem. After that, a 

set of well-constructed questionary was made personally in a very organized manner based on the 

hypothetical theories, to get proper responses. All the questions covered four main aspects: 

Sylhet Division 

12,298 km²

Sylhet District

3,452 km²

Habiganj

2,637 km²

Moulvibazar

2,707 km²

Geographic coverage
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physical, economic, social, and psychological, respectively. Descriptive part of the findings was 

than presented through multiple tables and charts by using Microsoft office (MS word, MS Excel) 

and meta-chart. Besides, two health workers were interviewed for further information. After the 

collection of the data, all the information was under thorough study and after that the thesis paper 

was written. 

3.4 Case identification 

As, many of the patients are very unwilling to visit hospitals, the methods showed in fig 3.03,  fig 

3.04 and fig 3.05 were used for screening out the TB patients.  

 

fig 3.03: Primary method of Screening out the patients by the health officer.  

 

Frequent home visits have been done to screen out the patients. People has been asked multiple 

questions about symptoms related to tuberculosis. If the medical officers get to know any 

symptoms is resemblance with TB, sputum collection from that person is done for further inquiry. 

screening 
methods

outreach

home
visit

contact
information
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Most of patients are being identified through home visits and very a smaller number of people pay 

visit to the hospital upon feeling unwell. fig 3.04 and fig 3.05 shows two primary screening 

methods for tuberculosis cases.  

 

 

3.4.1 Sputum collection 

During the home visits, the health workers identify the presumptive TB patients by different 

questionaries and collected the sputum. Sputum was also collected from the presumptive TB 

patients who directly visited the hospital.  Most of the samples were collected from home visit 

as very few people directly went to the hospital upon feeling unwell (fig 3.06).  
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fig 3.06: The percentage of sputum collection through two main methods.   

3.4.2 Procedure to identify confirmed TB cases 

The main works starts after collecting the sputum from the suspected patients. All samples have 

been bringing into GeneXpert sites and after that the test begins to identify genuine patients and 

separate pseudo patients from them. GeneXpert is an automated system, that can identify not 

only the MTB cases but also the drug resistance, more specially rifampin resistance (fig 3.07). 

The sample found with RR-TB also considered to have resistance towards Isoniazid and in this 

way MDR-TB has been detected. Later, all the positive samples usually been sent to CDC 

Bangladesh for XDR confirmation and the report collected from there. Those who are not found 

with the disease after the test, they then get additional clinical attention as per their physical 

condition (fig 3.07).   

60%

15%

collection of sputum

home visit by health workers direct hospital visit by patients
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3.5 Available test facilities  

After the collection of the sputum, the sample through for further tests to confirm the Tuberculosis 

in the patients with relatable sign, symptoms. For the confirmation, multiple tests perform by the 

health in charge using different advanced technology. Table 3.1 shows all the facilities that are 

currently available for confirm the cases and identify the patients.  

Table 3.1: available diagnosis facilities.  
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3.6 Limitations of methodology 

It may be noticeable that the study is very geographically limited as it is not possible to cover a 

large area and population within a very short amount of time. The time limitation of the project 

was due to achieve the milestone of finishing the research in time and complete the present study. 

Also, because of covid crisis, it was a challenge and had to face many difficulties to collect the 

data. 

3.7 Ethical consideration 

Ethical consideration is being reserved and well prioritized. As a result, any personal data, such as 

names of the patients, prescriptions, pictures, or information that disclose the identity of any 

individual etc. were not collected or included to conduct the study.  
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Chapter 4  

Research data incorporation and analysis 

4.1 Overall world  

4.1.1 TB incidence 

Tuberculosis found in every corner of the world. In 2019, a huge number of new TB incidence 

started to take place. The study shows, 87% of new cases being found in the thirty high burden 

countries around the world. Among them, (fig 4.01) 44% of the new cases found in the WHO 

South-East Asia region, 25% of the new incidence being registered in the WHO Africa region and 

another 18% occurred in the WHO Western Pacific region. Among the 30 high TB burden 

countries, eight countries (India, Indonesia, China, Philippines, Pakistan, Nigeria, Bangladesh, 

South Africa) is accountable for the two-third of the new Tuberculosis incidence. Reportedly, 

about 10.0 million people had Tuberculosis in 2019 with the highest number of male patients. fig 

4.02 shows the percentage of patients in 2019 based on sex. Though the TB incidence rate in the 

whole world is declining, it is not fast enough to achieve the first milestone of reduction of 

incidence to 20% by 2020. The falling rate was 9% between the year 2015 to 2019 worldwide and 

the rate was 2.3% in between year 2018 to 2019. fig 4.03 shows the data of different region 

(European region, African, South-east Asia, European Mediterranean, and the western pacific) and 

their incidence rate reduction between the year 2015 to 2019. Even though in other region the 

incidence rate is dropping, the Americans region facing an increase due to the upward trend in 

Brazil. Already 78 countries are under study and according to the record these countries are about 

to reach the milestone by 2020. Among these countries seven high TB burden countries are also 

included that have already reached and achieved the milestone of case reduction by 2020. Table 

4.1 (right) shows details about those seven high burden TB countries with their name [2].  
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fig 4.01: Percentage of new cases in WHO region and in thirty high burden countries in 2019. 

(Adopted from WHO annual TB report 2020)  

fig 4.02: Percentage of patients based on sex in 2019 worldwide (Adopted from WHO annual 

TB report 2020) (Established with meta-chart).  
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fig 4.03: Incidence rate reduction in WHO region without the Americans region between the 

year 2015 to 2019 according to WHO annual TB report, 2020. (Established by meta-chart).  

4.1.1.1 Drug resistant TB incidence  

Drug resistant TB has become a worldwide problem especially MDR. In tuberculosis MDR 

refers to the resistant of two first line drugs isoniazid and rifampin, respectively. Other than 

these two drugs, TB patients can develop resistant towards fluroquinolones which can also 

create major obstacle in solving Tuberculosis problem. In 2019, around 1.4 million people has 

been found with isoniazid resistance among them 1.1 million people are susceptible towards 

rifampin [2] (fig 4.04). 
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fig 4.04: Estimated number of Isoniazid resistant and the rifampin susceptibility in 2019. 

(WHO annual report 2020) (Established with meta-chart).  

1.4 million people that has develops isoniazid resistance, among them 13.1% people of new 

cases and 17.4% people of previously treated had the resistance [2] (fig 4.05).  
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fig 4.05: Estimated percentage of Isoniazid resistance in previously treated and new cases in 

2019. (WHO annual TB report, 2020) (Established with meta-chart)  

 

4.1.2 TB death rate 

Tuberculosis is one of the top 10 leading causes of deaths worldwide. Approximately, 1.4 million 

deaths had been taking place in the year 2019 with 208 000 deaths with HIV positive cases.  

Though there has been a downfall noticed in the TB death rate, it is not enough to reach the 

milestone of the End TB strategies. To achieve the milestone, around 35% of death reduction needs 

to be completed between the year 2015 to year 2020. However, only 14% reduction had seen 

between the year 2015 to 2019, which not even the half of the milestone that needs to be achieved 

in order to end TB. fig 4.06 represents, the difference between the milestone and the level of 

achievement in TB death reduction [2].  
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fig 4.06: Difference between TB deaths reduction level to achieve the milestone and the level of 

(between year 2015 to 2019) achievement. (Adopted from WHO annual TB report, 2020) 

(Established with meta-chart).  

All the WHO included regions are on track to determine the reduction in death rate among TB 

patients. Between the year 2015 to 2019, WHO European region made the most progress to reduce 

the death rates and the reduction is about 31% (fig 4.07). African region also slowly making 

improvements with the 19% reduction of death (fig 4.07). Then, with the 17% of reduction, 

Western pacific is in the third position (fig 4.07). The Americas, European Mediterranean, and the 

south-east Asia in lacking behind compared to other three region, with the reduction of 6.1%, 11% 

and 10% respectively [2] (fig 4.07). 
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fig 4.07: Death reduction in percent in WHO region between the year 2015 to 2019. (Adopted 

from WHO annual TB report, 2020).  

