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SUMMARY 
 
 

BACKGROUND 

Mycobacterium tuberculosis is the most frequent cause of bacterial disease in 

humans. Tuberculosis kills approximately 2 million people each year, and 

more than 8 million people suffer from the disease annually in Bangladesh. 

According to current estimates, one person gets ill every two minutes and 

one person dies every ten minutes. Bangladesh has a population of over 15 

million. With an estimated over 300,000 new TB cases per year, the country 

ranks sixth on the global list of high TB burden countries. The need to 

control tuberculosis is more urgent than ever before; although the HIV 

prevalence is still low, HIV is a potential threat to TB control. Thus early and 

rapid diagnosis followed by adequate treatment is essential to prevent both 

morbidity and mortality. 

 

OBJECTIVES 

To compare with the efficacy and utility of molecular diagnostic procedure 

for the diagnosis of Mycobacterium tuberculosis from sputum sample with 

conventional methods. 
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METHODS 

A cross sectional comparative study was conducted among the suspected 

cases of pulmonary tuberculosis patients who fulfilled the inclusion criteria 

of the study at the DOT�S corner of Mymensingh Medical College Hospital 

during the period of  July 2008 to June 2009. Sputum sample were taken 

from 100 suspected cases for microscopy, culture and PCR.  

RESULTS  

Out of 100 samples, 18 (18%) showed PCR positive, where as microscopy 

and culture in Lowenstein-Jensen media were positive in 12 (12%) and 19 

(19%) respectively. In PCR 1 was false negative but none were false 

positive. On the other hand all Ziehl-Neelsen stain positive were both culture 

and PCR positive. The sensitivity and specificity of PCR were 94.74% and 

100%, which is higher than that of microscopy 63.16% and 100% 

respectively. 

CONCLUSION 

Analyzing the findings of this study it is concluded that PCR may be the 

suitable method for rapid diagnosis of pulmonary tuberculosis. The 

sensitivity and specificity of PCR were higher than microscopy when 

compared with gold standard.  
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INTRODUCTION 

 

Tuberculosis (TB) has been still a major public health problem in most 

developing countries and its incidence is rising in many developed countries. 

TB is a re-emerging infectious disease caused by a bacterium called 

Mycobacterium tuberculosis (Levinson 2008). Current estimates suggests 

that around one third  of the world�s population has latent tuberculosis and 

that between 2002 and 2020 an estimated 1000 million people will become 

newly infected 150 million will contract disease and 36 million will die. 

Unfortunately the majority of these cases are likely to occur in the world�s 

poorest nations, who struggle to cover the costs associated with management 

and control programmes (Innes & Reid 2009).   

 

According to the World Health Organization (WHO), more than 2 billion 

people�one third of the world's population�have been exposed to the 

tuberculosis pathogen. WHO estimates that 9.27 million new cases of TB 

occurred in 2007 (139 per 100 000 population), compared with 9.24 million 

new cases (140 per 100 000 population) in 2006. Of these 9.27 million new 

cases, an estimated 44% or 4.1 million (61 per 100 000 population) were new 

smear positive cases. India, China, Indonesia, Nigeria and South Africa rank 

first to fifth in terms of the total number of incident cases; the estimated 
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numbers of cases in these and other high burden countries (HBC) in 2007. 

Asia (the South-East Asia and Western Pacific regions) accounts for 55% of 

global cases and the African region for 31%; the other three regions (the 

Americas, European and Eastern Mediterranean regions) account for small 

fractions of global cases. Among the 15 countries with the highest estimated 

TB incidence rates, 13 are in Africa, a phenomenon linked to high rates of 

HIV co-infection. Almost 30 000 cases of multidrug-resistant TB (MDR -

TB) were notified in 2008; this is 11% of the total number of cases of MDR -

TB estimated to exist among cases notified in 2008 (WHO 2009). 

 

Tuberculosis (TB) kills more people in India and Southeast Asia than any 

other infectious disease�more than human immunodeficiency virus, 

sexually transmitted diseases, malaria, and tropical diseases combined. In 

India, with an estimated 19, 62,000 new cases and 331,000 deaths each year. 

Of these 19,62,000 new TB cases, 873,000 were new smear positive and 

MDR TB is 2.8% among all new TB cases. One person dies every minute 

and 500,000 people die per year from TB (WHO 2009). 

 

Tuberculosis continues to be an important contributor to overall disease 

burden and death in Bangladesh, with an estimated 353,103 new cases and 

70,000 deaths each year. Of these 353,103 new TB cases, 100 per 100 000 
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population were new smear positive and MDR TB is 4.0% among all new 

TB cases. According to current estimates, one person gets ill every two 

minutes and one person dies every ten minutes (ICDDR, B 2008). 

 

The TB bacteria usually attack the lungs. But, TB bacteria can attack any 

part of the body such as the kidney, spine, and brain. If not treated properly, 

TB disease can be fatal. About 90% of those infected with Mycobacterium 

tuberculosis have asymptomatic, latent TB infection (sometimes called 

LTBI), with only a 10% lifetime chance that a latent infection will progress 

to TB disease (Kumar et al. 2007). However, if untreated, the death rate for 

these active TB cases is more than 50% (Onyebujoh & Rook 2004). TB 

infection begins when the mycobacteria reach the pulmonary alveoli, where 

they invade and replicate within the endosomes of alveolar macrophages 

(Houben, Nguyen & Pieters 2006). The primary site of infection in the lungs 

is called the Ghon focus, and is generally located in either the upper part of 

the lower lobe, or the lower part of the upper lobe. Bacteria are picked up by 

dendritic cells, which do not allow replication, although these cells can 

transport the bacilli to local (mediastinal) lymph nodes. Further spread is 

through the bloodstream to other tissues and organs where secondary TB 

lesions can develop in other parts of the lung (particularly the apex of the 

upper lobes), peripheral lymph nodes, kidneys, brain, and bone (Hermann & 



 

 17 

Lagrange 2005). All parts of the body can be affected by the disease, though 

it rarely affects the heart, skeletal muscles, pancreas and thyroid (Agarwal et 

al. 2005). 

 

MTB are obligate aerobes growing most successfully in tissues with a high 

oxygen content, such as the lungs. Facultative intracellular pathogens usually 

infecting mononuclear phagocytes (e.g. macrophages). Slow-growing with a 

generation time of 12 to 18 hours. Hydrophobic with a high lipid content in 

the cell wall. Because the cells are hydrophobic and tend to clump together, 

they are impermeable to the usual stains, e.g. Gram's stain. Known as "acid-

fast bacilli" because of their lipid-rich cell walls, which are relatively 

impermeable to various basic dyes unless the dyes are combined with 

phenol. Once stained, the cells resist decolorization with acidified organic 

solvents and are therefore called "acid-fast" (Beige et al.1995). 

 

Laboratory diagnosis of pulmonary tuberculosis is based on Z-N staining of 

sputum, fluorescent microscopy, serological test, culture and nucleic acid 

based diagnosis such as Polymerase Chain Reaction (PCR). Every technique 

has got some advantages and disadvantages. 
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The standard methods used in the diagnosis of tuberculosis have several 

important limitations. The conventional technique of direct smear 

examination with Ziehl-Neelsen staining (Z-N) is cheap and easy to perform; 

its low sensitivity is a major drawback. Direct smear testing detects bacilli in 

samples containing at least 5,000 -10,000 bacilli, whereas culture requires 

only 10-100 bacilli, and PCR requires only 1-20 bacilli per ml of sputum 

(Lima et al. 2008).  Depending on the number of specimens examined, Z-N 

detects 30 to 60% of the culture-positive �TB suspects�. Furthermore, it 

requires sputum samples collected on consecutive 3 days, making the 

procedure slow and making patient compliance with the diagnostic process 

difficult (WHO 2008). 

 

Though culture technique is very sensitive and specific, but it is complex and 

time consuming, require 4-8 weeks to yield growth of M. tuberculosis. 

Lowenstein-Jensen (L-J) medium widely used in tuberculosis microbiology 

laboratories but it presents certain difficulties, because it requires skilled 

personnel and must be prepared at frequent intervals because of its short self 

life (Ross et al. 1998). Mycobacterial culture may require several weeks to 

obtain positive results and frequently gives negative results for paucibacillary 

forms of tuberculosis. Several other liquid culture techniques which require 

8-10 days to obtain growth of Mycobacterium tuberculosis, but frequent 
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contamination make this procedure difficult. For this difficulties culture of 

M. tuberculosis is not routinely done in the medical colleges of Bangladesh. 

 

Although new, more rapid diagnostic methods have been developed, that are 

based either on liquid culture techniques such as BACTEC 460, MGIT 960, 

but this technique are expensive and required skilled personnel, sophisticated 

equipments lacking in many routine diagnostic laboratories, specially in 

developing countries (Marei et al. 2003).  

 

Serological tests have no significant role for the diagnosis of pulmonary 

tuberculosis due to the unpredictable antibody detection. Delayed type of 

hypersensitivity (DTH) reaction following injection of tuberculin (PPD) is a 

well-established and widely used test for determining infection with tubercle 

bacilli. Tuberculin test can not differentiate between a recent and past 

infection and also exposure to M. tuberculosis and active disease (Bloom 

1994). Its sensitivity is ablated in subjects previously sensitized by BCG 

(Bacille Calmette Guérin) vaccination or by intensive exposure to 

environmental mycobacterium. It gives false negative results in severely ill 

TB patients and in subjects with associated viral infection, 

immunosuppressive condition or a state of energy. It requires 72 hours and 

also double visit of the patients which is troublesome for the patients.  
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In primary tuberculosis, IgG titers were low at beginning and hence negative 

ELISA test. Enzyme linked immunosorbent assay (ELISA) also is not 

hundred percent sensitive and specific. Though ELISA was a superior test in 

these patients, it should always be used in conjunction with other tests to 

reach the final diagnosis (Ahmed 2003). 

 

The Quantifieron-TB Gold test (QFT-G) is a whole-blood test for use as an 

aid in diagnosing Mycobacterium tuberculosis infection, including latent 

tuberculosis infection (LTBI) and tuberculosis (TB). Requires a single 

patient visit to draw a blood sample and results can be available within 24 

hours and is not affected by prior BCG vaccination. But, in this test, blood 

samples must be processed within 12 hours after collection while white 

blood cells are still viable. There are limited data on the use of QFT-G in 

children younger than 17 years of age, among persons recently exposed to M. 

tuberculosis, and in immuno-compromised persons.  Errors in collecting or 

transporting blood specimens or in running and interpreting the assay can 

decrease the accuracy of QFT-G (CDC 2007). Although it requires 

sophisticated instruments which is not available in the developing countries 

like Bangladesh. 
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These limitations create a variety of problems in the clinical management of 

patients suspected of having tuberculosis and may lead to delays in initiating 

appropriate treatment. In an effort to overcome these problems, a number of 

laboratories have evaluated the usefulness of the detection of mycobacterial 

DNA in clinical samples by techniques based on PCR in the diagnosis of 

tuberculosis (Mangiapan et al. 1996). 

 
Early diagnosis followed by adequate treatment is essential to prevent both 

morbidity and mortality. A more sensitive test is required to detect samples 

with a low bacterial load. Since the advent of PCR, there has been an 

explosion in its use for TB diagnosis owing to its speed and sensitivity. A 

single positive smear result enhances the diagnostic accuracy of a positive 

PCR in the absence of culture positive (Haldar et al. 2005). Molecular 

amplification by PCR has been shown to be promising alternatives even in 

developing countries (Daar et al. 2002). 

 

If diagnosis can be established faster, and the diagnostic process becomes 

less cumbersome for the patient, PCR may reduce delay both in diagnosis 

and in the start of treatment (Kokagoz et al. 1993). Recently PCR is available 

in several government medical colleges in the different parts of the 

Bangladesh. So it is the right time to evaluate the efficacy of PCR for the 
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diagnosis of pulmonary tuberculosis especially from sputum sample. Having 

the described background, the present study was carried out to evaluate the 

efficacy of PCR technique, in the context of Bangladesh by comparing with 

the traditional Z-N staining and culture method. 
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OBJECTIVES 

GENERAL OBJECTIVE: 

To compare with the efficacy and utility of molecular diagnostic procedure 

for the rapid diagnosis of Mycobacterium tuberculosis from sputum sample 

with other conventional methods. 

SPECIFIC OBJECTIVES: 

 To diagnose pulmonary tuberculosis by Zeihl-Neelsen staining method.  

 To diagnose pulmonary tuberculosis by culture in Lowenstein-Jensen (L-

J) medium. 

 To diagnose the Pulmonary TB cases by using PCR in sputum sample. 

 To compare the PCR with Microscopy & Culture to asses their 

diagnostic value.  
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REVIEW OF LITERATURE 

 

Tuberculosis (TB) is one of the most serious infectious diseases and a 

considerable public health problem due to its high risk of person-to-person 

transmission, morbidity, and mortality. Both the human immunodeficiency 

virus (HIV) epidemic and social deterioration have contributed to the overall 

increase in the Mycobacterium tuberculosis infection rate, especially in 

developing countries, where resources are scarce (Kivihya-Ndugga 2004). 

 

2.1 HISTORY OF HUMAN TUBERCULOSIS 

2.1.1. DISCOVERY OF TUBERCULOSIS 

Tuberculosis (TB) is believed to have been present in humans for thousands 

of years. Skeletal remains show that prehistoric humans (4000 BC) had 

tuberculosis, and tubercular decay has been found in the spines of Egyptian 

mummies (3000-2400 BC).  

The term �phthisis�, consumption, appears first in Greek literature. Around 

460 BCE, Hippocrates identified phthisis as the most widespread disease of 

the times, and noted that it was almost always fatal. Exact pathological and 

anatomical descriptions of the disease began to appear in the seventeenth 

century. In his Opera Medica of 1679, Sylvius was the first to identify actual 
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tubercles as a consistent and characteristic change in the lungs and other 

areas of consumptive patients. He also described their progression to 

abscesses and cavities. The earliest references to the infectious nature of the 

disease appeared in seventeenth century Italian medical literature. An edict 

issued by the Republic of Lucca in 1699 states that, "henceforth, human 

health should no longer be endangered by objects remaining after the death 

of a consumptive. The names of the deceased should be reported to the 

authorities, and measures undertaken for disinfection" (Daniel 2006).  

In 1720, the English physician Benjamin Marten was the first to conjecture, 

in his publication, A New Theory of Consumption that TB could be caused 

by "wonderfully minute living creatures," which, once they had gained a foot 

hold in the body, could generate the lesions and symptoms of the disease. He 

stated, moreover, "It may be therefore very likely that by an habitual lying in 

the same bed with a consumptive patient, constantly eating and drinking with 

him, or by very frequently conversing so nearly as to draw in part of the 

breath he emits from the lungs, a consumption may be caught by a sound 

person...I imagine that slightly conversing with consumptive patients is 

seldom or never sufficient to catch the disease." For the early eighteenth 

century, Dr. Marten's writings display a great degree of epidemiological 

insight.  
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The introduction of the sanatorium cure provided the first real step against 

TB. Hermann Brehmer, a Silesian botany student suffering from TB, was 

instructed by his doctor to seek out a healthier climate. He traveled to the 

Himalayan Mountains where he could pursue his botanical studies while 

trying to rid himself of the disease. He returned home cured and began to 

study medicine. In 1854, he presented his doctoral dissertation bearing the 

auspicious title, Tuberculosis is a Curable Disease. In the same year, he built 

an institution in Gorbersdorf where, in the midst of fir trees, and with good 

nutrition, patients were exposed on their balconies to continuous fresh air. 

This setup became the blueprint for the subsequent development of sanatoria, 

a powerful weapon in the battle against an insidious opponent.  

New advances then followed in rapid succession. In 1865, the French 

military doctor, Jean-Antoine Villemin single-handedly demonstrated that 

consumption could be passed from humans to cattle and from cattle to 

rabbits. On the basis of this revolutionary evidence, he postulated a specific 

microorganism as the cause of the disease, finally laying to rest the centuries-

old belief that consumption arose spontaneously in each affected organism.  

In 1882, Robert Koch discovered a staining technique that enabled him to see 

Mycobacterium tuberculosis. What excited the world was not so much the 
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scientific brilliance of Koch's discovery, but the accompanying certainty that 

now the fight against humanity's deadliest enemy could really begin.  

These efforts were reinforced by the observation of the Italian Forlanini, that 

lung collapse tended to have a favorable impact on the outcome of the 

disease. With the introduction of artificial pneumothorax and surgical 

methods to reduce the lung volume, the depressing era of helplessness in the 

face of advanced TB was over, and active therapy had begun.  

A further significant advance came in 1895 when Wilhelm Konrad von 

Rontgen discovered the radiation that now bears his name. Now the progress 

and severity of a patient's disease could then be accurately followed and 

reviewed.  

Another important development was provided by the French bacteriologist 

Calmette, who, together with Guerin, used specific culture media to lower 

the virulence of the bovine TB bacterium, creating the basis for the BCG 

vaccine, even though relatively ineffective still in widespread use today. 

Then, in the middle of World War II, came the final breakthrough, the 

greatest challenge to the bacterium that had threatened humanity for 

thousands of years � the discovery of streptomycin in 1946.  
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Due to the variety of its symptoms, TB was not identified as a unified 

disease until the 1820s, and was not named tuberculosis until 1839 by J.L. 

Schonlein (Schoenstadt 2008). 

 

2.1.2. HISTORY OF ZIEHL-NEELSEN (Z-N) STAINING 

 

The Ziehl-Neelsen stain, also known as the acid-fast stain, was first 

described by two German doctors; Franz Ziehl (1859 to 1926), a 

bacteriologist and Friedrich Neelsen (1854 to 1894), a pathologist. It is a 

special bacteriological stain used to identify acid-fast mycobacteria. It can 

also be used to stain few other bacteria like Nocardia. The reagents used are 

Ziehl-Neelsen carbolfuchsin, acid alcohol and Methylene blue (Global- 

Oneness n. d.). 

