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General objective: 

To evaluate the utility of various diagnostic procedures for the diagnosis of pulmonary 

tuberculosis. 

 

Specific objectives: 

1. To find out the smear positive cases by conventional and fluorescence microscopy. 

2. To perform various immunological tests namely MT, ELISA, ICT and asses their 

diagnostic value. 

3. To find out feasible, reliable and easily accessible approach for diagnosis of pulmonary 

tuberculosis under the resource constraint situation in an endemic area of a developing 

country. 

Hypothesis:  

Immunodiagnostic methods could be alternative approach to microscopy for the diagnosis of 

pulmonary tuberculosis. 

  

 

 INTRODUCTION 

Tuberculosis (TB) is one of the most prevalent human infections and cause more death 

worldwide than any other infectious diseases. About one third of the global population is 
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infected with Mycobacterium tuberculosis and eight million of new cases of TB occur each 

year, leading to nearly 3 million deaths annually (Guda et al, 2004). TB kills more people than 

any other infectious disease, including malaria and acquired immune deficiency syndrome 

(AIDS). World health organization (WHO) estimates that largest number of new TB cases in 

2005 occurred in South East Asian region which accounts 34% of incidence. Every second a 

new one is infected with TB and costs 350 people/100,000, in Sub Saharan Africa (WHO, 

2007). In 2005 WHO ranked Bangladesh 5th among the worlds 22 high burden TB countries. 

More than 319,000 new cases occurred including 1,43000 sputum smear positive cases of 

which 70000 embraces death(USAID, 2006). Bangladesh indicate an incidence of 227 new 

cases of all types & 102 new smear positive cases per 100,000 population (ICDDR, B, 2008). 

Sputum smear microscopy for acid fast bacilli remains the most important diagnostic method 

for tuberculosis in high endemic countries (Deun et al, 2005) and the identification of smear 

positive cases is given the highest priority to control the transmission (Shrestha et al, 2005). 

Tuberculosis is one of the worlds most widespread and deadly illness caused by inhaled 

airborne droplet nuclei containing viable organism, characterized by slowly progressive 

constitutional symptoms of malaise, anorexia, weight loss, fever and night sweats and often 

presented with chronic cough and blood streaked sputum (Chesnutt et al, 2007). Tuberculosis is 

an ancient disease, recognizable in skeleton from Stone Age and in bones from some of the 

early Egyptian mummies. Although the infectious nature of tuberculosis was established by 

Villemin around 1865, Koch discovered its nature of clinical manifestation in the year, 1882.  

(Wilfert et al,1992). M. tuberculosis is a rod shaped non spore forming, thin bacterium 

(Raviglione et al, 2005). Several types of Mycobacteria are responsible for disease in human. 

M. tuberculosis complex which includes M. bovis causes most of the infections; some causes 

opportunistic Mycobacterial infections like M.kansasii, M.xenopi, M.malmoense, and 
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Mycobacterium avium-intracellulare complex. Tuberculosis can be grossly classified clinically 

as (1) Primary tuberculosis (2) Miliary tuberculosis (3) Post primary tuberculosis (4) Extra 

pulmonary tuberculosis (Crompton et al, 1999). 

M. tuberculosis is transmitted from person to person by respiratory aerosol and its initial site of 

infection is lung and resides chiefly in the macrophage. Most of the transmission is occurred by 

the coughing of smear positive people (Levinson et al, 2006). 

Droplet nuclei containing tubercle bacilli are inhaled enter the lungs, and only 10% travel to the 

alveoli and ingested by alveolar macrophages. In the initial stage of host bacterium interaction 

either the hosts macrophages control bacillary multiplication by producing proteolytic enzyme 

and cytokines or the bacilli begin to multiply (Raviglione et al, 2005). 

M. tuberculosis enters the macrophages by endocytosis through the mannose receptor and 

exists by preventing phagolysosome. After three weeks of infection a TH1 response against 

M.tuberculosis is mounted that activates the macrophage to become bactericidal (Robbin et al, 

2005). With the development of the specific immunity and accumulation of large number of 

activated macrophages at the site of primary lesion tubercles are formed. Cell mediated 

immunity is critical at this early stage. In the majority of infected individual, local macrophages 

are activated when bacillary antigens are processed by macrophages stimulating T lymphocytes 

to release a variety of lymphokines. These activated cells aggregate around the lesions center 

and effectively neutralize the tubercle bacilli without causing further tissue destruction. In a 

minority of cases the macrophage activating response is weak and mycobacterium growth only 

can be inhibited by tissue destructing DTH. After infection with M. tuberculosis alveolar 

macrophage secrets a number of cytokines namely IL-1, IL-6 and TNF-á, that contributes to 

killing the microorganism and a number of systemic effects. Reactive CD4+ lymphocytes 

produce cytokines of TH1 pattern and participate in MHC class II restricted killing of cells 
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infected with Mycobacterium tuberculosis. TH1 CD4+ cells produce IFN-ã and IL-2 producing 

cell mediated immunity. TH2 cells produce IL-4, IL-5, and IL-10 and promote humoral 

immunity. The interplay of these various cytokines and their cross regulation determine the 

hosts immune response (Raviglione et al, 2005). 

Because of their intracellular location, it is frequently assumed that tubercle bacilli are not 

exposed to antibody and therefore this type of immune response is considered to be non 

protective. However antibodies can be effective in clinical management and as serological 

diagnostic tools (Waard et al, 2007). In late-stage disease a type 2-like response, characterized 

by production of immunoglobulin G1 (IgG1) antibodies, predominates (Coussens et al, 2004). 

Tuberculosis is diagnosed by detecting M. tuberculosis bacilli in specimen from the respiratory 

tract (pulmonary TB) or in specimen from other bodily sites  (extra pulmonary TB). Although 

many new diagnostics method have been developed, AFB smear microscopy and culture on 

Lowenstein-Jensen media are still considered as gold standard (Singh et al, 2007). In a study it 

is found that the Auramine-Rhodamine stain increases the sensitivity of the sputum smear by 

18% (Finch et al, 1997) and the identification of smear positive cases is given the highest 

priority to control transmission. 

There is strong evidence both in vivo and in vitro of cellular immune reaction in TB patients 

and in those infected with M. tuberculosis. In vivo, this reaction can be measured by DTH 

response to PPD; in vitro, by the proliferation of lymphocytes to different compounds of 

mycobacteria (Pai et al, 2004) 

A wide variety of serological tests have been developed for detection of antibodies in 

individuals suspected to have TB (Chan et al, 2000). Serology has an additional advantages in 
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situation when (1) Patient is unable to produce sputum (2) Sputum smear result is negative (3) 

TB is extrapulmonary. 

Historically speaking, serology for the diagnosis of tuberculosis has been explored since 1898, 

when crude cell preparations containing carbohydrates, lipids, and proteins from M. 

tuberculosis or M. bovis BCG were used as antigen preparation showing high sensitivity but 

low specificity (Singh et al, 2007). Modern developments in the purification of antigens, 

generation of monoclonal antibodies and chromatographic techniques, have led a considerable 

improvement in specificity. During the last three decades, a large number of purified antigens 

have been assessed, showing substantial progress in the serodiagnosis of TB (Jackett et al, 

1988). 

Immunochromatographic assays, also called lateral flow tests or simply strip tests are logical 

extension of technology used in latex agglutination tests. The benefits of ICT include: (1) Users 

friendly format (2) very short time to test result (3) Long term stability over a wide range of 

climate (4) Relatively inexpensive to make. These features make strip tests ideal for 

applications such as home testing, rapid point care of testing, and testing in the field. In 

addition, they provide reliable testing that might not otherwise be available to low resource 

country (Singh et al, 2007). The major advantages of immune-based tests are their speed 

(results may be available within hours) and simplicity compared with microscopy. The most 

common of these tests rely on detection of the humoral (serological) antibody immune response 

to M. tuberculosis (Steingart et al, 2007). It is found that sensitivity of 

Immunochromatographic test (ICT) is higher in smear-positive patients than smear-negative 

patients. Most likely that reported higher sensitivity in smear-positive patients might be due to 

the higher bacillary loads and thus a greater exposure to antigens and a more vigorous antibody 
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response in these patients (Ongut et al, 2006) and in Bangladesh over 65% of pulmonary TB 

remains smear positive (National guideline, 2005). For early diagnosis of tuberculosis 

especially in the patients without adequate sputum specimens for examination, researcher found 

a simple, rapid and inexpensive method among many current available diagnostic tools, the 

Enzyme-Linked Immunosorbent assay (ELISA). In the ELISA test the class of antibody is an 

important factor, IgG holds a great promise in diagnosis of active TB both in the children and 

adult for its sensitivity and specificity for IgG antibody to A-60 with a range of 75-100% in 

various reports (kalantri et al, 2005). In a systemic review by Steingert et al it is mentioned that 

the sensitivity values of A-60 IgG ranged from 63% to 85% and the specificity values ranged 

from 73% to 100% whereas in healthy volunteer specificity ranged from 86% to 100% 

(Steingert et al, 2006). These have been revealed that in 10-20% of cases, culture results are 

negative. Microscopy and Culture have no place in the diagnosis of latent TB. By definition 

such cases are smear and culture negative. Routine diagnosis of latent infection currently 

depends solely on the Mantoux test (IBMS, 2001). Mantoux test has been used to identify the 

patients of tuberculosis, to measure the prevalence of infection in a community, and to select 

susceptible or high risk TB patients for BCG vaccination. The test has been existed for more 

than 100 years and has remained more or less unchanged for last 60 years (Huebner et al, 

1993). Mantoux test generally should be performed only in persons who belong to at least one 

of the high-risk groups like Persons with recent M. tuberculosis infection (within the past 2 

years) or a history of inadequately treated tuberculosis, close contacts of persons known or 

suspected to tuberculosis, health care worker, persons in a high incidence or prevalence of 

tuberculosis and prolonged corticosteroid therapy also. No single ancillary test is 100 percent 

accurate in making or excluding the diagnosis of tuberculosis. Although a PPD test should 
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always be performed, it may be negative in 10 to 25 percent of patients with active disease 

(Jerant et al, 2001). Though microscopic identification and culture of M. tuberculosis are the 

most common methods for the diagnosis of pulmonary diseases, in the search of rapid and cost 

effective diagnostics method of TB, Immunodiagnosis considered option to evaluate the 

specific humoral and cellular responses of the host to infer the presence of infection or disease 

(Singh et al, 2007). 

Having the described background, the purpose of the study was to evaluate the various 

Immunodiagnostic methods for the diagnosis of tuberculosis in a high burden TB country, 

Bangladesh. 

 

 

 

 

 

 

 

 

REVIEW OF LITERATURE 

2.1 Historical background:  

It is presumed that the genus Mycobacterium originated more than 150 million years ago, 

whereas an early progenitor of M. tuberculosis was probably contemporaneous and co-evolved 

with early hominids in East Africa, three million years ago. The modern members of M. 
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tuberculosis complex seem to have originated from a common progenitor about 15,000 - 

35,000 years ago (Gutierrez et al, 2005). 

This was an ideal microorganism for studying ancient DNA and was the first to be pursued and 

answered important questions along with prove that tuberculosis (TB) is an ancient disease 

with a wide geographical distribution (Donoghue et al, 2004). 

The term phthisis synonymous with tuberculosis appeared first in Greek literature. Around 460 

BC, Hippocrates  mentioned it and Aristotle (384-322 BC) considered the disease to be 

contagious and Clarissimus Galen (131-201 AD) defined phthisis as an ulceration of the lungs, 

chest or throat, accompanied by coughs, low fever, and wasting away of the body because of 

pus, describing it as a disease of malnutrition (Pease, 1940). 

 The TB epidemic in Europe, later known as the �Great White Plague�, probably started at the 

beginning of the 17th century and continued for the next 200 years. Death from TB was 

considered inevitable and, by 1650, TB was the leading cause of mortality. TB existed in 

America before Columbus� arrival but was rare among the natives (Bates et al, 1993). 

TB was also rare among Africans who lived in small remote villages. When exposed to the 

disease by contact with Europeans, these populations experienced a high mortality rate (Bates 

et al, 1993). There is also evidence of the presence of the disease in pre-historic Asia, but it was 

only toward the end of the 19th century that peaks in incidence were observed in India and 

China (Sledzik et al, 1994).  

On the evening of March 24, 1882, in Berlin, Germany's most prominent men of science Robert 

Koch (1843-1910) made his famous presentation Die Aetiologie der Tuberculose and 

considered M. tuberculosis as the causative agent of tuberculosis.  

2.2 Epidemiology: 

2.2.1 Prevalence of tuberculosis:  
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Worldwide, one person out of three is infected with M. tuberculosis � two billion people in 

total. TB accounts for 2.5 % of the global burden of disease and currently holds the seventh 

place in the global ranking of causes of death. TB kills more people than any other infectious 

disease, including malaria and acquired immune deficiency syndrome (AIDS). The WHO 

African region has the highest estimated incidence rate (356/100,000), but the majority of 

patients with TB live in the most populous countries of Asia; Bangladesh, China, India, 

Indonesia, and Pakistan together account for half (48 %) of the new cases that arise every year. 

In terms of the total estimated number of new TB cases arising annually, about 80 percent of 

new cases occur in the 22 top-ranking countries (Dye, 2006). In 2005, WHO ranked 

Bangladesh 5th among the worlds 22 high burden TB countries. More than 319,000 new cases 

occurred including 1, 43,000 sputum smear positive cases of which 70,000 embrace death 

(USAID, 2006). Bangladesh indicates an incidence of 227 new cases of all types & 102 new 

smear positive cases per 100,000 people each (ICDDR, B, 2008). Even more alarming: a person 

is newly infected with M. tuberculosis every second of every day, left untreated; a person with 

active TB will infect an average of 10 to 15 other people every year. 

TB hinders socioeconomic development as 75% of people with TB are within the economically 

productive age group of 15-54 years and the commonest cause of death in young women, 

killing more women than all causes of maternal mortality combined (Dye, 2006). 

 

2.2.2 Transmission:  

M. tuberculosis is an obligate, aerobic, intracellular pathogen, which has a predilection for the 

lung tissue rich in oxygen. TB occurs almost exclusively from inhalation of droplet nuclei 

containing M. tuberculosis, which disperse primarily through coughing, sneezing and other 
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forced respiratory maneuvers by a person with smear positive pulmonary TB. Normally, 

repeated exposure to a TB patient is necessary for infection to take place (Chesnutt et al, 2007).  

2.2.3 Reservoirs:  

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 M. 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 

M. caprae and M. pinnipedi (Wayne et al, 1982).  

2.2.4 Habitat:  

Only a few Mycobacteria became successful pathogens of higher vertebrates, preferentially 

inhabiting the intracellular environment of mononuclear phagocytes. The host-dependent 

Mycobacteria that cannot replicate in the environment are M. leprae, M. lepraemurium, M. 

avium subsp. paratuberculosis, and the members of the M. tuberculosis complex. 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 pathogens M. tuberculosis and M. leprae are incapable of replicating 

on inanimate subject whereas (Non tubercular mycobacterium) NTM are free living 

mycobacteria and are usually found in association with watery habitats such as lake, rivers and 

wet soil (Willett, 1992) 

2.2.5 Predisposing factors for TB infection include: 

� Close contact with large populations, i.e., schools, nursing homes, dormitories, prisons, etc. � 

Poor nutrition � I/v drug use � Alcoholism � HIV infection is the predisposing factor for MTB 

infection. 10 percent of all HIV-positive individuals harbor MTB. This is 400-times the rate 
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associated with the general public. Only 3-4% of infected individuals will develop active 

disease upon initial infection, 5-10% within one year (Crompton, 2000). 

2.3 MICROBIOLOGY OF Mycobacterium tuberculosis 

2.3.1 TAXONOMY AND DESCRIPTION OF THE GENUS: 

Kingdom                                                          Bacteria 

Phylum                                                            Actinobacteria 

Class                                                                Actinobacteria 

Subclass                                                          Actinobacteridae 

Order                                                              Actinomycetales 

Suborder                                                         Corynebacterineae 

Family                                                            Mycobacteriaceae 

Genus                                                               Mycobacterium 

unique genus 

Species                                                             M. tuberculosis 

                                                                        M. bovis 

                                                                        M. africanum 

                                                                        M. microti 

                                                                       M. canettii 

                                                                       M. caprae 

                                                                        M. pinnipedii 

(http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode) 

2.3.2 General properties of Mycobacterium: 

The genus Mycobacterium is the only genus in the family Mycobacteriaceae and is related to 

other mycolic acid containing genera. The high G+C contents of the DNA is a unique property 

of Mycobacterium species along with other mycolic acid-containing genera, Gordonia, 
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Tsukamurella, Nocardia, and Rhodococcus (Pfyffer, 2007). Mycobacteria are slender bacilli 

and sometimes exhibits filamentous forms resembling fungal mycelium (from greek, myces 

means fungus) hence they are so named (Chakroborty, 1999).  Mycobactoria are aerobic, non-

spore-forming, nonmotile, slightly curved or straight rods, 0.2 to 0.6 um by 1.0 to 10 um which 

may be branched. Colony morphology varies among the species, ranging from smooth to rough 

and from non pigmented to pigmented. Some species require light to form pigment 

(photochromogens); other species form pigment in either the light or the dark 

(Scotochromogens) (Pfyffer, 2007). 

The genus Mycobacterium includes obligate pathogens, opportunistic pathogens, and 

saprophytes. With the advent of the molecular techniques for the appropriate identification, 

close to 200 Mycobacterial species have now been described. They could be classified grossly 

into Rapid grower and slow grower.  Slow grower contains (1) M. tuberculosis complex and (2) 

NTM or non tubercular mycobacterium. Some human pathogenic NTM are M.ulcerans, M. 

haemophelium, M. asiaticum. A natural division exists between slowly rapidly growing species 

of Mycobacteria. Slow growers require more than 7 days producing colonies on solid media 

under ideal culture conditions (Raviglione et al, 2005) 

The rapid grower mycobacterium is the opportunistic pathogens that grow within 7 days on 

laboratory media that produce diseases in various clinical setting. The three major clinically 

important species are M. fortuitum, M. chelonae, M. abscesssus.  

2.3.3 Mycobacterium tuberculosis complex: 

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

M. africanum, M. canettii and M. microti. The mycobacteria grouped in the complex are 

characterised by 99.9% similarity at the nucleotide level and identical 16S rRNA sequences but 
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differ widely in terms of their host tropisms, phenotypes, and pathogenicity (Boddinghaus et al, 

1990). 

2.3.3.1 Cell wall structure:  

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

(1) plasma membrane (2) a cell wall, and (3) an outer capsule like layer (Willet, 1992). 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, high-performance liquid or thin-

layer chromatography. The mycolic acids specific to M. tuberculosis are alpha, keto and 

methoxymycolates 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 extend to the 

exterior of the cell wall. LAMs are species- specific and lipids constitute more than half of the 

dry weight 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 

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, 2006).  

2.3.3.2 Acid fastness:  
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The expression �acid-fastness� describes the resistance of certain microorganisms to 

decolorization with acid-alcohol solutions 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 

microorganisms in the genera Corynebacterium, Nocardia, and Mycobacterium, and the 

increasing length of mycolic acid chains in their walls. However, the property is absolutely 

dependent on the integrity of the bacillus (Goren et al, 1978). 

2.3.3.3 Cultural character:  

They grow only in special enriched medium containing egg, asparagine, potatoes, serum and 

meat extracts. M. tuberculosis grows more luxuriantly in culture (eugonic) than M. bovis 

(dysgonic). Virulent strain often grows as twisted rope like colonies which are called serpentine 

cords (Chakroborty, 1999). In contrast, non-virulent Mycobacteria and tubercle bacilli 

attenuated by prolonged cultures usually develop smooth colonies on solid media. The 

recognition 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 attributed to the trehalose 6, 6�-dimycolate also 

known as cord factor (Chesnutt et al, 2007).  

 

2.3.3.4 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 
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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). 

2.3.3.5 Nutritional and environmental requirements for growth:  

The microorganism macromolecular structure and metabolic capabilities result in high 

adaptation to the specific environment. Trace elements as Magnesium and iron are essential for 

life. In nature, the bacillus grows most successfully in tissues with high oxygen partial tension, 

such as the lungs, particularly the well-aerated upper lobes. In the laboratory, an atmosphere of 

5 to 10 % carbon dioxide favors culture growth, at least during the early stage of incubation 

(Willet, 1992).  

2.3.3.6 Generation time:  

Under favorable laboratory conditions, M. tuberculosis divides every 12 to 24 hours. The slow 

growth rate might be partially determined by the cell wall impermeability that limits nutrient 

uptake. Ribonucleic acid (RNA) synthesis to be a major factor associated with the long 

generation time of the tubercle bacillus (Harshey et al, 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.  

2.3.3.7 Metabolic and biochemical markers:  

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. (Kasarov et al, 1972). The main M. tuberculosis antioxidant 

enzyme is a heat labile catalase-peroxidase with both catalase and peroxidase activities. The 

catalase is not only self protective but can also be self-destructive as it activates the anti-

tuberculous prodrug INH (Sohaskey, 2005).   
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2.3.3.8 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 limit the access to the bacterial targets of 

hydrophilic antiseptics and antibiotics. The microorganism also withstands very low 

temperatures. Its viability may be increasingly preserved for a long term between 2-4°C to -

70°C. When ultrafrozen, the viability of the bacilli remains almost intact as well as the 

taxonomic, serologic, immunologic, and pathogenic properties. On the other hand, the bacilli 

are very sensitive to heat, sunlight and ultraviolet (UV) irradiation (Pfyffer, 2007). 

2.3.3.9 Virulence Mechanisms and Virulence Factors:  

M. tuberculosis does not possess the classic bacterial virulence factors such as toxins, capsules 

and fimbriae. However, a number of structural and physiological properties of the bacterium 

are beginning to be recognized for their contribution to bacterial virulence and the pathology of 

tuberculosis.  

MTB has special mechanisms for cell entry. The tubercle bacillus can bind directly to mannose 

receptors on macrophages via the cell wall-associated mannosylated glycolipid, LAM, or 

indirectly via certain complement receptors or Fc receptors.  

 The ability of MTB to grow intracellularly is an effective means of evading the immune 

system and as a result antibodies and complement are ineffective. Once MTB is phagocytosed, 

it can inhibit phagosome-lysosome fusion (Robbin et al, 2005).   

MTB interferes with the toxic effects of reactive oxygen intermediates produced in the process 

of phagocytosis by two mechanisms: 1. Compounds including glycolipids, sulfatides and LAM 

down regulate the oxidative cytotoxic mechanism. 2. Macrophage uptake via complement 

receptors may bypass the activation of a respiratory burst.  
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Antigen 85 complex may aid in walling off the bacteria from the immune system and may 

facilitate tubercle formation (Todar, 2008).  

Because of MTB's slow generation time, the immune system may not readily recognize the 

bacteria or may not be triggered sufficiently to eliminate them.  

High lipid concentration in cell wall accounts for impermeability and resistance to 

antimicrobial agents, resistance to killing by acidic and alkaline compounds in both the 

intracellular and extracellular environment, and resistance to osmotic lysis via complement 

deposition and attack by lysozyme.  

Cord factor is primarily associated with virulent strains of MTB. It is known to be toxic to 

mammalian cells and to be an inhibitor of PMN migration (Willett, 1992). 

2.4 Pathogenesis of tuberculosis:  

2.4.2 The initial lesion:  

Once inhaled, most tubercle bacilli are trapped in the mucosa of the upper respiratory tract, 

trachea and bronchi, especially when inhaled in clumps, and are eliminated by the mucocilliary 

defense mechanisms. Tiny particles or droplet nuclei smaller than 5 µm behave as a gas and 

overcome this barrier and reach the inferior respiratory tract, especially inside the alveoli, 

where they are readily phagocytosed by alveolar macrophages.  

 After M. tuberculosis has entered the lung, one of four potential fates might occur: 

(Dannenberg, 1994) 

 i. The initial response can be effective in the killing and elimination of the bacilli, and 

these individuals do not develop TB at any time point in the future. 

 ii. The bacilli can grow and multiply immediately after infection, causing clinical 

disease (primary TB). 
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 iii. The bacilli may become dormant and never cause disease at all, resulting in a latent 

infection that is manifested only as positive tuberculin skin test (latent TB). 

 iv. The dormant bacilli can eventually begin to grow with resultant disease 

(Reactivation TB). 

The development of clinical TB will occur in 5 %-10 % of infected persons at some point in 

their lives. Dissemination of tuberculosis outside the lungs (extrapulmonary TB) is more 

common in children and HIV infected individuals (Schafer et al, 1996) leading to the 

appearance of a number of uncommon findings with characteristic patterns:  

(1) Skeletal TB, involves mainly the thoracic and lumbar vertebrae also known as Pott's 

disease, (2) Genital tract TB involves the fallopian tube, prostate and epididymis. (3) Urinary 

tract TB, (4) TB of the central nervous system (5) Cardiac TB and (6) Scrofula (lymphadenitis 

TB) (Raviglione et al, 2005). 

2.4.2 Formation of granuloma:  

The granulomatous response is the hallmark of chronic M. tuberculosis infection, which is a 

desperate attempt by the host immune system to arrest multiplication and further dissemination 

of bacteria to other organs. It is postulated that stimulated alveolar macrophages in the airways 

invade the lung epithelium following internalization of inhaled bacteria (Ulrichs et al, 2006). 

Along with other inflammatory cascade regulated and superceded by a specific, cellular 

immune response is linked to formation of the 'stable' granuloma responsible for immune 

containment during latent or subclinical infection (Tully et al, 2005). The granuloma 

subsequently develops central areas of necrosis (called caseum, from the word �cheese�), 

resulting in the death of the majority of bacteria and destruction of the surrounding host tissue. 

The surviving bacilli exist in a latent state and can become reactivated leading to development 
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of active disease. The granuloma serves (Robins et al, 2005) major purposes as a local 

environment in which immune cells can interact to kill bacteria, a focus of inflammatory cells 

(Algood et al, 2005). Disruption of the granuloma structure or function appears to be 

detrimental to the control of bacterial replication and the control of immunopathology in the 

lung.  