 

The End TB strategy set a milestone of achieving 35% of death reduction by 2020. A study 

suggests, 46 countries in total and among them seven TB high burden countries also have reached 

the milestone that needs to be fulfilled by 2020. Table 4.1 (left) shows the name of the seven TB 

high burden countries that have already reached the milestone of 2020 [2].  

Table 4.1: Seven high TB burden countries that reached the milestone of 2020 in the 

declining of TB death reduction (left) and seven high TB burden countries that reached the 

milestone of 2020 in the reduction of TB incidence (right). (Adopted from WHO annual TB 

report, 2020).  

 

European region
31%

African region
19%

Western pasific
17%

European 
Mediterranean

11%

South-East Asia
10%

The Americas
6.1%

Death reduction in different WHO region (%)

European region African region Western pasific

European Mediterranean South-East Asia The Americas



46 
 

Name of the countries reached the milestone 

of death reduction 

Name of the countries reached the milestone of 

incidence reduction 

Bangladesh Cambodia 

Kenya  Ethiopia 

Mozambique Kenya 

Myanmar Namibia 

The Russian Federation The Russian Federation 

Sierra Leon South-east Asia 

The Republic of Tanzania The Republic of Tanzania 

 

4.1.3 TB treatment  

4.1.3.1 General TB treatment  

With the growing number of TB cases, the number of provided treatment has also increased 

over the years. More people have brought under the TB treatment to reduce the number of the 

patients. In 2015 according to the study, the number of people taking TB treatments were 6 

million which increased slightly and reached to 7 million in the year 2018, keeping the record 

of increasing number, it continues in 2019 as well and the number of people provided with 

treatment was 7.1 million [2].  

4.1.3.2 MDR/XDR TB treatment 

Treatment of MDR/XDR TB has also increased with every passing year. More people reporting 

to have been provided treatment for MDR/XDR TB. Table 4.2 shows the number of patients 

has been provided with MDR/XDR TB in recent years [2].  
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Table 4.2: Number of patients provided treatment for MDR/XDR TB. (Adopted from 

WHO annual TB report, 2020). 

Year Number of patients 

2015  122 726 

2018 156 205 

2019 177 099 

 

4.1.3.3 Preventive treatment 

As per WHO recommendations, people with HIV, living with patients who has already 

pulmonary TB, patients with co-morbidities, children especially aged under 5, should get the 

TB preventive treatment. In recent years, the number of people receiving this sort of treatment 

has increase from 1 million in 2015 to 2.2 million in 2018 to 4.1 million in 2019 [2].  

 

4.2 Current situation in Bangladesh 

To understand the current situation, a specific health programee covering Sylhet, Moulvibazar, 

Habiganj district, has been selected as a model to portray and generate idea about the TB situation. 

From the targeted area, it has been found that, in Sylhet alone, about 8869 cases has been detected 

in the last six months (October 2020- March 2021) and in just one area and the number of people 

under treatment is nearly 9202. Among the new cases, 22 people found with MDR TB, and 4 cases 

detected with XDR TB in just three months from January 2021 to March 2021. Though there are 

so many future measures have been taken, there are still many underlying issues which is becoming 

major obstacles in the fight with Tuberculosis problem in the country.  
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4.3 Data analysis and Results 

4.3.1 Number of total TB cases  

The study has found (January 2021- March 2021) around 26 thousand presumptive TB patients 

among 7,658,777 people of Sylhet (Habiganj, Maoulvibazar, Sylhet district). Among them, 

nearly 9 thousand cases being found after performing GeneXpert test. Among 9 thousand cases, 

approximate 3 thousand people has been identified having new pulmonary bacteriologically 

confirmed cases. Table 4.3 listed the number of patients found in the first three months of 2021.  

Table 4.3: TB diagnosis, number of TB cases (January-March 2021)  

 

4.3.2 Percentage of TB patients based on age and male/female.  

The number of patients (in percent) has been separated according to different age groups (fig 

4.08). From the data analysis, it has been found that almost 4% of the patients (fig 4.08) has 

been found among the children (people aged 0-14 years old). Then, 9% of them are from the 

age group 15 to 24 years old (fig 4.08). The study shows, most of the cases found among the 

people in the age group from 45 to 64 years old (fig 4.08). Approximately 21% of the cases 
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found in both 45-54 and 55-64 age groups and a slight downfall has been noticed (around 18%) 

among the older people aged 65 or more than 65 years old (fig 4.08). fig 4.09 shows the total 

percentage of male and female patients, and it has been found that maximum are male patients.  

 

 

4.3.3 Study Population and confirm cases in three different districts of Sylhet.  

4.3.3.1 Overall study population and cases  

The research work has been carried out in three districts of Sylhet division, Habiganj District, 

Moulvibazar District and Sylhet district, respectively. The number of total populations under 

the study in these three districts is around 7,656,777. After studying the population around 4 

thousand confirmed TB cases has been found. Table 4.4 shows the disaggregated data of 

different districts and the cases found in each district. fig 4.10 shows the percentage of confirm 

cases in three districts of Sylhet division.  
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The current work also found that the incident rate of first three months of 2021 is 0.053% and 

among three districts Sylhet district has the maximum number of cases detected compared to 

other two districts (Habiganj and Moulvibazar) and Moulvibazar has the least number of cases 

identified (Table 4.4).  

 

4.3.3.2 Number of Patients based on age groups and two main categories (male/female) in 

three districts. 

After the study it has been found that Sylhet district has more cases compared to other two 

districts. When the analysis was done beyond the surface level, and it has been found that age 

group between 55 to 64 and 45-54 has the maximum number of TB cases (Table 4.5). The 

study also reflects the male and female patients’ number in every age group (Table 4.5). The 

number of male and female patients has been found through the work (Table 4.6). Upon 

investigation, it is found that about 59% patients are male (Table 4.6) and after the further 
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analysis, it is found that Habiganj is leading in terms of having most of the male patients (fig 

4.11).  

Table 4.5: Number of Cases in two main categories (male/M and female/F).  
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4.3.4 Number of Extra Pulmonary TB patients 

The Number of extra pulmonary TB patients is also very noticeable. After the analysis of the data, 

it has been found that the percentage of the female patients of EP-TB is higher than the male 

patients (fig 4.12). 

 

fig 4.12: Percentage of EP-TB patients based on sex.  

According to the research work, among three districts of Sylhet division, Sylhet district has the 

greatest number of Extra Pulmonary cases (Table 4.7) other than the two-study area. 

Table 4.7: Distribution of Extra Pulmonary TB based on sex in three districts.  

Male, 4.9%

Female, 5.6%

PERCENTAGE OF EP PATIENTS BASED ON SEX



53 
 

 

4.3.5 MDR/RR/XDR TB confirm cases. 

4.3.5.1 Number of MDR/RR-TB cases.  

In case of Tuberculosis, Multidrug resistance means, resistance towards two first line drugs 

isoniazid and rifampin in respect. Nonetheless, during the work it has been found that, those 

patients are tested positive for RR-TB by GeneXpert test, are also considered to have resistant 

towards another first line drug isoniazid. Therefore, in this study, RR-TB has counted as MDR-

TB (Table 4.8). The study found 0.48% of people with MDR/RR-TB in the three districts of 

Sylhet division. Among them, Habiganj district has the highest number of cases (Table 4.8). 

After further study and analysis, it is found majority of the MDR/RR-TB patients are male and 

maximum number of male patients found in Habiganj district (Table 4.8).   

  Table 4.8: Number of MDR/RR-TB patients.  
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4.3.5.2 Number of XDR cases in three districts (male/female).  

Table 4.9 shows the total cases of XDR-TB and the percentages in three districts of Sylhet 

division. The study also indicates that the XDR cases are almost equal (Table 4.9) in both male 

and female category. Moreover, majority of the cases have been found in Moulvibazar district 

(fig 4.13).  
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4.3.6 Mortality rate 

According to the study, the mortality rate is 3.43% and Moulvibazar has showed the upward trend. 

Mortality rate among the male patients is the highest than the female patients (Table 4.10).   

Table 4.10: Mortality among TB patients.  

 

4.3.7 Treatment of TB 

Tuberculosis is a curable disease and if the patients get proper treatment, they can regain their 

previous healthy state. After the research, it has been known that around 9202 people are taking 

treatments among them 54 MDR-TB patients (fig 4.14).  