 

2.1.3. HISTORY OF MANTOUX (MT) TEST  

Tuberculin is a glycerol extract of the tubercle bacillus. Purified protein 

derivative (PPD) tuberculin is a precipitate of non-species-specific molecules 

obtained from filtrates of sterilized, concentrated cultures. It was first 

described by Robert Koch in 1890. Koch announces his creation of 

"tuberculin". While providing little protective or curative effects, tuberculin 
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was, and still is, an effective diagnostic tool. The test is named after Charles 

Mantoux, a French physician who developed on the work of Koch and 

Clemens von Pirquet to create his test in 1907. In 1939, M. A. Linnikova in 

the USSR created a modified version of PPD. In 1954, the Soviet Union 

started mass production of PPD-L, named after Linnikova (Wikipedia n. d.). 

2.1.4. HISTORY OF LOWENSTEIN-JENSEN MEDIUM 

Lowenstein-Jensen medium was first developed by Lowenstein using congo 

red or malachite green dye to inhibit unwanted bacteria. Jensen later 

modified the citrate, phosphate, and dye contents of the medium. The 

Lowenstein-Jensen formula is a glycerated egg-base medium. These 

ingredients provide fatty acids and protein essential for the metabolism of 

mycobacteria. The glycerol is a source of carbon and energy that are 

favorable to the growth of the human-type tubercle bacillus. Asparagine and 

ribonucleic acid (RNA) are added to provide a source of nitrogen and a 

growth stimulant. The coagulation of the egg albumin during the inspissation 

process provides a solid medium for inoculation purposes (PML 2001). 

 

2.1.5. TREATMENT HISTORY OF TUBERCULOSIS 

Over the past century, the use of anti-tuberculosis drugs has changed 

tuberculosis from a disease with a 50 percent mortality rate, to a condition 
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successfully cured by use of chemotherapy. The initial key step in the 

development of modern chemotherapy for tuberculosis in 1946, that the 

antibiotic streptomycin might be a viable drug for the disease. Soon many 

patients developed antibiotic resistant strains and little ultimate benefit came 

to those treated. The next big movement forward came with the introduction 

of a combination of drugs, including streptomycin, to prevent the emergence 

of drug-resistant Mycobacterium tuberculosis. Following streptomycin, p-

aminosalicylic acid (1949), isoniazid (1952), pyrazinamide (1954), 

cycloserine (1955), ethambutol (1962) and rifampin (rifampicin; 1963) were 

introduced as anti-TB agents. Treatment with a 2- to 3-month three-drug 

phase, followed by 2 drugs, became the world standard. Yet patients had to 

take the regimen for 12 months. In 1956, researchers in Madras, India, found 

that results from those who were treated with tuberculosis drugs at home 

compared equally well with those treated at a sanitarium. 1960 Dr. John 

Crofton, a TB expert, proposed that a combination of drugs � Streptomycin, 

Para-Amino-Salicylic acid and Isoniazid � made TB completely curable and 

declared "all out war" to conquer the disease. The first was a 6-month 

regimen in which rifampin was given throughout the time period. Patients 

began treatment with 2 months of streptomycin, isoniazid, and pyrazinamide, 

followed by 4 months of isoniazid, and, as stated, rifampin. (Streptomycin 

has been replaced with ethambutol in many settings.) The second treatment 
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choice was an 8-month regimen of a combination of these drugs, which a 

recent randomized clinical trial has shown to be "distinctly inferior to the 6-

month regimen with rifampin throughout" (Mitchison 2005).  

 

2.2. EPIDEMIOLOGY OF TUBERCULOSIS 

2.2.1. GLOBAL INCIDENCE 

According to the World Health Organization (WHO), more than 2 billion 

people�one third of the world's population�have been exposed to the 

tuberculosis pathogen. WHO estimates that 9.27 million new cases of TB 

occurred in 2007 (139 per 100 000 population), compared with 9.24 million 

new cases (140 per 100 000 population) in 2006. Of these 9.27 million new 

cases, an estimated 44% or 4.1 million (61 per 100 000 population) were new 

smear positive cases. India, China, Indonesia, Nigeria and South Africa rank 

first to fifth in terms of the total number of incident cases; the estimated 

numbers of cases in these and other High Burden Countries (HBC) in 2007. 

Asia (the South-East Asia and Western Pacific regions) accounts for 55% of 

global cases and the African region for 31%; the other three regions (the 

Americas, European and Eastern Mediterranean regions) account for small 

fractions of global cases. Among the 15 countries with the highest estimated 

TB incidence rates, 13 are in Africa, a phenomenon linked to high rates of 

HIV co-infection. Almost 30 000 cases of multidrug-resistant TB (MDR -
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TB) were notified in 2008; this is 11% of the total number of cases of MDR -

TB estimated to exist among cases notified in 2008. According to current 

estimates, one person gets ill every two minutes and one person dies every 

ten minutes (WHO 2009).  

 

2.2.2. SOUTH EAST ASIA REGIONAL SCENARIO 

It is estimated that nearly half of the 1.7 billion people in the Region have 

been infected with tuberculosis. The South-East Asia Region, with 4.97 

million TB cases, carries over one-third of the global burden of TB. Five of 

the eleven countries in the Region are among the 22 high-burden countries, 

with India having the largest burden. The estimated incidence of TB is 1.4 

million cases every year. Most cases occur in the age group of 15-54 years, 

with males being disproportionately affected. The male/female ratio among 

newly detected cases is 2:1. Though deaths due to TB have declined after 

introduction of DOT�S (directly observed therapy, Short course) in the 

Region, the disease still claims more than 500, 000 lives each year (WHO 

2008). 

 

2.2.3. TUBERCULOSIS AND BANGLADESH 

Tuberculosis (TB) is a major public health problem in Bangladesh. In 2008, 

the World Health Organization (WHO) ranked Bangladesh sixth among the 
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world�s 22 high-burden TB countries. In 2007, there were an estimated 

353,103 new cases, 1,587,797 of which were sputum smear-positive (SS+) 

TB cases; more than 70,900 were TB related deaths. The TB mortality rate 

(45 deaths per 100,000 populations) in Bangladesh is 45 percent higher than 

the Southeast Asian region average (31 deaths per 100,000 population) 

(USAID 2008). 

 

2.2.4. HIV AND TB 

TB is the leading infectious killer of people living with HIV, and accounts 

for an estimated 13% of AIDS deaths worldwide. HIV and TB form a lethal 

combination, each speeding the other�s progress. HIV weakens the immune 

system. Someone who is HIV-positive and infested with TB bacilli is many 

times more likely to become sick with TB than someone infected with TB 

bacilli that is HIV-negative. TB is a leading cause of death among people 

who are HIV-positive. HIV is the single most important factor contributing 

to the increase in incidence of TB since 1990. WHO and its international 

partners have formed the TB/HIV working group, which develops global 

policy on the control of HIV related TB and advises on how those fighting 

against TB and HIV can work together to tackle this lethal combination. The 

interim policy on collaboration between TB and HIV/AIDS programmes, to 
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reduce the burden of TB among people and reducing the burden of HIV 

among TB patients (WHO, fact sheet 2007).  

 

2.2.5. TB WITH HIV COINFECTION IN BANGLADESH  

 

Bangladesh, although still considered as a low HIV/AIDS prevalent country, 

is at a critical moments in the course of its AIDS epidemic.  Bangladesh also 

has a high tuberculosis (TB) burden, with 102 new cases per 100,000 people 

in 2005, according to the World Health Organization. HIV infects about 0.1 

percent of adult TB patients in Bangladesh and HIV-TB co-infections 

complicate treatment and care for both diseases. The first HIV case in 

Bangladesh was detected in 1989. By 1st December 2007, the Ministry of 

Health and Family Welfare had confirmed 1207 cases of HIV. Of these 

people, 365 had developed Acquired Immune Deficiency Syndrome (AIDS) 

and 123 had died. In this UNGASS reporting period, however, the number of 

reported cases rose sharply. In 2006, 216 new cases of HIV were reported. In 

the past year alone, 333 new cases of HIV infection were reported, including 

125 new cases of AIDS and 14 deaths (NASP 2008). 
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2.3. TRANSMISSION 

TB is spread through the air from one person to another. The TB bacteria are 

put into the air when a person with active TB disease of the lungs or throat 

coughs, sneezes, speaks, or sings. People nearby may breathe in these 

bacteria and become infected (Raja 2004). 

2.4. RESERVOIR 

Comprised within the M. tuberculosis complex and generically called the 

tubercle bacillus, the various etiologic agents of tuberculosis (TB) has 

distinct hosts and reservoirs. M. tuberculosis, and the regional variants or 

subtypes Mycobacterium africanum and M. canettii are primarily pathogenic 

in humans. M. bovis and M microti are the causative agents of TB in animals, 

and can be transmitted to humans. Some particular strains isolated from 

goats and seals have been named Mycobacterium caprae and Mycobacterium 

pinnipedi, although sometimes they are identified as M. bovis subspecies or 

variants (Wayne 1982).   

2.5. HABITAT 

Found in infected humans. Humans are the natural reservoir (source) of M. 

tuberculosis; there is no animal reservoir. Only a few Mycobacteria become 
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successful patholgens of higer vertebrates, preferentially inhabiting the 

intracellular environment of mononuclear phagocytes. The host dependent 

mycobacteria that cannot replicate in the environment are Mycobacterium 

leprae, Mycobacterium lepraemurium, Mycobacterium avium subsp. 

Paratuberculosis, and the members of the Mycobacterium tuberculosis 

cpmplex. Bacteria within the M. tuberculosis complex are able to reproduce 

in vitro, in contrast to M. leprae and M. lepraemurium, which are 

uncultivable and require the intracellular milieu for survival and propagation. 

The major pathogen M. tuberculosis is capable of replicating on animate and 

inanimate subject whereas NTM (Non tubercular mycobacterium) are free 

living mycobacteria and are usually found in association with watery habitats 

such as lake, rivers and wet soil (Khan 2009). 
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2.6. MICROBIOLOGY OF Mycobacterium tuberculosis 

2.6.1. TAXONOMY AND DESCRIPTION OF THE GENUS  

Kingdom   Bacteria 

Phylum   Actinobacteria 

Class    Actinobacteria 

Sub class   Actinobacteridae 

Order    Actinomycetales 

Sub order   Corynebacterineae 

Family    Mycobacteriaceae 

Genus    Mycobacterium 

Species   M. tuberculosis 
 

    M. bovis 
 

    M. africanum  

    M. microti 

    M. canettii 

M. caprae 

    M. pinnipedii 
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2.6.2. TUBERCULOSIS CLASSIFICATION SYSTEM 

The current clinical classification system for tuberculosis (TB) is based on 

the pathogenesis of the disease. Health care providers should comply with 

local laws and regulations requiring the reporting of TB. All persons with 

class 3 or class 5 TB should be reported promptly to the local health 

department (Wikipedia n. d.). 

Classification System for TB 

Class            Type Description 

0 
No TB exposure 

Not infected 

No history of exposure 

Negative reaction to tuberculin skin test 

1 
TB exposure 

No evidence of infection 

History of exposure 

Negative reaction to tuberculin skin test 

2 
TB infection 

No disease 

Positive reaction to tuberculin skin test 

Negative bacteriologic studies (if done) 

No clinical, bacteriologic, or radiographic 

evidence of TB 

3 TB, clinically active 

M. tuberculosis cultured (if done) 

Clinical, bacteriologic, or radiographic 

evidence of current disease 

4 
TB 

Not clinically active 

History of episode(s) of TB       or 

Abnormal but stable radiographic findings 

Positive reaction to the tuberculin skin test 

Negative bacteriologic studies (if done) and 

No clinical or radiographic evidence of 

current disease 

5 TB suspect 

Diagnosis pending 

TB disease should be ruled in or out within 3 

months 
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2.6.3. RUNYON CLASSIFICATION OF MYCOBACTERIA (ed. 
Brooks, Butel & Morse  1995) 
 
 
Classification Organism 
TB complex M. tuberculosis 

M. africanum 
M. bovis 

Photochromogen M. asiaticum 
M. kansasii 
M. marinum 
M. simiae 

Scotochromogen M. flavescens 
M. gordonae 
M. scrofulaceum 
M. szulgai 

Nonchromogens M. avium complex 
M. celatum 
M. haemophilum 
M. gastri 
M. genavense 
M. malmoense 
M. nonchromogenicum 
M. shimoidei 
M. terrae 
M. trivale 
M. ulcerans 
M. xenopi 

Rapid growers M. abscessus 
M. fortuitum group 
M. chelonae group 
M. phlei 
M. smegmatis 
M. vaccae 
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2.7. GENERAL PROPERTIES OF MYCOBACTERIUM 

Tuberculosis complex organisms are obligate aerobes growing most 

successfully in tissues with high oxygen content, such as the lungs. M. 

tuberculosis is a facultative intracellular pathogens usually infecting 

mononuclear phagocytes (e.g. macrophages), slow-growing with a 

generation time of 12 to 18 hours. They are hydrophobic with a high lipid 

content in the cell wall. Because the cells are hydrophobic and tend to clump 

together, they are impermeable to the usual stains, e.g. Gram's stain. They 

are known as "acid-fast bacilli" because of their lipid-rich cell walls, which 

are relatively impermeable to various basic dyes unless the dyes are 

combined with phenol. Once stained, the cells resist decolorization with 

acidified organic solvents and are therefore called "acid-fast" (Jolkik et al. 

1992). 

2.7.1. Mycobacterium tuberculosis COMPLEX 

 

The M. tuberculosis complex is the cause of TB and is comprised of M. 

tuberculosis, M. bovis, M. africcanum, M. canettii and M. microti. The 

mycobacteria grouped in the complex are characterized by 99.9 % similarity 

at the nucleotide level and identical 16S rRNA sequences but differ widely in 
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terms of their host tropisms, phenotypes and pathogenicity (Boddinghaus et 

al. 1990).     

2.7.2. CELL WALL STRUCTURE  

As the most distinctive anatomical feature of the bacillus, the cell envelope is 

composed of the, plasma membrane, a cell wall and, an outer capsule like 

layer. The mycobacterial cell wall, however, is unique among prokaryotes. 

The wall is constituted by an inner peptidoglycan layer, which seems to be 

responsible for the shape forming property and the structural integrity of the 

bacterium. The structure of this stratum differs that of common bacteria as it 

presents some particular chemical residues and an unusual high number of 

cross-links. The arrangements of these mycolic acids are species specific, a 

property that allows the identification of many species of mycobacteria by 

gas-liquid thin-layer choromatography. The mycolic acids specific to M. 

tuberculosis are alpha, Keto and methoxymycolatats containing 76 to 82, 84 

to 89 and 83 to 90 carbons respectively. The outer layer of the cell wall 

presents an array of free lipids. Some glycolipids such as lipomannan (LM) 

and   lipoarabinomanan  (LAM), are anchored to the plasma membrane and 

the extend to the exterior of the cell wall and LAMs of the mycobacteria and 

act as carbon and energy reserves. The waxy coat confers the idiosyncratic 

characteristics of the genus acid fastness, extreme hydrophobicity, resistance 
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to injury, including that of many antibiotics and distinctive immunological 

properties and probably also contributes to the slow growth rate of some 

species by restricting the uptake of nutrients. The capsule like layer contains 

proteins, polysaccharides and minor amounts of inner lipids, might be 

protective and bioactive (Riley et al. 1989). The envelope of the tubercle 

bacillus seems to be a dynamic structure that can be remodeled as the 

microorganism is either growing or persisting in different environments 

(Jolkik et al. 1992).  

2.7.3. ACID FASTNESS    

The expression �acid fastness� describes the resistant of certain 

microorganism to decolorization with acid-alcohol solution after staining 

with carbol fuchsin. This feature is of utmost practical importance in 

identifying the tubercle bacillus, particularly in pathological specimens. 

Evidence was provided sustaining the role of lipids in trapping  the dyes. 

Indeed, there is a parallelism between the increasing degree of acid fastness 

displayed by microorganism in the genera Corynebacterium, Nocardia, and 

Mycobacterium and the increasing length of mycolic acid chains in their 

walls. However, the property is attributable to their lipid content and the 

integrity of the cell (Jolkik et al. 1992). 
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2.7.4. CULTURAL CHARACTERISTICS 

They grow only in special enriched medium containing egg, asparagines, 

potatoes, serum and meat extract. M. tuberculosis grow more luxuriantly in 

culture (eugonic) than M. bovis  (dysgonic). Virulent strain often grows as 

twisted rope like colonies which are called serpentine cords (Chakroborty 

2001). In contrast, non virulent Mycobacteria and tubercle bacilli attenuated 

by prolonged cultures usually developed smooth colonies on solid media. 

The reorganization of that peculiarity of cord formation provides a reliable 

clue to the experienced microbiologist for the presumptive distinction of M. 

tuberculosis. These distinctive characteristics of the virulent bacilli have 

been attribute to the trehalose 6,6�-dimycolate also known as cord factor 

(Jolkik et al. 1992). 

 

2.7.5. PERMEABILITY BARRIERS 

The tightly packed mycolic acids provide the bacillus with an efficient 

protection and an exceptional impermeability along with a thicker layer of 

carbohydrate and protein outside the lipid layer. The impermeability is at 

least one of the determinants for two M. tuberculosis characteristics: its slow 

growth and its intrinsic drug resistance (Chambers et al. 1995). 
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2.7.6. NUTRITIONAL AND ENVIRONMENTAL REQUIREMENTS 

FOR GROWTH 

The microorganism macromolecular structure and physiological (metabolic) 

capabilities result in high adaptation to the specific environment. In turn, the 

nutritional quality of the environment determines the bacillus lifestyle and 

limitations, either in the natural habitat or in culture media, as do various 

physical conditions such as oxygen availability, temperature, pH and salinity. 

