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ABSTRACT  
Tuberculosis (TB), a major public health problem, is a granulomatous infection caused by Mycobacterium 

tuberculosis. One third of world’s population is infected with M. tuberculosis. This study was aimed to estimate 

serum calcium and phosphorous levels in TB patients before during and after DOTS (Directly Observed Treatment 

Short course). Calcium and phosphorous are essential macro-minerals required for various physiological functions; 

changes may cause a detrimental effect on those functions.92 subjects (42 normal healthy controls and 50 

patients with TB) were studied and their serum calcium and phosphorous levels were estimated. Serum calcium 

level was observed to be low and Serum phosphorous level was found to be high; both being statistically 

significant (p<0.001) at diagnosis and after two months of therapy whereas both the levels became normal on 

completion of therapy.This study helps in marco-minerals level changes during TB infection and may suggest need 

for therapy targeted at normalizing those levels for early prognosis of the disease. 

KEY WORDS 
Tuberculosis (TB), serum calcium, serum phosphorous, DOTS 

 

INTRODUCTION 

Tuberculosis (TB) is a contagious disease caused by 

Mycobacterium tuberculosis which is an aerobic non 

motile bacillus. The tubercle bacilli can attack any part 

of the body, most commonly lungs. It spreads through 

droplet infection. When infectious people cough, 

sneeze, talk or spit they propel TB germs known as 

bacilli into air. Inhalation of very small numbers of 

these bacilli will lead to M. tuberculosis infection. One 

third population of the world is infected with M. 

tuberculosis. The vast majority of these have latent 

infections. Annually more than 8 million people 

develop tuberculosis and approximately 1.8 million 

cases results in death.1 Most of the estimated number 

of cases in 2010 occurred in Asia (59%) and Africa 

(26%). India alone accounted for an estimated one 

quarter (26%) of all TB cases worldwide, and China 

and India combined accounted for 38%.
1
   

Calcium and phosphorous are important macro-

minerals required for vital functions. Calcium is 

important for growth and development of bones and 

teeth, action of enzymes, mediation of hormonal 

responses, blood coagulation, muscle contractility 

and normal neuromuscular irritability.2 Phosphorous 

is required for formation of bone and teeth, 

production of high energy phosphate compounds 

such as ATP, GTP, creatine phosphate etc, synthesis of 

nucleoside co-enzymes like NAD and NADP, DNA and 

RNA synthesis and formation of phosphate esters like 

glucose-6-phosphate and phospholipids.
3
 Any 

imbalance in the serum calcium and phosphorous 

concentration will have a detrimental effect on the 

physiological functions they perform.   
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MATERIALS AND METHODS  

A prospective study was carried out in 92 subjects, of 

which 42 were normal healthy individuals and 50 

suffering from tuberculosis. The subjects were 

selected from OPD, IPD and DOTS centre of MGM 

group of Hospitals, Navi Mumbai, India. The 

estimation of serum calcium and phosphorous was 

carried out. Out of 50 tuberculosis patients, 31 were 

assessed after two months and after six months 

(completion) of DOTS therapy. DOTS therapy 

comprises of combination of drugs – Rifampicin, 

Isoniazid, Pyrazinamide and Ethambutol. The regimen 

was administered as per the RNTCP (DOTS) 

guidelines4. The control group comprised of healthy 

subjects of both sexes. The diagnosis of TB was based 

on clinical, radiological, sputum Acid Fast Bacilli (AFB) 

smear positivity and tuberculin skin test positivity. 

Venous blood samples were obtained from 

tuberculosis patients (3 times- at the time of 

diagnosis, after two months and on completion of 

DOTS therapy) and healthy controls. Serum calcium 

and phosphorous levels were estimated by Trinder’s 

Method5 and Fiske Subbarow Method6 respectively. 

 

Statistical analysis: Comparison of serum calcium and 

phosphorous levels were performed between control 

group and study groups (newly diagnosed TB patients, 

patients after 2 months of therapy and patients on 

completion of therapy) by using MS Office Excel 2007 

and the software ‘GraphPad Quick Cals t-test 

calculator’. Results were expressed as mean (M), 

standard deviation (S.D) and considered significant 

when p<0.05 determined by Student’s t-test and 

Paired t-test. 