2.4.3 Immunology of tuberculosis: 

2.4.3.1 Cells involved in immune response:  

2.4.3.2 Macrophages: Macrophages play a central effector role in the immune response to 

M. tuberculosis infection. Once infected by the bacterium, macrophages presents antigens on 

both class I and II major histocompatibility complex (MHC) to T cells, which in turn secrete 

IFN- ã resulting in activation of the macrophages to kill the bacteria. Tumor necrosis factor 

(TNF) is an important proinflammatory cytokine secreted by activated monocytes/ 

macropghages (Bekker et al, 2001). Furthermore, the pro inflammatory cytokines IL-1 and IL-6 

secreted during inflammation play an important role in recruitment of cells to the site of 

infection. A major effector mechanism is the induction of nitric oxide (NO) and related reactive 

nitrogen intermediates (RNIs) by macrophages (Giacomini et al, 2001) and phagolysosome 

fusion (Robins et al, 2005).  

2.4.3.3 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 after 

carriage of antigens to draining lymph nodes, where recognition by T cells can be maximized 

(Flynn, 2004). The efficient antigen-capturing causes immature DCs are transformed into 

mature T cell stimulating DCs, which migrate into draining lymph nodes. In these 

compartments, the stimulatory capacity of mature DCs ultimately leads to effector T cell 
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differentiation and memory T cell expansion, which in turn, confer protection against M. 

tuberculosis in the lungs (Kaufmann et al, 2001). 

2.4.3.4 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-ã during the immune response 

(Junqueira-Kipnis et al, 2003). 

2.4.3.5 Neutrophil leukocytes: Even though macrophages are considered the main targets 

for infection by Mycobacterium tuberculosis Neutrophil leukocytes are among the earliest cells 

recruited into infection  sites and  inflammatory signals are triggered along with the formation 

of neutrophil extracellular traps (Urban et al, 2006). 

2.4.3.6 CD4+ T cells: Although various cells contribute to immunity against M. 

tuberculosis, T cells,  notably effector CD4+Th1 cells play a dominant role (Kaufmann et al, 

2005)  M. tuberculosis resides primarily in a vacuole within the macrophage resulting in MHC 

II presentation of mycobacterial antigens to CD4+ T cells. Upon activation, CD4+ T cells 

secrete IFN-á and TNF, which in turn induce anti mycobacterial mechanisms in macrophages 

(Flynn, et al, 2001). Other roles played by CD4+ T cells include induction of apoptosis 

suggested to be important in controlling M. tuberculosis infection, conditioning of antigen-

presenting cells, help for B cells and CD8+ T cells, and production of other cytokines (Scanga 

et al, 2000) 

2.4.3.7 CD8+ T cells: It has been demonstrated that mycobacterial antigens derived from 

infected cells can be presented by MHC I to CD8+ T cells in humans. CD8+ T cells also 

recognize various antigens from M. tuberculosis that are not presented by classical MHC I 
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molecules. In humans, CD8+ T cells can kill intracellular mycobacteria via the release of the 

antimicrobial peptide granulysin (Stenger et al, 1998) 

2.4.3.8 Gamma/delta T cells: ãä T cells from human TB patients display a lytic activity that 

is independent of the MHC. While the lytic activity of CD4+ and CD8+ T cells decreases 

gradually as the disease becomes more severe, ãä T cells increase their activity, lysing target 

cells infected with M. tuberculosis through the Fas-FasL mechanism and the perforin pathway 

(Barrera et al, 2003). 

2.4.4 Immune response to M. tuberculosis: 

2.4.4.1 Innate immune response:  

After the M. tuberculosis invades the activation of signaling pathways occurs upon recognition 

of pathogen associated molecular patterns (PAMPs) by pattern recognition receptors (PRRs), 

including Toll-like receptors (TLRs). Although T cells provide the crucial element of 

specificity, the immune response is sensed primarily by innate immune mechanisms. TLRs are 

expressed on many cells, including phagocytes, and mediate the activation of cells of the innate 

immune system, resulting in destruction of the invading microorganism through activation of 

several signaling cascades. 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. A major effector mechanism is related to reactive nitrogen intermediates (RNIs) by 

macrophages. Other antimycobacterial mechanisms of macrophages are; phagolysosome 

fusion, a process which exposes ingested bacteria in the phagosome to lytic enzymes in the 

lysosome. Neutrophil leukocytes are the earliest cells recruited into infection  sites and  
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inflammatory signals are triggered along with the formation of neutrophil extracellular traps 

(Urban et al, 2006). Natural killer cells are associated with the development of cytotoxicity to 

target cells (Junqueira-Kipnis et al,  2003). 

2.4.4.2 Specific immune response:  

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 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.  

The protective immunity against TB is mediated exclusively by T cells rather than antibodies as 

antibodies cannot reach the bacilli within the phagosomes of infected macrophages (Reljic et al, 

2006).  

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 (Caruso et al, 1999). The main function 

of CD4+ Th1 cells is the production of cytokines including IFN-ã, which activates macrophages 

and promotes bacilli destruction and it also helps to develop the CD8+ T cell mediated 

response (Serbina et al, 2001). In the same way, CD4+ cells may participate in the induction of 

apoptosis of infected cells and the subsequent reduction of bacterial viability through the CD95 

Fas ligand system (Oddo et al, 1998). In addition, CD8+ T cells proved to be efficient in lysing 

infected cells and in reducing the number of intracellular bacteria (Keane, 2001).  

2.4.4.3 The immune response related to progressive disease:   
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There is substantial evidence that demonstrates a Th2 response in human TB (Seah et al, 2000). 

Indeed, TB patients have several IL-4-dependent manifestations, including high IgE 

antimycobacterial antibodies (Yong et al, 1989). CD8+ cells are another source of IL-4 and this 

correlates with cavitation (Crevel et al, 2000). The presence of IL-4 at late stages of the disease 

has a direct pathogenic role because it downregulates the protective Th1 responses (Biedermann 

et al, 2001). The phase of progressive disease starts after one month of infection characterized 

by a drop in the number of cells expressing INF-ã, IL-2, TNF-á, and iNOS, high bacillary 

counts and very high levels of IL-4 and TGF-â, produced foamy macrophages. TNF-á plays an 

essential role in protection but may also be a significant factor in its pathology. 

2.4.4.4 Factors that deregulate the protective immune response:  

An increase in antigen load is clearly a participating factor of the Th1/Th2 imbalance and 

deregulates the protective immune response to M. tuberculosis. Low antigen loads, prime the 

Th1 response in contrast high antigen loads efficiently induce the Th2 response. In the early 

stage of infection (21 days after infection), while the Th1 cytokine response predominated and 

controlled the growth of bacilli, the DTH response was the highest. In contrast, during the 

progressive phase of the disease (50 days after infection) extensive tissue damage and high IL-4 

production are manifested, the DTH response was very low (Hernandez-Pando et al, 1998).  

2.4.4.5 Immune evasion:  

Although the immune response against M. tuberculosis is usually sufficient to prevent 

progression to active disease, the microorganism persists in the host. Thus, the strong immune 

response can control, but not eliminate the infection, indicating that M. tuberculosis has 

evolved mechanisms to modulate or avoid detection by the host.  

M. tuberculosis persist within macrophages through a variety of immune evasion strategies: 
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(1) Entry into macrophages via multiple receptors:  Entry of Mycobacteria into 

phagocytic cells can occur through binding to multiple receptors, all leading to the delivery of 

the bacilli into macrophage phagosomes.  

(2) Manipulation of the phagosome:  To persist in the host, M. tuberculosis arrests the 

maturation of bacilli-containing phagosomes into phagolysosomes (Robbins et al, 2005). It 

could interfere with phagolysosomal fusion by retention of host protein on the phagosome 

behaving as self antigens.  

(3) Avoidance of the toxic effects of reactive nitrogen intermediates: M. 

tuberculosis expresses genes that counteract the bactericidal or bacteriostatic effects of RNI and 

NO. 

(4) Modulation of antigen presentation:  M. tuberculosis avoids elimination by the 

immune system through the inhibition of antigen processing or presentation by macrophages .  

2.5 Host genetics and susceptibility:   

Several aspects of TB epidemiology are not explained by the germ theory, and suggest that 

there are individual differences in susceptibility as not everyone exposed to M tuberculosis 

becomes infected. TB was more common in those who additionally had a family history of TB, 

suggesting the greater importance of familial susceptibility. 

Asians and especially Africans and African Americans had less innate resistance than Whites. 

Mutations causing Mendelian susceptibility to Mycobacterial diseases (MSMD) have been 

found due to different genes (Ottenhoff et al, 2005). The polymorphic human leukocyte 

antigens (HLA) were the first proteins to be examined for associations with TB susceptibility. 

HLA B13 has a protective effect while individuals with DR8 have a greater probability of 

developing TB. 
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2.6 Laboratory diagnosis of tuberculosis: 

Bacteriological diagnosis of tuberculosis involves the detection and isolation of 

mycobacterium, the identification of the mycobacterial species or complex and the 

determination of susceptibilities of the organisms to anti mycobacterial drugs (CDC, 1990).  

The principal method of pulmonary TB diagnosis is demonstration of mycobacterium in Ziehl-

Neelsen stained sputum samples for AFB. But it requires at least 10,000 bacilli /ml of sputum.  

Isolation of microorganism by culture which is most commonly performed on solid media 

(Löwenstein-Jensen or Ogawa Kudoh), giving results on an average of 30 days. The basic 

advantage of culture of mycobacterium it requires only 10-100 bacilli / ml of sputum. Cultures 

in liquid media give faster results and may be more sensitive (Laidlaw, 1989) 

Drug susceptibility testing is indicated when infection with drug resistant strains is suspected, 

but as suspicion for drug resistance is not always easily evaluated, susceptibility testing should 

be systematically performed on isolates from patients with associated risk factors: 

(1) Previous history of anti-tuberculosis treatment (2) Failure of chemotherapy given with 

direct supervision (3) Contact with patients with multi-drug resistant TB 

2.6.1 Collection and transport of specimen:  

The successful isolation of the pathogen requires that the best specimen be properly collected, 

promptly transported and carefully processed. If pulmonary TB is suspected specimens 

originating from the respiratory tract should be collected, i.e. sputum, induced sputum, 

bronchoalveolar lavage or a lung biopsy (Finch et al, 1997), if failed, the sputum can be 

induced by inhalation of hypertonic saline solution. Otherwise, the specimen can be collected 

from Bronchoscopy (Sarkar et el, 1980). When the transport or the processing is delayed, 

specimens should be stored for not more than five days at 4°C. The cetylpyridinium chloride 
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(CPC) method is widely used for the transport of sputum specimens (Smithwick et al, 1975). 

Good laboratory practice is required for the protection of laboratory staff from infectious 

airborne bacilli, i.e. good ventilation, use of laboratory coats, surgical gloves and face masks, 

hand washing and regular disinfection of the laboratory floor and surfaces, especially benches, 

with a disinfectant that is active against mycobacteria. This disinfectant may be 70 % ethanol or 

sodium hypochlorite (house bleach) at a concentration of 0.2-0.5 %. Ultraviolet light, emitting 

rays of wavelength 254 nm, is very effective in killing the tubercle bacillus and other 

mycobacteria (Riley et al, 1989).  

2.6.2 Decontamination procedures:  

Several methods have been used to minimize culture contamination when specimens from non-

sterile body sites are processed. Most of these methods include the digestion of mucus or 

organic debris and treatment to eliminate micro-organisms from the normal flora. Both steps 

are done to maximize the probability of isolating Mycobacteria in culture. No single 

decontamination method is applicable to all circumstances, laboratories and clinical specimens; 

therefore, a laboratory should use the best suited method that keeps the contamination rate 

between 3 % and 5 %. A contamination rate lower than 3 % may indicate that the procedure 

used is too harsh and may be killing the mycobacteria. 

The decontamination methods most commonly used are: Using sodium hydroxide at 

concentrations ranging between 2 % and 4 % to digest and, at the same time, decontaminate the 

specimen to determine the lowest concentration for optimal digestion and decontamination 

although N-acetylcysteine for mucus digestion and sodium hydroxide as the decontaminant is 

used worldwide. 
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Ogawa-Kudoh is a very simple and practical decontamination method that obviates the use of 

specimen centrifugation prior to culturing using sodium hydroxide as the digestant-

decontaminant and can be performed in the field. 

Cethyl pyridinium and sodium chloride method is useful to preserve specimens from 

contaminant flora overgrowth while in transit to the laboratory and also fulfills the 

decontamination step required prior to culture (Smithwick et al, 1975). 

2.6.3 Demonestration of mycobacterium :  

AFB smear microscopy plays an important role in the early diagnosis of mycobacterial 

infections because most mycobacteria grow slowly and culture results become available only 

after weeks of incubation. In addition, AFB smear microscopy is often the only available 

diagnostic method in developing countries. The slide is observed under the microscope for the 

detection of AFB. Several methods can be used for determining the acid-fast nature of an 

organism. Two methods, Ziehl-Neelsen and Kinyoun, utilize basic fuchsin in ethanol for 

primary staining. In both cases, AFB appear red after decolorization with acid alcohol. Ziehl-

Neelsen is a hot acid-fast stain because the slide has to be heated during incubation with 

fuchsin. In contrast, Kinyoun staining is a cold acid-fast staining procedure and therefore does 

not require heating. Kinyoun's cold carbol fuchsin method is inferior to the Ziehl-Neelsen 

staining (Deun et al, 2005).  

In the Fluorescence staining procedure, primary staining is done with auramine O. The AFB 

fluoresce yellow against a counterstain of potassium permanganate when observed with a 

Fluorescence microscope. While the reading of fuchsin-stained smears requires 1000x 

magnification, fluorochrome-stained smears are examined at 250x or 450x. The lower 

magnification used in this staining method allows the microscopist to observe a much larger 

area of the smear during the same period of time. This makes the method faster and reduces 
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laboratorist fatigue. Allegedly, fluorescent staining is more sensitive than Ziehl- Neelsen 

staining (Steingart et al, 2006). A real disadvantage of the fluorochrome method is that 

fluorescence fades with time. For this reason, the slides must be read within 24 hours. This 

staining method is not often available in developing countries due to the high cost of the 

fluorescence microscope and, especially, that of its maintenance.  

Quality assurance of AFB sputum smear microscopy is essential and Quality of the sputum 

specimen itself is also an important aspect. When the patient is thoroughly instructed on 

sputum sampling, the microscopic diagnosis of TB improves substantially (Alisjahbana et al, 

2005). For diagnosis, the sensitivity of AFB smear staining relative to culture has been 

estimated to vary from 50 % to over 80 %. Several studies have been published on improving 

smear microscopy performance using methods that concentrate the bacilli present in the sputum 

specimen. The methods consist of submitting the specimen to a liquefaction step prior to 

concentrating it by sedimentation or centrifugation. The smears are then performed from the 

sediment and stained for microscopic examination. The best known concentration procedure is 

the 'bleach microscopy method', in which the sputum is liquefied with sodium hypochlorite 

(NaOCl or household bleach), and concentrated by centrifugation before AFB staining. This 

technique is inexpensive and easy to perform. Other concentration methods should be used if 

the specimen is to be cultured (Murray et al, 2003) 

2.6.4 Isolation of Mycobacterium:  

Acid-fast microscopy is easy and quick, but it does not confirm TB diagnosis because 

Mycobacteria other than M. tuberculosis are also AFB in the smear microscopic examination. 

In addition, a high bacterial load is needed in the specimen to render an AFB microscopy result 

positive. Culture techniques have been estimated to detect as many as 10�1,00 viable 

mycobacteria per mL of specimen. But it takes long period to grow the M. tuberculosis on 
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traditional culture medium about 6-8 weeks. Therefore, although most TB control programs do 

not support its widespread use due to enhanced laboratory complexity, biohazard and cost but 

ideally all specimens should be submitted to culture, regardless of AFB smear microscopy 

results. A positive culture for M. tuberculosis confirms the diagnosis of active disease. Culture 

of mycobacterium can be carried out in various types of culture medium (Laidlaw, 1989). Most 

of them fall into the two general catagories, Egg based medium and Agar based medium. 

Egg-based media have a good buffer capacity and a long shelf life (several moths when 

refrigerated) and support good growth of most mycobacteria. Of the egg-based media, L -J 

medium is most commonly used in clinical laboratories. In general, it recovers M. tuberculosis 

well but is not as reliable for the recovery of other species. Egg-based selective media include 

L-J medium with cycloheximide, lincomycin, and nalidixic acid.   

Agar-based media are chemically better defined than egg-containing 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 as they do not readily 

support the growth of contaminants. The addition of antimicrobial agents may be helpful in 

eliminating the growth of contaminating organisms.  

The sept-Chek system (BD) is a mycobacterial culture system consisting of a capped bottle 

containing 20 ml of modified 7H9 broth in an enhanced (20%) Co2 atmosphere and a paddle 

containing three types of solid media, i.e., modified L-J medium, Middlebrook 7H11 agar, and 

chocolate agar, encased in a plastic tube. Bacterial contamination is detected on the chocolate 

agar. 
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Broth media may be used for both primary isolation and sub culturing of Mycobacteria. 

Cultures based on liquid media yield significantly more rapid results than solid medium based 

cultures. Middlebrook 7H9 and Dubos Tween albumin broths are commonly used for sub 

culturing stock strains of Mycobacteria and preparing the inoculum for drug susceptiblity tests 

and other in vitro tests. 

Radiomatric technology: Perhaps most widely used radiomatric method to detect early 

growth of mycobacteria in culture is the BACTEC system, which employs a 14 C- labelled 

substrate medium that is almost specific for mycobacterium.  

At present a number of elaborate commercially available culture systems marketed for the 

isolation of Mycobacteria range from simple bottles and tubes such as the  

MGIT (BD) and MB Redox to semi automated systems (the BACTEC 460TB system; BD) 

and fully automated system e.g., The BACTEC 9000 MB and BACTEC MGIT 960, the ESP 

Culture system II and the MB/BacTALERT 3D system (Pfyffer, 2007). 

The optimum incubation temperature for most cultures is 35 to 370C. 5 to 10% CO2 in air 

stimulates the growth of Mycobacteria in primary isolation culture using conventional media. 

Mycobacterial cultures on solid and in liquid media are generally held for 6 to 8 weeks before 

being discarded as negative. Specimens with positive smears that are culture negative should be 

held for and additional 4 weeks. Mycobacteria are relatively solwly growing organisms, and 

thus cultures can be examined less frequently than routine bacteriologic cultures. All solid 

media should be examined within 3 to 5 days after inoculation to permit early detection of 

rapidly growing mycobacteria and to enable prompt removal of contaminated cultures. 

2.7 Distinguishing different species of Mycobacterium by Biochemical 

procedures:  
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The final species identification of M. tuberculosis is based on characteristics such as slow 

growth, colony morphology, and biochemical tests. From a practical point of view, most 

isolates from human disease belong to the species M. tuberculosis. An initial identification as 

M. tuberculosis is defined on AFB bacilli from slow growing, non-pigmented colonies that are 

niacin positive, are inhibited by p-nitrobenzoic acid and display nitratase activity. Additional 

tests that confirm an isolate as M. tuberculosis are susceptibility to pyrazinamide, growth on 

thiophene carboxylic acid hydrazide, absence of catalase production at 68°C and absence of 

iron uptake. 

Niacin accumulation test: Nicotinic acid or niacin is produced by all mycobacteria, but 

niacin produced by M. tuberculosis, M. simiae and M. bovis BCG excreted and accumulates in 

the culture medium. Niacin-negative M. tuberculosis strains are extremely rare. 

Growth in the presence of p-nitrobenzoic acid: This compound inhibits the growth 

of several species in the M. tuberculosis complex: M. tuberculosis, M. bovis, M. africanum and 

M. microti ( Leao et al, 2004). 

Nitrate reduction test: This test is useful for differentiating M. tuberculosis, which gives a 

positive reaction, from M. bovis, which is negative  

Catalase test: Catalase is an intracellular enzyme that transforms hydrogen peroxide to 

oxygen and water. Characteristically, M. tuberculosis gives negative results, as do other species 

in the M. tuberculosis complex. . 

Pyrazinamidase test: Pyrazinamidase  test is useful to differentiate M. tuberculosis 

(positive) from the other species of the M. tuberculosis complex (negative), with the exception 

of M. canettii.  
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Growth in the presence of thiophen-2-carboxylic acid hydrazide:  This test is 

useful to distinguish M. tuberculosis, which grows in the presence of this compound, from 

other members of the M. tuberculosis complex although M. canettii and most non-tuberculous 

mycobacterial species are also positive to this test. 

2.8 Drug susceptibility testing: The performance and interpretation of drug susceptibility 

tests for M. tuberculosis may be helpful to the clinician in choosing the most effective 

antituberculous agents and in the appraisal of the patient�s response to chemoterapy.  Initial 

susceptibility testing should be done in persons known to be at high risk for infection with drug 

resistant organisms.  These include: patient with a history of antituberculous chemotherapy, 

foreign born patients from areas with high prevalence of drug resistance and in the patients 

with life threatening forms of tuberculosis (CDC, 1990). 

2.9 Other diagnostic procedures:  

2.9.1 Immunodiagnostic Methods: 

 The gold standard for tuberculosis (TB) diagnosis is the demonstration of Mycobacteria but 

which is often not possible. Though microscopic identification and culture of Mycobacteria in 

sputum are the most common methods for diagnosis of pulmonary disease but in the search for 

rapid and cost-effective diagnostic methods for TB, Immunodiagnosis is considered an 

attractive option. There is strong evidence both in vivo and in vitro of cellular immune reaction 

in those infected with M. tuberculosis. In vivo, this reaction can be measured by DTH response 

to PPD; and in vitro, by the proliferation of lymphocyte to different compounds of the bacteria 

(Pai et al, 2004).  

  Basically, it uses the specific humoral and cellular immune responses of the host to infer the 

presence of infection or disease. The tuberculin skin test (TST) or Mantoux test (Huebner 
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1993) and, more recently, the antigen-specific induction of interferon gamma production have 

been used to detect infection with Mycobacterium tuberculosis (Pai et al, 2004). At the same 

time, a wide variety of serological tests for the detection of antibodies in individuals suspected 

to have TB have also been evaluated to detect active disease (Chan, 2000).  

Historically speaking, serology for the diagnosis of TB has been explored since 1898, when 

crude cell preparations containing carbohydrates, lipids, and proteins from M. tuberculosis or 

M. bovis BCG were used as antigen preparations showing high sensitivity but low specificity. 

Modern developments in the purification of antigens, generation of monoclonal antibodies and 

chromatographic techniques, have led to a considerable improvement in specificity. During the 

last three decades, a large number of purified (native and recombinant) antigens have been 

assessed, showing substantial progress in the serodiagnosis of TB (Jackett et al, 1988). In order 

to produce a useful serological tool for TB diagnosis, several antigens must be combined as a 

cocktail. 

2.9.2 Serological tests:  

2.9.2.1 Enzyme Linked Immunosorbent Assay (ELISA): In TB patients, the 

serological response to Mycobacterial antigens has been primarily evaluated using standard 

ELISA with in house methodologies and protocols which certainly differ from laboratory to 

laboratory.  Few commercial tests based on the detection of specific antigens, such as the 38 

kDa protein, Antigen A-60, have been developed and have been in use, primarily in developing 

countries (Wilkinson et al, 1997). There is still a need to improve the sensitivity or specificity 

of commercial serological tests. 

2.9.2.2 Immunochromatography (ICT): Immunochromatographic assays, also called 

lateral-flow tests or simply strip tests are a logical extension of the technology used in latex 

agglutination tests. The benefits of immunochromatographic tests include: � User-friendly 
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format � Very short time to test result � Long-term stability over a wide range of climates � 

Relatively inexpensive to make. These features make strip tests ideal for applications such as 

home testing, rapid point-of-care testing, and testing in the field. In addition, they provide 

reliable testing that might not otherwise be available to low-resource countries. 

2.9.2.3 T cell based immunological tests: Since M. tuberculosis is sometimes difficult 

to culture from patients with active TB, and impossible to culture from latently infected healthy 

people, it is therefore vital to have efficient tools for diagnosis of active TB and screening for 

latent M. tuberculosis infection.  The only widely used test is the century-old Mentoux test, 

based on the intradermal injection of PPD, a crude mixture of M. tuberculosis proteins widely 

shared among M. tuberculosis, Mycobacterium bovis bacille Calmette-Guérin (BCG), and most 

environmental mycobacteria (Andersen et al, 2000). Hence, false-positive results are common 

in people exposed to environmental mycobacterial and/or previously vaccinated with BCG 

(Agaard et al, 2004). 

2.9.2.4 Tuberculin skin test: 

Tuberculin skin test can be done by two methods  

(1) Mantoux test and  

(2) Heaf test.    

2.9.2.4.1 Mantoux test has been used to identify patients actively infected with TB, to 

measure the prevalence of infection in a community, and to select susceptible or high-risk 

patients for BCG vaccination. The test has been in existence for more than 100 years and has 

remained more or less unchanged for the last 60 years (Huebner et al, 1993). 

MT works by intradermally injecting 0.1 mL of 5 TU PPD on the forearm. On examination, 

after 48-72 hours, a positive reaction is indicated by erythema and induration of > 10 mm in 

size. Erythema (redness) alone is not taken as a positive reaction. All persons with prior 
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infection with tubercle bacilli will mount an immune response to bacilli proteins (Huebner et 

al, 1993). As the active ingredient used in the skin test contains a whole series of proteins that 

are shared with the BCG vaccine and other Mycobacteria common in the environment, the skin 

test is often falsely positive. It is currently estimated that almost one third of people positive to 

MT do not actually have TB infection. The sensitivity of the skin test is estimated to be around 

just 70 % in known active TB cases; so the test misses up to 30 % of people who are infected. 

This sensitivity decreases to as low as 30 % in immunocompromised people. 

2.9.2.4.2 Heaf test: This test is done with multiple puncture apparatus. Although it is not 

widely used, it is used in epidemiological survey and as test for immunity before BCG 

vaccination (Laidlaw et al, 1989). 

2.9.2.4.3 Interferon-gamma determination: One of the most significant developments 

in the  the diagnosis of TB in the last hundred years seems to be the assays based on IFN-ã 

determination based on the principle that T cells of sensitized individuals produce IFN-ã when 

they re-encounter the antigens of M. tuberculosis (Tufariello et al, 2003). Recent evaluations 

showed that IFN-ã assays have advantages over tuberculin skin testing (Lalvani et al, 2001).  

IFN-ã assays that are now commercially available are: the enzyme-linked immunospot 

(ELISPOT), T SPOT-TB assay, the original Quantiferon-TB, and its enhanced version 

Quantiferon-TB Gold assay. 