Trace elements found by the microorganism in the water, inorganic ions, 

small molecules, and macromolecules have either a structural or a functional 

role in the cell. A deficiency in these elements frequently reduces the 

virulence of bacterial pathogens, including the tubercle bacillus. Magnesium 

and iron are essential for life. The tubercle bacillus requires oxygen as a final 

electron acceptor in aerobic respiration. Molecular oxygen is reduced to 

water in the last step of the electron transport system. In nature, the bacillus 

grows most successfully in tissues with high oxygen partial tension, such as 

the lungs, particularly the well-aerated upper lobes. Carbon dioxide is 

essential and may be taken from the atmosphere and also from carbonates or 

bicarbonates (Salamon 1998). 
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2.7.7. METABOLIC FUEL OF M. tuberculosis 

 

The causative agent, Mycobacterium tuberculosis, proliferates within host 

macrophages where it modifies both its intracellular and local tissue 

environment, resulting in caseous granulomas with incomplete bacterial 

sterilization. Although infection by various mycobacterial species produces a 

cyclic AMP burst within macrophages that influences cell signaling, the 

underlying mechanism for the cAMP burst remains unclear. Among the 17 

adenylate cyclase genes present in M. tuberculosis, at least one (Rv0386) is 

required for virulence. Furthermore, the Rv 0386 adenylate cyclase facilitates 

delivery of bacterial-derived cAMP into the macrophage cytoplasm. Loss of 

Rv0386 and the intramacrophage cAMP it delivers results in reductions in 

TNF-alpha production via the protein kinase A and cAMP response-element-

binding protein pathway, decreased immunopathology in animal tissues, and 

diminished bacterial survival. Direct intoxication of host cells by bacterial-

derived cAMP may enable M. tuberculosis to modify both its intracellular 

and tissue environments to facilitate its long-term survival (Agarwal 2009). 

 

2.7.8. GENERATION TIME 

Under favorable laboratory conditions, M. tuberculosis divides every 12 to 

24 hours. This pace is extremely slow compared to that of most cultivable 
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bacteria,which duplicate at regular intervals ranging from about 15 minutes 

to one hour (Chauhan 2006). The slow growth rate might be partially 

determined by the cell wall impermeability that limits nutrient uptake. 

However, only a minimal stimulus to bacterial multiplication is achieved 

when the permeability is increased through treatment with some compounds 

that interact with the cell envelope (Harshey 1977). The low multiplication 

rate explains the typically sub-acute to chronic evolution of the disease and 

the long time required to attain visible growth in vitro. 

 
2.7.9. METABOLIC AND BIOCHEMICAL MARKERS 
 

In the laboratory, the classical phenotypic identification, speciation and sub 

speciation of members of the M. tuberculosis complex include key diagnostic 

tests developed to detect certain metabolic intermediates and the activity of 

some enzymes that are essential for life and pathogenicity. In addition to 

some susceptibility tests, the investigation of niacin accumulation, nitrate 

reductase and urease activity allows the distinction of M. tuberculosis 

complex and species differentiation within the complex. Most of the 

information on the structure and function of these metabolites and enzymes 

has focused on M. tuberculosis and, to some extent, on  M. bovis. Much less 

is known about these features in other members of the M. tuberculosis 

complex. Like many aerobes, including other mycobacteria, the tubercle 
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bacillus depends upon certain enzymes to detoxify lethal oxygen radicals, 

such as peroxides and H2O2, which are self-generated during respiration or 

produced by host phagocytes. The main M. tuberculosis antioxidant enzyme 

that can hydrolyze H2O2 is a heatlabile catalase-peroxidase with both 

catalase and peroxidase activities. The thermal lability of this enzyme is a 

marker of the M. tuberculosis complex. M. tuberculosis also has an 

alternative alkyl-hydroperoxidase, which is postulated to compensate for the 

lack of catalase activity. M. tuberculosis is able to produce ammonia from 

urea by a urease-mediated reaction. The ammonium can be then used by the 

microorganism for biosynthesis. The urease is coded by the genes ureABC 

(Reyrat 1995) and it might also be important for nitrogen acquisition as its 

activity increases when nitrogen sources are limited (Clemens & Horwitz 

1995). 

 
2.7.10. RESISTANCE TO PHYSICAL AND CHEMICAL CHALLENGES 
 
Although the tubercle bacillus is not a spore-forming bacterium, it has a 

remarkable capacity to endure unfavorable conditions. The bacillus is able to 

circumvent destruction within the macrophages and to limit the access to the 

bacterial targets of hydrophilic antiseptics and antibiotics. The bacillus 

survives to some extent in the acid or alkaline microenvironment as a result 

of its interaction with the defensive mechanism of the host, as well as the 
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acid contents of the stomach. The microorganism also withstands very low 

temperatures. Its viability may be increasingly preserved for a long term 

between 2-4°C to -70°C. In addition, M. tuberculosis tolerates low oxygen 

tension as demonstrated in undisturbed liquid culture media where the self-

generated microaerophilic sediment contains non-dividing, yet viable, bacilli. 

The bacilli may survive for many years in this condition but need a minimal 

concentration of oxygen to induce the switch into a fermentative metabolism 

(Wayne 1982). 

 

2.7.11. VIRULENCE MECHANISMS AND VIRULENCE FACTORS 

Mycolic acids are unique alpha-branched lipids found in cell walls of 

Mycobacterium and Corynebacterium. They make up 50% of the dry weight 

of the mycobacterial cell envelope.  Mycolic acids are strong hydrophobic 

molecules that form a lipid shell around the organism and affect permeability 

properties at the cell surface.  Mycolic Acids are thought to be a significant 

determinant of virulence in MTB. Probably, they prevent attack of the 

mycobacteria by cationic proteins, lysozyme, and oxygen radicals in the 

phagocytic granule. They also protect extra cellular mycobacteria from 

complement deposition in serum. Cord Factor is responsible for the 

serpentine cording mentioned above. Cord factor is toxic to mammalian cells 
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and is also an inhibitor of PMN migration. Cord factor is most abundantly 

produced in virulent strains of MTB.  Wax-D in the cell envelope is the 

major component of Freund's complete adjuvant (CFA). The high 

concentration of lipids in the cell wall of Mycobacterium tuberculosis have 

been associated with these properties of the bacterium: 

Impermeability to stains and dyes, resistance to many antibiotics, resistance 

to killing by acidic and alkaline compounds, resistance to osmotic lysis via 

complement deposition, resistance to lethal oxidations and survival inside of 

macrophages (Todar 2008). 

2.8. PATHOGENESIS OF TUBERCULOSIS 

Tuberculosis is classified as one of the granulomatous inflammatory 

conditions. Macrophages, T lymphocytes, B lymphocytes and fibroblasts are 

among the cells that aggregate to form a granuloma, with lymphocytes 

surrounding the infected macrophages. The granuloma functions not only to 

prevent dissemination of the mycobacteria, but also provides a local 

environment for communication of cells of the immune system. Within the 

granuloma, T lymphocytes secrete cytokines such as interferon gamma, 

which activates macrophages to destroy the bacteria with which they are 

infected. Cytotoxic T cells can also directly kill infected cells, by secreting 

perforin and granzyme.  
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Importantly, bacteria are not always eliminated within the granuloma, but 

can become dormant, resulting in a latent infection. Another feature of the 

granulomas of human tuberculosis is the development of cell death, also 

called necrosis, in the center of tubercles. To the naked eye this has the 

texture of soft white cheese and was termed caseous necrosis ( McAdams & 

Sharpe 2007).  

If TB bacteria gain entry to the bloodstream from an area of damaged tissue 

they spread through the body and set up many foci of infection, all appearing 

as tiny white tubercles in the tissues. This severe form of TB disease is most 

common in infants and the elderly and is called miliary tuberculosis. Patients 

with this disseminated TB have a fatality rate of approximately 20%, even 

with intensive treatment.  

In many patients the infection waxes and wanes. Tissue destruction and 

necrosis are balanced by healing and fibrosis. Affected tissue is replaced by 

scarring and cavities filled with cheese-like white necrotic material. During 

active disease, some of these cavities are joined to the air passages bronchi 

and this material can be coughed up. It contains living bacteria and can 

therefore pass on infection. Treatment with appropriate antibiotics kills 

bacteria and allows healing to take place. Upon cure, affected areas are 

eventually replaced by scar tissue. If untreated, infection with 
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Mycobacterium tuberculosis can become lobar pneumonia (Jolkik et al. 

1992). 

2.8.1. LATENCY AND MAINTENANCE OF THE IMMUNE  

          RESPONSE 

M. tuberculosis is a pathogen capable of producing both progressive disease 

and latent infection (Parrish 1998). The initial infection usually occurs in the 

lungs and in most cases is controlled by the immune system. Only 10 % of 

these infections lead to progressive disease (Sudre 1992, Parrish 1998). Even 

after successful control of the primary TB infection, some bacilli remain in a 

non-replicating or slowly replicating dormant state for the rest of the life of 

the individual. This infectious state, termed latent TB infection, is clinically 

asymptomatic, and most active TB cases arise as a result of reactivation of 

dormant bacilli (Parrish 1998, Dolin 1994). 

 

Up to one third of the world's population is estimated to carry latent M. 

tuberculosis infection, and hundreds of millions of TB reactivations are 

anticipated specifically in areas of low or moderate endemicity, where most 

cases of active TB result from reactivation of latent infection (Parrish 1998, 

Fine 1999). It has been established that the low concentrations of oxygen and 

nutrients in chronic granulomas that remain after efficient control of the 
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primary infection, as well as the local production of TNF-á and NO, are 

significant factors for the induction and maintenance of latent infection 

(Parrish 1998, Voskuil 2003, Arriaga 2002, Flynn 1998).Apart from the lung 

and the lymph nodes, other organs and tissues are likely to host persistent 

bacilli during TB latency. Indeed, nearly 15 % of the cases of reactivated TB 

occur at extrapulmonary sites, without apparent pathology in the lungs 

(Hopewell 1994). 

 

2.9. IMMUNE RESPONSE AGAINST Mycobacterium 

tuberculosis 

The immune response against tuberculosis plays a fundamental role in the 

outcome of M. tuberculosis infection. It is clear that the immune system 

reacts efficiently in the vast majority of infections. This is particularly 

evident in the case of TB, where most people infected by the tubercle 

bacillus (~ 90 %) do not develop the disease throughout their lifetimes. 

Nevertheless, the risk of developing the disease increases considerably when 

TB infection co-exists with an alteration in the immune system (Raja 2004). 
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2.9.1. INNATE IMMUNE RESPONSE 
 

Tuberculosis begins with the inhalation of Mtb containing aerosols into the 

pulmonary alveoli. Here, the bacteria bind to phagocytic receptors and enter 

resident alveolar macrophages, dendritic cells, and monocytes recruited from 

the bloodstream. Besides expressing phagocytic receptors, macrophages and 

dendritic cells also express Toll-like receptors (TLRs) that recognize 

conserved molecular patterns expressed on pathogens. Ligation of TLRs by 

these pathogen-specific ligands initiates a signal transduction pathway in the 

host cell that culminates in the activation of NFêb and the induction of 

cytokines and chemokines that are crucial to eliciting the adaptive immune 

response against the pathogen. Consequently, activation of TLR is an 

important link between innate cellular response and the subsequent activation 

of adaptive immune defense against microbial pathogens (Bhatt 2007). 

 

TLR signaling also triggers differentiation of monocytes into macrophages 

and DCs, generating the cellular populations necessary for a potent innate 

and adaptive immune response  (Hill 1998). The pro inflammatory cytokines 

IL-1 and IL-6 secreted by macrophage during inflammation play an 

important role in recruitment of cells to the site of infection and engulf to 

form phagolysosome, a process which exposes ingested bacteria in the 
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phagosome to lytic enzymes in the lysosome. Neutrophil leucocytes are the 

earliest cells recruited into infection of neutrophil extracellular traps (urban 

et al. 2006). Within 2 to 6 wk of infection, cell-mediated immunity (CMI) 

develops, and there is an influx of lymphocytes and activated macrophages 

into the lesion resulting in granuloma formation. The exponential growth of 

the bacilli is checked and dead macrophages form a caseum. The bacilli are 

contained in the caseous centers of the granuloma. The bacilli may remain 

forever within the granuloma, get re-activated later or may get discharged 

into the airways after enormous increase in number, necrosis of bronchi and 

cavitation. Fibrosis represents the last-ditch defense mechanism of the host, 

where it occurs surrounding a central area of necrosis to wall off the 

infection when all other mechanisms failed (Raja 2004).  

 

2.9.2. The Delayed-Type Hypersensitivity Reaction 

In a minority of cases, the macrophage-activating response is weak, and 

mycobacterial growth can be inhibited only by intensified DTH reactions, 

which lead to lung tissue destruction. The lesion tends to enlarge further, and 

the surrounding tissue is progressively damaged. At the center of the lesion, 

the caseous material liquefies. Bronchial walls as well as blood vessels are 

invaded and destroyed, and cavities are formed. The liquefied caseous 
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material, containing large numbers of bacilli, is drained through bronchi. 

Within the cavity, tubercle bacilli multiply, spill into the airways, and are 

discharged into the environment through expiratory maneuvers such as 

coughing and talking. In the early stages of infection, bacilli are usually 

transported by macrophages to regional lymph nodes, from which they gain 

access to the bloodstream and disseminate widely throughout the body. The 

resulting lesions may undergo the same evolution as those in the lungs, 

although most tend to heal. In young children with poor natural immunity, 

hematogenous dissemination may result in fatal miliary tuberculosis or 

tuberculous meningitis (Fauci, AS et al. 2008). 

 

2.9.3. ADAPTIVE OR SPECIFIC IMMUNE RESPONSE 
 
In contrast to innate mechanisms, the specific or adaptive immune response 

requires the specific recognition of foreign antigens. The innate immune 

system has a profound influence on the type of acquired immune 

mechanisms generated, and vice versa, the specific immune response 

executes several of its effector functions via the activation of components of 

the innate immunity. Specific immune responses can be divided into cell-

mediated mechanisms, which include T-cell activation and effector 

mechanisms, and the humoral immune response, consisting of B-cell 
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maturation and antibody production. Both mechanisms are not mutually 

exclusive, and T helper cells are required for antibody maturation, isotype 

switching and memory. B cells also function as antigen presenting cells by 

activating T cells in a specifically driven manner. In the following pages we 

will focus on the generation of both humoral and cellular immune responses 

against M. tuberculosis (Bhatt 2007). 

 

2.9.4. CELLULAR IMMUNE RESPONSE 

Since the tubercle bacilli reside inside a compartment within the 

macrophage, their antigens are presented by MHC class II molecules to 

CD4+ T lymphocytes. These cells play an important role in the protective 

response against M. tuberculosis and, when they are absent, growth of the 

bacilli cannot be controlled (Caruso 1999, Muller 1987). This is the case in 

patients with an immunodeficiency, such as that caused by HIV infection. 

The main function of CD4+ T cells is the production of cytokines including 

IFN-ã, which activates macrophages and promotes bacilli destruction. 

Recently, another function has been ascribed to these cells, i.e., helping to 

develop the CD8+ T cell mediated response (Scanga 2000, Serbina 2001). In 

the same way, CD4+ T cells may participate in the induction of apoptosis of 
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infected cells and the subsequent reduction of bacterial viability through the 

CD95 Fas ligand system (Oddo 1998). The participation of CD8+ T cells in 

the control of the infection is well recognized. Mice deficient in molecules 

such as CD8+ transporter associated with antigen processing (TAP), and 

perforin, were shown to be more susceptible to M. tuberculosis infection than 

animals which produced these molecules (Flynn 1992, Behar 1999). The 

mechanisms used by these cells for the control of TB seem to be mainly 

cytokine production and bacterial lysis. In the lungs of infected mice, CD8+ 

T cells showed to be able to secrete IFN-ã through activation of the T-cell 

receptor or by interaction with infected dendritic cells (Serbina 1999). Once 

again, the function performed by this IFN-ã is the activation of the 

macrophage and promotion of bacterial destruction. In addition, CD8+ T 

cells proved to be efficient in lysing infected cells and in reducing the 

number of intracellular bacteria (Stenger 1997). The mechanisms of control 

of the bacterial load seem to be associated with granular exocytosis involving 

perforin and granzymes. Still, granzymes, which is found in CD8+ T 

granules, is the molecule responsible for killing the bacterium (Stenger 

1998). 
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2.9.5. ROLE OF HUMORAL IMMUNE RESPONSE 

Since M. tuberculosis is an intracellular pathogen, the serum components 

may not get access and may not play any protective role. Although many 

researchers have dismissed a role for B cells or antibody in protection against 

TB, recent studies suggest that these may contribute to the response to TB. 

 

2.9.6. CELLS INVOLVED IN IMMUNE RESPONSE 

2.9.6.1.  CD8+ T LYMPHOCYTES 

Experiments, involving adoptive transfer, in vitro cell depletion, and gene 

knock-out (e.g. ß2-microglobulin deficient animals), have illustrated the 

importance of CD8+ cells in the control of tuberculosis in mice. Protection of 

mice vaccinated with mycobacterial heat shock protein deoxyribonucleic acid 

(DNA) appears to be mediated mainly by CD8+ cells. In an in vitro system, 

this ability to activate CD8+ cells seemed to involve causing leakiness of the 

phagosome so that antigens reach the cytoplasm and hence join the 

conventional pathway for presentation on MHC Class I, though another 

novel pathway may also be involved. A haemolysin-like molecule is in fact 

expressed by both M. tuberculosis and BCG, and a BCG strain expressing 
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the haemolysin from Listeria monocytogenes has been developed in the 

belief that this will increase the CD8+ response.  

These CD8+ cells have been shown to be cytotoxic, though the mechanism of 

this cell killing has been controversial. It has been thought that most cytoxic 

T-lymphocytes (CTLs) act to lyse infected cells and allow the released 

mycobacteria to be taken up by activated, uninfected macrophages that may 

kill them. However, it now appears that some CTLs directly kill M. 

tuberculosis via a granule-associated protein, granulysin, acting with 

perforin. On the other hand, lysis by CD4+ cytotoxic T cells does not reduce 

the viability of the contained bacteria. Progression of tuberculosis in mice 

deficient in perforin is not different from progression in the wild-type. The 

major role of murine CD8+ cells at this stage may be the secretion of IFN . 

Recently, tuberculosis-specific CD8+ cells have also been identified in 

humans but their role in this species is equally uncertain. There are CD8+ 

cells that will recognise TB-infected cells and secrete IFN  in blood from 

individuals with the disease, but these did not appear to contribute to control 

of intracellular proliferation of M. tuberculosis in an in vitro system using 

human cells.  
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Most tuberculosis-specific CD8+ cells recognise their antigens in association 

with MHC class I, however some are now known to be restricted by other 

molecules, such as CD1 (Scanga et al. 2000). 

