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INTRODUCTION 

 

Tuberculosis (TB), one of the oldest recorded human afflictions, is still one of the biggest 

killers among the infectious diseases. Nearly one-third of the global population i.e. two 

billion people is infected with Mycobacterium tuberculosis. Every second some one in 

the world and each year nearly one percent of the world�s population are newly infected 

with TB. 5-10% of people who are infected with TB become sick or infectious at some 

time during their life. Every year more than eight million people develop active 

tuberculosis and about two million die (WHO 2010a). It is estimated that between 2002 

and 2020, approximately 1000 million people will be newly infected, over 150 million 

people will get sick, and 36 million will die of TB (WHO 2004a). Thus tuberculosis 

remains as one of the major health problems facing by mankind. This is particularly true 

for the developing countries because more than 90% of the global TB cases and deaths 

occur in this part of the world, where 75% of cases are in the most economically 

productive age (15-54 years) (WHO 2003). Thus TB imposes devastating economic costs 

and indirect negative social consequences. 

 

Tuberculosis has been a grave health problem in Bangladesh. The World Health 

Organization (WHO) ranked Bangladesh sixth among the world�s 22 high-burden TB 

countries. In 2009 the annual estimated incidence of all cases was 225 per 100,000 

populations, the prevalence of all cases was 426 per 100,000 populations and the 

estimated TB mortality was 51 per 100,000 populations per year. With an estimated 



population of 160 million, these estimates correspond with an annual incidence of 

360,000 for all cases and 81,600 deaths due to TB (WHO 2010c). 

CO-infection with the Human Immunodeficiency Virus (HIV) significantly increases the 

risk of developing TB. About a third of the 40 million people living with HIV worldwide 

co-infected with Mycobacterium tuberculosis (WHO 2010c). Tuberculosis is the leading 

cause of death among people with HIV infection, accounting for a third of deaths due to 

AIDS world wide. In Bangladesh, at the end 2007, HIV prevalence in the adult 

population was less than 0.1% (USAID 2010) and HIV infects about 0.1% of adult TB 

patients in Bangladesh (USAID 2008). The co-epidemic of HIV and TB will be more 

severe as more than 50% adult are already infected with tuberculosis  

 

With the introduction of effective chemotherapy in the mid 20th century, tuberculosis 

became a treatable disease (Gomez & McKinney 2004). Unfortunately the very success 

of the drug treatment of tuberculosis has been the catalyst for the emergence of drug 

resistance. Treatment with a single drug, irregular drug therapy, inappropriate 

prescription or poor adherence to treatment suppress the growth of susceptible strain and 

permit the multiplication of drug resistant strains (WHO 2009a). Multi-drug resistant TB 

(MDR-TB), i.e. disease caused by tubercle bacilli resistance to at least isoniazid and 

rifampicin, is particularly dangerous. Even with extensive chemotherapy, that is often 

vary expensive and toxic to the patient, the cure rate for resistant tuberculosis is 

considerably lower than that for sensitive disease; 60-70% compared with over 90% 

(Davies 2002).  

  



In the third report of WHO/IUATLD Global Project on Anti-Tuberculosis Drug 

resistance Surveillance, the prevalence of resistance to at least one anti-tuberculosis drug 

(any resistance) ranged from 0% in Iceland to 57.1% in Kazakhstan. Median prevalence 

of resistance to specific drugs was as follows: streptomycin 6.3%, isoniazid 5.9%, 

rifampicin 1.4% and ethambutol 0.8%. Prevalence of MDR-TB ranged from 0% in some 

western European countries to 14.2% in Kazakhstan and Israel (WHO 2004b).  

 

The extent of anti-TB drug resistance in Bangladesh is not well known. However, in 

collaboration with the Shyamoli Chest Disease Clinic, the International Centre for 

Diarrheal Diseases and Research has conducted drug-sensitivity testing (DST) in a 

sample of 657 patients showing 3% and 15% MDR-TB among new and previously 

treated TB patients, respectively (Zaman et al. 2005). Damien Foundation has also 

conducted two drug resistance studies in 1995 and 2001 comprising 645 and 1041 

patients, respectively. The 1995 study showed 0.23% and 5.6% MDR-TB among new 

and previously treated TB patients, respectively (Van Deun et al. 1999). While in the 

study of 2001 MDR-TB accounted for 0.4% and 3% MDR-TB among new and 

previously treated TB patients, respectively (Van Deun et al. 2004). World Health 

Organization estimates MDR-TB rates of 2.2% and 14.7% among new and previously 

treated TB cases, respectively in Bangladesh (WHO 2010d). Although the rates of MDR-

TB in Bangladesh do not appear to be very high, a MDR-TB rate among new cases of 1% 

translates into approximately 3000 new MDR-TB cases per year.  

 



For successful control of the spread of tuberculosis, particularly that of drug resistant 

tuberculosis, cases must be diagnosed and treated in a timely, effective manner. For this, 

especially in disease endemic developing countries, it has become a necessity to develop 

simple, inexpensive and rapid methods for detection and drug susceptibility testing of 

such suspected isolates. The newer rapid automated liquid culture methods such as 

BACTEC 460, MGIT 960, MD/Bact T etc along with probe based methods of 

identification of species and detection of drug resistance with low turn around time are 

routinely available in most of the developed countries. But in the endemic developing 

countries, such approaches are not feasible since they exists a considerable resource 

constrains (Paramasivan 2004). Most laboratories in developing countries use solid media 

such as Lowenstein-Jensen (L-J) and Ogawa because of their low cost (Caviedes et al. 

2000). With these traditional culture media, Mycobacterium tuberculosis isolation takes 

an average of 4-6 weeks under optimum conditions and drug susceptibility testing takes 

an additional 3 to 4 weeks (Kent & Kubica 1985). 

 

Consequently, there is a need for a rapid, sensitive and low-cost technique that will be 

suitable for routine use in the developing world. M. tuberculosis grows more rapidly on 

liquid Sula medium than on solid medium. This medium can be prepared in an ordinary 

laboratory and it has long shelf life. It can be kept for six months at room temperature and 

one year in refrigerator. Based on these observations, for drug susceptibility test we 

adopted the method that was described by Dissmann (1961).by using Sula media (Sula 

1959). By this DST technique M .tuberculosis can be detected and DST can be done by 

observing micro colonies within 7�10 days.  