Quantiferon-TB test measure the release of interferon-gamma in whole blood from human 

subjects infected with M. tuberculosis and M. bovis respectively, in response to stimulation by 

PPD. The IFN-ã secreted by T-cells into the plasma is measured by ELISA to indicate the 

likelihood of TB infection. Quantiferon-TB test was less affected by BCG vaccination, 

discriminated responses due to non-tuberculous mycobacteria (Pottumarthy et al, 1999). 
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2.9.2.5 Radiological examination: The chest X-ray examination may help to make the 

diagnosis in respiratory symptomatic patients that are repeatedly negative on direct microscopy 

sputum examination. It may also help in those individuals that cannot produce sputum for the 

bacteriological examination (Rottenberg et al, 1996). 

2.9.2.6 Computerized tomography and ultrasonography: Computerized 

tomography of the chest is mainly used for diagnosis of pulmonary TB in patients who do not 

expectorate or that have negative AFB sputum smear, and are suspected of having Tuberculous 

lymphadenitis or Miliary TB, Disseminated TB, Cerebral TB . 

2.9.2.7 Use of Nucleic acid amplification for TB diagnosis: In industrialized 

countries, the advent of rapid nucleic acid amplification (NAA) tests for tuberculosis is seen as 

a major breakthrough in the management of PTB. They have specificities of > 95 % for smear 

positive specimens, but sensitivities are variable, especially in smear-negative disease, where a 

rapid diagnostic test is most needed (Flores et al, 2005). 

2.9.2.8 Mycobacteriophage typing: An old tool into more active use, phage typing has 

been useful in detecting laboratury cross contamination, investigating epidemics of 

tuberculosis, and determining whether relapse cases were due to reinfection or reactivation. 

2.9.2.9 Chemical detection of biological compounds:  

The arrangements of mycolic acids are allowed for the identification of many species of 

mycobacteria by gas-liquid, high-performance liquid or thin-layer chromatography.  

2.10 Treatment:  

Drug treatment is fundamental for controlling TB, promoting the cure of the patients and 

breaking the chain of transmission. Anti tuberculosis drug treatment started in 1944 after 
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streptomycin (SM) and para aminosalicylic acid (PAS) were discovered. Combined drug 

therapy is more effective at curing TB than monotherapy as treatment of active TB with a 

single drug results in the selection of drug resistant bacilli and different populations of tubercle 

bacilli shows distinct pattern of susceptibility for anti tuberculosis drugs (Levinson, 2006) 

Drugs for treating TB are usually classified as first- and second-line drugs. Traditionally, there 

are five first-line drugs: Isoniazid (INH), Rifampicin (RIF), Pyrazinamide (PZA), Ethambutol 

(EMB), and Streptomycin (SM). Second-line drugs include the Aminoglycosides, Kanamycin 

and Amikacin, Capreomycin, PAS, Cycloserine, the Thioamides, Ethionamide and 

Prothionamide and several Fluoroquinolones such as Moxifloxacin, Levofloxacin and 

Gatifloxacin. 

The current short-course treatment for the complete elimination of active and dormantbacilli 

involves two phases:  

Initial phase: Three or more drugs (usually isoniazid, rifampicin, pyrazinamide and 

ethambutol or streptomycin) are used for two months, and allow a rapid killing of actively 

dividing bacteria, resulting in the negativization of sputum. 

Continuation phase: Fewer drugs (usually isoniazid and rifampicin) are used for 4 to 7 

months, aimed at killing any remaining or dormant bacilli and preventing recurrence. 

2.10.1 Treatment regimens: 

Category I comprises those patients with a high priority for treatment who are new smear-

positive patients, new smear-negative pulmonary TB patients with extensive parenchymal 

involvement, patients with concomitant HIV/acquired immunodeficiency syndrome (AIDS) 

disease or severe forms of extrapulmonary TB. 
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Drug Schedule: First two month, 4FDC (Rifampicin 150 mg + Isoniazid 75 mg + 

Pyrazinamide 400 mg + ethambutol 275 mg) 3 tablets daily for the body wt. 55-70 kg & 4FDC 

(Rifampicin 150 mg + Isoniazid 75 mg + Pyrazinamide 400 mg + ethambutol 275 mg) 3 tablets 

3 times weekly for next 4 months. 

Category II (relapse, treatment failure or default) Drug Schedule: First three month (daily) 

4FDC (Rifampicin 150 mg + Isoniazid 75 mg + Pyrazinamide 400 mg + ethambutol 275 mg) 3 

tablets daily with injection streptomycin 1 gm (60 doses) for the body wt. 55-70 kg & 4FDC 

(Rifampicin 150 mg + Isoniazid 75 mg + Pyrazinamide 400 mg + ethambutol 275 mg)  with 

ethambutol 400 mg for four months 3 tablets 3 times weekly. 

Category III (new smear-negative pulmonary TB other than in Category I and less severe 

forms of extrapulmonary TB) Drug Schedule:  First two month , 3FDC (Rifampicin 150 mg + 

Isoniazid 75 mg + Pyrazinamide 400 mg + ethambutol 275 mg), 3 tablets daily for the body wt. 

55-70 kg & 2FDC (Rifampicin 150 mg + Isoniazid 75 mg + Pyrazinamide 400 mg + 

ethambutol 275 mg) 3 tablets for four months 3 times weekly (National guideline, 2005).   

2.11 Drug resistance:  

Drug resistance in tuberculosis (TB) is a matter of great concern for TB  can be divided as 

Multi drug resistance TB (MDR-TB) and Extensively drug resistance TB (XDR-TB). 

Natural drug resistance: The natural drug resistance of M. tuberculosis is an important 

obstacle for the treatment and control of TB. This resistance has traditionally been attributed to 

the unusual multi-layer cell envelope and active multidrug efflux pumps (Rossi et al, 2006).  

Acquired drug resistance: In other bacterial species, acquired drug resistance is mediated by 

plasmids or transposons, but in contrast, M. tuberculosis acquired drug resistance is caused by 

mutations in chromosomal genes. The MDR phenotype is caused by sequential accumulation of 
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mutations in different genes involved in resistance to individual drugs, due to inappropriate 

treatment or poor adherence to treatment.  

Isoniazid and ethionamide: Resistance to INH is mostly associated with mutations or 

deletions in katG (Ramaswamy et al, 2003). 

Rifampicin: All clinical isolates of M. tuberculosis resistant to RIF show mutations in rpoB,  

resulting in conformational changes that determine the low affinity of this subunit for RIF and 

consequently, resistance to the drug (Jin et al, 1988). 

Pyrazinamide: it has been postulated that PZA resistance could be due to mutations in an 

unknown pncA regulatory gene (Cheng et al, 2000). 

Ethambutol: Mutation in the M. tuberculosis embB gene has been shown to be the most 

frequent and predictive for EMB resistance (Srivastava et al, 2006). 

 

2.12 Drug interactions:  

In general, when two or more drugs are administered simultaneously to a patient, there is a 

possibility of drug interaction between them that may result in changes (increase or decrease) 

of the effective concentration of one or more of the drugs involved. Since the anti tuberculosis 

treatment itself consists of the administration of two or more drugs it is very important to 

consider those drug interactions affecting the TB drugs. Few drugs interact to alter the 

concentration of the antituberculosis drugs (Centers for Disease Control and Prevention, 2003). 

More frequently, antituberculosis drugs affect the other drugs. Most of the clinically relevant 

interactions involve the Rifamycin drugs (RIF, Rifapentine and rifabutin). 
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MATERIALS AND METHODS 

3.1 Place and period of the study: 

The study was carried out in the Department of Microbiology, Mymensingh Medical College, 

Mymensingh, with the collaboration of Damien foundation, Netrakona, during the period from 

January 2008 to December, 2008. Sputum smear positive pulmonary tuberculosis cases were 

selected from various TB hospitals and specimens were processed in the reference laboratory in 

Netrakona. Smear positive cases were screened out by Fluorescence microscopy and later on 

confirmed by microscopy followed Z-N and Cold staining methods. Serological tests by ELISA 

and ICT were carried out in the department of Microbiology, Mymensingh medical college, 

Mymensingh. Mantoux test was carried out in all the cases and controls.  

3.2 Study design:  

Cross sectional comparative study. 

3.3 Study population: 

The present study included 86 individual  consists of   both the sputum  smear positive 

pulmonary TB  patient as cases and other smear negative non tubercular control group based on 

various selection criteria. Among the study population 50 were cases and 36 were control. 

3.4 Data collection and analysis: 
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All relevant clinical findings and laboratory records of every case were systematically recorded 

in pre-designed data sheet (appendix-1). Subsequently data were analyzed by computer 

programme SPSS version 12.0 

3.5 The selection criteria for cases were as follows:  

3.5.1 The inclusion criteria:   

Pulmonary tuberculosis cases based on sputum Acid Fast Bacilli (AFB) smear positivity.  

3.5.2 The exclusion criteria:  

Negative sputum smear were excluded from the case group. 

3.5.3 Control group: 

Family contacts and workers in various TB clinics were included as controls. Another control 

group was non tubercular lung diseases patients. The other group was the healthy volunteer. 

Mantoux test was carried out among all subjects from cases and control group using 10 TU of 

purified protein derivative (PPD). 

Serum samples from all the subjects were given code numbers and stored at -20°C till the day 

of testing for the antibody test. 

Commercially available IgG antibody kits, manufactured by Anda Biologicals, France were 

used in the study. The test detects antibodies to A-60 antigen coated over the wells. The ELISA 

test were carried out as described in the manufacturer's protocol. 

The Immunochromatgraphy test (ICT) was carried out with the same serum sample for the 

detection of IgG antibody to tubercular antigen. 
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3.6 LABORATORY PROCEDURES:  

3.6.1 Microscopical Examination of Sputum: 

3.6.1.1 Specimen:  

Morning sputum sample was collected for the sputum smear examination to find out the smear 

positive cases by fluorescence microscopy followed by the conventional microscopy after 

stained by ziehl-neelsen and cold staining method. 

3.6.1.2 Collection of sputum:  

Participants underwent sputum induction on one occasion (Zahrani et al, 2000). Sputum 

specimens were expectorated and the specimen were appeared acceptable if grossly purulent, 

thick, and not watery like saliva (Wright et al, 1998) 

3.6.1.3 Preparation of smear:  

(1) All respiratory specimens were digested and decontaminated with a solution of 2% sodium 

hydroxide (NaOH). 

(2) Specimen was centrifuged for 15 min at 3000 rpm. 

(3) The supernatant was removed and the remaining sediment was mixed in a 1:10 dilution with 

sterile water. 

(4) A small portion was transfer to the slide with the stick or loop. 

(5) The material was spread carefully on area equal to about 3 cm by 2 cm, without touching 

the border and care was taken to avoid placing too much on the slide, the thickness of the smear 

was supposed to be such that a news paper could be read through the smear if held under slide. 

(6) The slide bearing the smear was left to dry in air in room temperature. 
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(7) As soon as they were dry slides were held in forceps and fixed by passing them through a 

bunsen burner or spirit flame three times in quick succession.  

3.6.2 Fluorescence staining: 

3.6.2.1 Materials: 

(i) Auramine O (ii) 0.5% Acid-alcohol (iii) Counterstain (potassium permanganate or acridine 

orange or pelikan 4001) 

3.6.2.2 Procedure: 

(1) Slides were flooded with fluorochrome stain for 15 min. 

(2) Slides were rinsed with water; excess water was drained from the slide. 

(3) Flooded with 0.5% acid-alcohol, decolorizing for 30-60s (some protocols call for 2 min). 

(4) Rinsing the slide with water; drained excess water from the slide. Flood the slide with ink 

blue or pelican 4001 for counter staining for 2 minutes. 

(5) Timing was critical during the counterstaining. Counterstaining for a longer time may 

quench the fluorescence of acid fast organisms. 

(6) Rinsing the slide with water; drained excess water from the slide and air drying was done 

without blotting. 

(7) Examined the smear with a fluorescent microscope using the high power objective ( 250x, 

450x, and 630x magnificent). 
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3.6.2.3 Interpretation: 

Carbol 

Fuchsin 

1 000x 

Report 

Fluorechent microscopy 

magnification* 

250x 

450x 630x 

0 No acid fast 

bacilli seen 

0 0 0 

1-9/ 100 field Scanty or report 

exact count 

Devide observed count 

by 10 

Devide observed 

count by 4 

Devide observed 

count by 2 

10-99/ 100 

Field 

+1 

 

-Do- -Do- -Do- 

1-10/ Field +2 

 

-Do- -Do- -Do- 

>10/ Field  +3 -Do-  -Do- -Do- 

 
Suppose 20 acid-fast bacilli are observed per field using the 450x magnification. If this number 

is divided by the magnification factor of 4 according to the table, the comparable number of 

bacilli that would have been observed under 1000x is 5 per field.  

Acid-fast bacilli in sputum appearing as bright yellow rods against a dark background 

(Auramine 0 fluorescent staining). (Appendix- II) 

Ziehl-Neelsen acid-fast staining and Cold staining method were used to confirm the presence of 

AFB (Wright et al, 1998)  

3.6.3 Ziehl-Neelsen acid-fast staining method: 

(1) Slides were flamed to heat fix. 

(2) Entire slide were flooded with carbol fuchsin. 

(3) Using a Bunsen burner, slides were heated slowly until they were steaming. Steaming was 

maintained for 5 minutes by using low or intermittent heat (i.e. by occasionally   passing the 

flame from the Bunsen burner over the slides). 
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(4) Slides were rinsed with water. 

(5) Slides were flooded the with 3% acid-alcohol and allowed to be decolorized for 5 minutes. 

Throughout the 5 minutes, continued to flood the slides with 3% acid-alcohol until the slides 

are clear of stain visible to the naked eye.  

(6) Slides were rinsed thoroughly with water and any excess from the slides was drained. 

(7)  Slides were flooded with the counterstain, methylene blue and keeping the counterstain on 

the slides for 1 minute. 

(8) Slides were rinsed thoroughly with water. 

3.6.3.1 Interpretation: According to WHO & National tuberculosis control programme 

interpretation of    Ziehl-Neelsen acid-fast staining will 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  

  

With carbolfuchsin staining, tubercle bacilli look like fine red rods, slightly curved, more or 

less granular, isolated, in pairs or in groups, standing out clearly against the blue background. 
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3.6.4 Cold staining method: 

(1) In the Cold staining method the same counter-staining and methylene blue treatments were 

used as in the Ziehl-Neelsen method.  

(2) The cold carbolfuchsin stain, however, contains 4 grams of basic fuchsin, 8 milliliters of 

liquefied phenol, 20 milliliters of ethyl alcohol (95%) and 100 milliliters of water.  

(3) In the cold method the slide was fixed gently with heat and is then stained with the Kinyoun 

carbolfuchsin stain for 5 minutes without heating.  

(4) The washing, decolorizing and counter-staining steps were the same as in the Ziehl-Neelsen 

method. 

3.6.4.1 Interpretation: 

Same as that of Ziehl-Neelsen acid-fast staining. 

3.7 IMMUNOLOGICAL TESTS: 

Sample:  

Blood drawn from the cubital vein were used for serological tests. 

Sample collection:  

(1) 5 ml of venous blood was collected aseptically and  

(2) Centrifuged at 1500 rpm for 5 minutes.  

(3) Serum was stored in a sterile eppendorf tube at �200c until uses. 
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3.7.1 ELISA and ICT were done by the collected serum sample: 

3.7.1.1 ELISA:  

(1) The serum samples were diluted 1: 100 in the sample diluents. 

(2) The diluted samples and controls were added (100 ml) to the wells and incubated at 37°C 

for 1 h. 

(3) The wells were washed five times  

(4) 100 micro liter of anti human IgG-POD conjugate were distributed in each well  and later 

on incubated for 30 min at 37°C, then 

(5) Wells were washed again five times buffer solution and 

(6)100 ml tetramethylbenzidine (TMB) substrate was added in each well. 

(7) The reaction was stopped by the addition of 100 ml H2SO4 after 15 min incubation at 37°C 

and 

(8) Absorbance measured at 450 nm using MULTISCAN-ELISA plate reader (Kalantri et al, 

2005) 

3.7.1.2 Interpretation:  

Differences in O.D. values of different groups of case and control were used to interpret the 

result of ELISA.  

3.7.2 Immunochromatography test (ICT):  

The ICT Tuberculosis diagnostic kit by CTK biotech Inc, USA were used for the detection of 

serum IgG antibodies to M. tuberculosis according to manufacturers protocol. Briefly, highly 
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purified antigens secreted by M. tuberculosis during active infection were immobilized in test 

line on the test strip. When serum or plasma applied, it flows past the antigen line. 

3.7.2.1 Interpretation:  

Bound antibody is detected by anti-human IgG antibody conjugated to colloidal gold particles 

which produces one or more pink lines when bound to human antibody. The whole procedure is 

completed within 20 minutes. ICT Tuberculosis test doesn't require special equipment and 

technical skill (Ongut et al, 2006) 

3.7.3 Mantoux Test:  

3.7.3.1 Method:  

It involved introduction of tuberculin purified protein derivative (tuberculin PPD) into the skin, 

manufactured by Beacon Diagnostic, Pvt, India were carried out according to manufacturers 

protocol. 

(1) 10 Tuberculin unit (usually 0.1ml) was injected into the upper third of the left forearm 

intradermally. 

(2) It results an area of hardness (technically called induration) and redness (erythema) at the 

site of injection 48 hours later.  

(3) The area of induration was measured in millimeters, usually on the day three following 

injection that was produced by the body in response to initial infection with M. tuberculosis 

(IBMS, 2001). 

(4) The extent of induration (not erythema) was measured across two diameters at right angles 

and the two measurements then averaged (Martin et al, 2000).   
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3.7.3.2 Interpretation:  

A positive reaction indicated sensitivity to tuberculin, which might be the result of a previous 

infection with Mycobacteria. This infection, likely due to Mycobacterium tuberculosis, May 

occurred years ago or might be of recent origin.  

Reactions were interpreted as follows:  

Positive Reaction- Any palpable indurations measuring 10 mm or more is considered a 

positive reaction.  

Doubtful Reaction- Induration measuring 5 to 9 mm indicates a doubtful reaction. 

Retesting is indicated using a different site and 5 TU per test dose. The possibility should not 

be excluded that the skin sensitivity is due to previous contact with atypical mycobacteria or 

previous BCG vaccination.  

Negative Reaction- Induration of less than 5 mm is considered negative (Medical 

Economic Company, 2000) (Appendix- III) 

   

 

RESULT 

Table-1 shows the age and sex distribution of tuberculosis patients. Here male were 35 (70%) 

and female were 15 (30%) and the predominant age groups were 20-29 and 50-59, and both 

possessed 12 numbers of people.  

Table-2 shows the age and sex distribution of control group where male were 26 (72.22%)   

and female were 10 (27.77%) and 20-29 age group was the leading one contained 13 (36.11%) 

number of people. 
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Table-3 shows that all the 50 sputum smears were detected positive at various grading by 

fluorescence microscopy and conventional microscopy after Z-N staining. Only microscopy 

after cold staining method missed two smear positive slides. Of the total 50 smear positive 

samples  considering  3+ as highest grade of positivity, 29 (58%) slides were detected 3+ by 

fluorescence microscopy , 20 (40%) slides were detected 3+ by Z-N staining method and only 

18 ( 36%) detected 3+ by cold staining method. 

Table-4 shows the comparison between tuberculosis cases and control groups by Mantoux test. 

When the cut-off value of positive MT was considered ≥ 10 mm of induration sensitivity of the 

Mantoux test was 96%, and specificity was 52.77%. Here among the tuberculosis cases 48 

(96%) were true positive and 2 (4%) were false negative. Among the control group true 

negative were 19 (57.7%) and false positive were 17 (47.56%).  

Table-5 shows the comparison between tuberculosis cases and control groups by Mantoux test 

when the cut-off value of positive MT induration was considered ≥ 15 mm. The sensitivity of 

MT was 92%, and specificity was 83.33%. Here among the tuberculosis cases 46 (92%) were 

true positive and 4 (8%) were false negative. Among the control group true negative were 30 

(83.34%) and 6 (16.66%) were false positive.  

 

 
 
 

 
 
 
 
 
 
 
 

TABLE-1 
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Age and Sex Distribution of Tuberculosis patients(n=50) 
 

Age Group Male Female Total 

10-19 1 (2.85%) 4 (26.66%) 5 (10%) 

20-29 7 (20%) 5 (33.33%) 12 (24%) 

30-39 3 (8.57%) 2 (13.32%) 5 (10%) 

40-49 7(20%) 1 (6.66%) 8 (16%) 

50-59 11(31.42%) 1(6.66%) 12 (24%) 

60-69 4(11.42%) 1(6.66%) 5 (10%) 

70-79 2 (5.71%) 1(6.66%) 3 (6%) 

Total 35(70%) 15(30%) 50 (100%) 

 
 
 
 
 
 
 
 
 
  
 
 
 

 
 
 

 
 
 
 
 
 
 
 

TABLE-2 
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Age and Sex Distribution of the control group (n=36) 
 

Age Group Male Female Total 

10-19 7 (26.92%) 5 (50%) 12 (33.33%) 

20-29 10 (38.46%) 3 (30%) 13 (36.11%) 

30-39 5 (19.23%) 1 (10%) 6 (16.66%) 

40-49 3 (11.53%) 0 3 (8.33%) 

50-59 1(3.84%) 1(10%) 2 (5.53%) 

60-69 0 0 0 

70-79 0 0 0 

Total 26(72.22%) 10(27.77%) 36(100%) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 

TABLE-3 
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Comparison of smear positivity:  
 

SMEAR POSITIVITY 3+ 2+ 1+  0 

FLUORESCENCE 29 (58%) 14 (28%) 7 (14%)  X 

Z-N STAIN 20 (40%) 17 (34%) 13 (26%)  X 

COLD STAIN 18 (36%) 13 (26%) 17 (34%)  2 (4%) 

 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE-4 
 
 

Comparison of Tuberculosis Case and Control by Mantoux test (Considering 

the Cut off Value ≥ 10) 

  TB NON TB TOTAL 

MT positive 48 (96%) 17 (47.22%)  65 (75.58%) 

MT Negative 2 (4%) 19 (52.77%) 21 (24.4%) 
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TOTAL 50 (58%) 36 (41.86%) 86 (100%) 

 

Sensitivity = 96%                                Specificity = 52.77% 

Positive predictive value = 73.84% Negative predictive value = 90.47% 

 

Formula for Sensitivity 
 

True positive 
Sensitivity = True positive + False negative ×100 

 
Formula for Specificity 
 

 
True negative 

Specificity = True negative + False positive ×100 

 
 

Formula for Positive Predictive Value 
 

True positive 
Positive Predictive Value = True positive + False positive ×100 

 

 

Formula for Negative Predictive Value 
 

 

True negative 
Negative Predictive Value = True negative + False negative ×100 

TABLE-5 
 

 
Comparison of Tuberculosis Case and Control by Mantoux test 
  
(Considering the Cut off Value ≥15) 
                                                 
 

 TB NON TB TOTAL 

MT Positive 46 (92%) 6 (16.66%) 52 (60.45%) 

MT Negative 4 (8%) 30 (83.33%) 34 (94.55%) 

TOTAL 50 (58.13%) 36 (41. 86%) 86 (100%) 
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Sensitivity = 92%   Positive Predictive Value = 88.46% 

Specificity = 83.33%   Negative Predictive Value = 88.23% 

 
Formula for Sensitivity 
 

True positive 
Sensitivity = True positive + False negative ×100 

 
Formula for Specificity 
 

 
True negative 

Specificity = True negative + False positive ×100 

 
 

Formula for Positive Predictive Value 
 

True positive 
Positive Predictive Value = True positive + False positive ×100 

 

 

Formula for Negative Predictive Value 
 

 

True negative 
Negative Predictive Value = True negative + False negative ×100 

 

Table-6 shows the mean MT induration of different groups. Mean induration of MT test of the 

pulmonary TB cases was about 23.76 mm, induration of healthy control was l7.63 mm , non 

tubercular lung disease patient 11.77 mm,  and health care worker 12.44 mm.  

  

Table-7 shows the mean MT induration of case and control group by independent sample t-

Test, (8.605, df-84, p<0.001) and it was found to be highly significant.  

 

Table-8 shows the mean MT induration of the vaccinated and non vaccinated group. Of the 

total control 36 controls 13 (36%) were vaccinated and 23 (64%) were non vaccinated.  For the 
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vaccinated group MT induration was found 10.91mm and for the non vaccinated group it was 

7.230 mm.  

 

Table-9 shows the IgG positivity and negativity between tuberculosis cases and control by ICT 

method. Here the sensitivity of ICT was 68% and the specificity 94.44%. Among the 

tuberculosis cases 34 (68%) were true positive and 16 (32%) were false positive. Among the 

control group true negative were 34 (94.44%) and 2 (5.88%) were false positive.   

 

Table-10 shows the comparison between tuberculosis cases and control group by ELISA 

method. The sensitivity of ELISA was 84% and specificity was 80.55%. Here among the 

tuberculosis cases 42 (84%) were true positive and 8 (16%) were false negative. Among the 

control group true negative were 29 (75.86%) and false positive were 7 (24.7%)  

Table-11 shows that the mean OD value of serum IgG in healthy control was 0.0881, 0.867 for 

PTB cases and OD value of serum IgG of the health care workers was 0.546.  

 

Table-12 shows the mean OD value of serum IgG changes in response to anti tubercular 

treatment duration. For the treatment duration of 22 days OD value was 0.205, for 16 days it 

was 0.803, and for 7 days it was 1.170.  

 

 

 
 
 

 
 
 
 
 
 
 
 

TABLE- 6 
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                          Mean MT Induration measurement of different groups 
 
 

Group Mean MT 

Healthy Control 7.63  

Non TB lung Diseases 11.77 

Contact Person 12.44 

PTB Cases 23.76 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 

TABLE- 7 
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Comparison of mean MT of Case and Control Group (Independent Sample 

t-Test) 

 
 

 
Value 8.60, df- 84, P<0.001 

Calculated Value is highly significant. 