2.9.6.2. CD4+ T LYMPHOCYTE 

Cell-mediated immunity, contributed by both CD4 and CD81 T 

lymphocytes, plays an essential role in containing acute M. tuberculosis 

infection. The key role of the CD4 T cell in tuberculosis is thought to be its 

ability to produce the cytokine IFN, which is essential in the control of 

experimental tuberculosis in mice and is the first identified human immu- 

nologic factor essential to resistance against mycobacterial infection . IFN is 

a critical factor for inducing macrophage synthesis of the enzyme inducible 

nitric oxide synthase (NOS2). Upon activation, macrophages generate nitric 

oxide and other reactive nitrogen intermediates (RNIs), the best 

characterized antituberculous effector molecules in the mouse (Scanga et al. 

2000). 
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2.9.6.3. MACROPHAGES 

The macrophage is the paradigmatic cell with regard to M. tuberculosis 

infection. Indeed, alveolar macrophages have been shown to play an 

essential role in the elimination of particles that enter the organism through 

the airways; and have long been considered the first cell population to 

interact with the tubercle bacillus The initial interactions of the bacilli with 

the macrophage take place through cellular receptors, such as receptors for 

Fc, complement, mannose surfactant protein (Zimmerli 1996), CD14, and 

CD43 interaction with Fc receptors increases the production of reactive 

oxygen intermediates and allows the fusion of the bacteria-containing 

phagosomes with lysosomes. On the other hand, interaction of the bacteria 

with the complement receptor 3 (CR3) prevents the respiratory burst and 

blocks the maturation of phagosomes harboring the bacteria, thus preventing 

fusion with lysosomes. Lipoprotein and ipoarabinomanann (LAM) activate 

macrophages through TLR-2, promoting the production of IL-12 and 

inducible nitric oxide synthase (iNOS) (Brightbill 1999). 

2.9.6.4. DENDRITIC CELLS 

It is now established that DCs are also involved in an effector role against M. 

tuberculosis infection and are central to the generation of acquired immunity 
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after carriage of antigens to draining lymph nodes, where recognition by t 

cells can be maximized (Flynn et al. 2004). The efficient antigen-capturing 

causes immature DCs, which migrate into draining lymph  nodes. In these 

compartments, the stimulatory capacity of mature DCs ultimately leads to 

efector T cell differentiation and memory T cell expansion, which in turn, 

confer protection against M. tuberculosis in the lungs (Kaufmann et al. 

2005).       

2.9.6.5. NATURAL KILLER CELLS 

Natural killer cells play a very important role in the development of the 

innate immune response associated with the development of cytotoxicity to 

target cells and the first cell populations to produce IFN- during the immune 

response (Junqueira-Kipnis et al. 2003). 

2.9.6.6. NEUTROPHIL LEUCOCYTES  

Even though macrophages are considered the main targets for infection by 

Mycobacterium tuberculosis neutrophil leucocytes are among the earliest 

cells recruited into infection sites and inflammatory signals are triggered 

along with the formation of neutrophil extra cellular traps (Urban et al. 

2006). 
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2.9.7. THE IMMUNE RESPONSE RELATED TO PROGRESSIVE     

DISEASE 

Live M. tuberculosis is inherently toxic to cells. For instance, human or 

murine macrophages that ingest more than about 5 organisms usually die, 

whereas M. avium strains or M. leprae can multiply to remarkable numbers 

within cells without killing them. It has been suggested that M. tuberculosis 

may produce a lipid toxin similar to that produced by M. ulcerans (the cause 

of Buruli ulcer). It is also clear that M. tuberculosis releases a factor that 

greatly increases the sensitivity of infected cells to the toxicity of TNF  

which is likely to be present in all tuberculous lesions.  

Although M. tuberculosis clearly has some inherent toxicity, this does not 

fully explain the pathology of the disease. Tuberculin or purified protein 

derivative (PPD) are remarkably nontoxic both in vivo and in vitro, but in 

suitably prepared humans or animals they will provoke necrosis, which is 

clearly due to immuno-pathology (Todar 2008).  
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2.9.8. IMMUNE EVASION 

This bacterium lives within the macrophages. Hosts infected with M. 

tuberculosis mount a strong immune response. This response is usually 

sufficient to prevent progression to active disease. The strong immune 

response can control, but not eliminate the bacilli, indicating that M. 

tuberculosis has evolved mechanisms to modulate or avoid detection by the 

host immune response. Recent advances have improved our understanding of 

how M. tuberculosis evades two major antimicrobial mechanisms of 

macrophages; phagolysosome fusion and the production of toxic reactive 

nitrogen intermediates (RNI). In this review, the recent evidence of M. 

tuberculosis evasion from phagolysosome fusion and RNI toxicity, as well as 

prevention of the recognition of infected macrophages by CD4+ T 

lymphocytes by inhibiting MHC class II presentation (Colakoglu  2004).  

Another mechanism by which antigen presenting cells (APCs) contribute to 

defective T cell proliferation and function is by the production of cytokines, 

including TGF-b, IL-10 or IL-6. In addition, it has also been reported that 

virulent mycobacteria were able to escape from fused phagosomes and 

multiply. M. tuberculosis is equipped with numerous immune evasion 

strategies, including modulation of antigen presentation to avoid elimination 

by T cells. Protein secreted by M. tuberculosis such as superoxide dismutase 
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and catalase are antagonistic to ROI. Mycobacterial components such as 

sulphatides, LAM and phenolic- glycolipid I (PGLI) are potent oxygen 

radical scavengers (Raja 2004).  

2.9.9. GENETICS OF SUSCEPTIBILITY TO TUBERCULOSIS 

Yet another important area in understanding the immunology of TB is host 

genetics, which is briefly discussed here. Susceptibility to TB is 

multifactorial. Finding out the host genetic factors such as human leukocyte 

antigens (HLA) and non-HLA genes/gene products that are associated with 

the susceptibility to TB will serve as genetic markers to understand 

predisposition to the development of the disease. HLA in pulmonary TB 

patients and their spouses revealed the association of HLA-DR2 (subtype 

DRB1*1501) and -DQ1 antigens with the susceptibility to pulmonary TB. 

Further studies on various non-HLA gene polymorphisms such as mannose 

binding lectin (MBL), vitamin D receptor (VDR), TNF-and , IL-1 

receptor antagonist and Nramp genes revealed that functional mutant 

homozygotes (FMHs) of MBL are associated with the susceptibility to 

pulmonary TB. The polymorphic BsmI, ApaI, TaqI and FokI gene variants of 

VDR showed differential susceptibility or resistance with male or female 

subjects. Multi-candidate genes are associated with the susceptibility to 

pulmonary TB. The role of HLA-DR2 and the variant genotypes of MBL on 
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the immunity to TB revealed that in a susceptible host (HLA-DR2, FMHs of 

MBL-positive subjects) the innate immunity (lysozyme, mannose binding 

lectin, etc.) play an important role. If the innate immunity fails, HLA-DR2 

plays an important role on the specific immune response against the 

pathogen (Raja  2004). 

2.9.10. COMPLICATION 

Drug resistance, Multi Drug Resistance, Miliary or generalised Tuberculosis, 

Pleural Effusion, Respiratory failure, Adult respiratory distress syndrome, 

progressive shortness of breath, Pneumothorax, Spine TB, Tuberculous 

meningitis, Kidney TB, Kidney disease, Peritonitis, Pericarditis, Lymph 

node infection, Bone complications, Joint complications, Fallopian tube 

infection, Bowel infection, Addison's disease, Relapse of the disease   Death 

- high death rate of 40-60% if untreated (Schoenstadt 2008).  

2.9.11. RELAPSE 

Disseminated tuberculosis (TB) is a contagious bacterial infection that has 

spread from the lungs to other parts of the body through the blood or lymph 

system. World Health Organization definitions were used to determine 

treatment outcome. Recurrent disease as a bacteriologically confirmed 

disease episode needing retreatment after a patient was successfully treated 
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or defaulted during a previous disease episode. Disease attributable to re-

infection was defined as a recurrent disease episode with an M. tuberculosis 

strain different than that found in the disease episode at enrollment, unlikely 

to be from evolution. To be conservative, recurrences with the same strain or 

a strain with fewer than five bands' difference were attributable to relapse. Of 

patients with tuberculosis (TB) who are cured after short-course treatment in 

trial conditions, up to 7% have recurrent disease needing retreatment within 1 

to 2 years. With the help of DNA fingerprinting of Mycobacterium 

tuberculosis, it has been shown that some of these recurrences are not 

treatment failures but rather represent re-infection with a different strain 

(Verver et al. 2009). 

2.10. LABORATORY DIAGNOSIS OF TUBERCULOSIS 

Tuberculosis is diagnosed by finding Mycobacterium tuberculosis bacteria in 

a clinical specimen taken from the patient. While other investigations may 

strongly suggest tuberculosis as the diagnosis, they cannot confirm it. The 

diagnostic modalities should have certain desirable features viz. sensitivity, 

specificity, predictive value, speed, reproducibility, cost effectiveness, safety, 

simplicity, robustness and easy application for wider use. Ideally the tests 

should be quantitative, at least in some measure, so that the infectiveness of 

the individual cases can be measured. Diagnostic modalities must also be 
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tailored to the needs of the population and epidemiology of TB in that 

region. Epidemiologically the countries can be grouped as non-endemic or 

endemic. The diagnostic algorithms are planned as per specific needs and 

resources available in individual countries. The diagnostic needs in disease 

endemic countries include improved microscopy, culture, physical and 

chemical detection of mycobacterial antigens, antigen capture, antibody 

detection, cellular immune recognition, nucleic acid amplification, and phage 

assay (ICMR Bulletin 2002). 

2.10.1. SPECIMEN 
 
Distinctive clusters of colorless Mycobacterium tuberculosis form in this 

culture. A definitive diagnosis of tuberculosis can only be made by culturing 

Mycobacterium tuberculosis organisms from a specimen taken from the 

patient (most often sputum, but may also include pus, CSF, biopsied tissue, 

etc). (Wikipedia n. d.). 

2.10.2. ZEIHL-NEELSEN STAINING  

Mycobacterial cell walls contain a waxy substance composed of mycolic 

acids. These are ß-hydroxy carboxylic acids with chain lengths of up to 90 

carbon atoms. The property of acid fastness is related to the carbon chain 

length of the mycolic acid found in any particular species. Basic fuchsin 
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binds to negatively charged groups in bacteria. The mycolic acid (and other 

cell wall lipids) present a barrier to dye entry as well as elusion (washing out 

with solvent) and this is partly overcome by adding a lipophilic agent to a 

concentrated aqueous solution of basic fuchsin and partly by heating (Ellis n. 

d.). 

2.10.3. CULTURE 

2.10.3.1. Solid Media 

Egg based 

 Lowenstein - Jensen Medium is used with fresh egg and glycerol for the 

isolation and differentiation of Mycobacterium spp.  The use of egg-based 

media for primary isolation of mycobacteria has two significant advantages. 

First, egg-based media support a wide variety of mycobacteria. Second, 

growth of mycobacteria on egg media can be used for niacin testing. 

Liquefaction of Lowenstein-Jensen Medium can occur if contaminated with 

proteolytic organisms. 

Lowenstein-Jensen Medium is a modification of Lowenstein Medium, 

modified by Jensen.
 
Jensen modified the medium by alternating the citrate 

and phosphate contents, eliminating congo red dye, and increasing malachite 
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green concentration.
 
Lowenstein-Jensen Medium is commonly used in the 

clinical laboratory to isolate acid fast organisms from sterile and non-sterile 

sources (PML 2001). 

Agar based 

Agar based media are chemically better defined than egg-based media.Agar 

based media are transparent and provide a ready means for detecting early 

growth of microscopic colonies. Colonies may be observed in 10 to 12 days, 

in contrast to 18 to 24 days with egg-based media. Agar based media can be 

used for susceptibility testing. They do not readily support the growth of 

contaminants. However, the plates are expensive to prepare, and their self 

life relatively short. Middlebrook medium is an agar based medium contains 

2% glycerol, which enhance the growth of MAC (Pfyffer 2007). 

2.10.3.2. Liquid Media 

Broth media may be used for broth primary isolation and subculturing of 

mycobacteria. Culture based on liquid media yield significantly more rapid 

results than solid media-based culture. Also isolation rates for mycobacteria 

are higher. Middlebrook 7H9 and Dubos Tween albumin broths are 

commonly used for subculturing stock strains of mycobacteria and preparing 
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the inoculum for drug susceptibility tests and other in vitro test (Pfyffer 

2007).  

2.10.4. MGIT 

The Mycobacteria Growth Indicator Tube (MGIT) contains 4 ml of modified 

Middlebrook 7H9 Broth Base. The complete medium, with 0.5 ml OADC 

enrichment and 0.1 ml of PANTA antibiotic mixture, is one of the most 

commonly used liquid media for the cultivation of mycobacteria. All types of 

clinical specimens, pulmonary as well as extra-pulmonary (except blood and 

urine), can be processed for primary isolation in the MGIT tube using 

conventional methods. The processed specimen is inoculated into a MGIT 

tube, incubated, and read daily from the second day of incubation using a 

long wave UV light. At the time of tube positivity, there are approximately 

104 to 107 CFU/ml of mycobacteria present (BBL-MGIT 2002). 

2.10.5. BACTEC 460 TB SYSTEM 

14C-labeled palmitic acid as a carbon as a carbon source in the medium is 

metabolized by microorganisms into 14CO2, which is monitored by the 

instrument. The amount of 14CO2 and the rate at which the gas is produced 

are directly proportional to the growth rate of the organism in the medium. 

An antimicrobial mixture serving as a growth-promoting supplement is 
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added to BACTEC 12B medium inoculated with decontaminated specimens 

in order to suppress residual contaminants. To potentially sterile specimens, 

polyxyethylene stearate is added to enhance mycobacterial growth. For pre- 

treatment of non sterile specimens, the NALC-NaOH protocol is the method 

of choice, although some other procedures such as the SDS-NaOH method 

are compatible with the BACTEC 460TB system as well. The BACTEC 

460TB system allows efficient antimicrobial susceptibility testing (Pfyffer  

2007).  

 

2.10.6. IMMUNOLOGICAL TESTS FOR TB 

2.10.6.1. MAUNTOX TUBERCULIN TEST 
 
The tuberculin skin test is one of the few investigations dating from the 19th 

century that is still widely used. It was developed by Koch in 1890, but the 

intradermal technique currently in use was described by Mantoux in 1912. 

After such a long history it is surprising that the interpretation of the test 

remains controversial. The tuberculin most widely used is purified protein 

derivative (PPD), which is derived from cultures of Mycobacterium 

tuberculosis. When tuberculin is injected intradermally in a subject 

previously infected with M. tuberculosis, a hypersensitivity reaction occurs 

at the site of injection. This comprises an inflammatory response 
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characterised by the accumulation of CD4 and CD8 T-lymphocytes, and the 

consequent release of inflammatory mediators. This hypersensitivity is not 

the same phenomenon as immunity, although it is usually associated with 

immunity (Martin 2003). 

 

2.10.6.2. ELISA 

The purpose of an ELISA is to determine if a particular protein is present in a 

sample and if so, how much. There are two main variations on this method: 

you can determine how much antibody is in a sample, or you can determine 

how much protein is bound by an antibody. The distinction is whether you 

are trying to quantify an antibody or some other protein. In this example, we 

will use an ELISA to determine how much of a particular antibody is present 

in an individual�s blood. 

In primary tuberculosis, IgG titers were low at beginning and hence negative 

ELISA test. Enzyme linked immunosorbent assay (ELISA) also is not 

hundred percent sensitive and specific. Though ELISA was a superior test in 

these patients, it should always be used in conjunction with other tests to 

reach the final diagnosis (Ahmed 2003). 

 
 
 
 
2.10.6.3. QUANTIFERON-TB GOLD TEST  
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The QuantiFERON-TB Gold test (QFT-G) is a whole-blood test for use as an 

aid in diagnosing Mycobacterium tuberculosis infection, including latent 

tuberculosis infection (LTBI) and tuberculosis (TB) disease. Requires a 

single patient visit to draw a blood sample and results can be available within 

24 hours and  is not affected by prior BCG (Bacille Calmette-Guérin) 

vaccination. But, in this test, blood samples must be processed within 12 

hours after collection while white blood cells are still viable. There are 

limited data on the use of QFT-G in children younger than 17 years of age, 

among persons recently exposed to M. tuberculosis, and in immuno-

compromised persons.  Errors in collecting or transporting blood specimens 

or in running and interpreting the assay can decrease the accuracy of QFT-G 

(CDC 2007).  

2.10.7. POLYMERASE CHAIN REACTION (PCR) 
 
2.10.7.1. INTRODUCTION 

The polymerase chain reaction (PCR) is a technique widely used in 

molecular biology. It derives its name from one of its key components, a 

DNA polymerase used to amplify a piece of DNA by in vitro enzymatic 

replication. As PCR progresses, the DNA thus generated is itself used as a 

template for replication. This sets in motion a chain reaction in which the 

DNA template is exponentially amplified. With PCR it is possible to amplify 
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a single or few copies of a piece of DNA across several orders of magnitude, 

generating millions or more copies of the DNA piece. PCR can be 

extensively modified to perform a wide array of genetic manipulations. 

Almost all PCR applications employ a heat-stable DNA polymerase, such as 

Taq polymerase, an enzyme originally isolated from the bacterium Thermus 

aquaticus. This DNA polymerase enzymatically assembles a new DNA 

strand from DNA building blocks, the nucleotides, by using single-stranded 

DNA as a template and DNA oligonucleotides (also called DNA primers), 

which are required for initiation of DNA synthesis. The vast majority of PCR 

methods use thermal cycling, i.e., alternately heating and cooling the PCR 

sample to a defined series of temperature steps. These thermal cycling steps 

are necessary to physically separate the strands (at high temperatures) in a 

DNA double helix (DNA melting) used as template during DNA synthesis 

(at lower temperatures) by the DNA polymerase to selectively amplify the 

target DNA. The selectivity of PCR results from the use of primers that are 

complementary to the DNA region targeted for amplification under specific 

thermal cycling conditions. 