 

Isoniazid and rifampicin are considered the mainstays of anti-tuberculous treatment. The 

knowledge of the genetic basis of resistance to both drugs has provided molecular tools to 

rapidly detect the principal mutations conferring resistance to them. 95% of rifampicin 

resistance mutations in M. tuberculosis are located in an 81-bp region of the rpoB gene 

(El-Hajj et al. 2001). The molecular basis of INH is less well characterized and mutations 

in several genes have been associated with it, although mutations in codon 315 of the 

katG gene are considered to be the most prevalent mutations encoding higher levels of 

resistance to INH (Mokrousov et al. 2002). 

 

Despite the use of liquid Sula medium in slide DST technique, the isolation of M. 

tuberculosis is still time consuming and leads to delays in obtaining susceptibility 

patterns. Rapid molecular methods to detect resistance are necessary to optimize anti-

tuberculous treatment and avoid the transmission of resistance strains. In the last few 

years, several molecular methods to detect resistance mutations in M. tuberculosis have 

been described. However, they are labor intensive and frequently required well grown 

cultures. Recently, PCR has made the rapid detection of resistant mutants from M. 

tuberculosis isolates. Nevertheless, little effort has been made to adapt these rapid 

methods for the detection of resistance directly from the clinical samples (Marin et al. 

2004). Therefore, genotypic susceptibility patterns still depends on culture. 

 

Among the many techniques used to identify drug resistance- associated mutations, 

automated DNA sequencing of polymerase chain reaction (PCR) products has been the 



most widely applied. One important advantage of the sequencing based approaches is that 

the resulting data are virtually unambiguous because the resistance associated mutation is 

either present or absent with reference to change in specific nucleotide sequences. 

Sequencing of the rpoB gene could generate data bearing rifampicin-resistance within 24 

hours from growth obtained in Sula media. 

 

The present study was carried out to evaluate the slide DST technique, in context of 

Bangladesh, by comparing with that of the traditional method. PCR was performed for 

conformation of M. tuberculosis isolates by detecting the IS6110 gene and detection of 

isoniazid and rifampicin resistant strains by detecting the KatG and rpoB gene 

respectively. Then some of these resistant mutants were further analyzed by DNA 

sequencing for detection of mutations in the rpoB gene region. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

OBJECTIVES 

 

GENERAL OBJECTIVE 

To detect drug resistant pattern of Mycobacterium tuberculosis and mutations in some of 

the drug resistant strains in an endemic area of greater Mymensingh districts.  

 

SPECIFIC OBJECTIVES  

1. To determine anti-TB drug resistance patterns among newly diagnosed sputum-

positive cases and previously treated TB patients by rapid slide DST. 

 

2. To detect the resistant genes against INH & Rifampicin by polymerase chain reaction 

(PCR) 

 

3. To analyze the mutations of Rifampicin resistant strains by DNA sequencing. 
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MATERIALS AND METHODS 

 

STUDY POPULATION 

A total of 101 smears positive pulmonary TB cases positive by both Ziehl-Neelsen and 

Fluorescein diacetate staining method, referred from the DOTS corner of Mymensingh 

Medical College Hospital and Netrakona district hospital; out patient departments of TB 

and Leprosy hospitals of Damien Foundation at greater Mymensingh districts were 

included as study population. 

 

STUDY DESIGN 

The study was designed as cross sectional study. 

 

PLACE OF STUDY 

The study was done at Reference Laboratory of Damien Foundation in Netrakona, 

Department of Microbiology, Mymensingh Medical College, and Department of Hygiene, 

Sapporo Medical University, Sapporo, Japan.  

 

STUDY PERIOD 

The study was conducted from January 2010 to December 2010. 

 

SELECTION CRITERIA 

Adult male and female with the following inclusion criteria: 



1. Sputum positive new cases by both Z-N and FDA staining method. 

2. Patients under anti-TB treatment for 5 months still smear positive for AFB. 

3. Relapse cases. 

4. Defaulters. 

 

SAMPLE SIZE 

A total of 101 Z-N and FDA positive sputum samples were collected purposively during 

the study period. Sample size was calculated by the following formula: 

2

2

d

pqZ
n   

According to the prevalence of tuberculosis in Bangladesh minimum sample size is 138, 

we took 101 samples due to limitation of our resources (appendix-XVIII).  

 

SAMPLING TECHNIQUE 

It was non probability-convenience sampling.  

 

ETHICAL ISSUE 

The protocol was submitted and permission was taken from Ethical Review committee of 

Mymensingh Medical College. Informed written consents from the patients or legal 

guardians were taken before collecting the samples. 

 

DATA COLLECTION  

Data were collected in pre-designed questionnaires (Appendix-I).  



DATA ANALYSIS 

Data were analyzed by using computer based programme excel and statistical package for 

social science (SPSS) version 12.0.  

 

LABORATORY METHODS 

SEPECIMEN 

Morning sputum sample from pulmonary tuberculosis patient was taken as specimen. 

 

COLLECTION OF THE SPECIMEN 

5-10 ml of sputum was collected in a robust, leak-proof and clean container from deep, 

productive cough in the early morning. Patients were instructed to rinse his/her mouth 

with water before producing the specimen and to take four deep breaths inhaling deeply 

with the first two, blowing air out on the third and inhaling deeply and coughing in the 

forth. The patients were asked to hold the sputum collection cup to the lower lip and 

release the specimen into the container pressing the rim of the container to the lower lip 

to minimize the chance of contaminating the outer surface of the container. 

 

TRANSPORT AND PRESERVATION OF SPECIMEN 

Sputum was transported fast or in ice pack if the collection site was remote from the 

laboratory. If it was not possible to transfer the sputum early to the laboratory it were 

kept in fridge at 4-6OC for maximum 1 week. 

 

 



ZIEHL�NEELSEN STAINING 

METHOD 

A smear was prepared on clean and oil free slide over an area approximately 2.0 cm by 

1.0 cm. It was made thin enough to read through it. It is then dried in air and fixed by 

heating. The smears were covered with 1% carbol fuchsine solution. The smears were 

heated until vapors just begin to rise and allowed to remain for 10 minutes. Then the 

smears were washed off with clean water. The smears were covered with 25% H2SO4 for 

3 minutes and again washed with clean water. The smears were covered with 0.1% 

methylene blue for 1 minute and then washed off with clean water. The back of the slides 

were wiped and placed in a draining rack to dry. Then the smears were examined under 

microscope by using 100X oil immersion objectives. AFB were observed as red, straight 

or slightly curved rods, occurring singly or in small groups (Appendix-II). 