 

RESULTS 

Results were expressed as Mean ± S.D for each 

parameter 

Control group: 42 normal healthy individuals aged 

between 20 to 60 years of age [27 males (64.28%) and 

15 females (35.72%)] were included as controls. In 

this group Mean ± S.D of serum calcium and 

phosphorous were found to be 10.31 ± 0.40 mg/dl 

and 3.53 ± 0.37 mg/dl respectively. 

Study group: 50 newly diagnosed TB patients were 

included in the study. Out of those, in 31 patients 

serum calcium and phosphorous levels were also 

estimated during treatment and on completion of 

therapy.  

In the study, mean serum calcium level in newly 

diagnosed patients was 8.91 ± 0.94 mg/dl. The values 

were estimated to be 9.28 ± 0.46 mg/dl and 10.09 ± 

0.58 mg/dl in patients after two months of therapy 

and on completion of therapy respectively.  

In the study, mean serum phosphorous level in newly 

diagnosed patients was 4.85 ± 0.38 mg/dl. The values 

were estimated to be 4.40 ± 0.30 mg/dl and 3.49 ± 

0.62 mg/dl in patients after two months of therapy 

and on completion of therapy respectively. 

No significant difference was observed in mean serum 

calcium and phosphorous levels in different sex and 

age group among the patients. 

 

Table 1: Comparison of serum calcium and phosphorous in control group and different study groups 

Parameter Control Group 

(Mean ± S.D) 

Study Groups 

Newly 

diagnosed TB 

patient 

(Mean ± S.D) 

Patients after 

two months of 

therapy 

(Mean ± S.D) 

Patients on 

completion of 

therapy 

(Mean ± S.D) 

Calcium (mg/dl) 10.31 ± 0.40 8.91 ± 0.94 * 9.28 ± 0.46 # 10.09 ± 0.58 * 

Phosphorous (mg/dl) 3.53 ± 0.37 4.85 ± 0.38 * 4.40 ± 0.30 * 3.49 ± 0.62 * 

* p<0.001 (high statistically significant)    # P<0.05 (statistically significant) 
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DISCUSSION 

In present study, out of 50 newly diagnosed 

tuberculosis patients 20 were found to have a low 

level of serum calcium (i.e. hypocalcemia) and rest 

were normo-calcemic. We found that the serum 

calcium levels were significantly low (P<0.001) in 

newly diagnosed TB patients as compared to the 

control group. There was a significant increase 

(P<0.05) in the mean calcium level after two months 

of anti-tubercular treatment. The mean calcium level 

in patients after the completion of DOTS therapy was 

highly statistically significant (P<0.001) as compared 

to the newly diagnosed patients. A significant 

increase (P<0.001) in the mean calcium level in 

patients after completion of therapy was observed as 

compared to the same patients after two months of 

anti-tubercular therapy. This finding is consistent with 

the earlier studies from Pakistan7, Japan8, Egypt (9, 10) 

and Nigeria
11

.
 

Controversial reports of changes in 

serum calcium levels in tuberculosis patients have 

also been reported. L. Lind et al12 reported that out of 

67 patients with pulmonary tuberculosis 25% were 

hypercalcemic before the initiation of therapy. The 

mean ±SD value for serum calcium in the newly 

diagnosed patients was 2.51±0.16 mmol/L which was 

significantly higher (P<0.001) that the mean level 
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found in the control group (2.43±0.07 mmol/L). They 

also found that after one year of successful treatment 

the serum calcium values had normalized. Similar 

observation was also reported by Abbasi A.A et al.
13

, 

Subash C Sharma et al.
14

, C.K. Liam et al
15

 and Kitrou 

MP et al16. It could be explained by influence of many 

factors like ethnic differences, malabsorption and 

malnutrition associated with patients of pulmonary 

tuberculosis. 

The serum phosphorous level was significantly high 

(P<0.001) in newly diagnosed TB patients as 

compared to the control. There was a significant 

decrease (P<0.05) in the mean phosphorous level 

after two months of anti-tubercular treatment. The 

mean phosphorous level in patients after the 

completion of anti-tubercular therapy (six month) was 

statistically significant (P<0.001) as compared to 

newly diagnosed patients. A significant decrease 

(P<0.001) in the mean phosphorous level in patients 

on completion of therapy (six months) was observed 

as compared to the same patients after two months 

of DOTS therapy. Similar observations were reported 

by Well H.G. et al17, Sweany H.C. et al18 and Sharma et 

al19. This finding could be due to the distribution of 

the intracellular phosphate which is liberated due to 

the destruction of the cells. 