 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 

TABLE-8 
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               Mean MT infuration of Vaccinated and nonVaccinated Control 
 
 

Group Number Mean MT 

Vaccinated 13 (36%) 10.91 

Non Vaccinated 23 (64%) 7.23 

Total 36 (100%)  

 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE- 9 
 

                          Comparison of Tuberculosis Case and Control by ICT  
 

 
 

 PTB NON PTB TOTAL 

IgG positive 34 (68%) 2 (5.55%) 36 (41.86%) 

IgG Negative 16 (32%) 34 (94.44%) 50 (58.13%) 

TOTAL 50 (58.13%) 36 (41.86%) 86 (100%) 
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Sensitivity = 68%   Positive Predictive Value = 94.44% 

Specificity = 94.44%   Negative Predictive Value = 68% 

 

Formula for Sensitivity 
 

True positive 
Sensitivity = True positive + False negative ×100 

 
Formula for Specificity 
 

 
True negative 

Specificity = True negative + False positive ×100 

 
 

Formula for Positive Predictive Value 
 

True positive 
Positive Predictive Value = True positive + False positive ×100 

 

 

Formula for Negative Predictive Value 
 

 

True negative 
Negative Predictive Value = True negative + False negative ×100 

TABLE-10 
 

                        Comparison of Tuberculosis Case and Control by ELISA  
 
 

                                            (Considering the cut off O.D. value 0.370) 
 

 
 TB NON TB TOTAL 

lgG positive 42 (84%) 7 (9.44%) 49 (56.97%) 

lgG Negative 8 (16%) 29 (80.55%) 37 (43.02%) 

TOTAL 50 (58.13%) 36 (41.86%) 86 (100%) 
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Sensitivity = 84%                  Specificity = 80.55% 

Positive Predictive Value = 85.71%   Negative Predictive Value = 78.37%                                                                                

 
  Formula for Sensitivity 
 

True positive 
Sensitivity = True positive + False negative ×100 

 
Formula for Specificity 
 

 
True negative 

Specificity = True negative + False positive ×100 

 
 

Formula for Positive Predictive Value 
 

True positive 
Positive Predictive Value = True positive + False positive ×100 

 

 

Formula for Negative Predictive Value 
 

 

True negative 
Negative Predictive Value = True negative + False negative ×100 

 

 
 
 

 
 
 
 
 
 
 
 

TABLE- 11 
                                              
              Mean OD Value of Serum IgG Measurement of Different Groups 
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Group MEAN OD Value 

Health Control 0.08 

NON TB Lung Diseases 0.21 

Contact Person 0.54 

PTB Cases 0.86 

 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 

TABLE-12 
 
 

Relationship of OD Value of Serum lgG with Duration of Anti Tubercular 
Treatment  
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Range Mean RX Duration (Days) MEAN OD Value 

<0.5 22 0.20 

0.5-<1 16 0.80 

>1 7 1.17 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
Table-13 shows the relationship between the grading of smear positivity and mean OD value of 

serum IgG, where it is shown that higher the grading of smear positivity higher the mean OD 

value. Mean OD value of serum IgG was 1.133 for the positivity grading 3+, 0.881 for 2+, and 

0.530 for 1+.   

 

Table-14 shows the comparison of mean OD of serum IgG of cases and all the control group 

by independent sample t-Test. The calculated value (2.47, df-84, p<0.01) was not significant.  

 

Table-15 shows the comparison of mean OD of serum IgG of cases and healthy control by 

independent sample t-Test. The calculated value (4.31, df-84, p<0.001) was highly significant.  
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TABLE-13 
 
 

                    Mean OD Value of Serum IgG according to Smear Positivity 
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Smear grading Mean OD Value 

3+ 1.13 

2+ 0.88 

                1+ 0.53 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 

TABLE-14 
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Comparison of Mean OD of Serum IgG of Case and Control ( Independent                             

Sample t Test) 

  
 
 
 
 
 
 

Value 2.47, df- 84, P<0.01 

Calculated Value is not significant. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 

TABLE- 15 
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Comparison of Mean OD of Serum IgG of Case and healthy Control (Independent 

Sample t Test) 

  
 

Value 4.316, df- 84, P<0.001 

Calculated Value is highly significant. 

 
 

 
 

SUMMARY 
 
Tuberculosis (TB) is one of the most prevalent human infections and cause more death 

worldwide than any other infectious diseases. Of all types of TB pulmonary tuberculosis is the 

most common form and accounts for 80% of all cases in Bangladesh. Moreover 65% of all the 

pulmonary tuberculosis is sputum smear positive cases. In our country, practically pulmonary 

tuberculosis is diagnosed by the sputum smear microscopy after staining by Z-N method. 

Considering the microscopy (Fluorescence microscopy, Z-N staining, and Cold staining) as 

gold standard we attempted in this study to find out the smear positive cases of various grading 

and comparing their sensitivity and their relationship with immunological response. 

We studied the immunological responses to various to various tubercular antigen by 

Immunodiagnostic methods namely Mantoux test(MT), Immunochromatographic test(ICT), 

and Enzyme linked immunosorbent assay(ELISA), with a view to find out cheap and easier 

diagnostic approach. 

This cross sectional comparative study was carried out in the department of Microbiology, 

Mymensingh Medical College, Mymensingh, with collaboration of Damien foundation, 

Netrokona, during the period from January 2008 to December, 2008. 
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Study population was 86 in number of which 50 were smear positive pulmonary tuberculosis 

cases and 36 were smear negative non tubercular controls. MT, ELISA and ICT were carried 

out in all study population. 

The difference of sensitivity between the fluorescence microscopy and Z-N staining was found 

18% and the difference between Z-N and cold method was 4% only. 

 

In our study the sensitivity of IgG ELISA was 84% and specificity was 80.55%. Though the 

diagnostic efficacy of ELISA using A-60 antigen was much higher than that of ICT, was not 

efficient enough for the diagnosis of TB in a high prevalence country like Bangladesh. 

However it can play a vital role in the treatment and management of the patient and 

furthermore it can reflect the prognosis of disease. 

In our study the sensitivity of ICT was 68% and the specificity was 94.44%. Although the 

sensitivity of ICT was not good enough for the diagnosis of pulmonary tuberculosis but it could 

be employed to assist the existing diagnostic methods. 

In our study considering the cut off value of positive MT induration ≥ 10 mm, sensitivity of 

MT test was 96% and the specificity was 52.77%. Considering MT ≥ 15 mm the value changed 

to 92% and 83.335 for the specificity of MT test. Mantoux test was found to be promising in 

the diagnosis of pulmonary tuberculosis by changing the cut off value in a high prevalence 

area. 

We found the serum OD value of IgG to be higher among the higher grade of smear positivity 

and health care workers belonged to high IgG level among the control group. 
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Furthermore it was found that BCG vaccination did not interfere with the interpretation of MT 

in respect of diagnosis of pulmonary tuberculosis. 

 

 

 

 

 

DISCUSSION 
 
Sputum smear microscopy for the identification of acid fast bacilli remains the most important 

diagnostic method for the diagnosis of pulmonary tuberculosis in high endemic countries (Deun 

et al, 2005) and the identification of smear positive case is given  the  highest priority to control 

the transmission (Shrestha  et al, 2005). 

AFB (Acid fast bacilli) microscopy and Lowenstein-Jensen (L-J) culture remains the 

cornerstone for the diagnosis of tuberculosis (Vijayshekharan et al, 2006) and has been 

considered as the gold standard (Bhatia et al, 2003). Although the diagnosis is dependent on the 

clinical findings and the radiological evidences but is confirmed by microscopic examination 

after staining by Z-N method, as over 65% of pulmonary tuberculosis (PTB) remains smear 

positive in Bangladesh (National guide line, 2005). 

Cases found by direct microscopy relatively more important than the culture for the purpose of 

control (Harishur, 1999) which is important in middle income country where the primary 

identification of bacilli is highly specific for the diagnosis of tuberculosis (Steingert et al, 

2006). 
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In our study, the sputum samples were randomly screened out to find the new smear positive 

cases who has received anti TB drugs for not more than one month (National guide line, 2005) 

by fluorescence microscopy and later on confirmed by Z-N or cold staining method (Chesnutt 

et al, 2007). 

Higher positivity yields by the fluorescence staining method suggested greater sensitivity of 

this technique (Mendoza et al, 1987). According to (Table-3), considering the high positive 

smear (3+) as standard, the difference of sensitivity between fluorescence staining method and 

Z-N method was 18% and the difference between Z-N and cold staining method was only 4% 

in our study. Study carried out in Nepal by Shrestha showed the difference of sensitivity 

between Fluorescence microscopy and microscopy followed by Z-N staining method was 

14.8% and Z-N to cold staining method was about 2% (Shrestha, et al 2005). 

Study carried out in Kenya the difference of sensitivity between fluorescence and Z-N method 

was 15 % (Githui et al, 1995). 

Study carried out in Bangladesh showed the difference between Z-N and cold staining was 4% 

which is exactly same to our study (Deun et al, 2005). 

Although all the 50 sputum smears were found PTB positive, Cold staining method missed two 

slides. A study carried out in Bangladesh it was found that cold staining method was found to 

be less sensitive. In case of Z-N staining the higher sensitivity although little was achieved by 

applying heat (Deun et al, 2005).   

Somoskovi described two reasons for the superiority of FM over the Z-N method with respect 

to weakly positive sputum specimen (1) an increased area of smear per field (2) an increased 

contrast between bacilli and back ground (Somoskovi et al, 2001). The sensitivity of AFB is 

compromised because greater than 10,000 bacilli per ml of sputum are required for reliable 
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detection, in practice the sensitivity is about only 40%. The in vitro culture method requires an 

extended turn around time and which is not available everywhere. For all these reasons the 

detection of TB by serological means has attracted the attention of a number of laboratories all 

over the globe (Bhatia et al, 2003). 

These have been revealed that in 10-20% of cases, culture results are negative and microscopy 

and culture have no place in the diagnosis of latent Tuberculosis. By definition such cases are 

smear and culture negative. Routine diagnosis of latent infection currently depends solely on 

the Mantoux test (IBMS, 2001). Mantoux test plays an important role in the diagnosis of 

tuberculosis as it denotes the particular subject is sensitized to tubercular antigen 

(Vijayshekharan et al, 2006). 

In our study when the cut-off value of positive MT induration was considered ≥ 10 mm of 

induration (Table-4) sensitivity of the Mantoux test was 96%, and specificity was 52.77%, and 

considering the cut-off value of positive MT induration ≥ 15 mm (Table-5) the sensitivity was 

92%, and specificity was 83.33%. The Mantoux test has an estimated sensitivity of 90% and 

specificity of 90% was observed in Makati city that is equivocal to our study (Susana et al, 

2000). In a study in Pakistan it was found that when the cut-off value of positive MT induration 

was considered ≥ 10 mm the sensitivity was 86%, and specificity was 74% and considering it 

15 mm the sensitivity decreased to 61% but specificity raised to 86% that coincide with our 

study as we also found that change in cut off value increased the specificity of the test (Jamil et 

al, 2008). 

Jamil also opines that in the presence of compatible clinical presentation positive MT, 

especially if size of duration is larger than 15 mm is highly suggestive of tuberculosis.  In our 

study it was found that (Table-6) the pulmonary TB cases were the mostly representative of the 
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highest mean induration of MT test which was about 23.76 mm whereas induration of healthy 

control was 7.63 mm, non tubercular lung disease patient 11.77 mm, and health care worker 

12.44 mm. Comparing (Table-7) the mean MT induration of case and healthy control group by 

independent sample t-Test, (8.605, df-84, p<0.001) was found to be highly significant.  In 

general the probability of positive reaction due to M.tuberculosis infection is greater than the 

size of MT reaction of individual in contact with an active TB patient or a person with family 

history of TB. So the effect of the potential factors on false positive reaction can be minimized 

by a high cut off value (Rahbar et al, 2007). More over for the endemic population using a cut 

off value of 5 mm indurations either for screening or for diagnosis is not recommended (Jamil 

et al, 2008). In another study in Iran to examine the effect of different factors on the MT 

reaction indurations of 15 mm or greater was considered as the cut off value for positive 

reaction (Rahbar et al, 2007). 

Mantoux reaction of more than 15 mm indurations should not be attributed to BCG vaccination 

yet 5 mm cut off value is appropriate for the diagnosis of tuberculosis with patient with 

uncontrolled Diabetes mallitus, systemic corticosteroid therapy and massive immuno 

suppression (Martin, 2003). 

Reaction of PPD has been observed to wane with time, with less than 10% of recipients 

retaining tuberculin positivity 10-15 years after vaccination and BCG is not considered a major 

reason for MT positivity in adults in a population vaccinated in infancy or childhood. Thus high 

BCG vaccination in infancy in our population should not limit the usefulness of the MT as a 

tool for diagnosis of TB in adult (Menzies et al, 1992). In our study it was found that (Table-8) 

the mean MT induration of vaccinated group was 10.91mm and non vaccinated group was 7.23 
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mm, those belonged to control population and does not bias our interpretation in diagnosing the 

positive tuberculosis cases considering the cut off value 15 mm.  

A rapid immuno-chromatographic assay (ICT) requires no special equipments and little 

technical skill have been developed and commercialized for the sero-diagnosis of tuberculosis 

(Bartolini et al, 2003). 

In our study using the multi antigen ICT kits (Table-9) the sensitivity of the test was 68% and 

specificity was 94.44% that is almost similar with a study carried out in Madagascar where the 

sensitivity was found to be 68.2%  and specificity was 83.3% (Rasalofo et al, 2000) 

A study carried out in Italy it was found that the sensitivity of ICT was 66.7%, and specificity 

was 90.4% which is almost same to our study (Bartolini et al, 2003). 

In a study in India it was found that the sensitivity of ICT was 70.83% and specificity was 

92.20% that almost similar to our study (Tripathi et al, 2004). A study carried out in Turkey 

using multi antigen ICT kit found the sensitivity was about 40% and specificity was 100% and 

that was different from our study (Ongut et al, 2006). The use of different antigens could be the 

probable cause behind the difference. 

 However a considerable number of smear positive patients 29.6% as our result, were ICT 

negative and this result were false negative as similar with a study by Chang in Korea where  

the sensitivity was 69.4%  and specificity was 88% (Chang et al, 2000). 

We found that ICT could be suitable or profitable for routine serological diagnosis of TB in a 

high prevalence country yet a larger community based study correlating ICT results with 

different groups of subject, differentiated by clinical and laboratory means into normal, TB 

contact and TB patient is needed (Adjei et al, 2003) 
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Except for the Anda Tb IgG there was not sufficient study for specific commercial tests to 

provide meaningful summary measures of performance of ELISA for the detection of serum 

IgG of Tuberculosis patients (Steingart et al, 2006). 

In our study (Table-10) the sensitivity of ELISA was 84% and specificity was 80.55% and 

using the same reagent considering the cut off O.D. value 0.370 according to the 

manufacturer�s protocol. In a study by Chiang et al A60 IgG level in Taiwanese people 

considering the cut off value 340 ELISA units, found the sensitivity of the test 80.77% and 

specificity 88.40 % (Chiang et al, 1997) that supports finding of our study. A study carried out 

in Pakistan, a high prevalence country the sensitivity was found to be 88.8%  and specificity 

69.8% (Ahmed et al, 2008), where specificity differs to our study. 

In a low prevalence country like Poland a study carried out by Demkow et al the sensitivity 

was 55%, and specificity was 92%, that differ in context of sensitivity and in small extent in 

relation to specificity to our study (Demkow et al, 2004). Difference in selection criteria of 

cases and control along with the endemicity pattern could be the probable cause behind this. In 

a systemic review by Steingert et al it was mentioned that sensitivity values of A-60 IgG 

ranged from 63% to 85% and the specificity values ranged from 73% to 100 % whereas in 

healthy volunteer specificity values ranged from 86% to 100 % ( Steingert et al, 2006). 

In the western country the prevalence of tuberculosis is low and a clear distinction between 

patient and control prevails. An ELISA with the antigen specific for M.tuberculosis  showed a 

sensitivity 83% and specificity 99% respectively in western country (Jackett et al, 1988)  

whereas in China, an endemic country the sensitivity decreased to 64% and the specificity 

decreased to 81% (Kadival et al, 1982). 
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In our study (Table-11) it was found that the mean O.D. value of serum IgG in healthy control 

was 0.08 and 0.86 for PTB cases. In another study in Pakistan it was found that the 

corresponding mean O.D. in control group was 0.60 and in active tuberculosis cases was 1.25 

O.D., which supports our study (Ahmed et al, 2008) and this high IgG titer was found to active 

tuberculosis patients, is clearly different from control (Jackett et al, 1988). 

In our study (Table-11) it was found that the health care workers belonged to the increased 

O.D. value of serum IgG and it was 0.546 and our findings were in agreement with Gevadaun 

and co-workers who showed the raised IgG levels in health care workers (Gevadaun et al, 

1992).  

In our study it was found that (Table-12) the mean O.D. value of serum IgG changed in 

response to anti tubercular treatment duration. Increased treatment duration caused decreasing 

in the mean O.D. value of serum IgG. For the treatment duration of 22 days O.D. value was 

0.20, for 16 days it was 0.80, and for 7 days it was 1.17.  

 Kaplan found that IgG titer continued to rise for a short time despite treatment presumably as a 

result of mycobacterial inactivation due to treatment and release of antigen in blood stream and 

decrease thereafter (Kaplan et al, 1980). In a study carried out in Aligarh, India, it was found 

that patients became seronegative after six month of treatment (Zuber et al, 2002) while 

another study in India reported significant fall after 4 weeks of treatment (Shriniwas et al, 

1985) which supports our observation. 

The levels of O.D. value of serum IgG were higher in patients with high grade of smear 

Positivity. Table-13 depicts that according to Z-N staining method the mean O.D. value of 

serum IgG was 1.13 for the positivity 3+, 0.88 for 2+, and 0.53 for the positivity 1+.  Turneer 
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and colleague previously pointed out the significant IgG elevation in highly smear positive 

patients that goes in favor of our observation (Turneer et al, 1988). 

Table-14 depicts the comparison of mean O.D. of serum IgG by ELISA by independent sample 

t-Test that shows insignificant difference of O.D. value between the combined control group 

and the tuberculosis cases (value-2.473), as a high percentage of serum samples from the 

patients with tuberculosis have been found to be positive, an unexpectedly high percentage of 

controls sample have also been positive. Grange reported high ELISA IgG in tuberculosis 

patient but there was insufficient discrimination between patients and control (Grange, 1984), 

yet considering (Table-15) the healthy population (Value 4.31) as a control it became highly 

significant as for in western country where the prevalence of tuberculosis is low and a clear 

distinction between case and control prevails (Jacket et al, 1988). A specificity of 100% is not 

possible in developing countries particularly in topical area where people are permanently in 

contact with various pathogens and develop cross reacting antibodies resulting in poor test 

specificity. Hence every new serodiagnostic test should be validated with control from 

countries where the test would apply (Rasalofo et al, 1999) and it is possible to alter the cut off 

and obtain appropriate sensitivity, specificity and predictive value according to the prevalence 

of the disease in different areas (Kameswaran M, et al, 2002). 

It is uncertain however whether serological tests are suitable for screening or diagnosing 

pulmonary tuberculosis in Bangladesh because the extent of the antibody response to some 

mycobacterial antigens shows geographical variations (Bothamley et al, 1992). However to 

date no commercially available serologic tests for TB has been able to perform with sufficient 

sensitivity and specificity when evaluated prospectively in a clinical setting (Chiang et al, 

1997). 
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On the basis of data showing that circulating M. tuberculosis species antibodies can be formed 

not only in individual with TB diseases but also in the individual with latent M. tuberculosis 

infection, it is suggested that the poor performance of specificities may at least reflect the high 

prevalence of latent TB in this region (Hoff et al, 2007). 

In our study it was found that among the immunological tests we carried out the operating 

characteristics of Mantoux test remains superior to commonly used immunological tests in the 

diagnosis of pulmonary tuberculosis. Among pulmonary tuberculosis cases Mantoux test was 

significantly positive in higher proportion of confirmed cases (Mahadevan et al, 2005). 

 
 
 
 
 

CONCLUSION AND RECOMMENDATIONS 

Considering the various findings of present study it was concluded that the Immunodiagnostic 

methods for the laboratory diagnosis of pulmonary tuberculosis can play a vital role as 

diagnostic method and can help in prognosis of the disease in a low income and resource 

constraint country like Bangladesh. It could be cost effective by saving the time and money, yet 

large scale studies can be done in the evaluation of these test prior to application in the National 

level. 

 

Although utmost sincerity and dedication was invested to carry out the study it could not go 

beyond limitations as we dealt with the smear positive pulmonary tuberculosis cases only and 

smear negative cases were excluded from the study. Moreover the sample size was not large 

enough to reach a sound decision.  
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APPENDIX- I 

 
DATA SHEET 

Clinical case record sheet for suspected tuberculosis patient in Mymensingh District: 

 

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 

 



 c 

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 

                                  

                                Colour                                    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  

              Number of family member 

  Working in TB clinic         Yes                            No 

    

   Family History of Tuberculosis          Yes                             No 

 

   Over crowding             Yes                                          



 ci 

                             

               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                                          Yes  

     

                       Alcohol                    Yes                                          No 

 

            Travelled to different places          Yes                               No 

  

Immunosuppression: 

           Previous history of measle                Yes                               No 

  

           History of chronic infection               Yes                             No 

 

            Diabetes mellitus                              Yes                               No 

  

             Malnutrition                                     Yes                             No   

 

            Malignancy                                     Yes                                No  

  

           Use of Steroid                                  Yes                               No 
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            Use of anti cancer drugs                 Yes                                No  

History of BCG vaccination:                     Yes                     No 

 

                                                         
 
 

APPENDIX- II 
 

Equipments and materials required:   

Balance, with a sensitivity of 0.1 g. 

Brushes to clean bottle before reuse. 

Containers for the newly prepared stains (dark amber glass bottle). 

Distilled or purified water. 

Filter paper.  

Flasks.  

Labels for bottle. 

Magnetic stirring plate with magnetic stirring rod. 

For microscopy 

Alcohol sand jar. 

Bunsen burner or spirit lamp. 

Diamond pencil or pencil. 

Filter paper. 

Forceps. 

Funnels. 

Lens paper.  

Little plastic bag for waste disposal. 
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Bamboo sticks or loop.  

Slide staining racks.  

Slide box. 

New and clean slide. 

Preparation of smear: 

Slide was labeled properly using the laboratory register serial number mentioned on the sputum 

container. 

All respiratory specimens were digested and decontaminated with a solution of 2% sodium 

hydroxide (NaOH). 

Centrifuged for 15 min at 3000 rpm. 

The supernatant was removed and the remaining sediment was mixed in a 1:10 dilution with 

sterile water. 

The processed sample were stained with Auramine O fluorochrome and examined with 

fluorescent microscopy. 

 

For direct sputum smear selection of a small portion of purulent or mucopurulent material was 

done with the stick or loop and transfer it to slide. 

 

If a loop was used it had to be sterilized before use by heating until red hot within the glass 

chimney or Bunsen burner. After using immerse the loop into alcohol sand jar, move it up and 

down to disposal the rest of the material and heat it again until red hot. 

 

The material was spread carefully on  area equal to about 3 cm by 2 cm, without touching the 

border and care was taken to avoid placing too much on the slide, the thickness of the smear 

was supposed to be such that a news paper could be read through the smear if held under slide. 
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The slide bearing the smear was left to dry in air at room temperature  

As soon as they were dry slides were held in forceps and fixed by passing them through a 

Bunsen burner or spirit flame three times in quick succession. 

Preparation of Z-N stain Solutions: 

 

Basic fuchsin                                      5 gm 

Phenol                                                 25 gm 

Alcohol (95% or absolute)                 50 ml 

Distilled water                                    500 ml 

 

Fuchsin was dissolved in phenol by placing them in a litre of flask over a boiling water bath for 

about 5 minutes, shaking the contents from time to time.When there was complete solution 

alcohol is added and mixed thorouhgly. 

 

Decolorizer                                       20% sulphuric acid 

water                                                 800 ml 

concentrated sulphuric acid              200 ml (about 98%) 

 

The acid was poured slowly down the side of the flask into th water about 50ml at a time. 

Alcohol 95%( Ethanol 95 ml plus water to 100 ml) 

Counter stain was done by Loefflers methylene blue. 

Preparation of Cold stain: 

Basic fuchsin                                          4 grams                             

Water                                                     100 milliliters of 
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Liquefied phenol                                    8 milliliters 

Ethyl alcohol (95%)                              20 milliliters 

Fuchsin was dissolved in phenol by placing them in a litre of flask over a boiling water bath for 

about 5 minutes, shaking the contents from time to time.When there was complete solution 

alcohol is added and mixed thorouhgly. 

 Preparation of Fluorescence staining:  

Auramine, certified grade                                                                   1gm  

Alcohol( denatured ethanol or methanol) technical grade                 100 ml 

Phenol (analytical grade)                                                                    30.0g 

Distilled or purified water                                                                  870 ml 

First auramine was dissolved in ethanol, phenol liquid with water and bottle solutions were 

mixed. Amount that could be consumed within a few weeks, since the working solution is less 

stable. Stock solution (1% auramine in alcohol) can be kept for longer time, the stock and 

working solutions have to be kept in a darker bottle. 

Through mixing for about one hour on a magnetic stirring plate is recommended but the 

solution should not be heated. 

 

The bottle was labeled �0.1% auramine� adding date and sign with the initial. Working solution 

should not be used over one month. 

Decolorizing solution: 

Hydrochloric acid, technical grade                                      0.5 ml 

Ethanol                                                                                 100 ml 
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Label the bottle �0.5%�acid alcohol add date and sign with initial, the date first opened has to 

be mentioned stock solution should not be used over six months. 

 

Counter staining solution: Blue Ink  

Blue ink e.g. pelikan 4001                                                   100 ml 

Phenol analytical grade                                                           5.0g  

Distilled water                                                                       900 ml 

Label bottle 10% blue ink, add date and sign with initial, the date first opened has to be 

mentioned stock solution should not be used over six months. 

APPENDIX- III 

Collection of serum for ICT and ELISA: 

Blood was collected aseptically by vein puncture in a tube without any anti coagulant. 

Blood was allowed to clot. 

Serum was separated by centrifugation. 

Serum was then transferred carefully to an eppendrop. 

Serum was preserved at -200C till the day of use. 