 

2.10.7.3. DESCRIPTION 
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PCR is used to amplify specific regions of a DNA strand (the DNA target). 

This can be a single gene, a part of a gene, or a non-coding sequence. Most 

PCR methods typically amplify DNA fragments of up to 10 kilo base pairs 

(kb), although some techniques allow for amplification of fragments up to 40 

kb in size.  

A basic PCR set up requires several components and reagents. These 

components include: 

DNA template that contains the DNA region (target) to be amplified. Two 

primers, which are complementary to the DNA regions at the 5' (five prime) 

or 3' (three prime) ends of the DNA region. Taq polymerase or another DNA 

polymerase with a temperature optimum at around 70°C. Deoxynucleoside 

triphosphates (dNTPs; also very commonly and erroneously called 

deoxynucleotide triphosphates), the building blocks from which the DNA 

polymerases synthesizes a new DNA strand. Buffer solution, providing a 

suitable chemical environment for optimum activity and stability of the DNA 

polymerase. Divalent cations, magnesium or manganese ions; generally 

Mg2+ is used, but Mn2+ can be utilized for PCR-mediated DNA mutagenesis, 

as higher Mn2+ concentration increases the error rate during DNA synthesis. 

Monovalent cation potassium ions. The PCR is commonly carried out in a 

reaction volume of 10-200 ìl in small reaction tubes (0.2-0.5 ml volumes) in 
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a thermal cycler. The thermal cycler heats and cools the reaction tubes to 

achieve the temperatures required at each step of the reaction. Many modern 

thermal cyclers make use of the Peltier effect which permits both heating and 

cooling of the block holding the PCR tubes simply by reversing the electric 

current. Thin-walled reaction tubes permit favorable thermal conductivity to 

allow for rapid thermal equilibration. Most thermal cyclers have heated lids 

to prevent condensation at the top of the reaction tube. Older thermocyclers 

lacking a heated lid require a layer of oil on top of the reaction mixture or a 

ball of wax inside the tube. 

The PCR usually consists of a series of 20 to 40 repeated temperature 

changes called cycles; each cycle typically consists of 2-3 discrete 

temperature steps. Most commonly PCR is carried out with cycles that have 

three temperature steps. The cycling is often preceded by a single 

temperature step (called hold) at a high temperature (>90°C), and followed 

by one hold at the end for final product extension or brief storage. The 

temperatures used and the length of time they are applied in each cycle 

depend on a variety of parameters. These include the enzyme used for DNA 

synthesis, the concentration of divalent ions and dNTPs in the reaction, and 

the melting temperature (Tm) of the primers.  
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Initialization step: This step consists of heating the reaction to a temperature 

of 94-96°C (or 98°C if extremely thermostable polymerases are used), which 

is held for 1-9 minutes. It is only required for DNA polymerases that require 

heat activation by hot-start PCR. Denaturation step: This step is the first 

regular cycling event and consists of heating the reaction to 94-98°C for 20-

30 seconds. It causes melting of DNA template and primers by disrupting the 

hydrogen bonds between complementary bases of the DNA strands, yielding 

single strands of DNA. Annealing step: The reaction temperature is lowered 

to 50-65°C for 20-40 seconds allowing annealing of the primers to the 

single-stranded DNA template. Typically the annealing temperature is about 

3-5 degrees Celsius below the Tm of the primers used. Stable DNA-DNA 

hydrogen bonds are only formed when the primer sequence very closely 

matches the template sequence. The polymerase binds to the primer-template 

hybrid and begins DNA synthesis. Extension/elongation step: The 

temperature at this step depends on the DNA polymerase used; Taq 

polymerase has its optimum activity temperature at 75-80°C, and commonly 

a temperature of 72°C is used with this enzyme. At this step the DNA 

polymerase synthesizes a new DNA strand complementary to the DNA 

template strand by adding dNTPs that are complementary to the template in 

5' to 3' direction, condensing the 5'-phosphate group of the dNTPs with the 

3'-hydroxyl group at the end of the nascent (extending) DNA strand. The 
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extension time depends both on the DNA polymerase used and on the length 

of the DNA fragment to be amplified. As a rule-of-thumb, at its optimum 

temperature, the DNA polymerase will polymerize a thousand bases per 

minute. Under optimum conditions, i.e., if there are no limitations due to 

limiting substrates or reagents, at each extension step, the amount of DNA 

target is doubled, leading to exponential (geometric) amplification of the 

specific DNA fragment. Final elongation: This single step is occasionally 

performed at a temperature of 70-74°C for 5-15 minutes after the last PCR 

cycle to ensure that any remaining single-stranded DNA is fully extended. 

Final hold: This step at 4-15°C for an indefinite time may be employed for 

short-term storage of the reaction. 

The PCR process can be divided into three stages: 

Exponential amplification: At every cycle, the amount of product is doubled 

(assuming 100% reaction efficiency). The reaction is very specific and 

precise. Leveling off stage: The reaction slows as the DNA polymerase loses 

activity and as consumption of reagents such as dNTPs and primers causes 

them to become limiting. Plateau: No more products accumulate due to 

exhaustion of reagents and enzyme. 

2.10.7.4. USES OF PCR 
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PCR  permits identification of non-cultivatable or slow-growing 

microorganisms such as mycobacteria, anaerobic bacteria, or viruses from 

tissue culture assays and animal models. The basis for PCR diagnostic 

applications in microbiology is the detection of infectious agents and the 

discrimination of non-pathogenic from pathogenic strains by virtue of 

specific genes PCR also allows early diagnosis of malignant diseases such as 

leukemia and lymphomas, which is currently the highest developed in cancer 

research and is already being used routinely. PCR assays can be performed 

directly on genomic DNA samples to detect translocation-specific malignant 

cells at a sensitivity which is at least 10,000 fold higher than other methods 

(Wikipedia n. d.). 

2.10.7.5. SELECTION OF PRIMERS 

The insertion sequence IS6110 is found in the Mycobacterium tuberculosis 

complex  and is usually present in several copies which are well dispersed in 

the genome. It is generally assumed that there is very little discrimination in 

the selection of a target sequence by IS6110 upon transposition , and this fact 

has been utilized in the epidemiological characterization of strains by using 

IS6110 fingerprint (restriction fragment length polymorphism [RFLP]) 

differences between strains. However, have reported an apparently 

nonrandom distribution of this element on the physical map of M. 
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tuberculosis H37Rv. One locus, the direct repeat region, has a high 

frequency of carriage of IS6110 and has been proposed as a hot spot for 

integration of this element, although most of the copies are located at a single 

site ( Fang & Forbes 1997). 

 

2.10.7.6. LIMITATIONS OF  PCR 

While a very powerful technique, PCR can also be very tricky. The 

polymerase reaction is very sensitive to the levels of divalent cations 

(especially Mg2+) and nucleotides, and the conditions for each particular 

application must be worked out. Primer design is extremely important for 

effective amplification. The primers for the reaction must be very specific for 

the template to be amplified. Cross reactivity with non-target DNA 

sequences results in non-specific amplification of DNA. Also, the primers 

must not be capable of annealing to themselves or each other, as this will 

result in the very efficient amplification of short nonsense DNAs. The 

reaction is limited in the size of the DNAs to be amplified (i.e., the distance 

apart that the primers can be placed). The most efficient amplification is in 

the 300 - 1000 bp range, however amplification of products up to 4 Kb has 

been reported. Also, Taq polymerase has been reported to make frequent 

mismatch mistakes when incorperating new bases into a strand.  



 

 83 

The most important consideration in PCR is contamination. If the sample 

that is being tested has even the smallest contamination with DNA from the 

target, the reaction could amplify this DNA and report a falsely positive 

identification. For example, if a technician in a crime lab set up a test 

reaction (with blood from the crime scene) after setting up a positive control 

reaction (with blood from the suspect) cross contamination between the 

samples could result in an erroneous incrimination, even if the technician 

changed pipette tips between samples. A few blood cells could volitilize in 

the pipette, stick to the plastic of the pipette, and then get ejected into the test 

sample. The powerful amplification of PCR may be able to detect this cross 

contamination of samples. Modern labs take account of this fact and devote 

tremendous effort to avoiding this problem (Fang & Forbes 1997).  
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MATERIALS AND METHODS 

A total of 100 sputum sample were collected from clinically suspected 

pulmonary tuberculosis cases and examined by microscopy, standard culture 

and PCR in the Department of Microbiology, Mymensingh Medical College, 

Mymensingh. 

  3.1. STUDY DESIGN  

The study was designed as cross sectional comparative study. 

 3.2. PLACE OF THE STUDY 

The study was done in the Department of Microbiology, Mymensingh 

Medical College, Mymensingh.  

3.3. STUDY PERIOD 

The total period for the study was from July 2008 to June 2009.  

3.4. STUDY POPULATION 

Sample were collected purposively from patients attending at patients 

attending at DOT�S corner of Mymensingh Medical College Hospital during 

the study period.  
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3.5. DATA COLLECTION AND ANALYSIS 

Relevant history, clinical findings, and laboratory records of every case were 

collected and recorded in a pre-designed data sheet (Appendix-I). 

Subsequently, data were analyzed by computer programme using software 

excel & SPSS version 12.0 (Appendix-VIII). 

 Sample size 

A total of 100 sputum sample were collected from DOT�S corner of 

Mymensingh Medical College Hospital during the study period. Sample size 

were calculated by the following formula. 

d
z pq

n 2

2

  

According to prevalence of tuberculosis in Bangladesh minimum sample size 

should 138. But in our study sample size is 100 due to limitation of 

resources. 

Sampling Techniques 

It was convenience sampling. During visit the available patients of suspected 

tuberculosis referred from indoor and out patient department (OPD) and 
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outside of the hospital referred by general practitioners attending at DOT�S 

corner of Mymensingh Medical College Hospital, were interviewed, and 

sample of sputum was collected. The subjects were selected on the basis of 

history.  

3.6. CASES 

100 suspected tuberculosis cases were studied. One hundred clinically 

suspected tuberculosis cases (irrespective of age and sex) were selected 

(Appendix-II) on the basis of following criteria- 

Inclusion criteria 

Suspected cases of tuberculosis was be selected on the basis of 

1.  Cough for more than 3 weeks. 

2. Evening rise of temperature for at least one month. 

3. Weight loss and night sweats for one month. 

4. Patient not responding to conventional antibiotic for suspected 

infection. 

Exclusion criteria 

1. All patients treated with anti-tubercular drugs for 2 months. 
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3.7. LABORATORY METHODS  

3.7.1. SPECIMEN 

Morning sputum was collected for microscopic examination by Ziehl-

Neelsen (Z-N) staining, standard culture, and for PCR. 

3.7.2. SAMPLE COLLECTION: 

 Suspects were counseled to deliver morning sputum. Sample was collected 

in a robust, leak-proof and clean container (Appendix-III). A container was 

given to the patient for collecting an early morning sample at home carried to 

the laboratory of the department of microbiology for further processing. 

 

3.7.3. METHODS OF DIGESTION AND DECONTAMINATION 

Digestion and decontamination were done according to Petroff�s method 

(Appendix- IV). 

3.7.4. MICROSCOPIC EXAMINATION OF SPUTUM  

3.7.4.1. ACID-FAST/Z-N STAINING METHOD 

A smear was prepared on clean and oil free slide. It is then dried in the air 

and fixed by heating. The entire slides were flooded with carbol fuchsine and 

heated slowly by a Bunsen burner for 5 minutes after steaming. Then slides 

were washed by clean water and were decolorized by 25% H2SO4 and 
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allowed for 10 minutes. Then it was rinsed thoroughly with clean water and 

counter stained with Methylene Blue and Kept for 1 minute. Slides were 

washed thoroughly with clean water, dried in air and examined under 

microscope by oil immersion (Appendix-V). 

3.7.4.2. INTERPRETATION 

Microscopic examinations were recorded according to WHO (Appendix- 

VI). 

3.7.6. CULTURE AND IDENTIFICATION  

For culture and PCR techniques, sputum samples was first digested and 

decontaminated and concentrated by centrifugation. From each digested and 

decontaminated sputum specimen, 0.25 ml was inoculated in to the 

Loewenstein-Jensen medium (Appendix-VII) (Kent et al.. 1985). The 

inoculated Loewenstein-Jensen medium was incubate at 37°C and examine 

for growth twice weekly for the first 2 weeks and once weekly thereafter up 

to 8 weeks, after which a definitive result was obtained. Cultures that showed 

no growth after 8 weeks was scored as �negative.� A patient was defined as a 

�TB-positive case� if the sputum specimens will have a positive culture and 

as a �non-TB case� if the sputum specimens showed no growth on the 

culture slant (Kivihya-Ndugga et al. 2004). 
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3.7.7. MOLECULAR STUDY 

3.7.7 .1. DNA EXTRACTION 

A rapid procedure for extraction of DNA from Mycobacterium tuberculosis 

from digested and decontaminated sputum sample was performed. 1ml of 

specimen was collected and boiling for 15-20 minutes for lysing the bacteria 

(Under instruction by Prof. Nobomichi Kubayashi). After centrifugation at 

10000 rpm for 10 minutes the supernatant was separated and stored at -20◦C 

until further use (Kotlowski et al. 2004). 

3.7.7.2. PCR FOR Mycobacterium tuberculosis IS6110 SEQUENCE 

The most common 20-bp oligonucleotides were found in whole M. 

tuberculosis genomes.  The Mtb1 (5�-CCT GCGA GCG TA GGCG TCGG-

3�) sequence was found and was subsequently used for comparison to the 

whole genome. Repeated oligonucleotides were subsequently extended by 

successive additions of single nucleotides from the 5� and 3� ends until the 

repeat number was not lower than 30. Independent searching for at least 20-

bp repeats in the genome of M. tuberculosis. Sequence (5�-CTCG TCCA 

GCG CCG CTT CGG-3�) containing the 20-bp sequence of the Mtb2 

oligonucleotide, but to the best of our knowledge its use as a primer for PCR 

typing of M. tuberculosis in combination with primers designed within 
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IS6110 inverted repeats (Kotlowski et al. 2004). IS6110 sequence is present 

in all M. tuberculosis strains. For confirmation of the strains used in this 

study as M. tuberculosis, the sequence was amplified by polymerase chain 

reaction (PCR). 

3.7.7 .3. PREPARATION OF REACTION MIXTURE 

Sterile micro-centrifuge tubes (1.5ml) (Eppendorf) were taken and the tubes 

were labeled with date and reaction number. Master mixture including all 

reagents for PCR reaction except Taq polymerase and the sample according 

to the table (Table-1). The amount of master mixture was prepared according 

to the number of reaction. The master mixture was aliquoted and stored at -

20◦C. The primer used for PCR is given in the table (Table-2).  
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Table-1. 

Preparation of Primer mixture:  

Mtb1 (200mM)                                              10 µl 

Mtb2 (200mM)                                              10 µl 

Distilled Water                                              40 µl 

 

Table-2. 

Preparation of  Master mixture:  

Distilled Water                                                        39 µl 

PCR buffer                                                               05 µl 

dNTP                                                                        04 µl 

Primer mixture                                                          01 µl 

Extracted DNA                                                         01 µl 

Taq polymerase                                                        0.5 µl 

 

Table-3 

Primers used for the PCR: 

Target      Primers                 Sequence                                         Fragment 

IS6110          Mtb1     5�-CCTGCGAGCGTAGGCGTCGG-3�          123bp                 

                      Mtb2     5�-CTCGTCCAGCGCCGCTTCGG-3�                                     
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3.7.7 .4. AMPLIFICATION 

Amplification was carried out in the thermal cycler (Eppendorf-Germany). 

50µl amplification mixture was dispensed in thermal cycler tubes 0.5µl of 

Taq polymerase was added to each tubes and mixed with pipette tips. 

Amplification was carried out according to the following directions. 

94 0C��������30 seconds 

65 0C��������.30 seconds  

72 0C��������..1 minutes  

72 0C��������..5 minutes  (Final extension) 

 

Agarose gel electrophoresis 

The PCR products were analyzed by 1% agarose gel electrophoresis to detect 

specific band for IS6110 sequence. 

Preparation of agarose gel 

One percent agarose gel was prepared by melting 2.0 gm agarose in 200 ml 

of diluted  TBE buffer (1:4) using a microwave woven or gas burner. The 

melted agarose was allowed to cool to about 50 0C and was poured into gel 

Cycles 32 
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electrophoresis unit with spacers and comb. After solidification of the gel, 

the comb was removed and wells were formed. During electrophoresis, the 

gel was placed in a solution containing ethidium bromide in the 

electrophoresis chamber.  

Loading and running of the sample 

5 µl of amplified PCR product was mixed with 2.0µl of gel loading dye. The 

mixture was slowly loaded into the well using disposable micropipette tips. 

Marker DNA of known size (1000bp ladder) was loaded in one well to 

determine the size of the amplified PCR products. Electrophoresis was 

carried out at 100 volts for 35 minutes. 

Staining and visualization of the gel 

The bands (123 bp) of the sample of the study and were visualized by trans-

illuminator. And the gel was photographed by a digital camera (Canon PC 

1234) and transfer data to computer for further documentation. 
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RESULTS 

 
The present study was conducted on a total of 100 clinically suspected 

pulmonary tuberculosis respondents from DOTS corner of Mymensingh 

Medical College Hospital. 

 

Age and sex distribution of the study population shown in Table-4 and Fig. 

2. Out of 100 respondents 61  (61%) were male and 39 were (39%) were 

female and male female ratio were 1.56:1. Majority of the respondents 32 

(32%) belong to the age group of 20-35 years. 

Out of 100 respondents highest number 71% of cases were from low income 

group and lowest number 04% in high income group (Table-5). 