 

fig 4.14: Total patients under treatment.  
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4.3.7.1 Suggested medicine and duration 

For the patients who newly infected with the TB (cat I) are suggested to have four drugs (Table 

4.11) for 6 months (Table 4.12). On the other hand, six drugs (Table 4.11) are suggested to 

take for 6 months to 1 year for (cat II) the patient who relapse (Table 4.12). Longer regimen 

needs to be followed for MDR/pre-XDR TB patients about 18 months (Table 4.12).  

 

¹catI represents new smear positive patients. 

²cat II represents patients who have relapsed.   

 

4.3.8 Monitoring  

To reduce the TB incidence and to make sure of the continuity of treatment of the patients depends 

on the good monitoring system. This study has found that, in the model area, monitoring has been 



57 
 

taken very seriously and regular monitoring has been done in different time by different medical 

officer (fig 4.15).  

 

fig 4.15: Monitoring of the patients in different time by different medical personnel.  

4.3.9 Health workers  

Health workers play a vital role in every clinical situation. Lack of female health workers is one 

of the associated factors of increasing Tuberculosis as many female patients hesitate to open up 

with the medical officer of opposite sex. As a result, in most of the cases, the female patients 

remain undetected. The current work findings also justify this. It has been noticed that is a huge 

difference in the number of male and female medical stuff (fig 4.16). 
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4.3.10 Challenges to minimize TB. 

Though this research does not have the specific data on the socio-demo graphic data of the patients, 

90% of the patients are day laborer, workers and their education level are also not satisfactory. As 

a result, they lack many knowledges, personal hygiene for instance. Because of lack of awareness, 

many social taboo and myths have become their daily life which causes difficulties for the health 

officers to identify them. Not only that, but there is also a scarcity of medical tools which 

sometimes act as a major drawback to screen out the patients (fig 4.17). Besides, as a because in 

the rural area many people has been leading a marginal lifestyle, they suffer from malnutrition 

which make the scenario even worse.  
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fig: 4.17: Major challenges to reduce TB cases.  

 

4.3.11 Future plans  

So many future projects and plans have been taken in hand by the government of the country to 

reach the milestone and End Tuberculosis for as early as possible (fig 4.18).   
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fig 4.18: Plan to minimize Tuberculosis.  

4.4 Discussion  

 Though the study has done on a very small population and very limited area, it still provides   

valuable information about the Tuberculosis situation of three months of 2021 (January to March). 

The research found the model area has 4116 confirms cases (Table 4.3) with the incident rate of 

0.53%. Among three district of Sylhet division, Sylhet district has the maximum incidence with 

1444 number of patients. Tuberculosis is a disease found in almost every age group of people. 

However, adults, aged 55 to 64 has shown having the highest number (with 843 patients) of TB 

than other age groups (Table 4.6). With the research it is found that maximum are the male 

patients, about 59% (fig 4.09) which also justify an associated factor of TB, that is lack of female 

health workers (fig 4.16) that ultimately leads the smaller number of detections of female patients. 

It also indicates towards other factors such as smoking (main consumer is the male) and poor 

personal hygiene of the male patients. This work also found, Extra Pulmonary TB among the study 
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population. Total 429 people has been identified with Extra Pulmonary TB (Table 4.7); among 

them majority are the females (fig 4.12). Not only EP-TB, MDR/XDR TB has been also noticeable 

and almost 20 patients have MDR-TB (Table 4.8) and 4 people detected with XDR-TB (Table 

4.9). The research also focuses and abled to find out mortality rate among the TB patients. In the 

study area, approximately 141 people lose their lives due to Tuberculosis (Table 4.11) and 

maximum death occurs in the male patients (Table 4.10) and the percentage is almost 6.27%. The 

paper also digs in deep to understand some of the associated factors that instigate TB or responsible 

for the increase of recent TB incidence (fig 4.17) and also the future plans to minimize tuberculosis 

and achieve the milestone (fig 4.18).  

 

 

 

 

 

 

 

 



62 
 

Chapter 5  

Conclusion and Solutions  

5.1 Challenges and opportunities  

5.1.1 General challenges  

5.1.1.1 Precautionary Apparatus 

Vaccines are the main source to prevent the M. tuberculosis infection or disease. 

Currently, available BCG vaccine is able to decrease the death rate, however, cannot 

prevent the infection [1, 99, 100]. Therefore, people around the world still getting infected 

by the bacilli and successfully spreading the disease among other healthy individuals. In 

order to overcome this problem, vaccine is needed badly that will have the property of 

preventing infections. It requires a lengthy process of research and adequate knowledge 

about the organism. There are lacks information about M. tuberculosis in so many aspects 

such as the mucosal immune response of M. tuberculosis. To control or effectively 

prevent this data plays a huge role as the lung is the infection site. Without paying 

attention on acquiring these types of crucial data, developing a precautionary tool is next 

to impossible. However, there are some vaccines are in the process and it will take 

minimum 10 years for those vaccines to go through all the trails and therefore a preventive 

cannot be expected before 2027.  

5.1.1.2 Development of new drugs  

Currently available drugs in the pipeline have a lot of adverse side effects and treatment 

with these drugs are time consuming as well. On that account, it is very important to 

invent drugs that are less toxic and can work perfectly without taking a long time. 

Surprisingly, to develop some new drugs, one vital step is to gain a lot of knowledge 

about the mechanism of M. tuberculosis. Not only that, to run the medicine trials it is also 

crucial to find an appropriate animal model which resembles exactly the human body and 
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mimic the reactions. The previous experiments were used to perform on rats however 

these rodents are not sufficient to generate proper outcomes. As a result, it becomes 

extremely problematic for the scientists to develop new drugs due to appropriate animal 

models. Recent studies show that, combination treatment can be hugely beneficial to 

reduce the long regimen. Thus, the new drugs need to have the property so that they can 

be used in combination therapy when necessary. Moreover, the researcher needs to invent 

such drugs that does not generate drug resistance within the use of few weeks which is 

another tremendous obstacle of developing new drugs. The most difficult part of 

designing new medicament is the lengthy trial. The trial for phase 2 needs minimum of 

two years and pivotal trial requires approximately three years of time period.  

5.1.1.3 Proper screening and monitoring  

Many patients do not have well facilities especially in developing countries. Hence, 

majority of people does not get the opportunity to being screened the disease in time. It 

is very important to identify the disease and provide treatment immediately. Additional 

monitoring also required to get the full benefits. However, in many countries these 

opportunities are not available and which making even hard to control TB.  

5.1.1.4 Drug Resistance  

In recent time, drug resistance becomes a huge burden. To screen the drug resistance, 

different bioinformatic tools need to get involved in the program in order to have clear 

idea about the number of people developing resistance especially MDR and XDR-TB. 

Nevertheless, the implementation of bioinformatic apparatus is not an easy task to do 

because it requires more technologically advanced people to run these efficiently and 

needs a lot of resources to maintaining purpose.  
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5.1.1.5 Funding’s   

To cure and prevent the tuberculosis disease and infection, requires a multiple number of 

new drugs and new vaccines. Thus, need a lot of financial support to continue the 

development of new methods of treatment. Nonetheless, it is very disappointing that 

funds are not enough to support all the experiments. More than that, innovation of new 

therapies and medicaments are not all, sometimes previously existing cure method needs 

upgrades. Hence, need resources to carry the further work. For example, MTB/RIF 

GeneXpert assay is playing a vital role to identify the disease in early stage however it is 

not so effective and needs renovation. With the lack of adequate donation now it is 

generating new issues which further making TB harder to manage. 

5.1.2 Challenges in perspective of Bangladesh  

5.1.2.1 Population burden  

The major issue in Bangladesh, is its population. Bangladesh has a huge population of 

nearly 1.55 million in 2012 with 1050 people living per kilometer [67,79,80]. The growth 

rate of the country is around 1.37% [67, 80]. With this large number of people living so 

closely to each other the chances of communicable disease far exceeded and these 

diseases are the leading cause of deaths among Bangladeshi people. Point to be noted, the 

country is in the top ten countries that has high TB cases [67, 81]. In Bangladesh, the 

number of new cases of TB is 225 per 100000 people with 45 deaths and total of 1.4% 

muti drug resistance cases [67, 82]. As, the country has a huge population it sometimes 

become very difficult to control the disease. 