  

ELISA : 

 

Anda-Tb A60-based immuno assay (Andelisa kit) 

Manufacturer: Anda Biologics, France. 
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Antigen used: The thermostable macromolecular A-60 antigen complex is found in the cytosol 

of mycobacterium contains about 89 epitopes recognized by different antibodies.       

 

 

kits components: 

1. Sample diluent: (light green) 

2. Peroxidase-labelled anti human immunoglobulin in protein stabilized buffer (dark blue)  

3. 10-fold concentrated TMB. 

4. TMB diluent. citric acid- phosphate buffer containing 0.02% of H 20 2. 

5. Sulphuric acid 0.5N(H 2SO4) 

6. IgG references: negative(yellow), 1U/ml,(white), 2U/ml, (purpl), 4U/ ml(pink), 

8U/ML,(BRIGHT RED),16U/ml(light blue) ready for use. 

7. Weak positive -225-375 U/ml, (dark green) strong positive-600-1100U/ml (orange) 

dilute as serum sample (1:100) before use. 

8. 20 fold concentrated washing buffer solution  

9. Break apart strips of 8 wells coated with antigen a 60 from mycobacterium bovis 

Materials required but not provided: 

Pipets of 10 micro liter. 

A photometer  

Tubes for serum dilution  

Distilled water 

A 37 degree incubator 

Precaution : 



 cviii 

Pippeting by mouth should be avoided. 

Reagent should not be mixed from the different batches 

Components should not be used beyond the expiration date. 

Reagent should be brought to the room temperature just before use. 

Microbial contamination should be avoided of the reagent when opening and removing 

Aliquots from primary vials. 

Tips of the pipets should be changed after each operation in order to avoid cross contamination. 

All the wells are submitted to the same operational conditions and the same incubation periods 

should be sure. 

A determination cannot be interrupted once started and must be brought to its completion. 

The well was Incubate  into shadow or dark 

Avoididing physical contact with the sulphuric acid and the TMB stock solution. In case of 

contact the contaminated surface should be washed abundantly with the water. 

Reagents preparation:  

Washing solution: 

19 volume of distilled water was to one volume of concentrated washing buffer. In general one 

liter is needed to wash one plate, 950 ml distilled water was added to 50 ml of concentrated 

washing buffer. 

TMB work solution: 

9 volumes of TMB diluents were added to one volume of concentrated TMB solution. The 

solution was prepared just before use. It must be colorless and homogenous. 

Test procedure:  

All the kits components was brought to the room temperature before use 
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Diluted sera were tested 1:100 in the sample diluents.  

Determination of result: 

The mean absorbance (O.D. at A450) for each sample and reference  

On semi log graph paper, the O.D. result was plotted of each reference, on the vertical axis in 

relation to the number of corresponding units on the horizontal axis. The reference curve by 

joining the intersection point. 

Using the mean absorbance value for each sample the corresponding concentration of 

antibodies was determined expressed in units/ml and the corresponding concentration specific 

antibodies were read for unknown multiplying by the applied dilution factor (normally 100) to 

obtain the ELISA unit. 

Result interpretation: IgG sero unit 

< 125 ELISA units/ml- Negative. 

125-225 ELISA units/ml- Border line 

> 225 ELISA units/ml- Positive. 

Mantoux test: 

Mantoux test was carried out by tuberculin P.P.D. manufactured by BEACON Diagnostic pvt. 

Limited, India and it was ready to use. 

TU: Tuberculin unit: Activity of purified protein derivative in specified weight in a specified 

buffer. 

0.1 ml of TU of PPD will generate the same reaction as by using 0.1 ml of 1: 10000 dilution of 

O.T. ( Kochs old tuberculin). 

 

Sterile 26 g needle were used as well as tuberculin syringe  

Care was taken so that materials do not enter in the subcutaneous level.    
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It was stored at 2 to 8 degree C.   

 

Immunochromatography kits for the detection of IgG and IgM. 

Manufacturer: CTK biotech Inc. USA. 

 

The onSite TB IgG/IgM test is a lateral flow chromatographic immuno assay. The test cassette 

contains 1) A burgundy colored conjugate pad containing M. tuberculosis  antigens conjugated 

with colloidal gold and rabit IgG gold conjugate.2) A nitrocellulose membrane strip containing 

two tests brand and a control band. The T1 band is pre coated with monoclonal anti human IgM 

and T2 is pre coated with reagent for the detectin of IgG anti M. tuberculosis. Another C band 

is pre coated with goat anti human rabit IgG. 

Reagent and materials provided:  

a. One cassette device 

b. One plastic dropper. 

c. One desiccant. 

Materials require: Clock or timer. 

Reagent preparation and storage instruction:  

All reagents are ready to use as supplied. The test device is stored at 2 to 8 degree C.  

 

Interpretation of result:  

Presence of T1 or T2 band is indicative of the presence of anti tubercular antibody IgM or IgG 

respectively. C band act as a control band. 
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APPENDIX- IV 

STATISTICAL FORMULA 

Formula for mean 
 

n

x
x 
  

x  =  mean of observations 

x  =  individual observations 

n  =  number of observation 

 
Formula for Sensitivity 
 

True positive 
Sensitivity = True positive + False negative ×100 

 
Formula for Specificity 
 

 
True negative 

Specificity = True negative + False positive ×100 

 

Formula for Positive Predictive Value 

 
True positive 

Positive Predictive Value = True positive + False positive ×100 

 
 

Formula for Negative Predictive Value 
 

True negative 
Negative Predictive Value = True negative + False negative ×100 

 

Students t-Test  = 
2

2
2

1

21

SESE

mm
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M. tuberculosis on Z-N staining 
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M. tuberculosis on fluorescence staining 

 
 
 
 
 

APPENDIX- V 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Immunochromatography for the detection of IgG Antibody of M.tuberculosis  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ELISA for the detection of IgG Antibody of M.tuberculosis  

ICT Positive for IgG 
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SUMMARY 
 
Tuberculosis (TB) is one of the most prevalent human infections and cause more death 
worldwide than any other infectious diseases. Of all types of TB pulmonary tuberculosis is the 
most common form and accounts for 80% of all cases in Bangladesh. Moreover 65% of all the 
pulmonary tuberculosis is sputum smear positive cases. In our country, practically pulmonary 
tuberculosis is diagnosed by the sputum smear microscopy after staining by Z-N method. 
 
Considering the microscopy (Fluorescence microscopy, Z-N staining, and Cold staining) as 
gold standard we attempted in this study to find out the smear positive cases of various grading 
and comparing their sensitivity and their relationship with immunological response. 
 
We studied the immunological responses to various to various tubercular antigen by 
Immunodiagnostic methods namely Mantoux test(MT), Immunochromatographic test(ICT), 
and Enzyme linked immunosorbent assay(ELISA), with a view to find out cheap and easier 
diagnostic approach. 
 
This cross sectional comparative study was carried out in the department of Microbiology, 
Mymensingh Medical College, Mymensingh, with collaboration of Damien foundation, 
Netrokona, during the period from January 2008 to December, 2008. 
 
Study population was 86 in number of which 50 were smear positive pulmonary tuberculosis 
cases and 36 were smear negative non tubercular controls. MT, ELISA and ICT were carried 
out in all study population. 
 
The difference of sensitivity between the fluorescence microscopy and Z-N staining was found 
18% and the difference between Z-N and cold method was 4% only. 
 
In our study the sensitivity of IgG ELISA was 84% and specificity was 80.55%. Though the 
diagnostic efficacy of ELISA using A-60 antigen was much higher than that of ICT, was not 
efficient enough for the diagnosis of TB in a high prevalence country like Bangladesh. 
However it can play a vital role in the treatment and management of the patient and 
furthermore it can reflect the prognosis of disease. 
 
In our study the sensitivity of ICT was 68% and the specificity was 94.44%. Although the 
sensitivity of ICT was not good enough for the diagnosis of pulmonary tuberculosis but it could 
be employed to assist the existing diagnostic methods. 
 
In our study considering the cut off value of positive MT induration ≥ 10 mm, sensitivity of 
MT test was 96% and the specificity was 52.77%. Considering MT ≥ 15 mm the value changed 
to 92% and 83.335 for the specificity of MT test. Mantoux test was found to be promising in 
the diagnosis of pulmonary tuberculosis by changing the cut off value in a high prevalence 
area. 
 
We found the serum OD value of IgG to be higher among the higher grade of smear positivity 
and health care workers belonged to high IgG level among the control group. 
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Furthermore it was found that BCG vaccination did not interfere with the interpretation of MT 
in respect of diagnosis of pulmonary tuberculosis. 
 
 

 INTRODUCTION 

Tuberculosis (TB) is one of the most prevalent human infections and cause more death 

worldwide than any other infectious diseases. About one third of the global population is 

infected with Mycobacterium tuberculosis and eight million of new cases of TB occur each 

year, leading to nearly 3 million deaths annually (Guda et al, 2004). TB kills more people than 

any other infectious disease, including malaria and acquired immune deficiency syndrome 

(AIDS). World health organization (WHO) estimates that largest number of new TB cases in 

2005 occurred in South East Asian region which accounts 34% of incidence. Every second a 

new one is infected with TB and costs 350 people/100,000, in Sub Saharan Africa (WHO, 

2007). In 2005 WHO ranked Bangladesh 5th among the worlds 22 high burden TB countries. 

More than 319,000 new cases occurred including 1,43000 sputum smear positive cases of 

which 70000 embraces death(USAID, 2006). Bangladesh indicate an incidence of 227 new 

cases of all types & 102 new smear positive cases per 100,000 population (ICDDR, B, 2008). 

Sputum smear microscopy for acid fast bacilli remains the most important diagnostic method 

for tuberculosis in high endemic countries (Deun et al, 2005) and the identification of smear 

positive cases is given the highest priority to control the transmission (Shrestha et al, 2005). 

Tuberculosis is one of the worlds most widespread and deadly illness caused by inhaled 

airborne droplet nuclei containing viable organism, characterized by slowly progressive 

constitutional symptoms of malaise, anorexia, weight loss, fever and night sweats and often 

presented with chronic cough and blood streaked sputum (Chesnutt et al, 2007). Tuberculosis is 

an ancient disease, recognizable in skeleton from Stone Age and in bones from some of the 
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early Egyptian mummies. Although the infectious nature of tuberculosis was established by 

Villemin around 1865, Koch discovered its nature of clinical manifestation in the year, 1882.  

(Wilfert et al,1992). M. tuberculosis is a rod shaped non spore forming, thin bacterium 

(Raviglione et al, 2005). Several types of Mycobacteria are responsible for disease in human. 

M. tuberculosis complex which includes M. bovis causes most of the infections; some causes 

opportunistic Mycobacterial infections like M.kansasii, M.xenopi, M.malmoense, and 

Mycobacterium avium-intracellulare complex. Tuberculosis can be grossly classified clinically 

as (1) Primary tuberculosis (2) Miliary tuberculosis (3) Post primary tuberculosis (4) Extra 

pulmonary tuberculosis (Crompton et al, 1999). 

M. tuberculosis is transmitted from person to person by respiratory aerosol and its initial site of 

infection is lung and resides chiefly in the macrophage. Most of the transmission is occurred by 

the coughing of smear positive people (Levinson et al, 2006). 

Droplet nuclei containing tubercle bacilli are inhaled enter the lungs, and only 10% travel to the 

alveoli and ingested by alveolar macrophages. In the initial stage of host bacterium interaction 

either the hosts macrophages control bacillary multiplication by producing proteolytic enzyme 

and cytokines or the bacilli begin to multiply (Raviglione et al, 2005). 

M. tuberculosis enters the macrophages by endocytosis through the mannose receptor and 

exists by preventing phagolysosome. After three weeks of infection a TH1 response against 

M.tuberculosis is mounted that activates the macrophage to become bactericidal (Robbin et al, 

2005). With the development of the specific immunity and accumulation of large number of 

activated macrophages at the site of primary lesion tubercles are formed. Cell mediated 

immunity is critical at this early stage. In the majority of infected individual, local macrophages 

are activated when bacillary antigens are processed by macrophages stimulating T lymphocytes 
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to release a variety of lymphokines. These activated cells aggregate around the lesions center 

and effectively neutralize the tubercle bacilli without causing further tissue destruction. In a 

minority of cases the macrophage activating response is weak and mycobacterium growth only 

can be inhibited by tissue destructing DTH. After infection with M. tuberculosis alveolar 

macrophage secrets a number of cytokines namely IL-1, IL-6 and TNF-á, that contributes to 

killing the microorganism and a number of systemic effects. Reactive CD4+ lymphocytes 

produce cytokines of TH1 pattern and participate in MHC class II restricted killing of cells 

infected with Mycobacterium tuberculosis. TH1 CD4+ cells produce IFN-ã and IL-2 producing 

cell mediated immunity. TH2 cells produce IL-4, IL-5, and IL-10 and promote humoral 

immunity. The interplay of these various cytokines and their cross regulation determine the 

hosts immune response (Raviglione et al, 2005). 

Because of their intracellular location, it is frequently assumed that tubercle bacilli are not 

exposed to antibody and therefore this type of immune response is considered to be non 

protective. However antibodies can be effective in clinical management and as serological 

diagnostic tools (Waard et al, 2007). In late-stage disease a type 2-like response, characterized 

by production of immunoglobulin G1 (IgG1) antibodies, predominates (Coussens et al, 2004). 

Tuberculosis is diagnosed by detecting M. tuberculosis bacilli in specimen from the respiratory 

tract (pulmonary TB) or in specimen from other bodily sites  (extra pulmonary TB). Although 

many new diagnostics method have been developed, AFB smear microscopy and culture on 

Lowenstein-Jensen media are still considered as gold standard (Singh et al, 2007). In a study it 

is found that the Auramine-Rhodamine stain increases the sensitivity of the sputum smear by 

18% (Finch et al, 1997) and the identification of smear positive cases is given the highest 

priority to control transmission. 
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There is strong evidence both in vivo and in vitro of cellular immune reaction in TB patients 

and in those infected with M. tuberculosis. In vivo, this reaction can be measured by DTH 

response to PPD; in vitro, by the proliferation of lymphocytes to different compounds of 

mycobacteria (Pai et al, 2004) 

A wide variety of serological tests have been developed for detection of antibodies in 

individuals suspected to have TB (Chan et al, 2000). Serology has an additional advantages in 

situation when (1) Patient is unable to produce sputum (2) Sputum smear result is negative (3) 

TB is extrapulmonary. 

Historically speaking, serology for the diagnosis of tuberculosis has been explored since 1898, 

when crude cell preparations containing carbohydrates, lipids, and proteins from M. 

tuberculosis or M. bovis BCG were used as antigen preparation showing high sensitivity but 

low specificity (Singh et al, 2007). Modern developments in the purification of antigens, 

generation of monoclonal antibodies and chromatographic techniques, have led a considerable 

improvement in specificity. During the last three decades, a large number of purified antigens 

have been assessed, showing substantial progress in the serodiagnosis of TB (Jackett et al, 

1988). 

Immunochromatographic assays, also called lateral flow tests or simply strip tests are logical 

extension of technology used in latex agglutination tests. The benefits of ICT include: (1) Users 

friendly format (2) very short time to test result (3) Long term stability over a wide range of 

climate (4) Relatively inexpensive to make. These features make strip tests ideal for 

applications such as home testing, rapid point care of testing, and testing in the field. In 

addition, they provide reliable testing that might not otherwise be available to low resource 



 cxix 

country (Singh et al, 2007). The major advantages of immune-based tests are their speed 

(results may be available within hours) and simplicity compared with microscopy. The most 

common of these tests rely on detection of the humoral (serological) antibody immune response 

to M. tuberculosis (Steingart et al, 2007). It is found that sensitivity of 

Immunochromatographic test (ICT) is higher in smear-positive patients than smear-negative 

patients. Most likely that reported higher sensitivity in smear-positive patients might be due to 

the higher bacillary loads and thus a greater exposure to antigens and a more vigorous antibody 

response in these patients (Ongut et al, 2006) and in Bangladesh over 65% of pulmonary TB 

remains smear positive (National guideline, 2005). For early diagnosis of tuberculosis 

especially in the patients without adequate sputum specimens for examination, researcher found 

a simple, rapid and inexpensive method among many current available diagnostic tools, the 

Enzyme-Linked Immunosorbent assay (ELISA). In the ELISA test the class of antibody is an 

important factor, IgG holds a great promise in diagnosis of active TB both in the children and 

adult for its sensitivity and specificity for IgG antibody to A-60 with a range of 75-100% in 

various reports (kalantri et al, 2005). In a systemic review by Steingert et al it is mentioned that 

the sensitivity values of A-60 IgG ranged from 63% to 85% and the specificity values ranged 

from 73% to 100% whereas in healthy volunteer specificity ranged from 86% to 100% 

(Steingert et al, 2006). These have been revealed that in 10-20% of cases, culture results are 

negative. Microscopy and Culture have no place in the diagnosis of latent TB. By definition 

such cases are smear and culture negative. Routine diagnosis of latent infection currently 

depends solely on the Mantoux test (IBMS, 2001). Mantoux test has been used to identify the 

patients of tuberculosis, to measure the prevalence of infection in a community, and to select 

susceptible or high risk TB patients for BCG vaccination. The test has been existed for more 
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than 100 years and has remained more or less unchanged for last 60 years (Huebner et al, 

1993). Mantoux test generally should be performed only in persons who belong to at least one 

of the high-risk groups like Persons with recent M. tuberculosis infection (within the past 2 

years) or a history of inadequately treated tuberculosis, close contacts of persons known or 

suspected to tuberculosis, health care worker, persons in a high incidence or prevalence of 

tuberculosis and prolonged corticosteroid therapy also. No single ancillary test is 100 percent 

accurate in making or excluding the diagnosis of tuberculosis. Although a PPD test should 

always be performed, it may be negative in 10 to 25 percent of patients with active disease 

(Jerant et al, 2001). Though microscopic identification and culture of M. tuberculosis are the 

most common methods for the diagnosis of pulmonary diseases, in the search of rapid and cost 

effective diagnostics method of TB, Immunodiagnosis considered option to evaluate the 

specific humoral and cellular responses of the host to infer the presence of infection or disease 

(Singh et al, 2007). 

Having the described background, the purpose of the study was to evaluate the various 

Immunodiagnostic methods for the diagnosis of tuberculosis in a high burden TB country, 

Bangladesh. 

 

  AIMS AND OBJECTIVES 

 

 

General objective: 
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To evaluate the utility of various diagnostic procedures for the diagnosis of pulmonary 

tuberculosis. 

 

Specific objectives: 

4. To find out the smear positive cases by conventional and fluorescence microscopy. 

5. To perform various immunological tests namely MT, ELISA, ICT and asses their 

diagnostic value. 

6. To find out feasible, reliable and easily accessible approach for diagnosis of pulmonary 

tuberculosis under the resource constraint situation in an endemic area of a developing 

country. 

 Hypothesis:  

Immunodiagnostic methods could be alternative approach to microscopy for the diagnosis of 

pulmonary tuberculosis. 

  

 

 

 

 

 

                                   REVIEW OF LITERATURE  
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2.1 Historical background:  

It is presumed that the genus Mycobacterium originated more than 150 million years ago, 

whereas an early progenitor of M. tuberculosis was probably contemporaneous and co-evolved 

with early hominids in East Africa, three million years ago. The modern members of M. 

tuberculosis complex seem to have originated from a common progenitor about 15,000 - 

35,000 years ago (Gutierrez et al, 2005). 

This was an ideal microorganism for studying ancient DNA and was the first to be pursued and 

answered important questions along with prove that tuberculosis (TB) is an ancient disease 

with a wide geographical distribution (Donoghue et al, 2004). 

The term phthisis synonymous with tuberculosis appeared first in Greek literature. Around 460 

BC, Hippocrates  mentioned it and Aristotle (384-322 BC) considered the disease to be 

contagious and Clarissimus Galen (131-201 AD) defined phthisis as an ulceration of the lungs, 

chest or throat, accompanied by coughs, low fever, and wasting away of the body because of 

pus, describing it as a disease of malnutrition (Pease, 1940). 

 The TB epidemic in Europe, later known as the �Great White Plague�, probably started at the 

beginning of the 17th century and continued for the next 200 years. Death from TB was 

considered inevitable and, by 1650, TB was the leading cause of mortality. TB existed in 

America before Columbus� arrival but was rare among the natives (Bates et al, 1993). 

TB was also rare among Africans who lived in small remote villages. When exposed to the 

disease by contact with Europeans, these populations experienced a high mortality rate (Bates 

et al, 1993). There is also evidence of the presence of the disease in pre-historic Asia, but it was 

only toward the end of the 19th century that peaks in incidence were observed in India and 

China (Sledzik et al, 1994).  
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On the evening of March 24, 1882, in Berlin, Germany's most prominent men of science Robert 

Koch (1843-1910) made his famous presentation Die Aetiologie der Tuberculose and 

considered M. tuberculosis as the causative agent of tuberculosis.  

2.2 Epidemiology: 

2.2.1 Prevalence of tuberculosis:  

Worldwide, one person out of three is infected with M. tuberculosis � two billion people in 

total. TB accounts for 2.5 % of the global burden of disease and currently holds the seventh 

place in the global ranking of causes of death. TB kills more people than any other infectious 

disease, including malaria and acquired immune deficiency syndrome (AIDS). The WHO 

African region has the highest estimated incidence rate (356/100,000), but the majority of 

patients with TB live in the most populous countries of Asia; Bangladesh, China, India, 

Indonesia, and Pakistan together account for half (48 %) of the new cases that arise every year. 

In terms of the total estimated number of new TB cases arising annually, about 80 percent of 

new cases occur in the 22 top-ranking countries (Dye, 2006). In 2005, WHO ranked 

Bangladesh 5th among the worlds 22 high burden TB countries. More than 319,000 new cases 

occurred including 1, 43,000 sputum smear positive cases of which 70,000 embrace death 

(USAID, 2006). Bangladesh indicates an incidence of 227 new cases of all types & 102 new 

smear positive cases per 100,000 people each (ICDDR, B, 2008). Even more alarming: a person 

is newly infected with M. tuberculosis every second of every day, left untreated; a person with 

active TB will infect an average of 10 to 15 other people every year. 

TB hinders socioeconomic development as 75% of people with TB are within the economically 

productive age group of 15-54 years and the commonest cause of death in young women, 

killing more women than all causes of maternal mortality combined (Dye, 2006). 
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2.2.2 Transmission:  

M. tuberculosis is an obligate, aerobic, intracellular pathogen, which has a predilection for the 

lung tissue rich in oxygen. TB occurs almost exclusively from inhalation of droplet nuclei 

containing M. tuberculosis, which disperse primarily through coughing, sneezing and other 

forced respiratory maneuvers by a person with smear positive pulmonary TB. Normally, 

repeated exposure to a TB patient is necessary for infection to take place (Chesnutt et al, 2007).  

2.2.3 Reservoirs:  

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 M. 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 

M. caprae and M. pinnipedi (Wayne et al, 1982).  

2.2.4 Habitat:  

Only a few Mycobacteria became successful pathogens of higher vertebrates, preferentially 

inhabiting the intracellular environment of mononuclear phagocytes. The host-dependent 

Mycobacteria that cannot replicate in the environment are M. leprae, M. lepraemurium, M. 

avium subsp. paratuberculosis, and the members of the M. tuberculosis complex. 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 pathogens M. tuberculosis and M. leprae are incapable of replicating 

on inanimate subject whereas (Non tubercular mycobacterium) NTM are free living 
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mycobacteria and are usually found in association with watery habitats such as lake, rivers and 

wet soil (Willett, 1992) 

 

2.2.5 Predisposing factors for TB infection include: 

� Close contact with large populations, i.e., schools, nursing homes, dormitories, prisons, etc. � 

Poor nutrition � I/v drug use � Alcoholism � HIV infection is the predisposing factor for MTB 

infection. 10 percent of all HIV-positive individuals harbor MTB. This is 400-times the rate 

associated with the general public. Only 3-4% of infected individuals will develop active 

disease upon initial infection, 5-10% within one year (Crompton, 2000). 

2.3 MICROBIOLOGY OF Mycobacterium tuberculosis 

2.3.1 TAXONOMY AND DESCRIPTION OF THE GENUS: 

Kingdom                                                          Bacteria 

Phylum                                                            Actinobacteria 

Class                                                                Actinobacteria 

Subclass                                                          Actinobacteridae 

Order                                                              Actinomycetales 

Suborder                                                         Corynebacterineae 

Family                                                            Mycobacteriaceae 

Genus                                                               Mycobacterium 

unique genus 

Species                                                             M. tuberculosis 

                                                                        M. bovis 

                                                                        M. africanum 
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                                                                        M. microti 

                                                                       M. canettii 

                                                                       M. caprae 

                                                                        M. pinnipedii 

(http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode) 

2.3.2 General properties of Mycobacterium: 

The genus Mycobacterium is the only genus in the family Mycobacteriaceae and is related to 

other mycolic acid containing genera. The high G+C contents of the DNA is a unique property 

of Mycobacterium species along with other mycolic acid-containing genera, Gordonia, 

Tsukamurella, Nocardia, and Rhodococcus (Pfyffer, 2007). Mycobacteria are slender bacilli 

and sometimes exhibits filamentous forms resembling fungal mycelium (from greek, myces 

means fungus) hence they are so named (Chakroborty, 1999).  Mycobactoria are aerobic, non-

spore-forming, nonmotile, slightly curved or straight rods, 0.2 to 0.6 um by 1.0 to 10 um which 

may be branched. Colony morphology varies among the species, ranging from smooth to rough 

and from non pigmented to pigmented. Some species require light to form pigment 

(photochromogens); other species form pigment in either the light or the dark 

(Scotochromogens) (Pfyffer, 2007). 

The genus Mycobacterium includes obligate pathogens, opportunistic pathogens, and 

saprophytes. With the advent of the molecular techniques for the appropriate identification, 

close to 200 Mycobacterial species have now been described. They could be classified grossly 

into Rapid grower and slow grower.  Slow grower contains (1) M. tuberculosis complex and (2) 

NTM or non tubercular mycobacterium. Some human pathogenic NTM are M.ulcerans, M. 

haemophelium, M. asiaticum. A natural division exists between slowly rapidly growing species 
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of Mycobacteria. Slow growers require more than 7 days producing colonies on solid media 

under ideal culture conditions (Raviglione et al, 2005) 

The rapid grower mycobacterium is the opportunistic pathogens that grow within 7 days on 

laboratory media that produce diseases in various clinical setting. The three major clinically 

important species are M. fortuitum, M. chelonae, M. abscesssus.  