 

Table-6 shows the number of positive cases by three different diagnostic 

methods. Out of 100 respondents, 12 (12%) was Z-N staining positive, 19 

(19%) were standard culture positive and 18 (18%) were PCR positive. 
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Table-4. Distribution of suspected cases according to age & sex (n=100)  
 

Age group Male Female No. of Patients 

5-20 5 (5%)   8 (8 %) 13 (13%) 
20-35 13 (13 %) 19 (19 %) 32 (32%) 
35-50 22 (22 %)   9 (9 %) 31 (31%) 
50-65 15 (15 %) 2 (2 %) 17 (17%) 
65-80 5 (5 %) 1 (1 %) 6 (6%) 
80-95 1 (1 %) 0 (0 %) 1 (1%) 
Total 61 (61%) 39 (39%) 100 
Ratio Male: Female = 1.56:1 
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Age Group Distribution of Cases
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Fig. 1 Age group distribution of cases.
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Fig. 2 Age-Sex distribution of cases. 
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Table-5. Distribution of cases according to Socio-economic condition 
(Appendix-II)  

  
Socioeconomic Condition 

 Upper Low Medium Total 
  4 (4%) 71(42%) 25(25%) 100 (100%) 

Total 4  71 25 100 
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Sensitivity and specificity of Ziehl-Neelsen (Z-N) stain  when compared with 

gold standard Lowenstein-Jensen media (Table-7). The sensitivity and 

specificity of Z-N stain were 63.16% and 100% respectively. 

 

Sensitivity and specificity of PCR when compared with gold standard 

Lowenstein-Jensen media (Table-8). The sensitivity and specificity were 

94.74% and 100% respectively. 

 

All smear positive samples are culture and PCR positive in this study (Table-

9 and Table-10). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 102 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table-6. Number of positive cases by three different diagnostic methods 
(n =100) 
 

Methods Total positive Percentage 
Z-N stain 12 12% 

Standard culture 19 19% 
PCR 18 18% 

 



 

 103 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table-7. Sensitivity & Specificity of Ziehl-Neelsen (Z-N) staining 
 

Test results Disease positive 
(standard culture 

positive) 

Disease negative 
(standard culture 

negative) 

Sensitivity Specificity 

Z-N stain positive 12 00 
Z-N stain negative 07 81 

Total 19 81 
63.16% 100% 
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Table-8. Sensitivity & specificity of PCR 
 

Test results 
Disease positive 
(standard culture 

positive) 

Disease negative 
(standard culture 

negative) 
Sensitivity Specificity 

PCR positive 18 00 
PCR negative 01 81 

Total 19 81 
94.74% 100% 
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Table-9. Comparison of Z-N with LJ culture as the gold standard  
 

LJ 
Result by Z-N staining 
  

Positive 
culture 

Negative 
culture 

Total 
  

ZN + 5 0 
 ++ 4 0 
 +++ 3 0 

12  

 - 7 81 88 
Total 19 81 100 
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Table-10. Comparison of PCR with Z-N staining  
 

PCR 
  Positive  Negative  

Total 

+ 5 0 5 
++ 4 0 4 

+++ 3 0 3 
Z-N 

- 6 82 88 
Total 18 82 100 
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Table-11.  Comparison of PCR with L-J culture as the gold standard 
 

PCR   
  Positive  Negative  

Total 

+ 18 1 19 LJ 
- 0 81 81 

Total 18 82 100 
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12

PC     1    2      3      4      5      6      7     8      L     9     10     11   12   13    14    15 

123 bp 

Fig. 3. Amplification products (123 bp) by PCR from M. tuberculosis 
complex 
in sputum samples. 

100 bp 
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DISCUSSION 

Tuberculosis is on the increase throughout the world. Despite this it remains 

one of the few infections whose diagnosis remains difficult by different 

diagnostic methods. The reasons for this are manifold. Current 

recommendation for the control of tuberculosis case detection so as allow 

treatment of patients and thereby to limit the transmission of the bacilli. The 

mainstay for its control is the rapid and accurate identification of the infected 

individuals. The simplest rapid diagnostic method is the detection of acid-

fast bacilli by microscopy. Microscopic examination with either Ziehl-

Neelsen (Z-N) stained smears is insensitive; detecting acid-fast bacilli only 

when there are ≥10
4 mycobacteria per ml (Bennedsen et al.1996). 

Conventional culture is the gold standard for diagnosis of pulmonary 

tuberculosis, but it takes several weeks to become positive (Vijayshekharan 

et al. 2006). Therefore an alternative, rapid and most effective method 

required to diagnosis pulmonary tuberculosis which is relatively more 

sensitive and specific. 

Half of the estimated 9 million new cases of tuberculosis per year are either 

smear-negative pulmonary or extra-pulmonary infection, many diagnoses 

cannot be confirmed at the time of presentation. Several amplification 

techniques have been evaluated for use in the diagnosis of tuberculosis 

infections, most commonly PCR. The primers most commonly target IS6110, 



 

 111 

an insertion sequence usually more than 10 copies in Mycobacteirum. 

tuberculosis and 1 to 5 copies in Mycobacterium bovis. The lower limit of 

detection reported by PCR varies between 1 and 100 bacilli. In cases in 

which clinical sensitivity and specificity have been assessed for studies that 

analyzed sputa, the results have varied considerably (Bennedsen et al. 1996). 

The present study was carried out to evaluate the polymerase chain reaction 

(PCR) technique for the diagnosis of tuberculosis. In this study, the sputum 

samples were randomly screened out to find the new smear positive cases.  

 

In the present study, we found majority of clinical suspected cases 32(32%) 

were in the age group of in between 20-35 years (Table-4). A study by 

Adnan et al. (2004) from Kuwait reported that most of the suspected cases 

were in the 20-59 years of age group having very close relationship with 

present study.  

In our study, 100 clinically suspected pulmonary tuberculosis cases 61% 

were male and 39% were female (Table-4) and male female ratio were 1.56: 

1. The findings of  Torrea et al. (2005), who reported out of 247 pulmonary 

tuberculosis patients, 160 were male (64.77%) and 87 were  female (35.22%) 

and male female ratio were 1.83 :1 which result  is very similar to our study. 

In another study by Kame et al. (2003) from Alexandria, Egypt showed that 

most of the suspected cases were male than female and the male female ratio 
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of the suspected cases of tuberculosis were 1.7:1, which also very similar to 

our result. 

 

In the present study we found sensitivity and specificity of PCR were 

94.74% and 100% respectively (Table-8) by using primers mtb1 and mtb2, 

the primers commonly target IS 6110, an insertion sequence and the size of 

the amplified product 123bp. Aslanjadeha et al. (2008) from USA showed in 

their study the sensitivity and specificity of PCR for the diagnosis of 

pulmonary tuberculosis from sputum sample was 100% and 100% using the 

same primers and methods which is very similar to our study. Another study 

by Kocagoz et al. (1993), found the sensitivity and specificity of PCR for the 

diagnosis of pulmonary tuberculosis from sputum sample 87% and 96% 

which almost similar to our study.  

 In our study we found 18 PCR positive cases all of which were also Culture 

positive on Lowenstein-Jensen medium. A comparative study done by Lima 

et al. (2008) showed that the sensitivity and specificity of PCR as that of 

culture that is the sensitivity and specificity of PCR were 100%. This 

findings support the result of our study. 

 

In present study we found, all smear positive cases were culture and PCR 

positive and the sensitivity and specificity of Ziehl-Neelsen (Z-N) stain were 

63.16 % and 100%. No false positive result found when compared with gold 
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standard culture technique in Lowenstein-Jensen egg based solid medium 

(Table-7). This may be due to all suspects carry the viable organism those 

who were included in this study. A study done by El-Dawi (2004) at Sudan, 

showed that Ziehl-Neelsen (Z-N) sensitivity were 65.4% and the specificity 

was 90.5% which is similar to our findings. Another study by Abu-mostafa 

et al. (2009) from Libya showed that the sensitivity and specificity for Z-N 

microscopy were 86.2 % and 100% which is almost similar to our study. A 

study done by Chakravorty et al. (2005) showed in their study the sensitivity 

and specificity of Ziehl-Neelsen (Z-N) staining 68% and 80% which is 

consistent to our study. One sample showed culture positivity but PCR result 

negative the species may be other than M. tuberculosis complex. Molecular 

probing is required for further identification of this species. From the above 

findings it is observed that, almost every result of our study was very similar 

to others. 

 

Analyzing the findings of the present study it can be easily understood that 

the PCR technique is a rapid, simple and alternative method of Ziehl-Neelsen 

(Z-N) staining and culture on egg based Lowenstein-Jensen medium for the 

diagnosis of pulmonary tuberculosis. 

 

Recently PCR is available in several government medical colleges in the 

different parts of the Bangladesh. So early and rapid diagnosis of pulmonary 
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tuberculosis can be possible by PCR. In our study, we only presence or 

absence of Mycobacterium tuberculosis was determined. But we don�t 

perform PCR for extra-pulmonary tuberculosis.  Further study can be done 

on extra-pulmonary tuberculosis infection as well as drug resistance pattern 

of tuberculosis by PCR  among the suspected case of tuberculosis.  



 

 115 

CONCLUSION 

 

To conclude, molecular diagnosis of tuberculosis by PCR has a great 

potential to improve the clinicians ability to diagnose tuberculosis. This will 

ensure early treatment to patients and prevent further transmission of disease. 

However, further work is required for improving sensitivity, specificity and 

reproducibility of this test and to make it more users friendly and cost 

effective.   

The usefulness of the PCR technique for the diagnosis of tuberculous cases is 

deduced according to the following observation- comparison of polymerase 

chain reaction with conventional techniques for the detection of 

Mycobacterium tuberculosis in pulmonary TB cases. It is more advantageous 

for the rapid diagnosis of suspected cases especially those giving negative 

microscopic examination.  It can determine whether the acid fast bacilli 

detected by microscopic examination are MTB or not. It is also more helpful 

when large scale screening of Mycobacteria is indicated, further more; the 

PCR will be of great benefit for the follow-up of cases of tuberculosis. So it 

is strongly recommended to take necessary steps for setup and start PCR in 

the different Medical Colleges as well as different chest disease hospitals of 

Bangladesh.



 

 116 

 
 
 
 
 

LIST 
OF 

REFERENCES 

 

 

 

 

 



 

 117 

LIST OF REFERENCES 

Abu-mostafa, AA, Abubaker, S, Altoboli, AS, Dardaf, A & Elmajberi, SH 

2009, �Comparison of Polymerase Chain Reaction with Conventional 

Techniques for the detection of Mycobacterium tuberculosis in Pulmonary 

TB cases�, Journal of Science and Its Applications, vol. 3, no. 1, pp. 20-32. 

Adnan, TA, Jayaakrishnan, B, Parwer, S, Shamy, AS, Khadadah, M, Ayed, 

A & Alawi, A 2005, �Demographic pattern and clinical characteristics of 

patients with smear positive pulmonary tuberculosis in Kuwait�, Med Princ 

Pract, vol. 14, no. 5, pp. 306-312. 

Agarwal, R, Malhotra, P, Awasthi, A, Kakkar, N & Gupta, D 2005, 

�Tuberculous dilated cardiomyopathy: an under-recognized entity?�, BMC 

Infect Dis,vol. 5, no.1, pp. 29.  

Agarwal, N, Lamichhane, G, Gupta, R, Nolan,  S & Bishai, WR 2009, 

�Cyclic AMP intoxication of macrophages by a Mycobacterium tuberculosis 

adenylate cyclase�, Nature,vol. 460, no. 7251, pp. 98-102.  

Ahmad, Z & Amin, SS 2003, �Role of Tuberculin Test, FNAC, and ELISA 

in the Diagnosis of Tuberculous Lymphadenitis� , JIACM, vol. 4, no.4, pp. 

292-5. 

 



 

 118 

Arriaga, AK, Orozco, EH, Aguilar, LD, Rook, GA & Hernandez-Pando, R 

2002, �Immunological and pathological comparative analysis between 

experimental latent tuberculosis infection and progressive pulmonary 

tuberculosis�, Clin Exp Immunol , vol. 128, no. 2, pp. 229-37. 

Aslanzadeha, J, Viudaa, M, Filleb, M, Smithc, WB & Namdarid, H 1998, 

�Comparison of culture and acid-fast bacilli stain to PCR for detection of 

Mycobacterium tuberculosis in clinical samples�, Molecular and Cellular 

Probes, vol. 12, no. 4, pp. 207-211. 

BBL-MGIT 2002,  Mycobacteria Growth Indicator Tube, OADC 

Enrichment, 

PANTA Antibiotic Mixture, viewed 13 January 2010,  

< http://www.bd.com/ds/technicalCenter/clsi/clsi-ManualMGIT.pdf >. 

Behar, SM, Dascher, CC, Grusby, MJ, Wang, CR & Brenner, MB 1999, 

�Susceptibility of mice deficient in CD1D or TAP1 to infection with 

Mycobacterium tuberculosis�, J Exp Med, vol.189, no. 12, pp. 1973-80. 

Beige, J, Lokies, J, Schaberg, T, Finckh, U, Fischer, M, Mauch, H, Lode, H, 

Kohler, B & Rolfs, A 1995, �Clinical evaluation of ac Mycobacterium 

tuberculosis PCR assay�, J Clin Microbiol, vol. 33, no. 1, pp.90�95. 

Benndsen, J, Thomsen, VO, Pfyffer, GE, Funke, G, Feldmann, K, Beneke, 

A, Jenkins, PA, Hegginbothom, M, Fahr, A, Hengstler, M, Cleator, G, 



 

 119 

Klapper, P & Wilkins, EGL 1996, �Utility of PCR in Diagnosing Pulmonary 

Tuberculosis�, J Clin Microbiol, vol. 34, no. 6, pp. 1407-1411. 

Bhatia, AS, Kumar, S & Harinath, BC 2003, �Immunodiagnosis of 

Tuberculosis: An update�, Indian Journal of Clinical Biochemistry; vol.18, 

no. 2, pp. 1-5.   

Bhatt, K & Salgame, P 2007, �Host Innate Immune Response to 

Mycobacterium tuberculosis�, Journal of Clinical Immunology, vol.27, no. 4, 

pp. 347-362. 

Bloom, BR 1994, Tuberculosis: pathogenesis, protection and control, 

viewed 2 January 2010, <http://www.highbeam.com/doc/1P3-

13332456.html>.  

Boddinghaus, B, Rogall, T, Flohr, T, Blocker, H & Bottger, EC 1990, 

�Detection and identification of mycobacteria by amplification of rRNA�, J 

Clin Microbiol, vol. 28 , no.8, pp.1751-1759. 

Brightbill, HD, Libraty, DH & Krutzik, SR 1999, �Host defense mechanisms 

triggered by microbial lipoproteins through toll-like receptors�, Science, vol. 

285, no. 5428, pp.732-6. 

Brooks, FG, Butel, JS & Morse, SA (eds) 1995, Jawetz, Melnick, & 

Adelberg�s Medical Microbiology, 22nd edition, McGraw Hill, New York, 

pp. 275-284. 



 

 120 

Carson, F 1990, Histotechnology: A Self-Instructional Text, 2nd edition, 

ASCP, New York, pp. 54-55. 

CDC 2007, TB Elimination, QuantiFERON®-TB Gold Test, viewed 12 

October  2009,  

<http://www.cdc.gov/TB/publications/factsheets/testing/QFT.pdf>. 

Chakraborty, P 2001, A text book of microbiology, 2nd edition, New central 

Book Agency, Calcutta, pp. 396-408,  

Chakravorty, S & Tyagi, JS 2005, �Novel Multipurpose Methodology for 

Detection of Mycobacteria in Pulmonary and Extra-pulmonary Specimens by 

Smear Microscopy�, 

Culture, and PCR�, J Clin Microbiol, vol. 43, no. 6, pp. 2697�2702. 

Chakravorty, S, Dudeja, M, Hanif, M & Tyagi, JS 2005,�Utility of USP 

smear microscopy, culture and PCR in the diagnosis of pulmonary 

tuberculosis�, J Clin Microbiol, vol. 43, no. 6, pp. 2703�2708. 

Chakravorty, S, Sen, MK & Tyagi, JS 2005, �Diagnosis of extra-pulmonary 

tuberculosis by smear, culture and PCR using universal sample processing 

technology�, J Clin Microbiol, vol. 43, no. 9, pp.4357�4362. 

Chambers, HF, Moreau, D & Yajko, D 1995, �Can penicillins and other beta-

lactam antibiotics be used to treat tuberculosis?�, Antimicrob Agents 

Chemother, vol. 39, no.12, pp.2620-4.  



 

 121 

Chauhan, A, Madiraju, MV & Fol, M 2006, �Mycobacterium tuberculosis 

cells growing in macrophages are filamentous and deficient in FtsZ rings�, J 

Bacteriol , vol. 188, no. 5, pp. 1856-65. 

Clemens, DL & Horwitz, MA  1995, �Characterization of the Mycobacterium 

tuberculosis phagosome and evidence that phagosomal maturation is 

inhibited�, J Exp Med, vol. 181, no.1, pp. 257-270. 

Colakoðlu, S 2004, �Mycobacterium tuberculosis virulence factors and its 

immune evasion mechanisms�,  Mikrobiyol Bul, vol. 38, no. 1, pp. 155-67. 

Crookham, J & Dapson, R 1991, Hazardous Chemicals in the 

Histopathology Laboratory, viewed 12 November 2009,  

<http://library.med.utah.edu/WebPath/histhtml/manuals/zenker.pdf >. 

Daar, AS, Thorsteinsdottir, H, Martin, DK, Smith, AC, Nast, S & Singer, PA 

2002, �Top ten biotechnologies for improving health in developing 

countries�, Nat. Genet, vol. 32, no. 2, pp. 229�232. 

Daniel, TM 2006, �The history of tuberculosis�, Respir Med, vol. 100, no.11, 

pp.1862-70.  

Dolin, PJ, Raviglioni, MC & Kochi, A 1994, �Global tuberculosis incidence 

and mortality during 1990-2000�, Bull WHO, vol. 72, no. 2, pp. 213-220. 

El-Dawi, TG, Saeedel, NS & Hamid, ME 2004, �Evaluation of a PCR-

amplified IS6110 insertion element in the rapid diagnosis of pulmonary 



 

 122 

tuberculosis in comparison to microscopic method in Sudan�, Saudi Med J, 

vol. 25, no.11, pp.1644-7. 

Ellis, R n. d., Ziehl Neelsen Staining Protocol, IMVS Division of Pathology, 

The Queen Elizabeth Hospital, South Australia, viewed 13th January, 

<http://www.ihcworld.com/_protocols/special_stains/ziehl_neelsen_ellis.htm 

>. 