 

CONCLUSION 

In the present study, mean serum calcium level was 

significantly decreased in newly diagnosed patients as 

compared to control which became normal after 

completion of DOTS therapy. However, mean serum 

phosphorous level was significantly increased in 

newly diagnosed patients as compared to control 

which came to normal levels after the anti-tubercular 

therapy. This may signify the changes in different 

macro-minerals’ levels due to TB infection. Studies 

can be carried out on the prospects of use of calcium 

based phosphate binders as adjuvant to DOTS for TB 

treatment. 
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INTRODUCTION 

Tuberculosis is chronic infectious disease cause by M. 

tuberculosis. it affects primarily lungs and causes 

pulmonary tuberculosis (85%).1,2 There could be affection 

of other organ systems called extrapulmonary 

tuberculosis. 

Tuberculosis is one of the dreaded diseases which 

accounts for 9.6 million cases globally as per the WHO 

Global TB Report 2015. Among these cases India 

contributes to 2.2 million incidence cases. It has not only 

high morbidity but also the mortality is high with 0.22 

million deaths in India in 2015.3 

One third of the world population is currently infected 

with TB and 1.8 million new cases of TB arise annually 

in India alone.4-7 Tuberculosis is one of the most 

important cause of most of the respiratory diseases. The 

prevalence of tuberculosis was estimated to be 10.5 

million. In India alone 1.8 million new cases of TB arise 

annually.6,7 It is estimated that about 40% of the Indian 

population is infected with TB bacteria, the vast majority 

of whom have latent TB rather than TB disease.8 There 

are many factors which determine the conversion of 

latent TB to TB disease, one the most important factor 

which determines is host factors. The most important 

factors are immunity which is determined by age and 

genetic factors.9 

India, home for around 2.5 million HIV/AIDS patients. 

As with HIV, there is an immuno-suppression in diabetes 

also due to impaired phagocytosis and cellular 

immunity.10,11 Some studies have reported that the 

proportion of TB that is EPTB is on the rise due to the 

HIV epidemic.12,13 

ABSTRACT 

 

Background: Tuberculosis is one of the most important cause of most of the respiratory diseases. It is estimated that 

about one-third of the world's population is infected with mycobacterium tuberculosis. It is important to know about 

the clinical profile of these patients. There are many studies which are done among OPD patients but fewer among 

indoor patients hence, the current study was planned.  

Methods: Retrospective study of the patients admitted in the inpatient department of the study area were taken as the 

sample size from May 2016 to April 2017, who were diagnosed as TB patients.  

Results: a retrospective study was conducted among admitted patients, which included data of one year. There was 

male predominance with male: female ratio of 2.89. major cause of admission was extrapulmonary causes. The HIV 

patients were more predisposed to extrapulmonary and diabetes than pulmonary tuberculosis. 

Conclusions: There is male predominance for admission cases. There is also increased cases of extrapulmonary TB 

admitted than pulmonary cases.  
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To reduce the incidence and prevalence, India has 

introduced National Tuberculosis Control Programme 

(NTP) in 1962, followed by Revised National 

Tuberculosis Control Programme (RNTCP) 1993 -1996 

and with Directly Observed Treatment Short-Course 

chemotherapy (DOTS) strategy in 1997, WHO released 

Stop TB strategy in 2006 India adopted in 2007. There 

are continuous efforts made to decrease the incidence and 

also prevalence of tuberculosis, continuous change in the 

strategies under RNTCP which are made. Further there 

was adoption of Goals of NSP with a vision of TB Free 

India in 12th Five-year plan in (2012-17). The current 

adoption of end TB strategy has a vision of WORLD 

FREE OF TB. 14 And with the goal to END TB 

EPIDEMIC. So, it is important to know the reasons for 

admission and also the profile of TB patients who get 

admitted so that we prevent further incidence and for 

early diagnosis, so, the above study was undertaken.  