 

 

2.3.3 Mycobacterium tuberculosis complex: 

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

M. africanum, M. canettii and M. microti. The mycobacteria grouped in the complex are 

characterised by 99.9% similarity at the nucleotide level and identical 16S rRNA sequences but 

differ widely in terms of their host tropisms, phenotypes, and pathogenicity (Boddinghaus et al, 

1990). 

2.3.3.1  

Cell wall structure: As the most distinctive anatomical feature of the bacillus, the cell 

envelope is composed of the (1) plasma membrane (2) a cell wall, and (3) an outer capsule like 

layer (Willet, 1992). 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, high-performance liquid or thin-layer chromatography. The mycolic acids specific to M. 
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tuberculosis are alpha, keto and methoxymycolates 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 extend to the exterior of the cell wall. LAMs are species- specific and 

lipids constitute more than half of the dry weight 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 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, 2006).  

2.3.3.2 Acid fastness:  

The expression �acid-fastness� describes the resistance of certain microorganisms to 

decolorization with acid-alcohol solutions 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 

microorganisms in the genera Corynebacterium, Nocardia, and Mycobacterium, and the 

increasing length of mycolic acid chains in their walls. However, the property is absolutely 

dependent on the integrity of the bacillus (Goren et al, 1978). 

2.3.3.3 Cultural character:  

They grow only in special enriched medium containing egg, asparagine, potatoes, serum and 

meat extracts. M. tuberculosis grows more luxuriantly in culture (eugonic) than M. bovis 
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(dysgonic). Virulent strain often grows as twisted rope like colonies which are called serpentine 

cords (Chakroborty, 1999). In contrast, non-virulent Mycobacteria and tubercle bacilli 

attenuated by prolonged cultures usually develop smooth colonies on solid media. The 

recognition 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 attributed to the trehalose 6, 6�-dimycolate also 

known as cord factor (Chesnutt et al, 2007).  

2.3.3.4 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). 

2.3.3.5 Nutritional and environmental requirements for growth:  

The microorganism macromolecular structure and metabolic capabilities result in high 

adaptation to the specific environment. Trace elements as Magnesium and iron are essential for 

life. In nature, the bacillus grows most successfully in tissues with high oxygen partial tension, 

such as the lungs, particularly the well-aerated upper lobes. In the laboratory, an atmosphere of 

5 to 10 % carbon dioxide favors culture growth, at least during the early stage of incubation 

(Willet, 1992).  

2.3.3.6 Generation time:  

Under favorable laboratory conditions, M. tuberculosis divides every 12 to 24 hours. The slow 

growth rate might be partially determined by the cell wall impermeability that limits nutrient 

uptake. Ribonucleic acid (RNA) synthesis to be a major factor associated with the long 
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generation time of the tubercle bacillus (Harshey et al, 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.  

2.3.3.7 Metabolic and biochemical markers:  

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. (Kasarov et al, 1972). The main M. tuberculosis antioxidant 

enzyme is a heat labile catalase-peroxidase with both catalase and peroxidase activities. The 

catalase is not only self protective but can also be self-destructive as it activates the anti-

tuberculous prodrug INH (Sohaskey, 2005).   

 

2.3.3.8 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 limit the access to the bacterial targets of 

hydrophilic antiseptics and antibiotics. The microorganism also withstands very low 

temperatures. Its viability may be increasingly preserved for a long term between 2-4°C to -

70°C. When ultrafrozen, the viability of the bacilli remains almost intact as well as the 

taxonomic, serologic, immunologic, and pathogenic properties. On the other hand, the bacilli 

are very sensitive to heat, sunlight and ultraviolet (UV) irradiation (Pfyffer, 2007). 

2.3.3.9 Virulence Mechanisms and Virulence Factors:  

M. tuberculosis does not possess the classic bacterial virulence factors such as toxins, capsules 

and fimbriae. However, a number of structural and physiological properties of the bacterium 
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are beginning to be recognized for their contribution to bacterial virulence and the pathology of 

tuberculosis.  

MTB has special mechanisms for cell entry. The tubercle bacillus can bind directly to mannose 

receptors on macrophages via the cell wall-associated mannosylated glycolipid, LAM, or 

indirectly via certain complement receptors or Fc receptors.  

 The ability of MTB to grow intracellularly is an effective means of evading the immune 

system and as a result antibodies and complement are ineffective. Once MTB is phagocytosed, 

it can inhibit phagosome-lysosome fusion (Robbin et al, 2005).   

MTB interferes with the toxic effects of reactive oxygen intermediates produced in the process 

of phagocytosis by two mechanisms: 1. Compounds including glycolipids, sulfatides and LAM 

down regulate the oxidative cytotoxic mechanism. 2. Macrophage uptake via complement 

receptors may bypass the activation of a respiratory burst.  

Antigen 85 complex may aid in walling off the bacteria from the immune system and may 

facilitate tubercle formation (Todar, 2008).  

Because of MTB's slow generation time, the immune system may not readily recognize the 

bacteria or may not be triggered sufficiently to eliminate them.  

High lipid concentration in cell wall accounts for impermeability and resistance to 

antimicrobial agents, resistance to killing by acidic and alkaline compounds in both the 

intracellular and extracellular environment, and resistance to osmotic lysis via complement 

deposition and attack by lysozyme.  

Cord factor is primarily associated with virulent strains of MTB. It is known to be toxic to 

mammalian cells and to be an inhibitor of PMN migration (Willett, 1992). 

2.4 Pathogenesis of tuberculosis:  
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2.4.2 The initial lesion:  

Once inhaled, most tubercle bacilli are trapped in the mucosa of the upper respiratory tract, 

trachea and bronchi, especially when inhaled in clumps, and are eliminated by the mucocilliary 

defense mechanisms. Tiny particles or droplet nuclei smaller than 5 µm behave as a gas and 

overcome this barrier and reach the inferior respiratory tract, especially inside the alveoli, 

where they are readily phagocytosed by alveolar macrophages.  

 After M. tuberculosis has entered the lung, one of four potential fates might occur: 

(Dannenberg, 1994) 

 i. The initial response can be effective in the killing and elimination of the bacilli, and 

these individuals do not develop TB at any time point in the future. 

 ii. The bacilli can grow and multiply immediately after infection, causing clinical 

disease (primary TB). 

 iii. The bacilli may become dormant and never cause disease at all, resulting in         a 

latent infection that is manifested only as positive tuberculin skin test (latent TB). 

 iv. The dormant bacilli can eventually begin to grow with resultant disease 

(Reactivation TB). 

The development of clinical TB will occur in 5 %-10 % of infected persons at some point in 

their lives. Dissemination of tuberculosis outside the lungs (extrapulmonary TB) is more 

common in children and HIV infected individuals (Schafer et al, 1996) leading to the 

appearance of a number of uncommon findings with characteristic patterns:  

(1) Skeletal TB, involves mainly the thoracic and lumbar vertebrae also known as Pott's 

disease, (2) Genital tract TB involves the fallopian tube, prostate and epididymis. (3) Urinary 

tract TB, (4) TB of the central nervous system (5) Cardiac TB and (6) Scrofula (lymphadenitis 

TB) (Raviglione et al, 2005). 
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2.4.2 Formation of granuloma:  

The granulomatous response is the hallmark of chronic M. tuberculosis infection, which is a 

desperate attempt by the host immune system to arrest multiplication and further dissemination 

of bacteria to other organs. It is postulated that stimulated alveolar macrophages in the airways 

invade the lung epithelium following internalization of inhaled bacteria (Ulrichs et al, 2006). 

Along with other inflammatory cascade regulated and superceded by a specific, cellular 

immune response is linked to formation of the 'stable' granuloma responsible for immune 

containment during latent or subclinical infection (Tully et al, 2005). The granuloma 

subsequently develops central areas of necrosis (called caseum, from the word �cheese�), 

resulting in the death of the majority of bacteria and destruction of the surrounding host tissue. 

The surviving bacilli exist in a latent state and can become reactivated leading to development 

of active disease. The granuloma serves (Robins et al, 2005) major purposes as a local 

environment in which immune cells can interact to kill bacteria, a focus of inflammatory cells 

(Algood et al, 2005). Disruption of the granuloma structure or function appears to be 

detrimental to the control of bacterial replication and the control of immunopathology in the 

lung.  

 

2.4.3 Immunology of tuberculosis: 

2.4.3.1 Cells involved in immune response:  

2.4.3.2 Macrophages: Macrophages play a central effector role in the immune response to 

M. tuberculosis infection. Once infected by the bacterium, macrophages presents antigens on 

both class I and II major histocompatibility complex (MHC) to T cells, which in turn secrete 

IFN- ã resulting in activation of the macrophages to kill the bacteria. Tumor necrosis factor 



 cxxxiv 

(TNF) is an important proinflammatory cytokine secreted by activated monocytes/ 

macropghages (Bekker et al, 2001). Furthermore, the pro inflammatory cytokines IL-1 and IL-6 

secreted during inflammation play an important role in recruitment of cells to the site of 

infection. A major effector mechanism is the induction of nitric oxide (NO) and related reactive 

nitrogen intermediates (RNIs) by macrophages (Giacomini et al, 2001) and phagolysosome 

fusion (Robins et al, 2005).  

2.4.3.3 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 after 

carriage of antigens to draining lymph nodes, where recognition by T cells can be maximized 

(Flynn, 2004). The efficient antigen-capturing causes immature DCs are transformed into 

mature T cell stimulating DCs, which migrate into draining lymph nodes. In these 

compartments, the stimulatory capacity of mature DCs ultimately leads to effector T cell 

differentiation and memory T cell expansion, which in turn, confer protection against M. 

tuberculosis in the lungs (Kaufmann et al, 2001). 

2.4.3.4 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-ã during the immune response 

(Junqueira-Kipnis et al, 2003). 

2.4.3.5 Neutrophil leukocytes: Even though macrophages are considered the main targets 

for infection by Mycobacterium tuberculosis Neutrophil leukocytes are among the earliest cells 

recruited into infection  sites and  inflammatory signals are triggered along with the formation 

of neutrophil extracellular traps (Urban et al, 2006). 
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2.4.3.6 CD4+ T cells: Although various cells contribute to immunity against M. 

tuberculosis, T cells,  notably effector CD4+Th1 cells play a dominant role (Kaufmann et al, 

2005)  M. tuberculosis resides primarily in a vacuole within the macrophage resulting in MHC 

II presentation of mycobacterial antigens to CD4+ T cells. Upon activation, CD4+ T cells 

secrete IFN-á and TNF, which in turn induce anti mycobacterial mechanisms in macrophages 

(Flynn, et al, 2001). Other roles played by CD4+ T cells include induction of apoptosis 

suggested to be important in controlling M. tuberculosis infection, conditioning of antigen-

presenting cells, help for B cells and CD8+ T cells, and production of other cytokines (Scanga 

et al, 2000) 

2.4.3.7 CD8+ T cells: It has been demonstrated that mycobacterial antigens derived from 

infected cells can be presented by MHC I to CD8+ T cells in humans. CD8+ T cells also 

recognize various antigens from M. tuberculosis that are not presented by classical MHC I 

molecules. In humans, CD8+ T cells can kill intracellular mycobacteria via the release of the 

antimicrobial peptide granulysin (Stenger et al, 1998) 

2.4.3.8 Gamma/delta T cells: ãä T cells from human TB patients display a lytic activity that 

is independent of the MHC. While the lytic activity of CD4+ and CD8+ T cells decreases 

gradually as the disease becomes more severe, ãä T cells increase their activity, lysing target 

cells infected with M. tuberculosis through the Fas-FasL mechanism and the perforin pathway 

(Barrera et al, 2003). 

 

2.4.4 Immune response to M. tuberculosis: 

2.4.4.1 Innate immune response:  
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After the M. tuberculosis invades the activation of signaling pathways occurs upon recognition 

of pathogen associated molecular patterns (PAMPs) by pattern recognition receptors (PRRs), 

including Toll-like receptors (TLRs). Although T cells provide the crucial element of 

specificity, the immune response is sensed primarily by innate immune mechanisms. TLRs are 

expressed on many cells, including phagocytes, and mediate the activation of cells of the innate 

immune system, resulting in destruction of the invading microorganism through activation of 

several signaling cascades. 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. A major effector mechanism is related to reactive nitrogen intermediates (RNIs) by 

macrophages. Other antimycobacterial mechanisms of macrophages are; phagolysosome 

fusion, a process which exposes ingested bacteria in the phagosome to lytic enzymes in the 

lysosome. Neutrophil leukocytes are the earliest cells recruited into infection  sites and  

inflammatory signals are triggered along with the formation of neutrophil extracellular traps 

(Urban et al, 2006). Natural killer cells are associated with the development of cytotoxicity to 

target cells (Junqueira-Kipnis et al,  2003). 

2.4.4.2 Specific immune response:  

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 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.  
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The protective immunity against TB is mediated exclusively by T cells rather than antibodies as 

antibodies cannot reach the bacilli within the phagosomes of infected macrophages (Reljic et al, 

2006).  

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 (Caruso et al, 1999). The main function 

of CD4+ Th1 cells is the production of cytokines including IFN-ã, which activates macrophages 

and promotes bacilli destruction and it also helps to develop the CD8+ T cell mediated 

response (Serbina et al, 2001). In the same way, CD4+ cells may participate in the induction of 

apoptosis of infected cells and the subsequent reduction of bacterial viability through the CD95 

Fas ligand system (Oddo et al, 1998). In addition, CD8+ T cells proved to be efficient in lysing 

infected cells and in reducing the number of intracellular bacteria (Keane, 2001).  

2.4.4.3 The immune response related to progressive disease:   

There is substantial evidence that demonstrates a Th2 response in human TB (Seah et al, 2000). 

Indeed, TB patients have several IL-4-dependent manifestations, including high IgE 

antimycobacterial antibodies (Yong et al, 1989). CD8+ cells are another source of IL-4 and this 

correlates with cavitation (Crevel et al, 2000). The presence of IL-4 at late stages of the disease 

has a direct pathogenic role because it downregulates the protective Th1 responses (Biedermann 

et al, 2001). The phase of progressive disease starts after one month of infection characterized 

by a drop in the number of cells expressing INF-ã, IL-2, TNF-á, and iNOS, high bacillary 

counts and very high levels of IL-4 and TGF-â, produced foamy macrophages. TNF-á plays an 

essential role in protection but may also be a significant factor in its pathology. 
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2.4.4.4 Factors that deregulate the protective immune response:  

An increase in antigen load is clearly a participating factor of the Th1/Th2 imbalance and 

deregulates the protective immune response to M. tuberculosis. Low antigen loads, prime the 

Th1 response in contrast high antigen loads efficiently induce the Th2 response. In the early 

stage of infection (21 days after infection), while the Th1 cytokine response predominated and 

controlled the growth of bacilli, the DTH response was the highest. In contrast, during the 

progressive phase of the disease (50 days after infection) extensive tissue damage and high IL-4 

production are manifested, the DTH response was very low (Hernandez-Pando et al, 1998).  

2.4.4.5 Immune evasion:  

Although the immune response against M. tuberculosis is usually sufficient to prevent 

progression to active disease, the microorganism persists in the host. Thus, the strong immune 

response can control, but not eliminate the infection, indicating that M. tuberculosis has 

evolved mechanisms to modulate or avoid detection by the host.  

M. tuberculosis persist within macrophages through a variety of immune evasion strategies: 

(1) Entry into macrophages via multiple receptors:  Entry of Mycobacteria into 

phagocytic cells can occur through binding to multiple receptors, all leading to the delivery of 

the bacilli into macrophage phagosomes.  

(2) Manipulation of the phagosome:  To persist in the host, M. tuberculosis arrests the 

maturation of bacilli-containing phagosomes into phagolysosomes (Robbins et al, 2005). It 

could interfere with phagolysosomal fusion by retention of host protein on the phagosome 

behaving as self antigens.  
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(3) Avoidance of the toxic effects of reactive nitrogen intermediates: M. 

tuberculosis expresses genes that counteract the bactericidal or bacteriostatic effects of RNI and 

NO. 

(4) Modulation of antigen presentation:  M. tuberculosis avoids elimination by the 

immune system through the inhibition of antigen processing or presentation by macrophages .  

2.5 Host genetics and susceptibility:   

Several aspects of TB epidemiology are not explained by the germ theory, and suggest that 

there are individual differences in susceptibility as not everyone exposed to M tuberculosis 

becomes infected. TB was more common in those who additionally had a family history of TB, 

suggesting the greater importance of familial susceptibility. 

Asians and especially Africans and African Americans had less innate resistance than Whites. 

Mutations causing Mendelian susceptibility to Mycobacterial diseases (MSMD) have been 

found due to different genes (Ottenhoff et al, 2005). The polymorphic human leukocyte 

antigens (HLA) were the first proteins to be examined for associations with TB susceptibility. 

HLA B13 has a protective effect while individuals with DR8 have a greater probability of 

developing TB. 

2.6 Laboratory diagnosis of tuberculosis: 

Bacteriological diagnosis of tuberculosis involves the detection and isolation of 

mycobacterium, the identification of the mycobacterial species or complex and the 

determination of susceptibilities of the organisms to anti mycobacterial drugs (CDC, 1990).  

The principal method of pulmonary TB diagnosis is demonstration of mycobacterium in Ziehl-

Neelsen stained sputum samples for AFB. But it requires at least 10,000 bacilli /ml of sputum.  

Isolation of microorganism by culture which is most commonly performed on solid media 
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(Löwenstein-Jensen or Ogawa Kudoh), giving results on an average of 30 days. The basic 

advantage of culture of mycobacterium it requires only 10-100 bacilli / ml of sputum. Cultures 

in liquid media give faster results and may be more sensitive (Laidlaw, 1989) 

Drug susceptibility testing is indicated when infection with drug resistant strains is suspected, 

but as suspicion for drug resistance is not always easily evaluated, susceptibility testing should 

be systematically performed on isolates from patients with associated risk factors: 

(2) Previous history of anti-tuberculosis treatment (2) Failure of chemotherapy given with 

direct supervision (3) Contact with patients with multi-drug resistant TB 

2.6.1 Collection and transport of specimen:  

The successful isolation of the pathogen requires that the best specimen be properly collected, 

promptly transported and carefully processed. If pulmonary TB is suspected specimens 

originating from the respiratory tract should be collected, i.e. sputum, induced sputum, 

bronchoalveolar lavage or a lung biopsy (Finch et al, 1997), if failed, the sputum can be 

induced by inhalation of hypertonic saline solution. Otherwise, the specimen can be collected 

from Bronchoscopy (Sarkar et el, 1980). When the transport or the processing is delayed, 

specimens should be stored for not more than five days at 4°C. The cetylpyridinium chloride 

(CPC) method is widely used for the transport of sputum specimens (Smithwick et al, 1975). 

Good laboratory practice is required for the protection of laboratory staff from infectious 

airborne bacilli, i.e. good ventilation, use of laboratory coats, surgical gloves and face masks, 

hand washing and regular disinfection of the laboratory floor and surfaces, especially benches, 

with a disinfectant that is active against mycobacteria. This disinfectant may be 70 % ethanol or 

sodium hypochlorite (house bleach) at a concentration of 0.2-0.5 %. Ultraviolet light, emitting 
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rays of wavelength 254 nm, is very effective in killing the tubercle bacillus and other 

mycobacteria (Riley et al, 1989).  

 

 

2.6.2 Decontamination procedures:  

Several methods have been used to minimize culture contamination when specimens from non-

sterile body sites are processed. Most of these methods include the digestion of mucus or 

organic debris and treatment to eliminate micro-organisms from the normal flora. Both steps 

are done to maximize the probability of isolating Mycobacteria in culture. No single 

decontamination method is applicable to all circumstances, laboratories and clinical specimens; 

therefore, a laboratory should use the best suited method that keeps the contamination rate 

between 3 % and 5 %. A contamination rate lower than 3 % may indicate that the procedure 

used is too harsh and may be killing the mycobacteria. 

The decontamination methods most commonly used are: Using sodium hydroxide at 

concentrations ranging between 2 % and 4 % to digest and, at the same time, decontaminate the 

specimen to determine the lowest concentration for optimal digestion and decontamination 

although N-acetylcysteine for mucus digestion and sodium hydroxide as the decontaminant is 

used worldwide. 

Ogawa-Kudoh is a very simple and practical decontamination method that obviates the use of 

specimen centrifugation prior to culturing using sodium hydroxide as the digestant-

decontaminant and can be performed in the field. 
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Cethyl pyridinium and sodium chloride method is useful to preserve specimens from 

contaminant flora overgrowth while in transit to the laboratory and also fulfills the 

decontamination step required prior to culture (Smithwick et al, 1975). 

2.6.3 Demonestration of mycobacterium :  

AFB smear microscopy plays an important role in the early diagnosis of mycobacterial 

infections because most mycobacteria grow slowly and culture results become available only 

after weeks of incubation. In addition, AFB smear microscopy is often the only available 

diagnostic method in developing countries. The slide is observed under the microscope for the 

detection of AFB. Several methods can be used for determining the acid-fast nature of an 

organism. Two methods, Ziehl-Neelsen and Kinyoun, utilize basic fuchsin in ethanol for 

primary staining. In both cases, AFB appear red after decolorization with acid alcohol. Ziehl-

Neelsen is a hot acid-fast stain because the slide has to be heated during incubation with 

fuchsin. In contrast, Kinyoun staining is a cold acid-fast staining procedure and therefore does 

not require heating. Kinyoun's cold carbol fuchsin method is inferior to the Ziehl-Neelsen 

staining (Deun et al, 2005).  

In the Fluorescence staining procedure, primary staining is done with auramine O. The AFB 

fluoresce yellow against a counterstain of potassium permanganate when observed with a 

Fluorescence microscope. While the reading of fuchsin-stained smears requires 1000x 

magnification, fluorochrome-stained smears are examined at 250x or 450x. The lower 

magnification used in this staining method allows the microscopist to observe a much larger 

area of the smear during the same period of time. This makes the method faster and reduces 

laboratorist fatigue. Allegedly, fluorescent staining is more sensitive than Ziehl- Neelsen 

staining (Steingart et al, 2006). A real disadvantage of the fluorochrome method is that 
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fluorescence fades with time. For this reason, the slides must be read within 24 hours. This 

staining method is not often available in developing countries due to the high cost of the 

fluorescence microscope and, especially, that of its maintenance.  

Quality assurance of AFB sputum smear microscopy is essential and Quality of the sputum 

specimen itself is also an important aspect. When the patient is thoroughly instructed on 

sputum sampling, the microscopic diagnosis of TB improves substantially (Alisjahbana et al, 

2005). For diagnosis, the sensitivity of AFB smear staining relative to culture has been 

estimated to vary from 50 % to over 80 %. Several studies have been published on improving 

smear microscopy performance using methods that concentrate the bacilli present in the sputum 

specimen. The methods consist of submitting the specimen to a liquefaction step prior to 

concentrating it by sedimentation or centrifugation. The smears are then performed from the 

sediment and stained for microscopic examination. The best known concentration procedure is 

the 'bleach microscopy method', in which the sputum is liquefied with sodium hypochlorite 

(NaOCl or household bleach), and concentrated by centrifugation before AFB staining. This 

technique is inexpensive and easy to perform. Other concentration methods should be used if 

the specimen is to be cultured (Murray et al, 2003) 

2.6.4 Isolation of Mycobacterium:  

Acid-fast microscopy is easy and quick, but it does not confirm TB diagnosis because 

Mycobacteria other than M. tuberculosis are also AFB in the smear microscopic examination. 

In addition, a high bacterial load is needed in the specimen to render an AFB microscopy result 

positive. Culture techniques have been estimated to detect as many as 10�1,00 viable 

mycobacteria per mL of specimen. But it takes long period to grow the M. tuberculosis on 

traditional culture medium about 6-8 weeks. Therefore, although most TB control programs do 
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not support its widespread use due to enhanced laboratory complexity, biohazard and cost but 

ideally all specimens should be submitted to culture, regardless of AFB smear microscopy 

results. A positive culture for M. tuberculosis confirms the diagnosis of active disease. Culture 

of mycobacterium can be carried out in various types of culture medium (Laidlaw, 1989). Most 

of them fall into the two general catagories, Egg based medium and Agar based medium. 

Egg-based media have a good buffer capacity and a long shelf life (several moths when 

refrigerated) and support good growth of most mycobacteria. Of the egg-based media, L -J 

medium is most commonly used in clinical laboratories. In general, it recovers M. tuberculosis 

well but is not as reliable for the recovery of other species. Egg-based selective media include 

L-J medium with cycloheximide, lincomycin, and nalidixic acid.   

Agar-based media are chemically better defined than egg-containing 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 as they do not readily 

support the growth of contaminants. The addition of antimicrobial agents may be helpful in 

eliminating the growth of contaminating organisms.  

The sept-Chek system (BD) is a mycobacterial culture system consisting of a capped bottle 

containing 20 ml of modified 7H9 broth in an enhanced (20%) Co2 atmosphere and a paddle 

containing three types of solid media, i.e., modified L-J medium, Middlebrook 7H11 agar, and 

chocolate agar, encased in a plastic tube. Bacterial contamination is detected on the chocolate 

agar. 

Broth media may be used for both primary isolation and sub culturing of Mycobacteria. 

Cultures based on liquid media yield significantly more rapid results than solid medium based 
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cultures. Middlebrook 7H9 and Dubos Tween albumin broths are commonly used for sub 

culturing stock strains of Mycobacteria and preparing the inoculum for drug susceptiblity tests 

and other in vitro tests. 

Radiomatric technology: Perhaps most widely used radiomatric method to detect early 

growth of mycobacteria in culture is the BACTEC system, which employs a 14 C- labelled 

substrate medium that is almost specific for mycobacterium.  

At present a number of elaborate commercially available culture systems marketed for the 

isolation of Mycobacteria range from simple bottles and tubes such as the  

MGIT (BD) and MB Redox to semi automated systems (the BACTEC 460TB system; BD) 

and fully automated system e.g., The BACTEC 9000 MB and BACTEC MGIT 960, the ESP 

Culture system II and the MB/BacTALERT 3D system (Pfyffer, 2007). 

The optimum incubation temperature for most cultures is 35 to 370C. 5 to 10% CO2 in air 

stimulates the growth of Mycobacteria in primary isolation culture using conventional media. 