Fang, Z & Forbes, KJ 1997, �A Mycobacterium tuberculosis IS6110 

preferential locus (ipl) for insertion into the genome�, J Clin Microbiol, vol. 

35, no. 2, pp. 479�481. 

Fauci, AS, Kasper, DL, Longo, DL, Braunwald, E, Hauser, SL, Jameson, JL 

& Loscalzo, J 2008, Harrison�s Principles of Internal Medicine, 17th 

edition, McGraw-Hill, Washington DC, pp.  981-998. 

Fine, PE & Small, PM 1999, �Exogenous reinfection in tuberculosis�, N Engl 

J Med, vol. 341, no. 16, pp. 1226-7. 

Flynn, JL, Scanga, CA, Tanaka, KE & Chan, J 1998, �Effects of 

aminoguanidine on latent murine tuberculosis�. J Immunol , vol.160, no. 4, 

pp. 1796-806. 

Global Oneness n. d., Ziehl-Neelsen stain, viewed 20 July 2009, 

<http://www.experiencefestival.com/a/Ziehl-neelsen_stain/id/1952683>. 



 

 123 

Haldar, S, Chakravorty, S, Bhalla, M, Majumdar,  SD & Tyagi, JS 2007, 

�Simplified detection of Mycobacterium tuberculosis in sputum using smear 

microscopy and PCR with molecular beacons�, J Clin Microbiol, vol. 56, 

np.10, pp. 1356�1362.  

Haldar, S, Majumdar, SD, Chakravorty, S, Tyagi, JS, Bhalla, M & Sen, MK 

2005, �Detection of Acid-fast Bacilli in Postlysis Debris of Clinical 

Specimens Improves the Reliability of PCR�, J Clin Microbiol, vol. 43, no. 

7, pp. 3580�3581. 

Harishur, R 1999, �Tuberculosis�, in Rashid, KM, Khabiruddin, M, & Hyder, 

S (eds), Textbook of community Medicine, 3rd edition,  RKH publishers, 

Dhaka, pp. 322-330. 

Harshey, RM & Ramakrishnan, T 1977, �Rate of ribonucleic acid chain 

growth in Mycobacterium tuberculosis H37Rv�, J Bacteriol , vol. 129, no. 2, 

pp. 616-22. 

Herrmann J & Lagrange, P 2005, �Dendritic cells and Mycobacterium 

tuberculosis: which is the Trojan horse?�, Pathol Biol, vol. 53, no.1, pp. 35�

40.  

Hill, AV 1998, �The immunogenetics of human infectious diseases�, Annu 

Rev Immunol, vol.16, no.1, pp. 593-617. 



 

 124 

Hopewell, PC 1994, �Overview of clinical tuberculosis�, in Bloom, BR (ed.), 

Tuberculosis: pathogenesis, protection, and control, ASM Press, 

Washington DC, pp. 25-46. 

Houben, E, Nguyen, L & Pieters, J 2006, � Interaction of pathogenic 

mycobacteria with the host immune system�, Curr Opin Microbiol, vol. 9, 

no. 1, pp. 76-85. 

ICDDR,B 2008, Bangladesh nationwide TB prevalence survey launched, 

viewed  14 December 2009, <http://www.icddrb.org/news/index>. 

ICMR Bulletin 2002, What is new in diagnosis of tuberculosis?, Part-I: 

Techniques for diagnosis of tuberculosis, viewed 12 January,< 

http://www.icmr.nic.in/buaug02.pdf>. 

Innes, JA & Reid, PT 2009, �Respiratory disease�, in Boon, NA, Colledge, 

NR, Walker, BR (eds),  Davidson�s Principles & Practice of Medicine, 20th 

edition, Elsevier, Nodia, India, pp- 695-702. 

Islam, N 1992, �The poor access to urban land for housing�, In urban land 

management of Bangladesh, Ministry of land, Government of Bangladesh, 

pp. 131-140. 

Joklik, WK, Willet, HP, Amos, DB & Wilfert, CM (eds) 1992, Zinsser 

Microbiology, 20th edition, Prentice-Hall International Inc, New Jersey, pp. 

497-525. 

http://www.icmr.nic.in/buaug02.pdf>.


 

 125 

Junqueira-Kipnis, AP, Kipnis, A & Jamieson A 2003, �NK cells respond to 

pulmonary infection with Mycobacterium tuberculosis, but play a minimal 

role in protection�, J Immunol, vol. 171, no. 11, pp. 6039-45. 

Kame, MI, Rashed, S, Foda, N, Mohia, A & Loutfy, M 2003, �Gender 

differences in health care utilization and outcome of respiratory tuberculosis 

in Alexandria�, Eastern, Mediterranean Health Journal, vol. 9, no. 4, pp. 01-

15. 

Kaufmann, SH & Schaible, UE 2005, �100th anniversary of Robert Koch´s 

Nobel Prize for the discovery of the tubercle bacillus�, Trends Microbiol, 

vol. 13, no. 10, pp. 469-75. 

Kent, PT & Kubica, GP  1985, Public health microbiology: A guide for the 

level III laboratory, viewed 2 January 2010,  

<http://wonder.cdc.gov/wonder/prevguid/p0000092/p0000092.asp>. 

Khan, SI 2009, �Evaluation of rapid slide culture technique for diagnosis of 

pulmonary tuberculosis�, MPhil, Medical Science, Thesis, Dhaka University, 

Dhaka. 

Kivihya-Ndugga, L, Cleeff, M, Juma, E, Kimwomi, J, Githui, W, Oskam, L, 

Schuitema, A, Soolingen, D,  Nganga, L, Kibuga, D, Odhiambo, J & Klatser 

2004, �Comparison of PCR with the Routine Procedure for Diagnosis of 

Tuberculosis in a Population with High Prevalences of Tuberculosis and 



 

 126 

Human Immunodeficiency Virus�, J Clin  Microbiol, vol. 42, no. 3, pp. 

1012�1015.  

Kokagoz, T, Yilmaz, E, Ozkara, E, Kokagoz, S, Hayran, M, Sachedeva, MS 

& Chambers, HF 1993, �Detection of Mycobacterium tuberculosis in sputum 

samples by polymerase chain reaction using a simplified procedure�, J Clin  

Microbiol, vol. 31, no. 6, pp. 1435-1438. 

Kotùowski, R, Shamputa IC, Aila, NA, Sajduda, A, Rigouts, L, Deun, AV & 

Portaels, F 2004, �PCR-Based Genotyping of Mycobacterium tuberculosis 

with New GC-Rich Repeated Sequences and IS6110 Inverted Repeats Used 

as Primers�, J Clin  Microbiol, vol. 42, no. 1,  pp. 372�377.  

Levinson, W 2008, Review of Medical Microbiology and Immunology, 10th 

edition, McGraw Hill, New York,  pp. 161-169. 

Lima, SS, Clente, WT, Palaci, M, Rosa, VR, Antunes, CM & Serufo, JC 

2008, �Conventional and molecular techniques in the diagnosis of pulmonary 

tuberculosis: a comparative study�,J Bras Pneumol, vol. 34, no.12, pp. 1056-

1062. 

McAdams, AJ & Sharpe, AH 2007, �Infectious Diseases�, in Kumar, V, 

Abbas, AK, Fausto, N & Mitchell, R (eds),  Robbins and Cotran Pathologic 

Basis of Diseases , 7th edition, Elsevier, New Delhi, pp. 343-414. 



 

 127 

Mangiapan, G, Vokurka, M, Schouls, L, Cadranel, J, Lecossier, D, 

Vanembden, J & Hance, AJ 1996, �Sequence capture-PCR improves 

detection of mycobacterial DNA in clinical specimens�, J Clin Microbiol, 

vol. 34, no. 5, pp. 1209�1215. 

Marei, AM, EL-behedfy, EM, Mohtady, HA & Afify, AF 2003, �Evaluation 

of rapid bacteriophage-based methods for the detection of Mycobacterium 

tuberculosis  in clinical samples�, J Clin Microbiol, vol. 52, no. 4, pp. 331-

335. 

Martin, P 2003, Mantoux Testing, Chapter 2, viewed 13th January 2010, 

<http://www.moh.govt.nz/moh.nsf/0/4760DF3580A6F5B5CC256C86006ED

394/$File/2.Mantouxtesting.pdf>.  

MicrobiologyBytes 2007, Mycobacterium tuberculosis, viewed 17 August 

2009, <http://www.microbiologybytes.com/video/ Mtuberculosis. html>.   

 
Mitchison, DA  2005, �The Diagnosis and Therapy of Tuberculosis During 

the Past 100 Years�, Am J Respir Crit Care Med, vol. 171, no. 7, pp. 699-706.  

NASP 2008, UNGASS Country progress report, Bangladesh, viewed 23 

December,  

<http://data.unaids.org/pub/Report/2008/bangladesh_2008_country_progress

_report_en.pdf >.  



 

 128 

Oddo, M, Renno, T, Attinger, A, Bakker, T, MacDonald, HR & Meylan, PR 

1998, �Fas ligand induced apoptosis of infected human macrophages reduces 

the viability of intracellular Mycobacterium tuberculosis�, J Immunol, vol. 

160, no. 11, pp. 5448-54. 

Onyebujoh, P & Rook, GA 2004, �Tuberculosis�, Nat Rev Microbiol, vol. 2, 

no.12, pp. 930-932.  

Parrish, NM, Dick, JD & Bishai, WR 1998, �Mechanism of latency in 

Mycobacterium tuberculosis�, Trends Microbiol, vol. 6, no. 3, pp. 107-112. 

Pfyffer, GE 2007, �Mycobacterium: General characteristics, Laboratory 

detection and staining procedures�, in Murray, PR,  Baron, EJ, Jorgensen, 

JH, Landy, ML & Pfaller, MA (eds), 9th edition, Manual of clinical 

Microbiology, ASM Press, Washington DC, pp. 543-588. 

Piatek, AS, Tyagi, S, Pol, AC, Telenti, A, Miller, LP, Kramer, FR & Alland, 

D 1998, �Molecular beacon sequence analysis for detecting drug resistance in 

Mycobacterium tuberculosis�, Nat Biotechnol, vol. 16, no. 4, pp. 359�363. 

PML 2001, Lowenstein-Jensen Media, Technical data sheet # 465, viewed 13 

December 2009, < http://www.pmlmicro.com/assets/TDS/465.pdf >. 

Raja, A 2004, �Immunology of tuberculosis�, Indian J Med Res, vol. 120, no. 

4, pp. 213-232. 



 

 129 

Raviglione, MC, Snider, DE & Kochi, A 1995, �Global Epidemiology of 

Tuberculosis: Morbidity and Mortality of a Worldwide Epidemic� 

JAMA, vol. 273, no. 3, pp. 220-226.  

Reyrat, JM, Berthet, FX & Gicquel, B 1995, �The urease locus of 

Mycobacterium tuberculosis and its utilization for the demonstration of 

allelic exchange in Mycobacterium bovis bacillus Calmette-Guerin�, Proc 

Natl Acad Sci U S A, vol. 92, no. 19,  pp. 8768-72. 

Riley, RL & Nardell, EA 1989, �Clearing the air. The theory and application 

of ultraviolet air disinfection�, Is Rev Respir Dis, vol.139, no. 5, pp. 1286-94. 

Roos, BR, vancleeff, MR, Githui, WA, Kivihya-Ndugga, L, Kibuga, DK & 

Klatser, PR 1998, �Cost-effectiveness of the polymerase chain reaction 

versus smear-examination for the diagnosis of tuberculosis in Kenya: a 

theoretical model�, Int J Tuberc Lung Di, vol. 2, no. 3, pp. 235�241. 

Salamon, H, Segal, MR, Ponce de Leon, A & Small, PM 1998, 

�Accommodating error analysis in comparison and clustering of molecular 

fingerprints�, Emerg Infect Dis, vol.4, no. 2, pp.159-68. 

Scanga, CA, Mohan, VP, Yu, iK, Joseph, H, Chan, KT & Flynn, JL 2000, 

�Depletion of Cd4+ T Cells Causes Reactivation of Murine Persistent 



 

 130 

Tuberculosis despite Continued Expression of Interferon and Nitric Oxide 

Synthase 2�, J. Exp. Med., vol. 192, no. 3, pp. 347�358. 

Schoenstadt 2008, Tuberculosis History, viewed 12 October 2009, 

 <http://tuberculosis.emedtv.com/tuberculosis/tuberculosis history.html >. 

Serbina, NV & Flynn, JL 1999, �Early emergence of CD8(+) T cells primed 

for production of type 1 cytokines in the lungs of Mycobacterium 

tuberculosis-infected mice�, Infect Immun, vol. 67, no. 8, pp. 3980-8. 

Serbina, NV, Lazarevic, V & Flynn, JL 2001, �CD4(+) T cells are required 

for the development of cytotoxic CD8(+) T cells during Mycobacterium 

tuberculosis infection�, J Immunol, vol. 167, no. 12, pp. 6991-7000. 

Singh, KK, Muralidhar, M, Kumar, A, Chattopadhyaya, TK, Kapila, K, 

Singh, MK, Sharma, SK, Jain, NK & Tyagi, JS 2000, �Comparison of in 

house polymerase chain reaction with conventional techniques for the 

detection of Mycobacterium tuberculosis DNA in granulomatous 

lymphadenopathy�, J Clin Pathol, vol. 53, no. 5, pp. 355�361. 

Singh, KK, Nair, MD, Radhakrishnan, K & Tyagi, JS 1999, �Utility of PCR 

assay in diagnosis of en-plaque tuberculoma of the brain�, J Clin Microbiol, 

vol. 37, no. 2, pp. 467�470. 

Stenger, S, Hanson, DA & Teitelbaum, R 1998, �An antimicrobial activity of 

cytolytic T cells mediated by granulysin�, Science, vol. 282, no. 5386, pp.  

121-5. 



 

 131 

Stenger, S, Mazzaccaro, RJ & Uyemura, K 1997, �Differential effects of 

cytolytic T cell subsets on intracellular infection�, Science, vol. 276, no.5319, 

pp. 1684-7. 

Steingart KR, Bibienne, NV & Henry, M 2006, �Sputum processing methods 

to improve the sensitivity of smear microscopy for tuberculosis: a systematic 

review�, Lancet Infect Dis, vol. 6, no. 10, pp. 664-74.  

Sudre, P, Dam, GT & Kochi, A 1992, �Tuberculosis: a global overview of 

the situation today�, Bull WHO , vol. 70, no. 2, pp. 149-59. 

Todar, K  2008, Mycobacterium tuberculosis and Tuberculosis, viewed 12 

October, 2009, < http://www.textbookofbacteriology.net/>. 

Torrea, G, Perre, PV, Ouedraogo, M, Zougba, A, Sawadogo, A, 

Dingtoumda, B, Diallo, B, Defer, MC, Sombie, I, Zanetti, S & Sechi, LA 

2005, �PCR-based detection of the Mycobacterium tuberculosis complex in 

urine of HIV-infected and uninfected pulmonary and extrapulmonary 

tuberculosis patients in Burkina Faso�, J Clin Microbiol, vol. 54, no. 1, pp. 

39�44. 

Tsourkas, A & Bao, G 2003, �Shedding light on health and disease using 

molecular beacons�, Briefings In Functional Genomics And Proteomics, vol. 

1, no. 4, pp.372�384. 

http://www.textbookofbacteriology.net/>.


 

 132 

Tyagi, S, & Kramer, FR 1996, �Molecular beacons: probes that fluoresce 

upon hybridization�, Nat Biotechnol, vol. 14, no. 3, pp. 303�308.  

Urban, CF, Lourido, S & Zychlinsky, A 2006, �How of microbes evade 

neutrophil killing?�, Cell Microbiol, vol. 8, no. 11, pp. 1687-96.  

USAID 2009, Tuberculosis profile, viewed 15  December 2009, 

<http://www.usaid.gov/our_work/global_health/id/tuberculosis/countries/asi

a/bangladesh.pdf>. 

Varaine, F, Henkens, M & Grouzard, V 2008, Clinical aspects, viewed 31 

October 2009, 

 

<http://www.refbooks.msf.org/msf_docs/en/Tuberculosis/Tuberculosis_en.p

df >.  

Verver, S, Warren, RM, Beyers, N, Richardson, M, Spuy, GD, Borgdorff, 

MW, Enarson, DA, Behr, MA & Helden, PD 2009, Rate of Reinfection 

Tuberculosis after Successful Treatment Is Higher than Rate of New 

Tuberculosis,  viewed 10 December 2009, 

<http://ajrccm.atsjournals.org/cgi/reprint/171/12/1430.pdf>.  

Vihaysekaran, D, Kumar, RA, Gourishankar, NC, Neduchekian, K, & 

Sethuraman, S 2006, �Mantoux and contact positivity in Tuberculosis�, 

Indian J  Paediatr, vol. 73, no. 11, pp. 989-993. 



 

 133 

Voskuil, ML, Schnappinger, D & Visconti, KC  2003, �Inhibition of 

respiration by nitric oxide induces a Mycobacterium tuberculosis dormancy 

program�, J Exp Med , vol. 198, no. 5, pp. 705-13. 

Wayne, LG 1982, �Microbiology of tubercle bacilli�, Am Rev Respire dis, 

vol. 125, no. 1, pp. 31-41. 

WHO 1998, Laboratory services in tuberculosis control, viewed 1 January 

2010,< 

http://apps.who.int/bookorders/anglais/detart1.jsp?sesslan=1&codlan=1&cod

col=93&codcch=3167>. 

WHO, Fact Sheet 2007, Tuberculosis, viewed 1 July 2009, 

<http://www/who/int/mediacentre/facsheet/fs104/en/>.  

WHO 2008, Tuberculosis in the South-East Asia Region , The Regional 

Report, viewed 25 December 2009, 

<http://www.searo.who.int/LinkFiles/TB_Day_Kit_3Annual_Report.pdf>. 

WHO 2008, New Laboratory diagnostic tools for tuberculosis Control, 

viewed 12 November 2009, < http://apps.who.int/tdr/publications/non-tdr-

publications/diagnostic-tool-tb/pdf/diagnostic-tool-tb.pdf>. 