 

INTERPRETATION OF THE RESULT 

Results were interpreted as negative, 1+, 2+, 3+ according to WHO guide line (Appendix-III). 

 

FLUORESCEIN DIACETATE STAINING 

METHOD 

A thin smear was prepared from each fresh sputum sample and dried in safety cabinet. 

Then they were placed on staining rods of a Petri-dish. The smears were covered with a 

piece of filter paper and soaked it with the FDA working solution. The Petri-dish was 

covered and kept in the incubator at 37°C for 30 minutes. After incubation, the filter 

paper was removed carefully with forceps and discarded in a phenol jar. Smears were 



rinsed carefully with a bit of water, then covered with 0.5% acid-alcohol for 3 minutes 

and rinsed with water carefully. The Petri-dish was covered with 5% phenol enough to 

cover the smears and left for 10 minutes. Smears were took out of the Petri dish and 

dipped briefly in water, and than dried in incubator. Smears were read as soon as possible 

under the fluorescence microscope. If not possible immediately, the smears were kept in 

the fridge at 2-8°C up to 48 hours maximum (Tsukiyama, Katoh & Matsuo 1984). Viable 

Mycobacterium hydrolyzed FDA to free Fluorescein and appeared green. Preparation of 

the reagents of FDA staining has been described briefly in appendix-IV. 

 

INTERPRETATION OF THE RESULT 

Results were interpreted negative, 1+, 2+, 3+, 4+ according to WHO & IUTLD guide line 

(Appendix-V). 

 

DECONTAMINATION AND CONCENTRATION OF THE 

SPECIMEN 

All sputum specimens were digested and decontaminated using the modified Petroff�s 

method and that was as follows: an equal volume of sputum was added to 2 ml of 4% 

sodium hydroxide. The sodium hydroxide-sputum mixture was vortexed for 1 minute 

until homogenized and then left to stand for 15 minute, after which 20 ml of phosphate 

buffer solution (pH 6.8) was added. After centrifugation for 15 min at 3,000 g, the 

supernatant was decanted and a few drops of phenol red indicator were added to the 

deposit, then it was neutralized to about PH 7 by adding 8% HCl  

 



CONVENTIONAL CULTURE IN LOWENSTEIN-JENSEN MEDIA 

Two loops full of the pellet of decontaminated sample were inoculated into two slants of 

Lowenstein-Jensen media. The inoculated media were incubated at 37OC in a slanted 

position with their screw caps loose for at least 1 week to ensure even distribution of 

inoculum. Then they were kept upright with caps tightened to minimize evaporation and 

drying of media. The bottles were examined after 72 hours to exclude contamination and 

if no contamination was present the bottles were examined weekly for 8 weeks. On 

appearance of visible colonies; colony morphology rate of growth and pigment 

production were studied. M. tuberculosis produced dry buff to cream colored rough 

surfaced colonies. The growth was confirmed by acid-fast staining with Z-N method, 

which has been described earlier. If no growth appeared after 8 weeks of incubation then 

the culture was reported as no growth (Kantor et al. 1998)   

 

DRUG SUSCEPTIBILITY TEST 

In this study, to determine the drug susceptibility of M. tuberculosis two different 

methods were used. These methods were proportional method on L-J media and slide 

drug susceptibility test on liquid Sula media. By the proportional method on L-J media 

susceptibility to isoniazide, rifampicin, streptomycin and ethambutol had been tested. On 

the other hand by the slide DST susceptibility to isoniazide, rifampicin, streptomycin, 

ethambutol gatifloxacin, kanamycin and nicotinamide, had been determined. 

Conventional drug susceptibility test was done by indirect method and slide DST was 

done by direct method. 

 



CONVENTIONAL DRUG SUSCEPTIBILITY TEST IN L-J MEDIA 

PREPARATION OF THE MEDIUM 

To make Lowenstein-Jensen drug containing and drug free media, five 500 ml sterile 

flasks were taken and labeled properly, one for control and other four for each of the four 

drugs. To each flask 200 ml of mineral salt solution-egg fluid mixture (Appendix-VI) was 

taken aseptically. To prepare drug containing media appropriate amount of the stock 

solution of each drug (Appendix-VIII to XV) was added to the labeled flasks. While 

adding the drugs, flasks were shaken gently to mix the drugs properly with the media. 

Then the media was dispensed in 6 ml amounts in each pre-labeled McCartney bottle 

with aseptic precaution and then inspissated. 

 

INOCULATION, INCUBATION AND READING 

Several loop full (2-5ml) of growth of M. tuberculosis from the primary culture on L-J 

media was taken in a sterile screw capped bottle containing 3 ml of distilled water and 6-

8 glass beads. It was ensured that portions of multiple colonies were picked from the 

primary culture. The suspension was then homogenized for 5-10 minutes. Larger 

particles were allowed to settle down and supernatant was adjusted with the turbidity of 

the McFarland�s standard 1 (Appendix-XVI ). The suspension of test organisms was 

further diluted to 10-2 and 10-4 with sterile distilled water. Using a micro pipette 0.1 ml of 

both dilutions were inoculated in two sets of drugs containing and drug free media. All 

media were incubated at 37OC. The media were examined at 48 hours then weekly for 6 

weeks.. The readings for drug susceptibility were started from three weeks. The number 



of mature colonies on control and drug containing media were counted and the 

percentages of resistant organisms were calculated: 

 
                 Number of colonies on drug containing medium 
R (%) = -------------------------------------------------------------- --× 100 
                        Number of colonies on control medium  
 

                If, R = >1%, the isolate was taken as resistant. 

 

SLIDE DRUG SUSCEPTIBILITY TESTING IN SULA MEDIA 

PREPARATION OF THE COMPLETE SET OF THE DIFFERENT SOLUTION 

OF SULA MEDIUM 

At first different solutions of Sula media containing various drugs were prepared 

(Appendix-VIII to XV). A series of 28 ml universal bottles (15 in each series) were 

labeled according to the drug it contained with its concentration. About 7-8 ml of the 

different Sula media solution was distributed into the corresponding 28 ml universal 

bottles aseptically and incubated at 37ºC for 24 hours. Contaminated specimens were 

discarded. Preparation of Sula media has been described briefly in appendix-VII. 