5.1.2.2 Lack of Nutrition  

Bangladesh has the worst scenario in terms of proper diet distribution. About 50% of all 

children with age under five, suffers from malnutrition and the situation is even bad in 

urban areas [67, 105]. Since, this is an alarming problem, with it, comes many threats like 



65 
 

immune compromised condition and as results more possibilities to get infected to a 

certain disease.  

 

5.1.2.3 Poor health management  

A great number of people in Bangladesh does not have proper idea about personal 

hygiene. They live in poor condition with very unhealthy environment. Often consume 

unhealthy foods and lead a very imbalanced lifestyle. As a result, people here suffer from 

different disease and as they lack having accurate knowledge about healthy lifestyle and 

proper health management, it increases the challenge to manage tuberculosis and other 

diseases [67].   

5.1.2.4 Lack of medical assistance  

For 10000 people only 5.25% doctors are available in Bangladesh [83, 106] which make 

the scenario even worst when it comes to manage so many patients. In case of 

tuberculosis, a patient needs extensive care and monitoring. As, there is a smaller number 

of clinical staff working the health management is extremely poor. According to a survey 

by Bangladesh Health facility in 2017, 70% of rural health care system lacks the basic six 

equipment such as thermometers, stethoscopes, blood pressure gauge, weighing scales 

for infants and adults, and torchlights. Additionally, most of the health care center does 

not have enough medicament supplies [83, 107].  

 

5.2 Possible Solutions  

5.2.1 New drugs  

After a long research of 40 years finally new hope has arrived [94]. New promising anti-

tuberculosis compounds are waiting to help mankind to fight the disease. The drugs that are 
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available takes very long time to cure and has many adverse effects. As a result, there is no 

other alternatives other than developing new drugs which would be less time consuming and 

would also has very less side effects. Till date eleven new or remodeled medicines are under 

clinical observations. Among them, one in phase I, seven in phase II, another three are in 

phase III trials. The three medicine that are in phase three can have the potential to minimize 

the drug regimen to 4 months and the investigation for further information is still on going 

[94]. With the invention of the new therapeutic agent the possible problems with TB can be 

avoided with less destruction of human health and life. Fig 5.01 shows the TB drug pipeline. 

 

Fig 5.01: Global tuberculosis drug pipeline. Chemical classes are shown in various 

colors: fluoroquinolone (red), rifamycin (green), oxazolidinone (blue), nitroimidazole 

(yellow), diarylquinoline (purple), enzothiazinone (tan). *Ongoing projects without a 

lead compound series can be viewed at http://www.newtbdrugs.org/pipeline-

discovery.php. Combination regimens: first clinical trial (NC001) of a novel tuberculosis 

drug regimen testing the 3-drug combination of PA-824, moxifloxacin, and 

pyrazinamide was initiated in November 2010. Abbreviation: GLP Tox, Good 
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Laboratory Practice Toxicology Study. (Source: Working Group on New Drugs, Stop 

TB Partnership.)  

 

5.2.2 New vaccine 

As the BCG vaccine which is in current use proved its efficacy to boost immunity to prevent 

TB disease, invention of new vaccine can be the revolutionary solution. BCG vaccine is 

proved to work best in the children and can give protection up to ten years. Nonetheless, most 

of the people develop the disease in their adolescence or in their adult age. As there are no 

such vaccine is available for the adults, the focus of producing new vaccine is to develop 

something that would work in the old people. A model statistic shows that even a vaccine with 

only 60% of effectiveness can give protection against active TB disease if only given to 20% 

of the adult population [1]. The modeling also suggests following this may prevent 30 million 

new cases to take place in the first 20 years of administration and 35 million cases can be 

adverted if the vaccine has given to 90% of newborn [1]. Though BCG is available and works 

perfectly in case of the newborn and young children, this vaccine cannot be administered to 

the children with HIV disease therefore it is essential to develop a new vaccine for the young 

people as well. It is not an easy task to generate a new vaccine overnight hence there are 13 

new vaccine candidates are under clinical trials in various phases [1]. If even one these 13-

vaccine work, it would be easier to fight against the deadly tuberculosis (Table 5.1).  
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Table 5.1: New TB vaccine candidates (adapted from Pai, M., Behr, M. A., Dowdy, D., 

Dheda, K., Divangahi, M., Boehme, C. C., … Raviglione, M. (2016). Tuberculosis. Nature 

Reviews Disease Primers, 2, 16076.)  

5.2.3 Regular treatment  

Taking anti-tuberculosis drug regularly is the key to get rid of the disease. Nevertheless, in 

most of the cases it has been noticed many of the TB patient stop taking their medicines after 

few weeks of the treatment as they start feeling well and fit. This however can lead to severe 

condition and may give rise of different critical problems as in drug resistance. When a TB 

diseased person stop taking medicine the pathogen may start regaining its strength. The 

causative agent of tuberculosis needs a lot of time get killed and that’s why the treatment 

regimen is very lengthy. Every patient should take their medicines as long as the clinical 

experts suggest. Other than that, the person may get seriously ill and may transfer the disease 

to that person’s family and to the people around. Not only that, but the previous drugs may 
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also not work on them and as a result they may need to take some different medicines which 

can have various adverse effects. Though tuberculosis treatment is a lengthy and time-

consuming procedure, it can be prevented with taking proper and regular treatment as per the 

regimen. It not only helps the patient to regain their healthy state but also helps to control the 

spread in so many people.  

 

 

5.3 Future plans and projects 

5.3.1 Overall World 

5.3.1.1 MDGs 

There have been five MDG targets decided in order to control TB problem in different 

countries and different region all over the world. The targets are detection of 70% of new 

smear positive cases by 2005, by 2015 successfully treated 85% of the cases; to have halted 

and begun to reverse incidence; between 1995 to 2015 to have TB prevalence and mortality 

rate [68].  

5.3.1.2 Improvement in case detection and treatment  

It was the main objective to identify the patients in order to provide them the clinical 

assistance. In many countries it is still a major concern to screen out the infected person and 

prevent the active transmission among other healthy population. This the reason this target 

was being set and under this target nearly 182 countries taken the DOTS strategy. As the 

outcome of the program, by 2003 it was found 3.8 million TB new cases among them 

approximately 1.7 million new smear positive cases. The target expanded and the goal was to 

treat about 17.1 million diseases person under the DOTS program between the year 1995 and 

2003 [68].  
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5.3.1.3 Resolve the financial crisis.  

Financial crisis is being the most problematic issue among all the TB control measures. In 

many countries especially in developing countries, there is a lack of proper TB detection 

equipment’s, as a result the detection procedure takes longer time than usual and sometimes 

becomes the cause of TB transmission. Not only that, in those countries most of the people 

lives a live below the marginal line as a result the Government must provide the infected 

person proper medications. These treatments itself is very costly and many people may refuse 

it to take as they live a life hand to mouth. Low budget makes the scenario even worse; people 

do not get proper treatment and the disease keep on the population infecting new people with 

every single day. Identifying this underlying cause, WHO grants many funds to support the 

developing country yet many countries as in Bangladesh are fighting to deal with the budget 

issues [68].  

5.3.1.4 Involvement of NGOs  

It is not a task for a single organization to avail large grants for so many countries around the 

world. Therefore, the active participation of NGOs should count as an additional help. As, 

these NGOs can contribute to many aspects not only financially but also increasing social 

awareness through different campaigns in the remote areas of any country [68].  

5.3.1.5 PPM 

This can be proved as another huge asset in controlling TB. This already brought fruitful 

outcomes in many Asian countries and yet to be implied in African region.  