TB affecting other sites-known as extra-pulmonary TB is 

rarely smear-positive; it is generally accepted that the 

contagious potential of this form is negligible and it has, 

therefore, never been a priority in the campaigns 

undertaken by national TB control programs.15,16 Lymph 

nodes are the most common site of involvement followed 

by pleural effusion and virtually every site of the body 

can be affected.17 

There is limited knowledge about the host –related 

factors responsible for admissions of tuberculosis patients 

especially extra pulmonary TB cases. So, this study was 

planned to study in-depth about the distribution of host 

related factors such as age and sex among the admitted 

TB patients. 

Objective of this study was to distribution of some of the 

host related factors (age and sex wise distribution) and 

also clinical profile of cases of tuberculosis admitted at 

respiratory medicine department at MGM Hospital. 

METHODS 

The study is a retrospective descriptive study conducted 

at MGM college Aurangabad after obtaining permission 

of the institutional ethical committee. 

The study used data of 1 year from May 2016 to April 

2017 . The data is specifically only of indoor patient’s 

admitted under the department of respiratory medicine. 

 The study subjects consisted of all the tuberculosis 

patients admitted under department of respiratory 

medicine. The patients on treated on OPD basis were 

excluded from the study. It was a record based study so 

consent of the patients for inclusion criteria was not taken 

in consideration.  

The data consisted of patient profile and confirmed 

clinical diagnosis. The final diagnosis was taken into 

consideration as per records. The patients are categorized 

into pulmonary and extra-pulmonary tuberculosis on the 

basis of site of lesion.  

Statistical analysis was done using Microsoft excel. 

Confidentiality of the patients was maintained.  

RESULTS 

There were 113 patients admitted, and all were included 

in the study. The study consisted of 29 females and 84 

males. The mean age of the patients admitted was 41.17 

years with a standard deviation of 16.66 years. The mean 

age of females was 40.44 with a standard deviation of 

16.44. the mean age of males was 41.34 and standard 

deviation was 16.63. Though the ratio of males: females 

was 2.89 the mean age was found to be similar. Among 

the females their range of age group were 14 - 65 years. 

The range of age group among males were 18 - 87 years. 

Table 1: Sex wise distribution of study subjects. 

Sex  
Mean age 

(in yrs) 

Standard 

deviation (in yrs) 

Range  

(in yrs) 

Males  41.34 16.63 18 - 67 

Females  40.44 16.44 14 - 65 

Patient clinical profile 

There were 34 (30.08%) cases of pulmonary tuberculosis 

and 79 (69.9%) cases of extra- pulmonary cases. Figure 

one shows percentage wise distribution of cases 

according to diagnosis. There were further subdivision of 

cases among extra pulmonary cases, Table 2 shows 

diagnosis wise distribution of extra-pulmonary cases. 

Table 2: Distribution of extra pulmonary cases. 

Diagnosis  
Number of cases 

N (%) 

Pleural effusion  73 (92.4) 

Miliary tuberculosis  2 (2.53) 

Tubercular lymphadenopathy  2 (2.53) 

Tubercular empyema 2 (2.53) 

 

Figure 1: Percentage-wise distribution of patients 

according to diagnosis. 

30%

70%

Pulmonary tuberculosis Extra pulmonary tuberculosis



Bilagi RB et al. Int J Adv Med. 2018 Feb;5(1):68-72 

                                                   International Journal of Advances in Medicine | January-February 2018 | Vol 5 | Issue 1    Page 70 

Profile of pulmonary tuberculosis patients 

Among the total 34 pulmonary tuberculosis patients there 

were 13 (38.23%) females and 21(61.76) male patients. 

The mean age of pulmonary TB cases was 41.3 with 

standard deviation of 16.78. the figure 2 shows age wise 

distribution of pulmonary tuberculosis cases. 

 

Figure 2: Age wise distribution of pulmonary 

tuberculosis patients. 

There is no correlation between age group and number of 

pulmonary cases. There is no increase in admission rates 

with increase in age. 

Profile of extra-pulmonary tuberculosis patients 

There were more male patients than female. The male: 

female ratio was found to be 3.94. most of the patients 

were of pleural effusion. The mean age of admissions 

among extra pulmonary cases was found to be 41.7 with 

a standard deviation of 16.6 years. Figure 3 shows 

diagnosis wise distribution of patients of extra pulmonary 

tuberculosis. 

 

Figure 3: Age-wise distribution of extrapulmonary 

cases. 