 

SMEARING OF THE SPUTUM  

At first each frosted slides were cut longitudinally with a diamond pencil to make it half 

slides. Frosted ends were marked with specimen number and drug code. A thick piece of 

Z-N and FDA positive sputum was put near to non-frosted end of the half slide. Two 

slides were pressed successively together on blob of sputum placed on first slide and 

rubbed slightly and slowly. Then these slides were pulled apart, resulting in two almost 



equal smears. The procedure was repeated to obtain the 15 smears that were needed. All 

slides were dried on brown paper in the safety cabinet. 

 

STEPS OF DRUG SUSCEPTIBILITY TESTING 

For each samples two growth controls (F1 and F2), 2 half slides (R1 and R2) for 

rifampicin (R1=0.5 µg/ml and R2=1.0 µg/ml), 2 half slides (H1 and H2) for isoniazid 

(H1=0.2 µg/ml and H2=1.0 µg/ml), 2 half slides (E1 and E2) for ethambutol (E1=2.0 

µg/ml and E2=5.0 µg/ml), 1 half slide (S) for streptomycin=2.0 µg/ml, 2 half slides (K1 

and K2) for Kanamycin, (K1=2.5 µg/ml and K2=10 µg/ml), 2 half slides (G1 and G2) for 

Gatifloxacin (G1=2.0 µg/ml and G2=8 µg/ml), 1 half slide (PNB) for Para Nitro Benzoic 

Acid=500 µg/ml and 1 half slide (N) for Nicotinamide (40 µg/ml) were prepared. Each of 

the prepared slides was kept in the corresponding 28 ml universal bottle. After 2-3 days 

of incubation, all the bottles were checked for contamination. After ten days, the bottles 

were removed from the incubator and transferred to safety cabinet. The bottles were 

opened and slides were removed with the help of forceps and dried in air in safety cabinet. 

The slides were stained by Z-N staining procedure as described before. 

 

READING AND RECORDING 

The smears were examined under light microscope at 10X magnification for micro 

colonies. Their number per 10X fields and as well as the grading of the micro colony 

development were noted as:  

Negative: no colony, single AFB only. 

1+: small colonies only, like clumps of few AFB. 



2+: larger colonies can be elongated but no serpentine cording is seen. 

3+: larger colonies with some serpentine cords. 

4+: large micro colonies with clear cording. 

 

METHOD OF PCR 

In this study PCR was done to confirm the strains used as M. tuberculosis, by 

amplification of IS6110 gene, as well detection of isoniazid and rifampicin resistance by 

detecting rpoB and katG gene. Multiplex PCR had not performed and the method was 

performed in three different chain reactions because of the close proximity of the bands 

for rpoB and IS6110 which were 137 bp and 157 bp respectively. 

 

DNA EXTRACTION 

A rapid procedure for extraction of DNA of M .tuberculosis from the growth of L-J 

medium was performed. A loop full of organisms was suspended in 1.0 ml sterile water 

and boiled for 15-20 minutes for lysis of the mycobacterial cell wall. After centrifugation 

at 10000 rpm for 10 minutes, the supernatant containing DNA was separated and stored 

at -20oC until further use (Kotlowski et al. 2004).  

 

PCR FOR M. tuberculosis IS6110 SEQUENCE  

The strains used in this study were confirmed as M. tuberculosis, by amplification of 

IS6110 sequence by polymerase chain reaction (PCR).  

 

 



PREPARATION OF REACTION MIXTURE 

Sterile micro-centrifuge tubes (1.5 ml) (Eppendorf) were taken and the tubes were 

labeled with date and reaction number. Master mixture, including all the reagents for 

PCR reaction was prepared. The amount of master mixture would be prepared according 

to the number of reaction. The master mixture was aliquoted and stored at -20oC. The 

primer used for PCR was MTb1 and MTb2. The sequences of the primers have been 

given to the table 3. The composition and amount of the reaction mixture has given in 

table 1 and table 2. 

 

Table 1: Preparation of Primer mixture 

 

Table 2: Preparation of Master mixture: 

Ingredients Amount 

Distilled Water 39 µl 

PCR buffer 05 µl 

dNTP 04 µl 

Primer mixture 01 µl 

Extracted DNA 01 µl 

 

Ingredients Amount 

Mtb1 (200 mM) 10 µl 

Mtb2 (200 mM) 10 µl 

Distilled Water 40 µl 



Table 3: Primers used for the PCR: 

Target Primers Sequence Fragment length 

MTb1 5�-CCTGCGAGCGTAGGCGTCGG-3� IS6110 

MTb2 5�-CTCGTCCAGCGCCGCTTCGG-3� 

123 bp 

TR8 5�-TGCACGTCGCGGACCTCCA-3� rpoB 

TR9 5�-TCGCCGCGATCAAGGAGT-3�. 

157 bp 

RTB59 5�-TGCCCGCGGCGGTCGACATT-3� katG 

RTB36 5�-TCGGGGTCGTTGACCTCCCA-3�. 

804 bp 

 

AMPLIFICATION 

Amplification was carried out in thermal cycler (Eppendorf). 50 µl reaction mixtures 

were dispensed in thermal cycler tubes. Half micro liter of Taq polymerase was added to 

each tube and mixed with pipette tips. Amplification was carried out according to the 

following directions: initial denaturation at 94oC for 10 minutes, followed by 25 cycles of 

amplification each containing denaturation: 94oC for 45 seconds, annealing: 68oC for 45 

seconds and extension: 72oC for 1 minute and final extension cycle of 72oC for 7 minutes. 

 

PREPARATION OF AGAROSE GEL 

One percent agarose gel was prepared by melting 2.0gm agarose in 200ml of diluted TBE 

buffer (1:4) using a microwave oven. The melted agarose was allowed to cool to about 

50oC and was poured into gel electrophoresis unit with spacers and comb. After 

solidification of the gel, the comb was removed and wells were formed. 

 



LOADING AND RUNNING OF THE SAMPLE  

5 µl of amplified PCR product was mixed with 2.0 µl of gel loading dye .The mixture 

was slowly loaded into the well using disposable micropipette tips. Marker DNA of 

known size (100 bp) was loaded in one well to determine the size of the PCR products. 

Electrophoresis was carried out at 60 volts for 45 minutes. 