Mycobacterial cultures on solid and in liquid media are generally held for 6 to 8 weeks before 

being discarded as negative. Specimens with positive smears that are culture negative should be 

held for and additional 4 weeks. Mycobacteria are relatively solwly growing organisms, and 

thus cultures can be examined less frequently than routine bacteriologic cultures. All solid 

media should be examined within 3 to 5 days after inoculation to permit early detection of 

rapidly growing mycobacteria and to enable prompt removal of contaminated cultures. 

2.7 Distinguishing different species of Mycobacterium by Biochemical 

procedures:  

The final species identification of M. tuberculosis is based on characteristics such as slow 

growth, colony morphology, and biochemical tests. From a practical point of view, most 
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isolates from human disease belong to the species M. tuberculosis. An initial identification as 

M. tuberculosis is defined on AFB bacilli from slow growing, non-pigmented colonies that are 

niacin positive, are inhibited by p-nitrobenzoic acid and display nitratase activity. Additional 

tests that confirm an isolate as M. tuberculosis are susceptibility to pyrazinamide, growth on 

thiophene carboxylic acid hydrazide, absence of catalase production at 68°C and absence of 

iron uptake. 

Niacin accumulation test: Nicotinic acid or niacin is produced by all mycobacteria, but 

niacin produced by M. tuberculosis, M. simiae and M. bovis BCG excreted and accumulates in 

the culture medium. Niacin-negative M. tuberculosis strains are extremely rare. 

Growth in the presence of p-nitrobenzoic acid: This compound inhibits the growth 

of several species in the M. tuberculosis complex: M. tuberculosis, M. bovis, M. africanum and 

M. microti ( Leao et al, 2004). 

Nitrate reduction test: This test is useful for differentiating M. tuberculosis, which gives a 

positive reaction, from M. bovis, which is negative  

Catalase test: Catalase is an intracellular enzyme that transforms hydrogen peroxide to 

oxygen and water. Characteristically, M. tuberculosis gives negative results, as do other species 

in the M. tuberculosis complex. . 

Pyrazinamidase test: Pyrazinamidase  test is useful to differentiate M. tuberculosis 

(positive) from the other species of the M. tuberculosis complex (negative), with the exception 

of M. canettii.  

Growth in the presence of thiophen-2-carboxylic acid hydrazide:  This test is 

useful to distinguish M. tuberculosis, which grows in the presence of this compound, from 
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other members of the M. tuberculosis complex although M. canettii and most non-tuberculous 

mycobacterial species are also positive to this test. 

2.8 Drug susceptibility testing: The performance and interpretation of drug susceptibility 

tests for M. tuberculosis may be helpful to the clinician in choosing the most effective 

antituberculous agents and in the appraisal of the patient�s response to chemoterapy.  Initial 

susceptibility testing should be done in persons known to be at high risk for infection with drug 

resistant organisms.  These include: patient with a history of antituberculous chemotherapy, 

foreign born patients from areas with high prevalence of drug resistance and in the patients 

with life threatening forms of tuberculosis (CDC, 1990). 

2.9 Other diagnostic procedures:  

2.9.1 Immunodiagnostic Methods: 

 The gold standard for tuberculosis (TB) diagnosis is the demonstration of Mycobacteria but 

which is often not possible. Though microscopic identification and culture of Mycobacteria in 

sputum are the most common methods for diagnosis of pulmonary disease but in the search for 

rapid and cost-effective diagnostic methods for TB, Immunodiagnosis is considered an 

attractive option. There is strong evidence both in vivo and in vitro of cellular immune reaction 

in those infected with M. tuberculosis. In vivo, this reaction can be measured by DTH response 

to PPD; and in vitro, by the proliferation of lymphocyte to different compounds of the bacteria 

(Pai et al, 2004).  

  Basically, it uses the specific humoral and cellular immune responses of the host to infer the 

presence of infection or disease. The tuberculin skin test (TST) or Mantoux test (Huebner 

1993) and, more recently, the antigen-specific induction of interferon gamma production have 

been used to detect infection with Mycobacterium tuberculosis (Pai et al, 2004). At the same 
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time, a wide variety of serological tests for the detection of antibodies in individuals suspected 

to have TB have also been evaluated to detect active disease (Chan, 2000).  

Historically speaking, serology for the diagnosis of TB has been explored since 1898, when 

crude cell preparations containing carbohydrates, lipids, and proteins from M. tuberculosis or 

M. bovis BCG were used as antigen preparations showing high sensitivity but low specificity. 

Modern developments in the purification of antigens, generation of monoclonal antibodies and 

chromatographic techniques, have led to a considerable improvement in specificity. During the 

last three decades, a large number of purified (native and recombinant) antigens have been 

assessed, showing substantial progress in the serodiagnosis of TB (Jackett et al, 1988). In order 

to produce a useful serological tool for TB diagnosis, several antigens must be combined as a 

cocktail. 

2.9.2 Serological tests:  

2.9.2.1 Enzyme Linked Immunosorbent Assay (ELISA): In TB patients, the 

serological response to Mycobacterial antigens has been primarily evaluated using standard 

ELISA with in house methodologies and protocols which certainly differ from laboratory to 

laboratory.  Few commercial tests based on the detection of specific antigens, such as the 38 

kDa protein, Antigen A-60, have been developed and have been in use, primarily in developing 

countries (Wilkinson et al, 1997). There is still a need to improve the sensitivity or specificity 

of commercial serological tests. 

2.9.2.2 Immunochromatography (ICT): Immunochromatographic assays, also called 

lateral-flow tests or simply strip tests are a logical extension of the technology used in latex 

agglutination tests. The benefits of immunochromatographic tests include: � User-friendly 

format � Very short time to test result � Long-term stability over a wide range of climates � 
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Relatively inexpensive to make. These features make strip tests ideal for applications such as 

home testing, rapid point-of-care testing, and testing in the field. In addition, they provide 

reliable testing that might not otherwise be available to low-resource countries. 

2.9.2.3 T cell based immunological tests: Since M. tuberculosis is sometimes difficult 

to culture from patients with active TB, and impossible to culture from latently infected healthy 

people, it is therefore vital to have efficient tools for diagnosis of active TB and screening for 

latent M. tuberculosis infection.  The only widely used test is the century-old Mentoux test, 

based on the intradermal injection of PPD, a crude mixture of M. tuberculosis proteins widely 

shared among M. tuberculosis, Mycobacterium bovis bacille Calmette-Guérin (BCG), and most 

environmental mycobacteria (Andersen et al, 2000). Hence, false-positive results are common 

in people exposed to environmental mycobacterial and/or previously vaccinated with BCG 

(Agaard et al, 2004). 

2.9.2.4 Tuberculin skin test: 

Tuberculin skin test can be done by two methods  

(1) Mantoux test and  

(2) Heaf test.    

2.9.2.4.1 Mantoux test has been used to identify patients actively infected with TB, to 

measure the prevalence of infection in a community, and to select susceptible or high-risk 

patients for BCG vaccination. The test has been in existence for more than 100 years and has 

remained more or less unchanged for the last 60 years (Huebner et al, 1993). 

MT works by intradermally injecting 0.1 mL of 5 TU PPD on the forearm. On examination, 

after 48-72 hours, a positive reaction is indicated by erythema and induration of > 10 mm in 

size. Erythema (redness) alone is not taken as a positive reaction. All persons with prior 
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infection with tubercle bacilli will mount an immune response to bacilli proteins (Huebner et 

al, 1993). As the active ingredient used in the skin test contains a whole series of proteins that 

are shared with the BCG vaccine and other Mycobacteria common in the environment, the skin 

test is often falsely positive. It is currently estimated that almost one third of people positive to 

MT do not actually have TB infection. The sensitivity of the skin test is estimated to be around 

just 70 % in known active TB cases; so the test misses up to 30 % of people who are infected. 

This sensitivity decreases to as low as 30 % in immunocompromised people. 

2.9.2.4.2 Heaf test: This test is done with multiple puncture apparatus. Although it is not 

widely used, it is used in epidemiological survey and as test for immunity before BCG 

vaccination (Laidlaw et al, 1989). 

2.9.2.4.3 Interferon-gamma determination: One of the most significant developments 

in the  the diagnosis of TB in the last hundred years seems to be the assays based on IFN-ã 

determination based on the principle that T cells of sensitized individuals produce IFN-ã when 

they re-encounter the antigens of M. tuberculosis (Tufariello et al, 2003). Recent evaluations 

showed that IFN-ã assays have advantages over tuberculin skin testing (Lalvani et al, 2001).  

IFN-ã assays that are now commercially available are: the enzyme-linked immunospot 

(ELISPOT), T SPOT-TB assay, the original Quantiferon-TB, and its enhanced version 

Quantiferon-TB Gold assay. 

Quantiferon-TB test measure the release of interferon-gamma in whole blood from human 

subjects infected with M. tuberculosis and M. bovis respectively, in response to stimulation by 

PPD. The IFN-ã secreted by T-cells into the plasma is measured by ELISA to indicate the 

likelihood of TB infection. Quantiferon-TB test was less affected by BCG vaccination, 

discriminated responses due to non-tuberculous mycobacteria (Pottumarthy et al, 1999). 
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2.9.2.5 Radiological examination: The chest X-ray examination may help to make the 

diagnosis in respiratory symptomatic patients that are repeatedly negative on direct microscopy 

sputum examination. It may also help in those individuals that cannot produce sputum for the 

bacteriological examination (Rottenberg et al, 1996). 

2.9.2.6 Computerized tomography and ultrasonography: Computerized 

tomography of the chest is mainly used for diagnosis of pulmonary TB in patients who do not 

expectorate or that have negative AFB sputum smear, and are suspected of having Tuberculous 

lymphadenitis or Miliary TB, Disseminated TB, Cerebral TB . 

2.9.2.7 Use of Nucleic acid amplification for TB diagnosis: In industrialized 

countries, the advent of rapid nucleic acid amplification (NAA) tests for tuberculosis is seen as 

a major breakthrough in the management of PTB. They have specificities of > 95 % for smear 

positive specimens, but sensitivities are variable, especially in smear-negative disease, where a 

rapid diagnostic test is most needed (Flores et al, 2005). 

2.9.2.8 Mycobacteriophage typing: An old tool into more active use, phage typing has 

been useful in detecting laboratury cross contamination, investigating epidemics of 

tuberculosis, and determining whether relapse cases were due to reinfection or reactivation. 

 

2.9.2.9 Chemical detection of biological compounds:  

The arrangements of mycolic acids are allowed for the identification of many species of 

mycobacteria by gas-liquid, high-performance liquid or thin-layer chromatography.  

2.10 Treatment:  



 clii 

Drug treatment is fundamental for controlling TB, promoting the cure of the patients and 

breaking the chain of transmission. Anti tuberculosis drug treatment started in 1944 after 

streptomycin (SM) and para aminosalicylic acid (PAS) were discovered. Combined drug 

therapy is more effective at curing TB than monotherapy as treatment of active TB with a 

single drug results in the selection of drug resistant bacilli and different populations of tubercle 

bacilli shows distinct pattern of susceptibility for anti tuberculosis drugs (Levinson, 2006) 

Drugs for treating TB are usually classified as first- and second-line drugs. Traditionally, there 

are five first-line drugs: Isoniazid (INH), Rifampicin (RIF), Pyrazinamide (PZA), Ethambutol 

(EMB), and Streptomycin (SM). Second-line drugs include the Aminoglycosides, Kanamycin 

and Amikacin, Capreomycin, PAS, Cycloserine, the Thioamides, Ethionamide and 

Prothionamide and several Fluoroquinolones such as Moxifloxacin, Levofloxacin and 

Gatifloxacin. 

The current short-course treatment for the complete elimination of active and dormantbacilli 

involves two phases:  

Initial phase: Three or more drugs (usually isoniazid, rifampicin, pyrazinamide and 

ethambutol or streptomycin) are used for two months, and allow a rapid killing of actively 

dividing bacteria, resulting in the negativization of sputum. 

Continuation phase: Fewer drugs (usually isoniazid and rifampicin) are used for 4 to 7 

months, aimed at killing any remaining or dormant bacilli and preventing recurrence. 

 

2.10.1 Treatment regimens: 

Category I comprises those patients with a high priority for treatment who are new smear-

positive patients, new smear-negative pulmonary TB patients with extensive parenchymal 
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involvement, patients with concomitant HIV/acquired immunodeficiency syndrome (AIDS) 

disease or severe forms of extrapulmonary TB. 

Drug Schedule: First two month, 4FDC (Rifampicin 150 mg + Isoniazid 75 mg + 

Pyrazinamide 400 mg + ethambutol 275 mg) 3 tablets daily for the body wt. 55-70 kg & 4FDC 

(Rifampicin 150 mg + Isoniazid 75 mg + Pyrazinamide 400 mg + ethambutol 275 mg) 3 tablets 

3 times weekly for next 4 months. 

Category II (relapse, treatment failure or default) Drug Schedule: First three month (daily) 

4FDC (Rifampicin 150 mg + Isoniazid 75 mg + Pyrazinamide 400 mg + ethambutol 275 mg) 3 

tablets daily with injection streptomycin 1 gm (60 doses) for the body wt. 55-70 kg & 4FDC 

(Rifampicin 150 mg + Isoniazid 75 mg + Pyrazinamide 400 mg + ethambutol 275 mg)  with 

ethambutol 400 mg for four months 3 tablets 3 times weekly. 

Category III (new smear-negative pulmonary TB other than in Category I and less severe 

forms of extrapulmonary TB) Drug Schedule:  First two month , 3FDC (Rifampicin 150 mg + 

Isoniazid 75 mg + Pyrazinamide 400 mg + ethambutol 275 mg), 3 tablets daily for the body wt. 

55-70 kg & 2FDC (Rifampicin 150 mg + Isoniazid 75 mg + Pyrazinamide 400 mg + 

ethambutol 275 mg) 3 tablets for four months 3 times weekly (National guideline, 2005).   

2.11 Drug resistance:  

Drug resistance in tuberculosis (TB) is a matter of great concern for TB  can be divided as 

Multi drug resistance TB (MDR-TB) and Extensively drug resistance TB (XDR-TB). 

Natural drug resistance: The natural drug resistance of M. tuberculosis is an important 

obstacle for the treatment and control of TB. This resistance has traditionally been attributed to 

the unusual multi-layer cell envelope and active multidrug efflux pumps (Rossi et al, 2006).  
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Acquired drug resistance: In other bacterial species, acquired drug resistance is mediated by 

plasmids or transposons, but in contrast, M. tuberculosis acquired drug resistance is caused by 

mutations in chromosomal genes. The MDR phenotype is caused by sequential accumulation of 

mutations in different genes involved in resistance to individual drugs, due to inappropriate 

treatment or poor adherence to treatment.  

Isoniazid and ethionamide: Resistance to INH is mostly associated with mutations or 

deletions in katG (Ramaswamy et al, 2003). 

Rifampicin: All clinical isolates of M. tuberculosis resistant to RIF show mutations in rpoB,  

resulting in conformational changes that determine the low affinity of this subunit for RIF and 

consequently, resistance to the drug (Jin et al, 1988). 

Pyrazinamide: it has been postulated that PZA resistance could be due to mutations in an 

unknown pncA regulatory gene (Cheng et al, 2000). 

Ethambutol: Mutation in the M. tuberculosis embB gene has been shown to be the most 

frequent and predictive for EMB resistance (Srivastava et al, 2006). 

2.12 Drug interactions:  

In general, when two or more drugs are administered simultaneously to a patient, there is a 

possibility of drug interaction between them that may result in changes (increase or decrease) 

of the effective concentration of one or more of the drugs involved. Since the anti tuberculosis 

treatment itself consists of the administration of two or more drugs it is very important to 

consider those drug interactions affecting the TB drugs. Few drugs interact to alter the 

concentration of the antituberculosis drugs (Centers for Disease Control and Prevention, 2003). 

More frequently, antituberculosis drugs affect the other drugs. Most of the clinically relevant 

interactions involve the Rifamycin drugs (RIF, Rifapentine and rifabutin). 
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                                     MATERIALS AND METHODS 

3.1 Place and period of the study: 

The study was carried out in the Department of Microbiology, Mymensingh Medical College, 

Mymensingh, with the collaboration of Damien foundation, Netrakona, during the period from 

January 2008 to December, 2008. Sputum smear positive pulmonary tuberculosis cases were 

selected from various TB hospitals and specimens were processed in the reference laboratory in 

Netrakona. Smear positive cases were screened out by Fluorescence microscopy and later on 

confirmed by microscopy followed Z-N and Cold staining methods. Serological tests by ELISA 

and ICT were carried out in the department of Microbiology, Mymensingh medical college, 

Mymensingh. Mantoux test was carried out in all the cases and controls.  

3.2 Study design:  

Cross sectional comparative study. 

3.3 Study population: 

The present study included 86 individual  consists of   both the sputum  smear positive 

pulmonary TB  patient as cases and other smear negative non tubercular control group based on 

various selection criteria. Among the study population 50 were cases and 36 were control. 

3.4 Data collection and analysis: 

All relevant clinical findings and laboratory records of every case were systematically recorded 

in pre-designed data sheet (appendix-1). Subsequently data were analyzed by computer 

programme SPSS version 12.0 
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3.5 The selection criteria for cases were as follows:  

3.5.1 The inclusion criteria:   

Pulmonary tuberculosis cases based on sputum Acid Fast Bacilli (AFB) smear positivity.  

3.5.2 The exclusion criteria:  

Negative sputum smear were excluded from the case group. 

3.5.3 Control group: 

Family contacts and workers in various TB clinics were included as controls. Another control 

group was non tubercular lung diseases patients. The other group was the healthy volunteer. 

Mantoux test was carried out among all subjects from cases and control group using 10 TU of 

purified protein derivative (PPD). 

Serum samples from all the subjects were given code numbers and stored at -20°C till the day 

of testing for the antibody test. 

Commercially available IgG antibody kits, manufactured by Anda Biologicals, France were 

used in the study. The test detects antibodies to A-60 antigen coated over the wells. The ELISA 

test were carried out as described in the manufacturer's protocol. 

The Immunochromatgraphy test (ICT) was carried out with the same serum sample for the 

detection of IgG antibody to tubercular antigen. 
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3.6 LABORATORY PROCEDURES:  

3.6.1 Microscopical Examination of Sputum: 

3.6.1.1 Specimen:  

Morning sputum sample was collected for the sputum smear examination to find out the smear 

positive cases by fluorescence microscopy followed by the conventional microscopy after 

stained by ziehl-neelsen and cold staining method. 

3.6.1.2 Collection of sputum:  

Participants underwent sputum induction on one occasion (Zahrani et al, 2000). Sputum 

specimens were expectorated and the specimen were appeared acceptable if grossly purulent, 

thick, and not watery like saliva (Wright et al, 1998) 

3.6.1.3 Preparation of smear:  

(1) All respiratory specimens were digested and decontaminated with a solution of 2% sodium 

hydroxide (NaOH). 

(2) Specimen was centrifuged for 15 min at 3000 rpm. 

(3) The supernatant was removed and the remaining sediment was mixed in a 1:10 dilution with 

sterile water. 

(4) A small portion was transfer to the slide with the stick or loop. 
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(5) The material was spread carefully on area equal to about 3 cm by 2 cm, without touching 

the border and care was taken to avoid placing too much on the slide, the thickness of the smear 

was supposed to be such that a news paper could be read through the smear if held under slide. 

(6) The slide bearing the smear was left to dry in air in room temperature. 

(7) As soon as they were dry slides were held in forceps and fixed by passing them through a 

bunsen burner or spirit flame three times in quick succession.  

3.6.2 Fluorescence staining: 

3.6.2.1 Materials: 

(i) Auramine O (ii) 0.5% Acid-alcohol (iii) Counterstain (potassium permanganate or acridine 

orange or pelikan 4001) 

3.6.2.2 Procedure: 

(1) Slides were flooded with fluorochrome stain for 15 min. 

(2) Slides were rinsed with water; excess water was drained from the slide. 

(3) Flooded with 0.5% acid-alcohol, decolorizing for 30-60s (some protocols call for 2 min). 

(4) Rinsing the slide with water; drained excess water from the slide. Flood the slide with ink 

blue or pelican 4001 for counter staining for 2 minutes. 

(5) Timing was critical during the counterstaining. Counterstaining for a longer time may 

quench the fluorescence of acid fast organisms. 

(6) Rinsing the slide with water; drained excess water from the slide and air drying was done 

without blotting. 

(7) Examined the smear with a fluorescent microscope using the high power objective ( 250x, 

450x, and 630x magnificent). 

3.6.2.3 Interpretation: 
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Carbol 

Fuchsin 

1 000x 

Report 

Fluorechent microscopy 

magnification* 

250x 

450x 630x 

0 No acid fast bacilli 

seen 

0 0 0 

1-9/ 100 

field 

Scanty or report 

exact count 

Devide observed count 

by 10 

Devide observed 

count by 4 

Devide observed 

count by 2 

10-99/ 100 

Field 

+1 

 

-Do- -Do- -Do- 

1-10/ Field +2 

 

-Do- -Do- -Do- 

>10/ Field  +3 -Do-  -Do- -Do- 

 
Suppose 20 acid-fast bacilli are observed per field using the 450x magnification. If this number 

is divided by the magnification factor of 4 according to the table, the comparable number of 

bacilli that would have been observed under 1000x is 5 per field.  

Acid-fast bacilli in sputum appearing as bright yellow rods against a dark background 

(Auramine 0 fluorescent staining). (Appendix- II) 

Ziehl-Neelsen acid-fast staining and Cold staining method were used to confirm the presence of 

AFB (Wright et al, 1998)  

3.6.3 Ziehl-Neelsen acid-fast staining method: 

(1) Slides were flamed to heat fix. 

(2) Entire slide were flooded with carbol fuchsin. 

(3) Using a Bunsen burner, slides were heated slowly until they were steaming. Steaming was 

maintained for 5 minutes by using low or intermittent heat (i.e. by occasionally   passing the 

flame from the Bunsen burner over the slides). 

(4) Slides were rinsed with water. 
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(5) Slides were flooded the with 3% acid-alcohol and allowed to be decolorized for 5 minutes. 

Throughout the 5 minutes, continued to flood the slides with 3% acid-alcohol until the slides 

are clear of stain visible to the naked eye.  

(6) Slides were rinsed thoroughly with water and any excess from the slides was drained. 

(7)  Slides were flooded with the counterstain, methylene blue and keeping the counterstain on 

the slides for 1 minute. 

(8) Slides were rinsed thoroughly with water. 

3.6.3.1 Interpretation: According to WHO & National tuberculosis control programme 

interpretation of    Ziehl-Neelsen acid-fast staining will 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  

  

With carbolfuchsin staining, tubercle bacilli look like fine red rods, slightly curved, more or 

less granular, isolated, in pairs or in groups, standing out clearly against the blue background. 

3.6.4 Cold staining method: 

(1) In the Cold staining method the same counter-staining and methylene blue treatments were 

used as in the Ziehl-Neelsen method.  
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(2) The cold carbolfuchsin stain, however, contains 4 grams of basic fuchsin, 8 milliliters of 

liquefied phenol, 20 milliliters of ethyl alcohol (95%) and 100 milliliters of water.  

(3) In the cold method the slide was fixed gently with heat and is then stained with the Kinyoun 

carbolfuchsin stain for 5 minutes without heating.  

(4) The washing, decolorizing and counter-staining steps were the same as in the Ziehl-Neelsen 

method. 

 

3.6.4.1 Interpretation: 

Same as that of Ziehl-Neelsen acid-fast staining. 

3.7 IMMUNOLOGICAL TESTS: 

Sample:  

Blood drawn from the cubital vein were used for serological tests. 

Sample collection:  

(1) 5 ml of venous blood was collected aseptically and  

(2) Centrifuged at 1500 rpm for 5 minutes.  

(3) Serum was stored in a sterile eppendorf tube at �200c until uses. 

3.7.1 ELISA and ICT were done by the collected serum sample: 

3.7.1.1 ELISA:  

(1) The serum samples were diluted 1: 100 in the sample diluents. 
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(2) The diluted samples and controls were added (100 ml) to the wells and incubated at 37°C 

for 1 h. 

(3) The wells were washed five times  

(4) 100 micro liter of anti human IgG-POD conjugate were distributed in each well  and later 

on incubated for 30 min at 37°C, then 

(5) Wells were washed again five times buffer solution and 

(6)100 ml tetramethylbenzidine (TMB) substrate was added in each well. 

(7) The reaction was stopped by the addition of 100 ml H2SO4 after 15 min incubation at 37°C 

and 

(8) Absorbance measured at 450 nm using MULTISCAN-ELISA plate reader (Kalantri et al, 

2005) 

3.7.1.2 Interpretation:  

Differences in O.D. values of different groups of case and control were used to interpret the 

result of ELISA.  

3.7.2 Immunochromatography test (ICT):  

The ICT Tuberculosis diagnostic kit by CTK biotech Inc, USA were used for the detection of 

serum IgG antibodies to M. tuberculosis according to manufacturers protocol. Briefly, highly 

purified antigens secreted by M. tuberculosis during active infection were immobilized in test 

line on the test strip. When serum or plasma applied, it flows past the antigen line. 

3.7.2.1 Interpretation:  
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Bound antibody is detected by anti-human IgG antibody conjugated to colloidal gold particles 

which produces one or more pink lines when bound to human antibody. The whole procedure is 

completed within 20 minutes. ICT Tuberculosis test doesn't require special equipment and 

technical skill (Ongut et al, 2006) 

3.7.3 Mantoux Test:  

3.7.3.1 Method:  

It involved introduction of tuberculin purified protein derivative (tuberculin PPD) into the skin, 

manufactured by Beacon Diagnostic, Pvt, India were carried out according to manufacturers 

protocol. 

(1) 10 Tuberculin unit (usually 0.1ml) was injected into the upper third of the left forearm 

intradermally. 

(2) It results an area of hardness (technically called induration) and redness (erythema) at the 

site of injection 48 hours later.  

(3) The area of induration was measured in millimeters, usually on the day three following 

injection that was produced by the body in response to initial infection with M. tuberculosis 

(IBMS, 2001). 

(4) The extent of induration (not erythema) was measured across two diameters at right angles 

and the two measurements then averaged (Martin et al, 2000).   