  

5.3.2 In Bangladesh   

In 1993 DOTS showed 78% of cure rate and because of its huge success in 1996 a phase-based 

treatment plan was taken and had applied on 67 million people in rural settings. After this phase-
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based treatment policy it was observed that 90% of cure rate had obtained. Now, a new strategy 

has been adapted named FAST program (find cases Actively, Separate safety and treat effectively) 

with the goal of identifying active TB disease and track the transmission of the disease among 

people. In a recent study it was found that most of the new transmission are taking place through 

the undetected cases but not from the pre-existing cases. The number of reported MDR-TB was 

increasing drastically enough to catch the attention of the experts and realize them the significance 

of screening out the undetected individuals. As a result, the clinical authority felt the urge to 

introduce something as early as possible to resolve this matter therefore the new novel project 

starts its journey. This strategy with the objective of identifying the unsuspected TB functions by 

testing the cough and the screening of drug resistance with rapid molecular tests so that through 

this the nosocomial spread of tuberculosis can be prevented in hospital settings. FAST was 

implemented into only three hospital sites (two in Dhaka and one in Chittagong) of Bangladesh: 

BERDEM (Bangladesh Institute of Research and Rehabilitation in Diabetes, Endocrine and 

Metabolic Disorders), NIDCH (National Institute of Diseases of the Chest and Hospital) and the 

Chest Disease Hospital in Chittagong based on high TB cases, availability of GeneXpert and 

relatively less strong administrative control [95].   

Currently, so many future plans have been taken to minimize the number of new cases of 

tuberculosis by NTP. The main goal is to end TB epidemic aiming to achieve a target of 10 new 

cases/100,000/ year in 2035. In order to do that, there are multiple number of approaches under 

consideration. Among them: increase annual case detection of all forms of TB to more than 90% 

of all incidence rate by 2022 (from baseline of 57% in 2015) with childhood TB contribution of 

8% by 2022, maintain a treatment success rate of at least 90% in all forms of detected non-MDR 

TB cases and ensure quality controlled treatment services at all implementation sites, increase 
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annual case detection to 112 cases by 2022 and improve management of MDR-TB cases, ensure 

that no affected families facing catastrophic costs due to TB by 2022, ensure that 100% of TB 

facilities receive regular supervision and monitoring with appropriate feedback resulting in 

remedial actions by 2022, ensure the long term availability 0f 100% of required funding for 

activities at all programme levels through effective planning and partner co-ordination and 

continue increase GoB contributions to the NTP budget and many more [95].  

 

5.4 Conclusion  

To conclude, the current situation of Bangladesh regarding Tuberculosis is not satisfactory. People 

here living below the marginal line and lacks proper knowledge about the disease. As a result, it 

is becoming more difficult to reduce the transmission of TB. Moreover, there are a huge scarcity 

of proper medical equipment’s, medical stuff especially female health assistance (according to the 

HEED Bangladesh –TB Control Program 80% are the male workers and only 20% are the female 

clinical officers), insufficient nutritional support and so on. Not only that, but it is also a concern 

that about 15-30% patient relapse and infected with TB for the second time which becomes an add 

on while handing the new cases. Not to mention, amid covid-19, the situation taking a bad shape. 

Without solving these major issues, it would be very difficult to deal with the disease.  

 

 

 

 

 



73 
 

Reference  

[1] Pai, M., Behr, M. A., Dowdy, D., Dheda, K., Divangahi, M., Boehme, C. C., … Raviglione, 

M. (2016). Tuberculosis. Nature Reviews Disease Primers, 2, 16076. 

[2] World Health Organization. Global Tuberculosis Report 2020 (WHO, 2020). 

[3] Barry, C. E. 3rd et al. The spectrum of latent tuberculosis: rethinking the biology and 

intervention strategies. Nat. Rev. Microbiol. 7, 845–855 (2009). This paper provides an 

overview of the spectrum of TB. 

[4]  Esmail, H., Barry, C. E. 3rd, Young, D. B. & Wilkinson, R. J. The ongoing challenge of 

latent tuberculosis. Phil. Trans. R. Soc. B 369, 20130437 (2014). 

[5] World Health Organization. Global Tuberculosis Report 2015 (WHO, 2015).  

[6] Tiemersma EW, van der Werf MJ, Borgdorff MW, Williams BG, Nagelkerke NJ. Natural 

history of tuberculosis: duration and fatality of untreated pulmonary tuberculosis in HIV 

negative patients: a systematic review. PLoS One. 2011;6(4):e17601 

(https://www.ncbi.nlm.nih.gov/pubmed/21483732, accessed 16 September 2020). 

[7] Zhang, Y., & Yew, W. W. (2009). Mechanisms of drug resistance in Mycobacterium 

tuberculosis [State of the art series. Drug-resistant tuberculosis. Edited by CY. Chiang. 

Number 1 in the series]. The International Journal of Tuberculosis and Lung Disease, 

13(11), 1320-1330.) 

[8] Zignol M, Hosseini M S, Wright A, et al. Global incidence of multidrug-resistant 

tuberculosis. J Infect Dis 2006; 194: 479– 485. 

[9] World Health Organization. Anti-tuberculosis drug resistance in the world. Report no. 4. 

WHO/HTM/TB/2008.394. Geneva, Switzerland: WHO, 2008. 

http://www.who.int/tb/publications/ 2008/drs_report4_26feb08.pdf Accessed July 2009. 



74 
 

[10] Koehlmoos, Tracey & Islam, Z. & Anwar, Sheikh & Hossain, Shahed & Gazi, 

Rukhsana & Streatfield, Peter & Bhuiya, Abbas. (2011). Health transcends poverty: The 

Bangladesh experience. 

[11] Anam S, Kabir R, Rai P. Staying alive: urban poor in Bangladesh. Dhaka: UNICEF; 

1993 

[12] Stigma, Gender, and their Impact on Patients with Tuberculosis in Rural 

Bangladesh Fazlul Karim, A. M. R. Chowdhury, Akramul Islam and Mitchell G. Weiss 

[13] Getahun, H. & Maher, D. (2000) ‘‘Contribution of ‘‘TB clubs’’ to tuberculosis 

control in a rural district in Ethiopia’’, International Journal of Tuberculosis and Lung 

Disease, vol. 4, no. 2, pp. 174–178. 

[14] Godfrey-Faussett, P., Kaunda, H., Kamanga, J., van Beers, S., van Cleeff, M. R., 

Kumwenda-Phiri, R. & Tihont, V. (2002) ‘‘Why do patients with a cough delay seeking 

care at Lusaka urban health centres? A health systems research approach’’, International 

Journal of Tuberculosis and Lung Disease, vol. 6, no. 9, pp. 796–805. 

[15] Edginton, M. E., Sekatane, C. S. & Goldstein, S. J. (2002) ‘‘Patients’ beliefs: Do 

they affect tuberculosis control? A study in a rural district of South Africa’’, International 

Journal of Tuberculosis and Lung Disease, vol. 6, no. 12, pp. 1075–1082. 

[16] Liefooghe, R., Baliddawa, J. B., Kipruto, E. M., Vermeire, C. & de Munynck, A. 

O. (1997) ‘‘From their own perspective: A Kenyan community’s perception of 

tuberculosis’’, Tropical Medicine and International Health, vol. 2, no. 8, pp. 809–821. 

[17] Bangladesh Bureau Statistics. Statistical pocketbook of Bangladesh 2008. Dhaka: 

Government of peoples republic of Bangladesh, Ministry of planning; 2009. 