 

STAINING AND VISUALIZATION OF THE GEL  

The bands (123bp) of IS6110 were visualized by trans-illuminator (UV DI, major 

science) and the gel was photographed by a digital camera (Canon PC 1234). The data 

were transferred to computer for further documentation. 

 

PCR FOR rpoB GENE OF M. tuberculosis 

The reaction mixture used for PCR was the same as used in PCR of IS6110 sequence 

except the primers. TR8-TR9 was the primer used for this PCR. The sequences of the 

primers have been given to the table 3. 

 

AMPLIFICATION CYCLE  

Amplification was carried out according to the following directions: initial denaturation 

at 95oC for 10 minutes, followed 35 cycles of amplification, each containing 

denaturation: 95oC for 1 minute, annealing: 58oC for 1 minute and extension: 72oC for 1 

minute and final extension cycle of 72oC for 10 minutes. 

 

 



AGAROSE GEL ELECTROPHORESIS 

The PCR products were analyzed by 1% agarose gel electrophoresis to detect specific 

bands for rpoB gene (157 bp). Preparation of the agarose gel, loading and running of the 

sample and staining and visualization of the gel was same as described before. 

 

PCR FOR katG GENE OF M. tuberculosis 

The reaction mixture used for PCR was the same as used in PCR of IS6110 sequence 

except the primers. RTB59-RTB36 was the primer used for this PCR.  

 

AMPLIFICATION CYCLE  

Amplification was carried out according to the following directions: initial denaturation 

at 95oC for 10 minutes, followed 35 cycles of amplification, each containing 

denaturation: 95oC for 1 minute, annealing: 64oC for 1 minute and extension: 72oC for 1 

minute 30 seconds and final extension cycle of 72oC for 10 minutes. 

 

AGAROSE GEL ELECTROPHORESIS 

The PCR products were analyzed by 1% agarose gel electrophoresis to detect specific 

bands for katG gene (804 bp) Preparation of the agarose gel, loading and running of the 

sample and staining and visualization of the gel was same as described before. 

 

 

 

 



DNA SEQUENCING 

There are three basic steps in DNA sequencing. They are: 1.Purification of PCR products, 

2.Cycle sequencing and 3.Purification of cycle sequence product and detection of 

nucleotide sequences by ABI-prism 310 genetic analyzer machine. 

 

PURIFICATION OF PCR PRODUCT 

The PCR product was purified by using commercially available microcon centrifugal 

filter device. The microcon sample reservoir (filter) was inserted into screw cap vial. The 

PCR product was added into the assembled filter device without touching the pipette tip 

to the membrane. The assembled screw cap vial was placed in a centrifuge machine .The 

cap strap was aligned towards the center of the rotor. Centrifugation was done at 5 rcf 

(relative centrifugal force) for 10 minutes, so that the DNA could bind within the filter. 

The assembled screw cap vial was removed from the machine and the vial was separated 

from sample reservoir. The sample reservoir was placed in a new vial upside down and 

centrifuged again at 10 rcf for 3 minutes to transfer concentrated DNA, bound within the 

column, to the vial. The sample reservoir was separated and discarded. 5-7 µl TE was 

added to the vial containing DNA. DNA was measured. Purified DNA was stored at -

20oC until used. 

 

CYCLE SEQUENCING 

In cycle sequencing, Big dye terminator cycle sequencing ready reaction kit was used 

which contained big dye terminators (dye terminators), Deoxynucleotide triphosphates, 

AmpliTaq DNA polymerase, MgCl2 and Buffer solution. In this step only one strand of 



the desired DNA was amplified and the DNA fragments of different length that had been 

terminated with different ddNTPs, were produced. The reaction mixture composition for 

cycle sequencing is shown in the appendix-XVII. Reaction mixture was mixed well and 

vortexed briefly. The tubes were then placed in a thermal cycler under following 

conditions: 

 

THERMAL CYCLE 

Each thermal cycle contained initial denaturation at 96oC for 1minutes, followed by 25 

cycles of amplification (each contained denaturation: 96oC for 10 seconds, annealing: 

50oC for 5 seconds and extension: 60oC for 4 minutes) and final extension cycle of 60oC 

for 1minute. 

 

PURIFICATION OF CYCLE SEQUENCED PRODUCT  

Cycle sequenced products were purified by ethanol precipitation method to remove the 

unincorporated dye. 2.0 µl 3M Na-acetate (pH 4.6) and 50 µl 96% Ethanol were added to 

each of the tubes containing cycle sequenced product. All the tubes were vortexed and 

left at room temperature for 30 minutes to precipitate the extension products. 

Centrifugation was done at 13000 rpm for 20 minutes. The supernatant was carefully 

aspirated with a pipette tips and discarded. 200 µl 70% ethanol was added to each of the 

tubes and vortexed briefly. Centrifugation was done at 14000 rpm for 10 minutes. The 

supernatant was carefully aspirated with a pipette tips and discarded. The tubes, with 

their caps opened, were wrapped with a piece of Para-film and left at room temperature 

for 1 hour for drying the pellets. 15 µl (12-18 µl) template suppressor reagents (hi-



diformamide) were added to each of the tubes containing the pellets. The whole content 

of each tube was transferred to sequencing tube which was placed in thermal cycler at 

95oC for 3 minutes for denaturation. 

 

DETECTION OF THE NUCLEOTIDE SEQUENCE 

The purified cycle sequenced product was analyzed by electrophoresis in the ABI-prism 

310 genetic analyzer. DNA was separated through the POP6 contained in a capillary and 

detected by laser beam. When the nucleotides reached a detector window in capillary 

electrophoresis, the laser beam excited the fluorescent-labeled fragments .The laser exits 

the fluorescent dye labels and emitted fluorescence was detected by CCD camera and the 

data was measured by specific software. 
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APPENDIX�I 

PATIENT DATA SHEET 

 

Serial no: Reg. no: Date: 

   

A. PATIENT IDENTIFICATION INFORMATION 

Name:____________________________________________________________ 

Age______________:                                                             Sex:            ☐ Male                    ☐ Female  

Specimen ID:____________________           Smear Result:______________________ 

Address: 

Vill:____________________ Up:_______________ Dist:____________________ 

Dwelling:                                                                     ☐ Urban:                ☐ Rural:           

 

B. PREVIOUS TREATMENT HISTORY 

Previously treated for TB:     ☐ No          ☐ Yes 

If yes, names of the drugs were used for treatment:____________________________  

____________________________________________________________________ 

Duration of the treatment:______________________________________ 

Regularity of the treatment:                               ☐ Regular          ☐ Irregular 

If regular, report of sputum for AFB at the end of treatment:   ☐ Regular     ☐ Irregular 

If irregular, duration of interruption:________________________________________   

 



C. PREVIOUS MEDICAL RECORDS 

Has the patient been registered for tuberculosis treatment before? 