3.7.3.2 Interpretation:  
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A positive reaction indicated sensitivity to tuberculin, which might be the result of a previous 

infection with Mycobacteria. This infection, likely due to Mycobacterium tuberculosis, May 

occurred years ago or might be of recent origin.  

Reactions were interpreted as follows:  

Positive Reaction- Any palpable indurations measuring 10 mm or more is considered a 

positive reaction.  

Doubtful Reaction- Induration measuring 5 to 9 mm indicates a doubtful reaction. 

Retesting is indicated using a different site and 5 TU per test dose. The possibility should not 

be excluded that the skin sensitivity is due to previous contact with atypical mycobacteria or 

previous BCG vaccination.  

Negative Reaction- Induration of less than 5 mm is considered negative (Medical 

Economic Company, 2000) (Appendix- III) 

   

 

 
 
 
 
 

RESULT 

Table-1 shows the age and sex distribution of tuberculosis patients. Here male were 35 (70%) 

and female were 15 (30%) and the predominant age groups were 20-29 and 50-59, and both 

possessed 12 numbers of people.  
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Table-2 shows the age and sex distribution of control group where male were 26 (72.22%)   

and female were 10 (27.77%) and 20-29 age group was the leading one contained 13 (36.11%) 

number of people. 

 

Table-3 shows that all the 50 sputum smears were detected positive at various grading by 

fluorescence microscopy and conventional microscopy after Z-N staining. Only microscopy 

after cold staining method missed two smear positive slides. Of the total 50 smear positive 

samples  considering  3+ as highest grade of positivity, 29 (58%) slides were detected 3+ by 

fluorescence microscopy , 20 (40%) slides were detected 3+ by Z-N staining method and only 

18 ( 36%) detected 3+ by cold staining method. 

 

Table-4 shows the comparison between tuberculosis cases and control groups by Mantoux test. 

When the cut-off value of positive MT was considered ≥ 10 mm of induration sensitivity of the 

Mantoux test was 96%, and specificity was 52.77%. Here among the tuberculosis cases 48 

(96%) were true positive and 2 (4%) were false negative. Among the control group true 

negative were 19 (57.7%) and false positive were 17 (47.56%).  

 

Table-5 shows the comparison between tuberculosis cases and control groups by Mantoux test 

when the cut-off value of positive MT induration was considered ≥ 15 mm. The sensitivity of 

MT was 92%, and specificity was 83.33%. Here among the tuberculosis cases 46 (92%) were 

true positive and 4 (8%) were false negative. Among the control group true negative were 30 

(83.34%) and 6 (16.66%) were false positive.  
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TABLE-1 
 
 
 
 

Age and Sex Distribution of Tuberculosis patients(n=50) 

 
Age Group Male Female Total 

10-19 1 (2.85%) 4 (26.66%) 5 (10%) 

20-29 7 (20%) 5 (33.33%) 12 (24%) 

30-39 3 (8.57%) 2 (13.32%) 5 (10%) 

40-49 7(20%) 1 (6.66%) 8 (16%) 

50-59 11(31.42%) 1(6.66%) 12 (24%) 

60-69 4(11.42%) 1(6.66%) 5 (10%) 

70-79 2 (5.71%) 1(6.66%) 3 (6%) 

Total 35(70%) 15(30%) 50 (100%) 
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TABLE-2 
 
 
 

Age and Sex Distribution of the control group (n=36) 
 

Age Group Male Female Total 

10-19 7 (26.92%) 5 (50%) 12 (33.33%) 

20-29 10 (38.46%) 3 (30%) 13 (36.11%) 

30-39 5 (19.23%) 1 (10%) 6 (16.66%) 

40-49 3 (11.53%) 0 3 (8.33%) 

50-59 1(3.84%) 1(10%) 2 (5.53%) 

60-69 0 0 0 

70-79 0 0 0 

Total 26(72.22%) 10(27.77%) 36(100%) 
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TABLE-3 
 

Comparison of smear positivity:  
 

SMEAR POSITIVITY 3+ 2+ 1+  0 

FLUORESCENCE 29 (58%) 14 (28%) 7 (14%)  X 

Z-N STAIN 20 (40%) 17 (34%) 13 (26%)  X 

COLD STAIN 18 (36%) 13 (26%) 17 (34%)  2 (4%) 

 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE-4 
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Comparison of Tuberculosis Case and Control by Mantoux test (Considering the Cut off Value 

≥ 10) 

  
 TB NON TB TOTAL 

MT positive 48 (96%) 17 (47.22%)  65 (75.58%) 

MT Negative 2 (4%) 19 (52.77%) 21 (24.4%) 

TOTAL 50 (58%) 36 (41.86%) 86 (100%) 

 

Sensitivity = 96%                                                                          Specificity = 52.77% 

Positive predictive value = 73.84%                        Negative predictive value = 90.47% 

 
Formula for Sensitivity 
 

True positive 
Sensitivity = True positive + False negative ×100 

 
Formula for Specificity 
 

 
True negative 

Specificity = True negative + False positive ×100 

 
 

Formula for Positive Predictive Value 
 

True positive 
Positive Predictive Value = True positive + False positive ×100 

 

 

Formula for Negative Predictive Value 
 

 

True negative 
Negative Predictive Value = True negative + False negative ×100 
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TABLE-5 
 

 
Comparison of Tuberculosis Case and Control by Mantoux test 
  
(Considering the Cut off Value ≥15) 
                                                 
 

 TB NON TB TOTAL 

MT Positive 46 (92%) 6 (16.66%) 52 (60.45%) 

MT Negative 4 (8%) 30 (83.33%) 34 (94.55%) 

TOTAL 50 (58.13%) 36 (41. 86%) 86 (100%) 

 

Sensitivity = 92% 

Specificity = 83.33% 

Positive Predictive Value = 88.46% 

Negative Predictive Value = 88.23% 

 
Formula for Sensitivity 
 

True positive 
Sensitivity = True positive + False negative ×100 

 
Formula for Specificity 
 

 
True negative 

Specificity = True negative + False positive ×100 

 
 

Formula for Positive Predictive Value 
 

True positive 
Positive Predictive Value = True positive + False positive ×100 

 

 

Formula for Negative Predictive Value 
 

 

Negative Predictive Value = True negative ×100 
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True negative + False negative 

 

 

Table-6 shows the mean MT induration of different groups. Mean induration of MT test of the 

pulmonary TB cases was about 23.76 mm, induration of healthy control was l7.63 mm , non 

tubercular lung disease patient 11.77 mm,  and health care worker 12.44 mm.  

  

Table-7 shows the mean MT induration of case and control group by independent sample t-

Test, (8.605, df-84, p<0.001) and it was found to be highly significant.  

 

Table-8 shows the mean MT induration of the vaccinated and non vaccinated group. Of the 

total control 36 controls 13 (36%) were vaccinated and 23 (64%) were non vaccinated.  For the 

vaccinated group MT induration was found 10.91mm and for the non vaccinated group it was 

7.230 mm.  

 

Table-9 shows the IgG positivity and negativity between tuberculosis cases and control by ICT 

method. Here the sensitivity of ICT was 68% and the specificity 94.44%. Among the 

tuberculosis cases 34 (68%) were true positive and 16 (32%) were false positive. Among the 

control group true negative were 34 (94.44%) and 2 (5.88%) were false positive.   

 

Table-10 shows the comparison between tuberculosis cases and control group by ELISA 

method. The sensitivity of ELISA was 84% and specificity was 80.55%. Here among the 

tuberculosis cases 42 (84%) were true positive and 8 (16%) were false negative. Among the 

control group true negative were 29 (75.86%) and false positive were 7 (24.7%)  

Table-11 shows that the mean OD value of serum IgG in healthy control was 0.0881, 0.867 for 

PTB cases and OD value of serum IgG of the health care workers was 0.546.  
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Table-12 shows the mean OD value of serum IgG changes in response to anti tubercular 

treatment duration. For the treatment duration of 22 days OD value was 0.205, for 16 days it 

was 0.803, and for 7 days it was 1.170.  

 

                                                       
 
 
 
 
 
 
 
 
 
 
 
 

TABLE- 6 
              
                          Mean MT Induration measurement of different groups 

 
 

Group Mean MT 

Healthy Control 7.63  

Non TB lung Diseases 11.77 

Contact Person 12.44 

PTB Cases 23.76 
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TABLE- 7 
 
 
 

Comparison of mean MT of Case and Control Group (Independent Sample t-Test) 

 
 

 
Value 8.60, df- 84, P<0.001 

Calculated Value is highly significant. 
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TABLE-8 
 
 
 
                         Mean MT infuration of Vaccinated and nonVaccinated Control 

 
 

Group Number Mean MT 

Vaccinated 13 (36%) 10.91 

Non Vaccinated 23 (64%) 7.23 

Total 36 (100%)  
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TABLE- 9 
 

                          Comparison of Tuberculosis Case and Control by ICT  
 

 
 

 PTB NON PTB TOTAL 

IgG positive 34 (68%) 2 (5.55%) 36 (41.86%) 

IgG Negative 16 (32%) 34 (94.44%) 50 (58.13%) 

TOTAL 50 (58.13%) 36 (41.86%) 86 (100%) 

 
 

Sensitivity = 68% 

Specificity = 94.44% 

Positive Predictive Value = 94.44% 

Negative Predictive Value = 68% 

Formula for Sensitivity 
 

True positive 
Sensitivity = True positive + False negative ×100 

 
Formula for Specificity 
 

 
True negative 

Specificity = True negative + False positive ×100 

 
 

Formula for Positive Predictive Value 
 

True positive 
Positive Predictive Value = True positive + False positive ×100 

 

 

Formula for Negative Predictive Value 
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True negative 
Negative Predictive Value = True negative + False negative ×100 

 
 

TABLE-10 
 

                                 Comparison of Tuberculosis Case and Control by ELISA  
 
 

(Considering the cut off O.D. value 0.370) 
 

 
 TB NON TB TOTAL 

lgG positive 42 (84%) 7 (9.44%) 49 (56.97%) 

lgG Negative 8 (16%) 29 (80.55%) 37 (43.02%) 

TOTAL 50 (58.13%) 36 (41.86%) 86 (100%) 

 
 

Sensitivity = 84%                                                                   Specificity = 80.55% 

Positive Predictive Value = 85.71%                                                                                 

Negative Predictive Value = 78.37% 

 
  Formula for Sensitivity 
 

True positive 
Sensitivity = True positive + False negative ×100 

 
Formula for Specificity 
 

 
True negative 

Specificity = True negative + False positive ×100 

 
 

Formula for Positive Predictive Value 
 

True positive 
Positive Predictive Value = True positive + False positive ×100 



 clxxvii 

 

 

Formula for Negative Predictive Value 
 

 

True negative 
Negative Predictive Value = True negative + False negative ×100 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE- 11 
                                              
                       Mean OD Value of Serum IgG Measurement of Different Groups 

 
 

Group MEAN OD Value 

Health Control 0.08 

NON TB Lung Diseases 0.21 

Contact Person 0.54 

PTB Cases 0.86 
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TABLE-12 
 
 

Relationship of OD Value of Serum lgG with Duration of Anti Tubercular Treatment  
 

Range Mean RX Duration (Days) MEAN OD Value 

<0.5 22 0.20 

0.5-<1 16 0.80 

>1 7 1.17 

 
 
 
 
 
Table-13 shows the relationship between the grading of smear positivity and mean OD value of 

serum IgG, where it is shown that higher the grading of smear positivity higher the mean OD 

value. Mean OD value of serum IgG was 1.133 for the positivity grading 3+, 0.881 for 2+, and 

0.530 for 1+.   

 

Table-14 shows the comparison of mean OD of serum IgG of cases and all the control group 

by independent sample t-Test. The calculated value (2.47, df-84, p<0.01) was not significant.  

 

Table-15 shows the comparison of mean OD of serum IgG of cases and healthy control by 

independent sample t-Test. The calculated value (4.31, df-84, p<0.001) was highly significant.  
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TABLE-13 
 
 
                           Mean OD Value of Serum IgG according to Smear Positivity 
 

 
Smear grading Mean OD Value 

3+ 1.13 

2+ 0.88 

                1+ 0.53 
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TABLE-14 
 
Comparison of Mean OD of Serum IgG of Case and Control ( Independent Sample t Test) 

  
 
 
 
 
 
 

Value 2.47, df- 84, P<0.01 

Calculated Value is not significant. 
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TABLE- 15 
 

Comparison of Mean OD of Serum IgG of Case and healthy Control ( Independent Sample t 

Test) 

  
 

Value 4.316, df- 84, P<0.001 

Calculated Value is highly significant. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DISCUSSION 
 



 clxxxii 

Sputum smear microscopy for the identification of acid fast bacilli remains the most important 

diagnostic method for the diagnosis of pulmonary tuberculosis in high endemic countries (Deun 

et al, 2005) and the identification of smear positive case is given  the  highest priority to control 

the transmission (Shrestha  et al, 2005). 

AFB (Acid fast bacilli) microscopy and Lowenstein-Jensen (L-J) culture remains the 

cornerstone for the diagnosis of tuberculosis (Vijayshekharan et al, 2006) and has been 

considered as the gold standard (Bhatia et al, 2003). Although the diagnosis is dependent on the 

clinical findings and the radiological evidences but is confirmed by microscopic examination 

after staining by Z-N method, as over 65% of pulmonary tuberculosis (PTB) remains smear 

positive in Bangladesh (National guide line, 2005). 

Cases found by direct microscopy relatively more important than the culture for the purpose of 

control (Harishur, 1999) which is important in middle income country where the primary 

identification of bacilli is highly specific for the diagnosis of tuberculosis (Steingert et al, 

2006). 

In our study, the sputum samples were randomly screened out to find the new smear positive 

cases who has received anti TB drugs for not more than one month (National guide line, 2005) 

by fluorescence microscopy and later on confirmed by Z-N or cold staining method (Chesnutt 

et al, 2007). 

Higher positivity yields by the fluorescence staining method suggested greater sensitivity of 

this technique (Mendoza et al, 1987). According to (Table-3), considering the high positive 

smear (3+) as standard, the difference of sensitivity between fluorescence staining method and 

Z-N method was 18% and the difference between Z-N and cold staining method was only 4% 

in our study. Study carried out in Nepal by Shrestha showed the difference of sensitivity 
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between Fluorescence microscopy and microscopy followed by Z-N staining method was 

14.8% and Z-N to cold staining method was about 2% (Shrestha, et al 2005). 

Study carried out in Kenya the difference of sensitivity between fluorescence and Z-N method 

was 15 % (Githui et al, 1995). 

Study carried out in Bangladesh showed the difference between Z-N and cold staining was 4% 

which is exactly same to our study (Deun et al, 2005). 

Although all the 50 sputum smears were found PTB positive, Cold staining method missed two 

slides. A study carried out in Bangladesh it was found that cold staining method was found to 

be less sensitive. In case of Z-N staining the higher sensitivity although little was achieved by 

applying heat (Deun et al, 2005).   

Somoskovi described two reasons for the superiority of FM over the Z-N method with respect 

to weakly positive sputum specimen (1) an increased area of smear per field (2) an increased 

contrast between bacilli and back ground (Somoskovi et al, 2001). The sensitivity of AFB is 

compromised because greater than 10,000 bacilli per ml of sputum are required for reliable 

detection, in practice the sensitivity is about only 40%. The in vitro culture method requires an 

extended turn around time and which is not available everywhere. For all these reasons the 

detection of TB by serological means has attracted the attention of a number of laboratories all 

over the globe (Bhatia et al, 2003). 

These have been revealed that in 10-20% of cases, culture results are negative and microscopy 

and culture have no place in the diagnosis of latent Tuberculosis. By definition such cases are 

smear and culture negative. Routine diagnosis of latent infection currently depends solely on 

the Mantoux test (IBMS, 2001). Mantoux test plays an important role in the diagnosis of 
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tuberculosis as it denotes the particular subject is sensitized to tubercular antigen 

(Vijayshekharan et al, 2006). 

In our study when the cut-off value of positive MT induration was considered ≥ 10 mm of 

induration (Table-4) sensitivity of the Mantoux test was 96%, and specificity was 52.77%, and 

considering the cut-off value of positive MT induration ≥ 15 mm (Table-5) the sensitivity was 

92%, and specificity was 83.33%. The Mantoux test has an estimated sensitivity of 90% and 

specificity of 90% was observed in Makati city that is equivocal to our study (Susana et al, 

2000). In a study in Pakistan it was found that when the cut-off value of positive MT induration 

was considered ≥ 10 mm the sensitivity was 86%, and specificity was 74% and considering it 

15 mm the sensitivity decreased to 61% but specificity raised to 86% that coincide with our 

study as we also found that change in cut off value increased the specificity of the test (Jamil et 

al, 2008). 

Jamil also opines that in the presence of compatible clinical presentation positive MT, 

especially if size of duration is larger than 15 mm is highly suggestive of tuberculosis.  In our 

study it was found that (Table-6) the pulmonary TB cases were the mostly representative of the 

highest mean induration of MT test which was about 23.76 mm whereas induration of healthy 

control was 7.63 mm, non tubercular lung disease patient 11.77 mm, and health care worker 

12.44 mm. Comparing (Table-7) the mean MT induration of case and healthy control group by 

independent sample t-Test, (8.605, df-84, p<0.001) was found to be highly significant.  In 

general the probability of positive reaction due to M.tuberculosis infection is greater than the 

size of MT reaction of individual in contact with an active TB patient or a person with family 

history of TB. So the effect of the potential factors on false positive reaction can be minimized 

by a high cut off value (Rahbar et al, 2007). More over for the endemic population using a cut 
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off value of 5 mm indurations either for screening or for diagnosis is not recommended (Jamil 

et al, 2008). In another study in Iran to examine the effect of different factors on the MT 

reaction indurations of 15 mm or greater was considered as the cut off value for positive 

reaction (Rahbar et al, 2007). 

Mantoux reaction of more than 15 mm indurations should not be attributed to BCG vaccination 

yet 5 mm cut off value is appropriate for the diagnosis of tuberculosis with patient with 

uncontrolled Diabetes mallitus, systemic corticosteroid therapy and massive immuno 

suppression (Martin, 2003). 

Reaction of PPD has been observed to wane with time, with less than 10% of recipients 

retaining tuberculin positivity 10-15 years after vaccination and BCG is not considered a major 

reason for MT positivity in adults in a population vaccinated in infancy or childhood. Thus high 

BCG vaccination in infancy in our population should not limit the usefulness of the MT as a 

tool for diagnosis of TB in adult (Menzies et al, 1992). In our study it was found that (Table-8) 

the mean MT induration of vaccinated group was 10.91mm and non vaccinated group was 7.23 

mm, those belonged to control population and does not bias our interpretation in diagnosing the 

positive tuberculosis cases considering the cut off value 15 mm.  

A rapid immuno-chromatographic assay (ICT) requires no special equipments and little 

technical skill have been developed and commercialized for the sero-diagnosis of tuberculosis 

(Bartolini et al, 2003). 

In our study using the multi antigen ICT kits (Table-9) the sensitivity of the test was 68% and 

specificity was 94.44% that is almost similar with a study carried out in Madagascar where the 

sensitivity was found to be 68.2%  and specificity was 83.3% (Rasalofo et al, 2000) 
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A study carried out in Italy it was found that the sensitivity of ICT was 66.7%, and specificity 

was 90.4% which is almost same to our study (Bartolini et al, 2003). 

In a study in India it was found that the sensitivity of ICT was 70.83% and specificity was 

92.20% that almost similar to our study (Tripathi et al, 2004). A study carried out in Turkey 

using multi antigen ICT kit found the sensitivity was about 40% and specificity was 100% and 

that was different from our study (Ongut et al, 2006). The use of different antigens could be the 

probable cause behind the difference. 

 However a considerable number of smear positive patients 29.6% as our result, were ICT 

negative and this result were false negative as similar with a study by Chang in Korea where  

the sensitivity was 69.4%  and specificity was 88% (Chang et al, 2000). 

We found that ICT could be suitable or profitable for routine serological diagnosis of TB in a 

high prevalence country yet a larger community based study correlating ICT results with 

different groups of subject, differentiated by clinical and laboratory means into normal, TB 

contact and TB patient is needed (Adjei et al, 2003) 

Except for the Anda TB IgG there was not sufficient study for specific commercial tests to 

provide meaningful summary measures of performance of ELISA for the detection of serum 

IgG of Tuberculosis patients (Steingart et al, 2006). 

In our study (Table-10) the sensitivity of ELISA was 84% and specificity was 80.55% and 

using the same reagent considering the cut off value 225 ELISA units (OD, 0.370) according to 

the manufacturers protocol. In a study by Chiang et al A60 IgG level in Taiwanese people 

considering the cut off value 340 ELISA units, found the sensitivity of the test 80.77% and 

specificity 88.40 % (Chiang et al, 1997) that supports finding of our study. A study carried out 
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in Pakistan, a high prevalence country the sensitivity was found to be 88.8%  and specificity 

69.8% (Ahmed et al, 2008), where specificity differs to our study. 

In a low prevalence country like Poland a study carried out by Demkow et al the sensitivity 

was 55%, and specificity was 92%, that differ in context of sensitivity and in small extent in 

relation to specificity to our study (Demkow et al, 2004). Difference in selection criteria of 

cases and control along with the endemicity pattern could be the probable cause behind this. In 

a systemic review by Steingert et al it was mentioned that sensitivity values of A-60 IgG 

ranged from 63% to 85% and the specificity values ranged from 73% to 100 % whereas in 

healthy volunteer specificity values ranged from 86% to 100 % ( Steingert et al, 2006). 

In the western country the prevalence of tuberculosis is low and a clear distinction between 

patient and control prevails. An ELISA with the antigen specific for M.tuberculosis  showed a 

sensitivity 83% and specificity 99% respectively in western country (Jackett et al, 1988)  

whereas in China, an endemic country the sensitivity decreased to 64% and the specificity 

decreased to 81% (Kadival et al, 1982). 

In our study (Table-11) it was found that the mean O.D. value of serum IgG in healthy control 

was 0.08 and 0.86 for PTB cases. In another study in Pakistan it was found that the 

corresponding mean O.D. in control group was 0.60 and in active tuberculosis cases was 1.25 

O.D., which supports our study (Ahmed et al, 2008) and this high IgG titer was found to active 

tuberculosis patients, is clearly different from control (Jackett et al, 1988). 

In our study (Table-11) it was found that the health care workers belonged to the increased 

O.D. value of serum IgG and it was 0.546 and our findings were in agreement with Gevadaun 

and co-workers who showed the raised IgG levels in health care workers (Gevadaun et al, 

1992).  
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In our study it was found that (Table-12) the mean O.D. value of serum IgG changed in 

response to anti tubercular treatment duration. Increased treatment duration caused decreasing 

in the mean OD value of serum IgG. For the treatment duration of 22 days OD value was 0.20, 

for 16 days it was 0.80, and for 7 days it was 1.17.  

 Kaplan found that IgG titer continued to rise for a short time despite treatment presumably as a 

result of mycobacterial inactivation due to treatment and release of antigen in blood stream and 

decrease thereafter (Kaplan et al, 1980). In a study carried out in Aligarh, India, it was found 

that patients became seronegative after six month of treatment (Zuber et al, 2002) while 

another study in India reported significant fall after 4 weeks of treatment (Shriniwas et al, 

1985) which supports our observation. 

The levels of O.D. value of serum IgG were higher in patients with high grade of smear 

Positivity. Table-13 depicts that according to Z-N staining method the mean O.D. value of 

serum IgG was 1.13 for the positivity 3+, 0.88 for 2+, and 0.53 for the positivity 1+.  Turneer 

and colleague previously pointed out the significant IgG elevation in highly smear positive 

patients that goes in favor of our observation (Turneer et al, 1988). 

Table-14 depicts the comparison of mean OD of serum IgG by ELISA by independent sample 

t-Test that shows insignificant difference of OD value between the combined control group and 

the tuberculosis cases (value-2.473), as a high percentage of serum samples from the patients 

with tuberculosis have been found to be positive, an unexpectedly high percentage of controls 

sample have also been positive. Grange reported high ELISA IgG in tuberculosis patient but 

there was insufficient discrimination between patients and control (Grange, 1984), yet 

considering (Table-15) the healthy population (Value 4.31) as a control it became highly 

significant as for in western country where the prevalence of tuberculosis is low and a clear 
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distinction between case and control prevails (Jacket et al, 1988). A specificity of 100% is not 

possible in developing countries particularly in topical area where people are permanently in 

contact with various pathogens and develop cross reacting antibodies resulting in poor test 

specificity. Hence every new serodiagnostic test should be validated with control from 

countries where the test would apply (Rasalofo et al, 1999) and it is possible to alter the cut off 

and obtain appropriate sensitivity, specificity and predictive value according to the prevalence 

of the disease in different areas (Kameswaran M, et al, 2002). 

It is uncertain however whether serological tests are suitable for screening or diagnosing 

pulmonary tuberculosis in Bangladesh because the extent of the antibody response to some 

mycobacterial antigens shows geographical variations (Bothamley et al, 1992). However to 

date no commercially available serologic tests for TB has been able to perform with sufficient 

sensitivity and specificity when evaluated prospectively in a clinical setting (Chiang et al, 

1997). 

On the basis of data showing that circulating M. tuberculosis species antibodies can be formed 

not only in individual with TB diseases but also in the individual with latent M. tuberculosis 

infection, it is suggested that the poor performance of specificities may at least reflect the high 

prevalence of latent TB in this region (Hoff et al, 2007). 

In our study it was found that among the immunological tests we carried out the operating 

characteristics of Mantoux test remains superior to commonly used immunological tests in the 

diagnosis of pulmonary tuberculosis. Among pulmonary tuberculosis cases Mantoux test was 

significantly positive in higher proportion of confirmed cases (Mahadevan et al, 2005). 
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CONCLUSION AND RECOMMENDATIONS 

Considering the various findings of present study it was concluded that the Immunodiagnostic 

methods for the laboratory diagnosis of pulmonary tuberculosis can play a vital role as 

diagnostic method and can help in prognosis of the disease in a low income and resource 

constraint country like Bangladesh. It could be cost effective by saving the time and money, yet 

large scale studies can be done in the evaluation of these test prior to application in the National 

level. 

 

Although utmost sincerity and dedication was invested to carry out the study it could not go 

beyond limitations as we dealt with the smear positive pulmonary tuberculosis cases only and 

smear negative cases were excluded from the study. Moreover the sample size was not large 

enough to reach a sound decision.  
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