75 
 

[18] Bothamley, G. H., & Grange, J. M. (1991). The Koch phenomenon and delayed 

hypersensitivity: 1891–1991. Tubercle, 72(1), 7–11. doi:10.1016/0041-3879(91)90018-

n (from here background starts)  

[19] History of Tuberculosis. (1994). Tuberculosis, 13–24. 

doi:10.1128/9781555818357.ch2  

[20] Catanzaro, A. (1982). Nosocomial Tuberculosis1,2. American Review of 

Respiratory Disease, 125(5), 559–562. doi:10.1164/arrd.1982.125.5.559  

[21] Cremin, B. J., & Jamieson, D. H. (1995). Childhood Tuberculosis: Modern 

Imaging and Clinical Concepts. doi:10.1007/978-1-4471-3011-6  

[22] 1. British Medical Journal (1994) News report. 308:808 

[23] Kochi A (1991) The global tuberculosis situation and the new control strategy of 

the World Health Organization. Tubercle 72: 1-6  

[24] EPI Update Supplement (1989) Childhood tuberculosis and BCG vaccine. Geneva: 

World Health Organization   

[25] Starke JR, Jacobs RF, Jereb J (1992) Resurgence of tuberculosis in children. J 

Pediatr 120: 839-855 

[26] Ober WB (1983) Anton Ghon and his complex. Pathol Annu 2:79-85 

[27] Bignall JR (1971) Tuberculosis in England and Wales in the next 20 years. Postgrad 

Med 47: 759-762 

[28] Buckner CB, Leithiser RE, Walker CW, Allison JW (1991) The changing 

epidemiology of tuberculosis and other microbacterial infections in the Untied States: 

implications for the radiologist. AJR 156: 255-264  



76 
 

[29] Snider Jr. DE, Rieder HL, Combs D, Bloch AB, Hayden CH, Smith MHD (1988) 

Tuberculosis in children. Pediatr Infect Dis J 7: 271-278 

[30] Davis SD, Yankelevitz DF, Williams T, Henschke CI (1993) Pulmonary 

tuberculosis in immunocompromised hosts: epidemiological, clinical and radiological 

assessment. Semin Roentgen. 28: 119-130 

[31] MacGregor RR (1993) Tuberculosis: from history to current Management. Semin 

Roentgenol28: 101-108  

[32] Miller WT, Miller Jr. WT (1993) Tuberculosis in the normal host: radiological 

findings. Semin Roentgenol28: 109-118 

[33] Centres for Disease Control: A strategic plan for the elimination of tuberculosis in 

the United States. (1989) MMWR 38:269-272 

[34] Grange JM, Festenstein F (1993) The human dimension of tuberculosis control. 

Tuberc Lung Dis 74: 219-222  

[35] Snider Jr. DE, Roper WL (1992) The New Tuberculosis. N Engl J Med 326: 703-

705  

[36] Bloom BR, Murray CIL (1992) Tuberculosis: commentary on a reemergent killer. 

Science 257: 1055-1064 

[37] Nemir RC, Krasinski K (1988) Tuberculosis in children and adolescents in the 

1980s. Pediatr Infect Dis 7: 375-379   

[38] Agrons GA, Markowitz RI, Kramer SS (1993) Pulmonary tuberculosis in Children. 

Semin Roentgenol28: 158-172  

[39] Inselman LS, EL-Maraghy, Evans HE (1981) Apparent resurgence of tuberculosis 

in urban children. Pediatrics 68: 647-649 



77 
 

[40] Kustner HGV (1991) Tuberculosis in the Cape Province. Epidemiological 

Comments 18: 30 

[41] Nunn P, Odhiambo J, Elliott A (1960) Tuberculosis and HIV Infection. Lancet 1044   

[42] Berenguer J, Moreno S, Laguna F et al. (1992) Tuberculous meningitis in patients 

affected with human immunodeficiency virus. N Engl J Med 326: 668-672  

[43] Davis SD, Yankelevitz DF, Williams T, Hanschke CI (1993) Pulmonary 

Tuberculosis in immunocompromised hosts: epidemiological, clinical and radiological 

assessment. Semin Roentgenol28: 119-130 

[44] Report, T. (2020, September 28). TB kills 107 people per day in Bangladesh. The 

Business Standard. https://www.tbsnews.net/bangladesh/health/identifying-tb-big-

challenge-pandemic-138835 

[45] Global Burden of Disease Collaborative Network. Global Burden of Disease Study 

2017 (GBD 2017 

[46] (National Guidlines and operational Manual for Tuberculosis Control) 

[47] Jeong, Y. J., & Lee, K. S. (2008). Pulmonary tuberculosis: up-to-date imaging and 

management. American Journal of Roentgenology, 191(3), 834-844. 

[48] Sharma, S. K., & Mohan, A. (2004). Extrapulmonary tuberculosis. Indian Journal 

of Medical Research, 120(4), 316. 

[49] Golden, M. P., & Vikram, H. R. (2005). Extrapulmonary tuberculosis: an overview. 

American family physician, 72(9), 1761-1768. 

[50] Jones BE, Young SM, Antoniskis D, Davidson PT, Kramer F, Barnes PF. 

Relationship of the manifestations of tuberculosis to CD4 cell counts in patients with 

human immunodeficiency virus infection. Am Rev Respir Dis. 1993;148:1292–7. 

https://www.tbsnews.net/bangladesh/health/identifying-tb-big-challenge-pandemic-138835
https://www.tbsnews.net/bangladesh/health/identifying-tb-big-challenge-pandemic-138835


78 
 

[51] Ray, S., Talukdar, A., Kundu, S., Khanra, D., & Sonthalia, N. (2013). Diagnosis 

and management of miliary tuberculosis: current state and future 

perspectives. Therapeutics and clinical risk management, 9, 9–26. 

https://doi.org/10.2147/TCRM.S29179 (Retraction published Ther Clin Risk Manag. 2015 

Sep 28;11:1457) 

[52] Rock, R. B., Olin, M., Baker, C. A., Molitor, T. W., & Peterson, P. K. (2008). 

Central nervous system tuberculosis: pathogenesis and clinical aspects. Clinical 

microbiology reviews, 21(2), 243–261. https://doi.org/10.1128/CMR.00042-07 

[53] Rom, W. N., and S. M. Garay. 2004. Tuberculosis, 2nd ed. Lippincott Williams & 

Wilkins, Philadelphia, PA. 

[54] Rich AR, McCordock HA. The pathogenesis of tuberculous meningitis. Bull Johns 

Hopkins Hosp 1933;52:5–37. (Cited by Donald PR, Schoeman JF. Tuberculous meningitis. 

N Engl J Med 2004;351:1719–20. Accessed online April 1, 2005, at: 

http://content.nejm.org/cgi/content/full/351/17/1719.) 

[55]  Molavi A, LeFrock JL. Tuberculous meningitis. Med Clin North Am. 

1985;69:315–31. 

[56] Bhatt, M. L. B., Kant, S., & Bhaskar, R. (2012). Pulmonary tuberculosis as 

differential diagnosis of lung cancer. South Asian journal of cancer, 1(1), 36. 

[57] M. D. Melissa Conrad Stöppler, “Tuberculosis Skin Test (PPD): Reading, Results, 

Side Effects &amp; Risks,” MedicineNet, 11-Sep-2019. [Online]. Available: 

https://www.medicinenet.com/tuberculosis_skin_test_ppd_skin_test/article.htm#what_ar

e_the_side_effects_of_adalimumab. [Accessed: 13-Feb-2021] 

https://doi.org/10.1128/CMR.00042-07
http://content.nejm.org/cgi/content/full/351/17/1719


79 
 

[58] Bass, J. B., Farer, L. S., Hopewell, P. C., O’Brien, R., Jacobs, R. F., Ruben, F., … 

Thornton, G. (1994). Treatment of tuberculosis and tuberculosis infection in adults and 

children. American Thoracic Society and The Centers for Disease Control and Prevention. 

American Journal of Respiratory and Critical Care Medicine, 149(5), 1359–1374. 

doi:10.1164/ajrccm.149.5.8173779 

[59] Rizack MA, Hillman C. The medical letter: handbook of adverse drug interactions. 

New York: The Medical Letter, 1985 (updated version) 

[60] Gopal, M., Padayatchi, N., Metcalfe, J. Z., & O'Donnell, M. R. (2013). Systematic 

review of clofazimine for the treatment of drug-resistant tuberculosis. The international 

journal of tuberculosis and lung disease : the official journal of the International Union 

against Tuberculosis and Lung Disease, 17(8), 1001–1007. 

https://doi.org/10.5588/ijtld.12.0144 

[61] Kerantzas, C. A., & Jacobs, W. R. (2017). Origins of Combination Therapy for 

Tuberculosis: Lessons for Future Antimicrobial Development and Application. mBio, 

8(2). doi:10.1128/mbio.01586-16  

[62] British Medical Journal. 1950. Treatment of pulmonary tuberculosis with 

streptomycin and para-amino-salicylic acid; a Medical Research Council investigation. Br 

Med J2:1073–1085. doi:10.1136/bmj.2.4688.1073. 

[63] British Medical Journal. 1950. The chemotherapy of tuberculosis. Br Med 

J2:1102–1103. doi:10.1136/bmj.2.4688.1102. 