 ☐ No                    ☐ Yes 

If yes, what was the outcome of the last course of treatment? 

☐ Cured       ☐ Treatment completed       ☐ Defaulted        ☐ Failure       ☐ Transfer out 

 

D. SOCIO-ECONOMIC STATUS 

Occupation:_______________________________    

Number of family members:_________________  

Monthly income:__________________________  

 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX-II 

ZIEHL � NEELSEN STAINING METHOD 

 

REAGENTS  

CARBOL FUCHSIN (1%) 

 Basic fuchsin                                       10 gm 

 Phenol crystal                                      50 gm 

 Alcohol (95% or absolute)                  100 ml 

 Distilled water                                     900 ml 

Basic fuchin and phenol crystals were weighted. Alcohol was poured in a conical 

flask. Phenol was addeed and the flask was wirlled till it was dissolved. Basic fuchsin 

power was added and continued to swirlied until complete dissolution of the fuchsin 

power was acheived. After complete disolution of the fuschin in solution, 900ml of 

water was added and mixed by further swirling.  

 

DECOLOURISING AGENT (25% sulphuric acid).  

 Water                                                 750ml 

 Concentrated sulphuric acid              250 ml 

About 50ml acid was poured slowly down the side of the flask into the water at a time. 

 

 

 

COUNTER STAIN (Methylene blue 0.1%)  



 Methylene blue power         1gm  

 Distilled water                     0.5litre.  

Methylene blue was mixed in distilled water and stored in a amber coloured bottle 

after lebeling with name of the reagent and dates of preparation. It was stored at room 

tempuratere.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX�III 



INTERPRETATION OF THE RESULT OF ZIEHL�NEELSEN 

STAINING TECHNIQUE 

 

Results of Microscopic examinations were recorded according to World Health 

Organization & National tuberculosis control programme that was as follows: 

AFB Result Fields to be examined 

0/100 field 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 

 

 



APPENDIX-IV 

FLUORESCEIN DIACETATE STAINING 

 

REAGENTS  

 

PBS: PH 7.0 +/-0.2 

One PBS tablet was dissolved into 100 ml distilled water. Fifty µl of Tween 80 was 

added into it. The solution was autoclaved and stored at 4°C for 6 months maximum. 

 

FDA STOCK SOLUTION (3.3% W/V)  

One gram of FDA powder was dissolved into 33 ml acetone and mixed well for good 

dissolution. The solution was aliquoted per 100 µl into sterile 15 ml conical tubes. FDA 

powder was stored at -20°C for maximum 1 week. 

 

FDA WORKING SOLUTION (0.033% W/V)  

To prepare 10 ml of FDA working solution, 0.1mL of FDA stock solution (3.3%) was 

added to 9.9 ml of sterile PBS. The solution was stored at room temperature to protect it 

from the direct sunlight and used within the day of the preparation. 

 

ALCOHOL-ACID (0.5% V/V) SOLUTION 

Five milliliter chlorhydric acid was added to 995 ml alcohol. The solution was stored at 

room temperature, in a dark bottle, for 12 months maximum. 

 



PHENOL SOLUTION (5% W/V)  

Five gram of crystal phenol was added to 95 ml of distilled water and stored at room 

temperature, in a dark bottle, for 12 months maximum. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX-V 

INTERPRETATION OF THE RESULT OF FDA STAINING 

 

Results were interpreted according to WHO & IUJTLD guide line and that was as 

follows:  

 

MICROSCOPY SYSTEM USED IUATLD/WHO SCALE 

(1000 X field = HPF ) 

Result 

Fluorescence 

(200-250x magnification: 

One length = 30 field = 

300HPF ) 

Fluorescence 

(400x magnification: 

One length = 40 field = 

200HPF ) 

Negative Zero AFB/ 1 length Zero AFB/ 1 length 

I+ 1-29 AFB/ 1 length 1-19 AFB/ 1 length 

2+ 30-299/ 1 length 20-199 AFB/ 1 length 

3+ 10-100 AFB/ 1 field on 

average 

5-50  AFB/ 1 field on 

average 

 

 

 

 

 

 



APPENDIX-VI 

PREPARATION OF LOWENSTEIN-JENSEN MEDIA 

 

PREPARATION OF PRIMARY SOLUTION 

MINERAL SALT SOLUTION (APPROX. 1800 ML) 

Reagent  Amount 

L-Asparagin 10.8g 

KH2PO4 7.2g 

Magnesium citrate 1.8g 

MgSO4.7H2O 0.72 

Glycerol 36ml 

H2O 1800ml 

The ingredients were dissolved in distilled water by gently heating (bathing the solution 

into the warm water). The solution was autoclaved at 121OC for 30 minutes to sterilize.   

 

MALACHITE GREEN SOLUTION 

Reagent  Amount 

Malachite green dye 2.0 g. 

Sterile distilled water 100.0 ml. 

Using aseptic techniques the dye was dissolved in sterile distilled water by placing in the 

incubator for 2 hours. 

 

 



HOMOGENIZED WHOLE EGGS 

Fresh hen�s eggs (not more than 2 days old) were inspected for cracks. Eggs were soaked 

for 30 minutes in the soap solution. The eggs were cleaned by scrubbing thoroughly with 

a brush in a warm alkaline soap solution in water. The eggs were rinsed thoroughly in 

running water. The eggs were than soaked in 70% ethanol for 15 minutes. The eggs were 

cracked in a sterile 2000 ml sterile graduated cylinder until a desired volume was attained 

the eggs were homogenized by use of the sterile plunger. 