WHO 2009, Global tuberculosis control - epidemiology, strategy, financing,  

Chapter-1, Epidemiology, viewed 14 December 2009, 

<http://www.who.int/tb/publications/global_report/2009/pdf/chapter1.pdf >. 

http://apps.who.int/bookorders/anglais/detart1.jsp?sesslan=1&codlan=1&cod
http://apps.who.int/tdr/publications/non-tdr-


 

 134 

 

Wikipedia n. d., Polymerase chain reaction, Viewed 10 October 2009, 

<http://en.wikipedia.org/wiki/Polymerase_chain_reaction>.  

Wikipedia n. d., Mantoux test, viewed 17 December 2009, 

 < http://en.wikipedia.org/wiki/Mantoux_test >. 

Wikipedia n. d., Tuberculosis, viewed 15 July 2009,  

<http://en.wikipedia.org/wiki/Tuberculosis>. 

 

 

http://en.wikipedia.org/wiki/Mantoux_test


 

 135 

 

 

 

APPENDICES 

 

 

 

 

 



 

 136 

APPENDIX-I 

DATA SHEET 

Data sheet for the suspected cases of pulmonary tuberculosis at DOTS corner 

of Mymensingh Medical College and Hospital 

 

A. S.L No:       Identification number    Date  

B. Particulars:  

Name:     Age:    Sex: Male/Female  

Father/Mother/Husbands name :  

Address:  

Community : Village:   P.O:  Union :  

Thana:     Dist : 

Hospital:    Word no: Unit No: Bed No: 

Occupation:  
 

Education:  

No education 

Primary 

Secondary 

College 

University  

Clinical Symptoms/Signs:  

 

Fever:        Yes                                             No. 

    

Duration of fever 
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Nature:              
Quotidian                              Tertian     Irregular                  
Rising and falling  

 

Weight loss: Previous weight                    Present weight  

Duration of weight loss   

 

Night sweating:  Yes   No 

  

Cough:                Yes                          No  Duration   

 

Productive  Yes                  No 

                                  

                               Color                                    Consistency  

  

Anorexia:                Yes                            No  

 

Fatigue:                    Yes                          No   

 

Malaise:                 Yes                          No  

 

Lassitude:              Yes                    No                                                                              

         

Lymphadenopathy 

             Regions of enlarged lymph node  

             Duration of enlargement  

Risk factors:    Monthly income of the family  
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            Number of family member 

Working in TB clinic                 Yes  No 

    

Family History of Tuberculosis     Yes                       No 

 

Over crowding                      Yes                       No                        

                             

           Housing condition   Katcha            Pacca              Semi pacca  

                 

            Hubble bubble                          Yes                      No 

 

           

Number of cigarette smoked par day  

          

          Betel nut                  Yes                                          No 

                       

            Tobacco                    Yes                                          No  

  

            Gull                          Yes                                          No  

     

                       Alcohol                    Yes                                          No 

 

           Traveled to different places            Yes                   No 
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Immunosuppression: 

           Previous history of measles              Yes                     No 

  

           History of chronic infection             Yes                     No 

 

           Diabetes mellitus                              Yes                     No 

  

             Malnutrition                                    Yes                  No   

 

            Malignancy                                      Yes                   No  

  

           Use of Steroid                                   Yes                   No 

 

           Use of anti cancer drugs                   Yes                     No  

 

History of BCG vaccination:                    Yes                     No 
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APPENDIX-II 

SUSPECTED CASES OF PULMONARY TUBERCULOSIS 
 

Case No Name Age Sex SEC Z-N L-J PCR 
1. Shipon Mia 36yr M L ++ + + 
2. Riaz Uddin 50yr M L - - - 
3. Ashraful 20yr M L - - - 
4. Fatema 45yr F M + + + 
5. Sadhan Sarkar 38yr M L + + + 
6. Ayesha 60yr F L - - - 
7. Manik  Mia 19yr F L - - - 
8. Jahanara Khatun 16yr F L - - - 
9. Shawn 07yr M L - - - 
10. Waz Uddin 55yr M L - - - 
11. Suruz Mia 30yr M M - - - 
12. Abdul Latif 45yr M M ++ + + 
13. Rokeya Begum 40yr F L - - - 
14. Hafizur Rahman 50yr M L - - - 
15. Ruma 35yr F L - + + 
16. Ummey Akter 18yr F L - - - 
17. Bithi 21yr F L - - - 
18. Biggan Mia 17yr M L - - - 
19. Sharifa Khatun 40yr F M - - - 
20. Muzaffar 60yr M L - + + 
21. Insaf Ali 75yr M M - - - 
22. Afil Uddin 80yr M M - - - 
23. Giash Uddin 21yr M L - - - 
24. Abdul Halim 35yr M M - - - 
25. Abdur Rashid 65yr M H - - - 
26. Aleha Begum 50yr F L - - - 
27. Bajan Ali 65yr M L - - - 
28. Anwara 35yr F M - - - 
29. Abdul Hakim 89yr M M - - - 
30. Mofiur Rahman 58yr M L - - - 
31. Khokan 36yr M L - - - 
32. Rima 15yr F L ++ + + 
33. Chan Mia 55yr M L - - - 
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Case No Name Age Sex SEC Z-N L-J PCR 
34. Khoka Mia 45y M M - - - 
35. Lal Mia 43yr M H - - - 
36. Abdus Salam 52yr M L - - - 
37. Robin 24yr M M - - - 
38. Imdadul Islam 36yr M L + + + 
39. Liakat Ali 40yr M L - - - 
40. Sufia Begum 34yr F L +++ + + 
41. Rabeya Akter 55yr F L - - - 
42. Shilpi 25yr F L +++ + + 
43. Ambia 50yr F M - - - 
44. Dilip Sarkar 45yr M L - - - 
45. Ayub Nabi 48yr M L + + + 
46. Dinesh 60yr M L - - - 
47. Ruhul Amin 60yr M M - - - 
48. Sakhina 45yr F L - - - 
49. Nurul Islam 60yr M L - - - 
50. Rina 23yr F L - - - 
51. Shamima Akter 30yr F L - - - 
52. Shawpna 17yr F L +++ + + 
53. Abdul Hakim 70yr M M - - - 
54. Anu rani 26yr F M - - - 
55. Amir Hossain 27yr M L ++ + + 
56. Ingilal Nessa 74yr F L - - - 
57. Noor Mohammad 42yr M L - - - 
58. Sufia Khatun 30yr F L - - - 
59. Ruhul Amin 45yr M H - - - 
60. Meherunnessa 50yr F L - - - 
61. Abdur Rashid 50yr M L - + + 
62. Jahanara 25yr F L - - - 
63. Saju 38yr M L - - - 
64. Ranjit Chandra 28yr M M - - - 
65. Samraj 42yr M L - - - 
66. Hasina 25yr F L - - - 
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Case No Name Age Sex SEC Z-N L-J PCR 

67. Al-Amin 25yr M L - - - 
68. Rina Parvin 23yr F M - - - 
69. AbdulKhaleq 50yr M L - - - 
70. Amir Hossain 60yr M L - + + 
71. Ali Hossain 52yr M M - - - 
72. Shirina 45yr F M - - - 
73. Salim 22yr M M - + + 
74. Shahida 35yr F L - - - 
75. Jpshna 28yr F L - - - 
76. Ranu 25yr F L - - - 
77. Rabeya 50yr F L - - - 
78. Aleya 26yr F L - - - 
79. Sohrab Ali 80yr M L - + + 
80. Aklima 20yr F M - - - 
81. Samsul Haq 70yr M L - - - 
82. Mamun 15yr M M - - - 
83. Moslem Uddin 42yr M L - - - 
84. Bashu Dhar Shaha 33yr M L - - - 
85. Nishi 13yr F M - - - 
86. Atikul Islam 30yr M L - - - 
87. Uttam Biswas 28yr M L - - - 
88. Russel 22yr M L - - - 
89. Ershad Ali 15yr M L - - - 
90. Abdul Kaddus 65yr M M - - - 
91. Lukman 36yr M H - - - 
92. Mabubul Alam 40yr M L - - - 
93. Chan Mia 60yr M L - + - 
94. Bakul 22yr M L - - - 
95. Samsunnahar 15yr F M - - - 
96. Tumpa 26yr F L - - - 
97. Ripa 25yr F L - - - 
98. Samsul Haq 55yr M L - - - 
99. Salina 25yr F L - - - 
100. Sulaiman 40yr M L + + + 

 
Note: SEC: Socio-economic condition, Z-N: Ziehl-Neelsen, 

L-J: Lowenstein �Jensen. 
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Socio-economic condition 

Economic condition of each of the cases was ascertained by interviewing the 

patients or their guardians. 

The cases were classified into three groups on the basis of their monthly 

income from all possible sources as described by Islam (1992). 

1. Low income group- < 3000 Tk./month 

2. Middle income group- 3001- 20,000 Tk./month 

3. High income group- > 20,000 Tk./month 
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APPENDIX-III 

SAMPLE COLEECTION 

CONTAINER 

Sputum was collected in a robust, leak-proof and clean container. Container 

must be rigid to avoid crushing in transit and must process a water tight wide 

mouthed screw top prevent leakage and contamination. 

SPUTUM SPECIMEN 

 Although M. tuberculosis is of causing disease in almost any organ of the 

body, more than 85% of tuberculosis disease in high prevalence countries is 

pulmonary. Sputum is the specimen of choice in the diagnosis of pulmonary 

tuberculosis. A good sputum specimen consists of recently discharged 

material from the bronchial tree, with minimum amount of oral  or mucosal 

material. Satisfactory quality implies the presence of mucoid or 

mucopurulent  material and is of greater significance than volume. Ideally, a 

sputum specimen have a volume of 3-5 ml, although smaller quantities are 

acceptable if the quality is satisfactory. 

It is best obtained a sputum specimen early in the morning before the patient 

has eaten since food or taken medication (which may interfere with the 

growth of tubercle bacilli or particles in smear make them difficult to 

examine). If sputum specimens are collected for diagnostic purposes, 
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specimens were collected before starting tuberculosis chemotherapy (WHO 

1998). 

Because tuberculosis lesions in the lungs may drain intermittently, it is 

possible for a specimen to be negative on one day and positive the next. For 

this reason three specimens were collected for diagnosis as follows.  

 One spot specimen when the patient first present to the health service 

 One early morning specimen (preferably the next day) 

 One spot specimen when the early morning specimen is submitted for 

examination. 

 These were sent a laboratory as single specimen. For follow up 

treatment at regular intervals and to determine outcome at the end of 

treatment, one specimen should be collected. 

 

SPUTUM COLLECTION PROCEDURE 

The patients were given confidence by explaining to him/her the reason for 

sputum collection. The patients were instructed to rinse his/her mouth with 

water before producing the specimen. This will help to remove food and any 

contaminating bacteria in the mouth. The patients were taken two deep 

breaths, holding the breath for a few seconds after each inhalation and then 

exhaling slowly. Patients were breath in again and then cough. This process 

produces a specimen from deep in the lungs. The patients were asked to hold 
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the sputum container close to the lips and to spit into it gently after a 

productive cough. Specimens were transported to the laboratory as soon as 

possible after collection. If delay is unavoidable the specimen were 

refrigerated or kept in cool place as to inhibit the growth of unwanted 

microorganism. 
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APPENDIX-IV 

METHODS OF DIGESTION AND DECONTAMINATION 

(PETROFF�S METHOD) 

 

REAGENTS 

Digestants: NaOH solution (2 to 4%). Sterilized by autoclaving. 

2N HCl: Diluted 33 ml of concentrated HCl to 200 ml with water. Sterilized 

by autoclaving. 

Phenol red indicator: Combined 20 ml of phenol red solution (0.4% in 4% 

NaOH) and 85 ml of concentrated HCl with distilled water to make 1,000 ml. 

Phosphate buffer:  The buffer is 0.067 M and pH 6.8. Mix 50 ml of solution 

A (0.067 M  Na2HPO4;  9.47 g of anhydrous Na2HPO4 in 1 liter of distilled 

water) and 50 ml of solution B (0.067 M KH2PO4; 9.07 g of KH2PO4  in 1 

liter of distilled water). If the final buffer requires adjustment, add solution A 

to raise pH or solution B to lower it.  
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Steps: 

1. Transferred a maximum volume of 10 ml of specimen to a sterile 50 

screw-cap plastic centrifuge tube. Add an equal volume of NaOH. 

2. With the cap tightened, invert the tube and then agitate the mixture 

vigorously for15 min on a mechanical mixer, or vortex vigorously and 

stand for exactly 15 min. If it is necessary to reduced excessive 

contamination, the NaOH concentration can be increased to 3 to 4%. 

3. Added phosphate buffer (pH 6.8) up to the 50 ml mark on the tube. 

Recap the tube, and swirl by hand to mix well. 

4. Centrifuged the specimen at ≥3,000 X g for 15 min, decant the 

supernatant, and add a few drops of phenol red indicator to the sediment. 

Neutralized the sediment with HCl. Thoroughly mixed the contents of 

the tube. Stopped acid addition when the solution is persistently yellow. 

5. Resuspended the sediment on 1 to 2 ml of phosphate buffer. 

6. Stored the resuspended sediment (Murray et al. 2007)  at -20 0C for until 

further use which is appropriate for inoculate in to a culture media,  

prepare a smear, and for extraction of DNA. 
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APPENDIX-V 

ZIEHL-NEELSEN METHOD 

REAGENTS 

Ziehl-Neelsen carbol fuchsine stain 

Basic fuchsine 5 gm 

Phenol  25 gm 

Alcohol (95 % of absolute) 50 ml 

Distilled water 500 ml 

 

Dissolve the fuchsine in phenol by placing them in a liter of flask over a 

boiling water bath for about 5 minutes, shaking the contents from time to 

time, when there is complete solution alcohol is added and mixed 

thoroughly. 

 

De-colorizing agent 25% sulphuric acid 

Water 750 ml 

Concentrated sulphuric acid  250 ml 

 

The acid should be poured slowly down the side of the flask into the wate 

about 50 ml at a time. 
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Counter stain: Methylene blue 

 Methylene blue chloride - 100 µgm 

 Distilled water   - 100 ml 

 

Methylene blue were mixed in distilled water and store in a amber colored 

bottle after labeling with name of the reagent and dates of preparation and 

date of expiration. It can be stored at room temperature for 6-12 months.      
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APPENDIX-VI 
 

INTERPRETATION 

According to WHO & National tuberculosis control program interpretation 

of    Ziehl-Neelsen acid-fast staining was be as follows: 

AFB RESULT FIELDS TO BE EXAMINED 

0/100Field Negative 100 fields 

1-9/100 Field Scanty 200 fields 

10-99/100 Field 1+ 100 fields 

1-10/ Field 2+ 20 fields 

>10/ Field 3+ 20 fields 
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APPENDIX- VII 
 

PREPARATION FOR LOWENSTEIN-JENSEN MEDIA 
 
Ingredients for  1600ml 
 
Asparagine   3.60gm 

Monopotassium Phospate 2.50gm 

Magnesium Citrate  0.60gm 

Magnesium Sulphate  0.24gm 

Potato flour   30.00gm 

Malachite green  0.40gm 

Eggs (fresh, whole)  1000.00ml 

Glycerol   12.00ml 

Distilled water   600ml 

 

Then all above mixture were autoclaved and cooled it at room temperature. 

Now 1000ml homogenized eggs were added with this mixture.  
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HOMOGENIZATION OF WHOLE EGG 

 

Fresh hen�s egg not more than 7 days old are cleaned by scrubbing 

thoroughly with a hand brush in warm water and a plain alkaline soap. The 

eggs were soaking for 30 minutes in the soap solution. Rinse eggs 

thoroughly in running water and soak them in absolute alcohol for 30 

minutes. The eggs were cracked with a sterile probe in to a sterile Scott 

bottles containing glass bids and homogenized by hand shaking. 
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APPENDIX-VIII 

Statistical analysis 
Data were expressed as mean   SD statistical significant of deference 

between two groups was evaluated by using Pearson�s Chi-Square  2  test. 

 

1. Formula for calculation of mean is: 

x =
n

x  

where 

  =   summation 

x  =  mean of observations 

X =  individual of observations 

n  =  number of observation 

 

2. Formula for calculation of standard deviation (SD) is: 

SD = iencevar = 
2

1

)(




n

xx
 

Where  

  =   summation 

X =  individual observation of a series 

x  =  mean of observations 

n  =  number of observation 

n-1 = applicable for sample 
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3. Formula of Chi-Squire is 

 2   =  
E

EO
2

)( 
 

O =  Observed frequency 

E =  Expected frequency  

DF (Degree of freedom) = (c-1) (r-1) 

c  =  Column  

r  =  Raw 

 

Formula for sensitivity 

True Positive  

Sensitivity = 
True Positive + False Negative 

 

×100 

 

 

Formula for sensitivity 

True Negative  

Sensitivity = 
True Negative + False Positive 

 

×100 
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Formula for calculation of sample size 

2

2

d

pqz
n   

n = sample size 

z =    is the normal variety at 5 % level with 95 % confidence interval 

p = is the prevalence 

d = precision level or error level 

p =  0.10 (Incase of tuberculosis) 

q = 0.9 

z = 1.96 at 5% level 

d = 0.05  

Now, 

2

2

05.0

90.010.0)96.1( 
n  

    
0025.0

90.010.084.3 
  

 
     =138  
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APPENDIX-IX

Fig. 5 Photograph of Sputum pot 

Fig. 6  Photograph of Falcon tube (50 ml) 
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APPENDIX-X

Fig. 7 Ziehl-Neelsen stain showing acid fast bacilli 

Fig. 8 Photograph of L-J medium 
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APPENDIX-XI

Fig. 9 Photograph of Laminar air flow 

Fig. 10 Photograph of Bio-safety cabinet class-II 
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APPENDIX-XII

Fig. 12 Photograph of Thermal cycler 

Fig.11 Photograph of Centrifuge 
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APPENDIX-XIII 

Fig. 14 Photograph of Documentation chamber 
with digital camera 

Fig. 13 Photograph of Horizontal electrophoresis 