[64] Schito, M., Hanna, D., & Zumla, A. (2017). Tuberculosis eradication versus 

control. International Journal of Infectious Diseases, 56, 10–13. 

doi:10.1016/j.ijid.2016.11.007  

https://doi.org/10.5588/ijtld.12.0144


80 
 

[65] Ginsberg, A. M., & Spigelman, M. (2007). Challenges in tuberculosis drug research 

and development. Nature medicine, 13(3), 290-294. 

[66] Wilkie, M. E. M., & McShane, H. (2014). TB vaccine development: where are we 

and why is it so difficult? Thorax, 70(3), 299–301. doi:10.1136/thoraxjnl-2014-205202  

[67] Muhammad, F., Chowdhury, M., Arifuzzaman, M., & Chowdhury, A. A. 

(2017). Public Health Problems in Bangladesh: Issues and challenges. South East Asia 

Journal of Public Health, 6(2), 11. doi:10.3329/seajph.v6i2.31830  

[68] World Health Organization. (2005). Global tuberculosis control: surveillance, 

planning, financing: WHO report 2005. World Health Organization. 

[69] Tacconelli, E., Carrara, E., Savoldi, A., Harbarth, S., Mendelson, M., Monnet, D. 

L., … Carmeli, Y. (2018). Discovery, research, and development of new antibiotics: the 

WHO priority list of antibiotic-resistant bacteria and tuberculosis. The Lancet Infectious 

Diseases, 18(3), 318–327. doi:10.1016/s1473-3099(17)30753-3  

[70] World Health Organization. (2004). Tuberculosis and health sector reform in 

Bangladesh: a concept paper (No. SEA-TB-262). WHO Regional Office for South-East 

Asia. 

[71] Moliva JI, Turner J, Torrelles JB. Prospects in Mycobacterium bovis Bacille 

Calmette et Guérin (BCG) vaccine diversity and delivery: why does BCG fail to protect 

against tuberculosis? Vaccine. 2015; 33(39): 5035-41. 

[72] Grosset, J. & Ji, B. In Mycobacteria, Vol. II: Chemotherapy (eds. Gangadharam, 

P.R.J. & Jenkins, P.A.) 51–97 (Chapman & Hall, New York, 1998). 

[73] Pyle, M.M. Proc. Staff Meetings Mayo Clinic 22, 465 (1947). 

[74] Daniels, M. & Hill, A.B. BMJ 1, 1162–1168 (1952).   



81 
 

[75] Medical Research Council Investigations. BMJ 2, 769–782 (1948).  

[76] Selkon, J.B. et al. Bull World Health Organ. 31, 273–294 (1964)  

[77] WHO. The End TB Strategy. Global strategy and targets for tuberculosis 

prevention, 271 care and control after 2015. 

http://www.who.int/tb/strategy/End_TB_Strategy.pdf?ua=1 272 (accessed Aug.24, 2016) 

[78] Colman RE, Anderson J, Lemmer D, Lehmkuhl E, Georghiou SB, Heaton H, et al. 

Rapid Drug Susceptibility Testing of Drug-Resistant Mycobacterium tuberculosis Isolates 

Directly from Clinical Samples by Use of Amplicon Sequencing: a Proof-of314 Concept 

Study. J Clin Microbiol. 2016; 54(8): 2058-67 

[79] Ministry of Health and Family Welfare. Health population and nutrition sector 

development program (HPNSDP) 2012: summary version of the health sector programme 

2011-2016. Dhaka: MOH&FW, 2012. 

[80] Ministry of Planning. Sample vital registration system report. Dhaka: Bangladesh 

Bureau of Statistics, 2011.  

[81] Ministry of Health and Family Welfare. National TB control programme. Annual 

report 2010. Dhaka: Directorate General of Health Services, 2010. 

[82] World Health Organization. Global Tuberculosis Report 2013. Geneva: WHO, 

2013. 

[83] Mohiuddin, A. K. (2020). An extensive review of patient health-care service 

satisfaction in Bangladesh. Adesh University Journal of Medical Sciences & 

Research, 2(1), 5-16. 



82 
 

[84] Molla M. Government Hospital: Most Lacking Even Basic Equipment: 70pc Public 

Healthcare Facilities don't Have Thermometres, Stethoscopes, Blood Pressure Gauge, 

Weighing Scales, Torchlights. The Daily Star. 

[85] Kasonde L, Tordrup D, Naheed A, Zeng W, Ahmed S, Babar ZU. Evaluating 

medicine prices, availability and affordability in Bangladesh using World Health 

Organisation and Health Action International methodology. BMC Health Serv Res. 

2019;19:383.  

[86] Kaufmann, S. H. E. (2010). Future Vaccination Strategies against Tuberculosis: 

Thinking outside the Box. Immunity, 33(4), 567–577. doi:10.1016/j.immuni.2010.09.015  

[87] Levy, S. B., & Marshall, B. (2004). Antibacterial resistance worldwide: causes, 

challenges and responses. Nature medicine, 10(12), S122-S129. 

[88] Cohn, D. L., Bustreo, F., & Raviglione, M. C. (1997). Drug-resistant tuberculosis: 

review of the worldwide situation and the WHO/IUATLD global surveillance 

project. Clinical infectious diseases, 24(Supplement_1), S121-S130. 

[89] Flora, M., Amin, M., Karim, M., Afroz, S., Islam, S., Alam, A., & Hossain, M. 

(2013). Risk factors of multi-drug-resistant tuberculosis in Bangladeshi population: a case 

control study. Bangladesh Medical Research Council Bulletin, 39(1), 34–

41. doi:10.3329/bmrcb.v39i1.15808  

[90] Sotgiu, G., Tiberi, S., Centis, R., D’Ambrosio, L., Fuentes, Z., Zumla, A., & 

Migliori, G. B. (2017). Applicability of the shorter “Bangladesh regimen” in high 

multidrug-resistant tuberculosis settings. International Journal of Infectious Diseases, 56, 

190–193. doi:10.1016/j.ijid.2016.10.021  



83 
 

[91] Blair, J. M., Webber, M. A., Baylay, A. J., Ogbolu, D. O., & Piddock, L. J. (2015). 

Molecular mechanisms of antibiotic resistance. Nature reviews microbiology, 13(1), 42-

51.  

[92] Alekshun, M. N., & Levy, S. B. (2007). Molecular mechanisms of antibacterial 

multidrug resistance. Cell, 128(6), 1037-1050. 

[93] Munita, J. M., & Arias, C. A. (2016). Mechanisms of Antibiotic 

Resistance. Microbiology spectrum, 4(2), 10.1128/microbiolspec.VMBF-0016-2015. 

https://doi.org/10.1128/microbiolspec.VMBF-0016-2015 

[94] Lienhardt, C., Raviglione, M., Spigelman, M., Hafner, R., Jaramillo, E., Hoelscher, 

M., ... & Gheuens, J. (2012). New drugs for the treatment of tuberculosis: needs, 

challenges, promise, and prospects for the future. Journal of infectious 

diseases, 205(suppl_2), S241-S249. 

[95] Nathavitharana, R. R., Daru, P., Barrera, A. E., Mostofa Kamal, S. M., Islam, S., 

Ul-Alam, M., Sultana, R., Rahman, M., Hossain, M. S., Lederer, P., Hurwitz, S., 

Chakraborty, K., Kak, N., Tierney, D. B., & Nardell, E. (2017). FAST implementation in 

Bangladesh: high frequency of unsuspected tuberculosis justifies challenges of scale-

up. The international journal of tuberculosis and lung disease : the official journal of the 

International Union against Tuberculosis and Lung Disease, 21(9), 1020–1025. 

https://doi.org/10.5588/ijtld.16.0794 

[96] Heyckendorf, J., Lange, C., & Martensen, J. (2014). Multidrug-Resistant 

Tuberculosis. Emerging Infectious Diseases, 239–253. doi:10.1016/b978-0-12-416975-

3.00019-4 

[97] https://www.scribbr.com/apa-citation-generator/ 

https://doi.org/10.1128/microbiolspec.VMBF-0016-2015
https://doi.org/10.5588/ijtld.16.0794
https://www.scribbr.com/apa-citation-generator/


84 
 

[98] Create a Pie Chart, Free. Customize, download, and easily share. Just enter the 

amounts, pick some colors/fonts, and we’ll take it from there! (n.d.). Meta-Chart. Retrieved 

August 1, 2021, from https://www.meta-chart.com/pie.  