 

PREPARATION OF THE COMPLETE MEDIUM (4860 ML) 

Using sterilized gauze, the homogenized eggs were filtered aseptically into a sterile 

graduated cylinder up to the desired volume. To prepare 4860 ml of complete LJ Media 

(this volume was commonly prepared), the following ingredients were mixed in a large 

conical flask: 

Ingredients Volume 

Mineral salt solution 1800 ml 

Malachite green solution 60 ml 

Homogenized eggs 3000 ml 

 

ALIQUOTING OF THE L-J MEDIA 

Prepared LJ media was transferred into a 2 liter conical flask and connected to the 

Struer�s Dispenser machine. The Struer�s Dispenser was adjusted to dispense 5 ml by 

using the provided knobs. Sterilized universal bottles were brought adjacent to the 

Struer�s Dispenser. One sterile universal bottle was opened at a time and dispensed 5 ml 

by using the foot trigger of the Struer�s Dispenser.  

 



COAGULATION OF MEDIUM 

Before loading, the inspissator was heated to 85°C to quicken the build-up of the 

temperature. The caps of universal bottles were loosen containing the media (allows 

vapor to escape) one at a time and placed them in a slant position in the inspissator. The 

bottles were covered appropriately with the inspissator blanket. The media were 

coagulated for 45 minutes at 85°C. At the end of 45 minutes unload the inspissator as 

soon as inspissation was finished into a tray. The slopes were cooled for an hour and the 

caps were tightly screwed. 

 

 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX-VII 

COMPOSITION OF SULA MEDIA 

 

REAGENTS AND SOLUTIONS  

 0.2 % malachite green solution. 

 Mitchison�s antibiotics cocktail. 

 Trimethoprim solution (2% w/v). 

 Amphotericin B solution (1% w/v). 

 Polymyxin B. 

 Carbenicilline. 

 

SULA BASE MEDIUM  

This contains the following reagents: 

 KH2PO4               1.35g 

 Na2HPO4               2.25g 

 MgSO4               0.563g 

 Sodium citrate              1.35g 

 Ammonium iron (III) citrate 0.050g 

 Casitone               4.5g 

Above mentioned reagents were dissolved in 900 ml of distilled water. 22.5 ml glycerol 

and 5 ml of the 0.2% malachite green solution was added. Sterilization was done  by 

autoclave. 100 ml of sterile serum/plasma was added ascetically. The prepared media was 

stored at 4°C for 6 months. 



 

SULA PLAIN MEDIUM 

Aseptically, 420 ml of Sula base medium with 42 ml goat serum and 46ml Mitchison�s 

antibiotics cocktail were taken in a 500ml Duran bottle. The Sula plain media was stored 

at 4OC for no longer than a month after preparation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX-VIII 

PREPARATION OF RIFAMPICIN STOCK SOLUTION 

 

The potency of the supplied drug was 95%. Concentration used in Sula plain medium 

was 0.5 µg/ml and 1.0 µg/ml. Concentration used in L-J media was 40 µg/ml. 

 

1. About 0.1g of rifampicin power was dissolved in 9.5 ml of DMSO and the solution 

was mixed well. That was the 10,000 µg/ml solution. 

2. The solution was sterilized by Millipore filter (pore size o.45 micron). 

3. About 0.5 ml of the 10,000 µg/ml solution was added to 9.5 ml sterile distilled water 

and the solution was mixed well. That was 500 µg/ml solutions. 

4. For the media containing 0.5 µg /ml, 100 µl of the 500 µg/ml solution was added to 

100 ml of plain medium. 

5. For the media containing 1.0 µg/ml, 200 µl of the 500 µg/ml solution was add to 100 

ml of medium. 

6. For the media containing 40 µg/ml, 8ml of the 500 µg/ml solution was added to 100 

ml of L-J medium 

 

 

 

 

 



APPENDIX-IX 

PREPARATION OF ISONIAZID STOCK SOLUTION 

 

Potency of the supplied drug was 100.23%. Concentration used in Lowenstein-Jensen 

media was 0.2 ug/ml and concentration used in Sula media was 0.2 ug/ml and 1 ug/ml 

 

1. About 99.77 mg of supplied isoniazid was dissolved in 10 ml of distilled water. That 

was a 10,000 ug/ml pure isoniazid solution.  

2. The solution was sterilized by millipore filter (pore size o.45 micron). 

3. One ml of previously prepared solution was added to 9 ml of sterile distilled water. 

That was a 1000 ug/ml solution. 

4. One ml of 1000 ug/ml solution was added to 9 ml of sterile water. That was 100 

ug/ml solutions. 

5. About 0.4 ml of 100 ug/ml solution was added to 200 ml of L-J medium and Sula 

medium to obtain a final concentration of 0.2 ug/ml of medium. 

6. About 2 ml of 100 ug/ml solution was added to 200 ml of Sula medium to obtain a 

final concentration of 1 ug/ml of medium. 

. 

 

 

 

 



APPENDIX-X 

PREPARATION OF ETHAMBUTOL STOCK SOLUTION 

 

Potency of the supplied drug was 99.16%. Concentration used in Lowenstein-Jensen 

media was 2ug/ml and concentration used in Sula media was 2ug/ml and 5ug/ml. 

 

1. 100.847 mg of supplied ethambutol was dissolved in 10 ml of distilled water. That 

was 10000 ug/ml pure ethambutol solutions and the solution was sterilized by 

Millipore filter. 

2. One ml of prepared solution was added to 9 ml of sterile distilled water. That was 

1000 ug/ml solution. 1ml of the above mentioned solution was added to 9 ml of 

sterile distilled water. That was 1000 ug/ml solution. 

3. 0.4 ml of 1000 ug/ml solution was added to 200 ml of L-J medium to obtain a final 

concentration of 2 ug/ml of medium.  

4. One milliliter of 1000 ug/ml solution was added to 200 ml of L-J medium to obtain a 

final concentration of 5 ug/ml of medium 

5.  

 

 

 

 

 



APPENDIX-XI 

PREPARATION OF STREPTOMYCIN STOCK SOLUTION 

 

Potency of the supplied drug was 772 mg/gm. Critical concentration in L-J media and 

sula are 4ug/ml and 2ug/ml respectively. 

 

1. 129.53 mg of supplied streptomycin sulphate was dissolved in 10 ml of distilled water. 

That was 10000 ug/ml pure streptomycin solutions. The solution was sterilized by 

Millipore filter (pore size 0.45 micron). 

2. One ml of previously prepared solution was added to 9 ml of sterile distilled water. 

That was 1000 ug/ml solution. 

3. 0.8 ml of 1000 ug/ml of solution was added to 200ml of L-J media to obtain a final 

concentration of 4ug/ml of streptomycin per ml of media. 