Distribution of study patients according to HIV 

serological profile  

Among the 113 patients admitted, there were 3 (2.65%) 

who were serologically positive for HIV antibodies. 

Among these further there were 2 who were previously 

diagnosed and on antiretroviral therapy and 1 who were 

newly diagnosed to be having HIV. The rest 110 

(97.34%) were HIV negative. Among the 3 HIV positive 

patients there were 2 (66.6%) of extrapulmonary cases 

and 1 (33.3%) of pulmonary TB case. 

 

Figure 4: Distribution of extrapulmonary cases based 

on diagnosis. 

Table 3: Distribution of patients according to HIV 

status. 

HIV status  Number N Percentage (%) 

Positive  3 2.65 

Negative  110 97.34 

Total  113 100 

Distribution of patients based on diabetic status 

There were 24 (21.23%) patients who were know cases of 

diabetes admitted for tuberculosis. While there were 89 

(78.76%) who were non diabetic cases. Among the 

diabetic cases there were 10 (41.66%) patients were cases 

of extra pulmonary TB and rest 14 (58.33%) were 

pulmonary tuberculosis. 

 

Figure 5: Distribution of patients based on diabetic 

status. 

DISCUSSION 

The current study included 113 patients who were 

included in the study. The study consisted of 29 (25.66%) 
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females and 84 (74.33%) males. The mean age of the 

patients admitted was 41.17±16.66 years. The ratio of 

males: females was 2.89. Male predominance was seen in 

other studies too with ratios of males: females to be 3.6:1 

and 3.1:1 in pulmonary and extrapulmonary cases 

respectively.17  

Another study too showed male predominance with ratio 

1.6. these findings could be due to the fact that the 

exposure to pollution and minute dust is more among 

men then women with cutting down of indoor air 

pollution.18,19 

The mean years was found to be 41.3±16.78 in 

pulmonary TB cases and 41.7±16.6 in extrapulmonary 

cases with maximum number of patients in age group of 

21- 30 years. Few studies had bimodal peak in pulmonary 

TB cases during 15-25 years and 60-70 years.18 The mean 

was found similar in other studies too around 41.11±15.7 

yeas in pulmonary TB and 34.62±12.9 among 

extrapulmonary. Most commonly TB is seen to affect the 

productive age group this will lead to further 

deterioration of already susceptible lower socio economic 

condition.17 

The most common type of extrapulmonary case was 

pleural effusion 73 (92.4 %) followed by Miliary 

tuberculosis 2 (2.53%), Tubercular lymphadenopathy2 

(2.53%) and Tubercular Empyema 2 (2.53%). In most of 

the studies there were higher percentages of lymph node 

involvement and in few disseminated TB.18-22 Since, this 

is a respiratory medicine department the type of patients 

treated in the indoor department are pulmonary related 

hence pleural effusion patients are found to be more. 

There were 3 (2.65%) of HIV positive patients and 

among them 2 (66.6%) were of extrapulmonary TB cases 

and among the 24 (21.23%) diabetic patients maximum 

were of 14 (58.33%) pulmonary TB. This correlation is 

seen in other studies too with diabetes significantly 

higher among pulmonary TB cases and HIV more 

commonly associated with extrapulmonary cases.18,23-27 

CONCLUSION 

In the study we found more admissions among males in 

the productive age groups with higher incidence of 

extrapulmonary TB among 21-30 years of age group. The 

most common presentation among extrapulmonary 

tuberculosis was found to be pleural effusion.  

The cases of HIV more predisposed to extrapulmonary 

and diabetes patients to be more predisposed to 

pulmonary tuberculosis. 
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Moreover, there has been a resurgence of pulmonary 
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epidemic, multidrug-resistant strains, poverty, 

immigration, and shortness in the prevention and 
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Pulmonary tuberculosis is one of the major health 

problems worldwide. In spite of much progress in 

diagnosis and therapy, this problem still remains. 

Moreover, there has been a resurgence of pulmonary 

tuberculosis recently, which is related to the HIV 

resistant strains, poverty, 

immigration, and shortness in the prevention and 

About 10% to 40% of patients with 

active pulmonary tuberculosis had EBTB.It has been 

defined as tuberculous infection of the tracheobronchial 

tree with microbial and histopathological evidence or a 

complication of progressive primary tuberculosis. EBTB 

continues to be a health problem 

following:
1
 Its diagnosis is frequently delayed because the 

decreased incidence itself diminishes the suspicion of 

tuberculosis;
2
 bronchostenosis may develop as a serious 

complication despite efficacious antituberculosis 

chemotherapy; and
3
 it is often misdiagnosed as bronchial 

asthma or lung cancer. 