[99] Global routine vaccination coverage, 2014.Wkly Epidemiol. Rec. 90, 617–623 

(2015). 

[100]  Zwerling, A. et al. The BCG World Atlas: a database of global BCG vaccination 

policies and practices. PLoS Med. 8, e1001012 (2011). 

[101] Mangtani, P. et al. Protection by BCG vaccine against tuberculosis: a systematic 

review of randomized controlled trials. Clin. Infect. Dis. 58, 470–480 (2014). 

[102]  Roy, A. et al. Effect of BCG vaccination against Mycobacterium tuberculosis 

infection in children: systematic review and meta-analysis. BMJ 349, g4643 (2014). 

[103] Trunz, B. B., Fine, P. & Dye, C. Effect of BCG vaccination on childhood 

tuberculous meningitis and miliary tuberculosis worldwide: a meta-analysis 

and assessment of cost-effectiveness. Lancet 367, 1173–1180 (2006) 

[104] Manson JM, Hancock LE, Gilmore MS. Mechanism of chromosomal transfer of 

Enterococcus faecalis pathogenicity island, capsule, antimicrobial resistance, and other 

traits. Proc Natl Acad Sci U S A. 2010 Jul 6;107(27):12269–74. 

[105] National Institute of Population Research and Training. Bangladesh demographic 

and health survey. Dhaka: NIPORT, 2011. 

[106] Bhattacharyya, S. K. (2015). Improving the quality of healthcare in 

Bangladesh. The Independent (OPED), 24. 

[107] Akter, N., Akter, M. K., & Turale, S. (2019). Barriers to quality of work life among 

Bangladeshi nurses: a qualitative study. International nursing review, 66(3), 396-403. 

https://www.meta-chart.com/pie


85 
 

 


	Declaration
	Approval
	Ethics Statement
	Abstract/ Executive Summary
	Dedication
	Acknowledgement
	Table of Contents
	List of tables
	List of Figures
	List of Acronyms
	Chapter 1
	Introduction
	Chapter 2
	2.1 Background
	2.2 Overview of Tuberculosis
	2.2.1 General Idea of Tuberculosis
	2.2.2 Tuberculosis Infection and Tuberculosis Disease
	2.2.2.1 Tuberculosis Infection
	2.2.2.2 Tuberculosis Disease

	2.2.3 Transmission of Tuberculosis
	2.2.4 Progression of Tuberculosis Disease

	2.3 Various types of TB
	2.3.1 Pulmonary TB
	2.3.2 Extrapulmonary TB
	2.3.2.1 Miliary TB
	2.3.2.2 Gastro-intestinal TB
	2.3.2.3 Spinal TB
	2.3.2.4 Joint TB
	2.3.2.5 Genito-urinary TB
	2.3.2.6 Hepatic TB
	2.3.2.7 Less Common Extra-pulmonary forms
	2.3.2.8 CNS Tuberculosis


	2.4 Clinical symptoms and risk factors
	2.5 Diagnosis of Tb
	2.5.1 Sputum Examination
	2.5.2 Radiology
	2.5.3 Mantoux Test
	2.5.4 Biopsy
	2.5.5 Molecular Test
	2.5.6 Culture Test
	2.5.7 ELISA

	2.6 Treatment of Tuberculosis
	2.6.1 General Information
	2.6.2 Brief information of the available drugs
	2.6.2.1 Isoniazid
	2.6.2.2 Rifampin
	2.6.2.3 Pyrazinamide
	2.6.2.4 Ethambutol
	2.6.2.5 Ethionamide
	2.6.2.6 Streptomycin
	2.6.2.7 Cycloserine
	2.6.2.8 Para-amino salicylic acid
	2.6.2.9 Kanamycin
	2.6.2.10 Thiacetazone

	2.6.3 Less used medicines
	2.6.3.1 Amikacin
	2.6.3.2 quinolones
	2.6.3.3 Rifabutin
	2.5.3.4 Clofazimine

	2.6.4 Combination Drug therapy
	2.6.5 Special considerations while using the medications.
	2.6.5.1 Drug responsible for hepatitis
	2.6.5.2 In case of active viral hepatitis
	2.6.5.3 Pre-existing Liver disease
	2.6.5.4 Renal Failure
	2.6.5.5 Pregnancy and breast-feeding women
	2.6.5.6 Consumptions of oral contraceptive pills
	2.6.5.7 Diabetics


	2.7 Prevention of Tuberculosis
	2.8 Drug resistance
	2.8.1 Mechanism of drug resistance
	2.8.1.1 Resistance based on genetics.
	2.8.1.1.1 Resistance due to mutation
	2.8.1.1.2 HGT

	2.8.1.2 Acquired resistance.
	2.8.1.2.1 Antibiotic Molecule Alteration
	2.8.1.2.2 Chemical alteration
	2.8.1.2.3 Destruction of the drug molecule
	2.8.1.2.4 Poor Antibiotic Penetration
	2.8.1.2.5 Efflux Pump
	2.8.1.2.6 Target sites modification
	2.8.1.2.7 Resistance through Global cell adaption
	2.8.1.2.8 Introduce Alternative proteins

	2.8.2 Causes of drug resistance
	2.8.2.1 Consuming single antibiotics
	2.8.2.2 Resistance mechanism remains for a long time.
	2.8.2.3 Use of antibiotics in food and agriculture.
	2.8.2.4 Irregular consumption of drugs


	2.9 Multi drug resistance
	Chapter 3
	Methodology
	3.1 Study Area
	3.2 Study Population
	3.3 Data Collection
	3.4 Case identification
	3.4.1 Sputum collection
	3.4.2 Procedure to identify confirmed TB cases

	3.5 Available test facilities
	3.6 Limitations of methodology
	3.7 Ethical consideration
	Chapter 4
	Research data incorporation and analysis
	4.1 Overall world
	4.1.1 TB incidence
	4.1.1.1 Drug resistant TB incidence

	4.1.2 TB death rate
	4.1.3 TB treatment
	4.1.3.1 General TB treatment
	4.1.3.2 MDR/XDR TB treatment
	4.1.3.3 Preventive treatment


	4.2 Current situation in Bangladesh
	4.3 Data analysis and Results
	4.3.1 Number of total TB cases
	4.3.2 Percentage of TB patients based on age and male/female.
	4.3.3 Study Population and confirm cases in three different districts of Sylhet.
	4.3.3.1 Overall study population and cases
	4.3.3.2 Number of Patients based on age groups and two main categories (male/female) in three districts.

	4.3.4 Number of Extra Pulmonary TB patients
	4.3.5 MDR/RR/XDR TB confirm cases.
	4.3.5.1 Number of MDR/RR-TB cases.
	4.3.5.2 Number of XDR cases in three districts (male/female).

	4.3.6 Mortality rate
	4.3.7 Treatment of TB
	4.3.7.1 Suggested medicine and duration

	4.3.8 Monitoring
	4.3.9 Health workers
	4.3.10 Challenges to minimize TB.
	4.3.11 Future plans

	4.4 Discussion
	Chapter 5
	Conclusion and Solutions
	5.1 Challenges and opportunities
	5.1.1 General challenges
	5.1.1.1 Precautionary Apparatus
	5.1.1.2 Development of new drugs
	5.1.1.3 Proper screening and monitoring
	5.1.1.4 Drug Resistance
	5.1.1.5 Funding’s

	5.1.2 Challenges in perspective of Bangladesh
	5.1.2.1 Population burden
	5.1.2.2 Lack of Nutrition
	5.1.2.3 Poor health management
	5.1.2.4 Lack of medical assistance


	5.2 Possible Solutions
	5.2.1 New drugs
	5.2.2 New vaccine
	5.2.3 Regular treatment

	5.3 Future plans and projects
	5.3.1 Overall World
	5.3.1.1 MDGs
	5.3.1.2 Improvement in case detection and treatment
	5.3.1.3 Resolve the financial crisis.
	5.3.1.4 Involvement of NGOs
	5.3.1.5 PPM

	5.3.2 In Bangladesh

	5.4 Conclusion
	Reference