4. 0.4 ml of 1000 ug/ml of solution was added to 200ml of L-J media to obtain a final 

concentration of 2ug/ml of streptomycin per ml of media. 

 

 

 

 

 

 

 



APPENDIX-XII 

PREPARATION OF GATIFLOXACIN STOCK SOLUTION 

 

The potency of the supplied drug was about 930µg/ml. Concentration used in Sula plain 

medium was: 2µg/ml and 8µg/ml. 

 

1. About 0.100 g of Gatifloxacin was dissolved in 9.3 ml of sterile 0.1N NaOH and the 

solution was mixed well. That was 10,000 µg/ml solutions. 

2. About 0.5 ml of the 10 000 µg/m solution was added to 9.5 ml of sterile distilled 

water and the solution was mixed well. That was 500µg/ml solutions. 

3. For the media containing 2µg/ml, 400µl of the 500µg/ml solution was added to 100 

ml of Sula plain medium. 

4. For the media containing 8µg/ml, 1600µl of the 500µg/ml solution was added to 100 

ml of Sula plain medium. 



APPENDIX-XIII 

PREPARATION OF KANAMYCIN STOCK SOLUTION 

 

The potency of the supplied drug was about 789µg/mg. Concentration used in Sula plain 

medium was 2.5 and 10.0µg/ml.  

 

1. About 0.100 gm was dissolved in 7.9 ml of sterile distilled water and the solution was 

mixed well. That was 10,000 µg/ml solutions. 

2. About 0.5 ml of the 10,000 µg/ml solution was added to 9.5 ml of sterile distilled 

water and mixed well. That was 500 µg/ml solutions. 

3. For the media containing 2.5 µg/ml Sula plain medium, 250µL of the 500 µg/m; 

solution was added to 100 ml of Sula plain medium. 

4. For the media containing 10 µg/ml Sula plain medium, 2000 µl of the 500 µg/ml 

solution was added to 100 ml of Sula plain medium. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



APPENDIX-XIV 

PREPARATION OF PARA NITROBENZOIC ACID STOCK 

SOLUTION 

 
Concentration used in Sula plain medium was 500µg/mL. 

 

1. About 0.5 gm of supplied drug was dissolved in 10 ml of DMSO and the solution was 

well. That was 50,000 µg/ml solutions. 

2. For the media containing 500 µg/ml Sula plain medium, 1000 µl of the 50,000 µg/ml 

solution was added to 100 ml of Sula plain medium. 

 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX-XV 

PREPARATION OF NICOTINAMIDE STOCK SOLUTION 

 

Concentration used in Sula plain medium: 40µg/ml. 

 

1. About 0.100 gm of supplied drug was added to 10 ml of sterile distilled water and 

mix well. That was 10,000 µg/ml solutions. 

2. For the media containing 40 µg/ml Sula plain medium, 400 µl of the 10,000 µg/ml 

solution was added to 100 ml of Sula plain medium. 

 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX-XVI 

McFarland�s TURBIDITY STANDARD  

 

1. One percent aqueous BaCl2 (1 gm Barium Chloride in 100 ml of distilled water) and 

1% aqueous H2SO4 solution (1 ml of concentrated H2SO4 in 99 ml of distilled water) 

was prepared. 

2. The amount indicated below was added to clean, dry tube with the same diameter as 

the test tube to be used for the density determinations. 

3. The tubes were sealed and labeled properly and stored in refrigerator. 

 

McFarland standard BaCl2 H2SO4 

0.5 0.1 19.9 

1 0.1 9.9 

2 0.2 9.8 

3 0.3 9.7 

4 0.4 9.6 

5 0.5 9.5 

6 0.6 9.4 

7 0.7 9.3 

8 0.8 9.2 

9 0.9 9.1 

10 1.0 9.0 

 



APPENDIX�XVII 

COMPOSITION OF REACTION MIXTURE FOR CYCLE 

SEQUENCING 

 

Reagent Quantity 

Terminator ready reaction mixes 

(Big dye) 

4.0ul 

Template 1.0ul 

Primer (forward or reverse3.2pmol) 1.0ul 

Deionized water 14.0ul 

Total volume 20ul 

 

 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX�XVIII 

STATISTICAL FORMULA 

 

FORMULA FOR MEAN 

n

x
x 
  

x  = Mean of observations 

x  = Individual observations 

n = Number of observation 

 

FORMULA FOR STANDARD DEVIATION  

 
 

1

2







n

xx
SD  

 

SD = Standard deviation 

x = Individual observation of a series 

n = Number of observation 

x  = Mean of observations 

n = Number of observation 

(n-1) = Applicable for Sample 

 
 
 
 
 
 



FORMULA FOR CHI-SQUARE TEST (X2) 
 
 

 


 E
EOx

2)(2
 

 
Here, 

O  =  Observed frequencies  

E  =  Expected frequencies  

df  =  Degrees of freedom (c � 1) (r � 1)  

∑  =  Summation  

 

 

FORMULA FOR SENSITIVITY 

 

True positive 
Sensitivity = 

True positive + False negative 
×100 

 
 
 
 
FORMULA FOR SPECIFICITY 
 
 

True negative 
Specificity = 

True negative + False positive 
×100 

 
 
 

 

 

 



FORMULA FOR ACCURECY 

 

True positive + True negative 
Accuracy = 

Total positive + Total negative 
×100 

 
 
 
 
FORMULA FOR POSITIVE PREDICTIVE VALUE (PPV) 
 
 

True positive 
PPV = 

True positive + False positive 
×100 

 
 

 

FORMULA FOR NEGATIVE PREDICTIVE VALUE (NPV) 
 

True negative 
NPV = 

True negative + False negative 
×100 

 
 

 

 

 

 

 

 

 

 

 

 



FORMULA FOR CALCULATION OF SAMPLE SIZE   

2

2

d

pqZ
n   

n =  sample size  

z  =  is the normal variant at 5% level with 95% confidence interval  

p  =  is the prevalence  

q  =  1 � p  

d  = precision level or error level  

P = 0.10 (Incase of tuberculosis)  

q = 0.9  

z = 1.96 at 5% level  

d = 0.05  

 

Now     
2

2

)05.0(

90.010.0)96.1( 
n  

      
0025.0

90.010.084.3 
  

      = 138  

 
 
 



  

 