Pathogenesis of EBTB
4,5,6,7,8
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MATERIALS AND METHODS 
The study was conducted in Pulmonary medicine 

Department MGM Medical College and Hospital 

Aurangabad, Maharashtra from January 2015 to march 

2016,of age above 18 years with constitutional symptoms 

like fever, cough, loss of appetite and weight. All the 

patients who were Sputum Negative were subjected to 

Bronchoscopy. 

 

RESULTS 
Analysing the data from 20 patients, EBTB were 

classified into subtypes by initial bronchoscopic findings, 

the most common bronchoscopic classification was 

Actively Cessating were found in 10 patients (50%), 

Tumerous were found in 4 patients (20%), Granular in 4 

patients (20%), non specific in 1 patient 

(5%),Oedematous Hyperemic in 1 patient (5%). Lesions 

were totally recovered in all the patients with treated with 

standard anti-tuberculous treatment. 

 
 

 

DISCUSSION 
EBTB contains rather high amounts of tuberculosis 

bacilli. Early diagnosis and treatment is important for 

prevention of the spread of tuberculosis and 

complications like cicatricial bronchostenosis due to 

endobronchial involvement.
10
 In this study actively 

caseous type was reported to be most common . In recent 

studies it was reported that most common bronchoscopic 

finding was edematous-hyperemic type.
11,12

 This is the 

most common type of bronchoscopic finding in middle 

lobe syndrome.
13
 It is also reported that while active 

caseous type recovers almost completely, edematous or 

active caseous + edematous type changes to fibrostenotic 

type in more than 60% of cases.
14
 Four of the subtypes—

actively caseating, edematous-hyperemic, fibrostenotic, 

and tumorous EBTB—show varying degrees of luminal 

narrowing of the bronchus, while the other three 

subtypes—granular, ulcerative, and nonspecific 

bronchitic EBTB—do not.
14
 Similarly, it is reported in a 

study that early stage exudative, granular and ulcerative 

lesions recovered without sequel; caseous and tumorous 

lesions of advanced disease might lead complications 

such as bronchostenosis causing bronchectasia.
15
 A study 

conducted by Um SW et al. revealed that factors related 

to development of bronchial stenosis were age over 45 

years, pure or combined fibrostenotic subtype and 

symptoms lasting more than 90 days prior treatment.
16
 In 

our study most common lesions observed 

bronchoscopically were active caseous lesions. These 

were followed by granular, tumorous, non specific and 

oedematous lesions with decreasing frequencies. In this 

study all the Lesions were totally recovered in all the 

patients treated with standard anti-tuberculous treatment. 
 

CONCLUSION 
The most common EBTB was found to be actively 

cessating type. Bronchoscopy should be performed as 

soon as possible in suspected patients, especially when 

patients present the relatively long duration of symptoms . 

Therefore, the bronchoscopic approach is benefitial, not 

only for the prompt diagnosis of EBTB, but also for the 

prevention of further bronchostenosis. 
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INTRODUCTION 
Transmission of tuberculosis occurs by air borne spread 

of infection droplets and droplet nuclei containing the 

tubercle bacilli. The source of infection is a person with 

sputum smear positive pulmonary tuberculosis. 

Transmission often occurs indoor where 

droplet nuclei can stay in the air for a longer time. With 

the advent of various Anti-Tubercular drugs, Anti

Tubercular treatment has become more and more 
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resistant MDR TB(Multi drug resistant tuberculosis) is defined as resistance to isoniazid and rifampicin.

patients are attending chest OPDs with pulmonary. tuberculosis and not responding to primary line of antituberculosis 
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Transmission of tuberculosis occurs by air borne spread 

of infection droplets and droplet nuclei containing the 

tubercle bacilli. The source of infection is a person with 

sputum smear positive pulmonary tuberculosis. 

Transmission often occurs indoor where droplets and 

droplet nuclei can stay in the air for a longer time. With 

Tubercular drugs, Anti-

Tubercular treatment has become more and more 

effective. Short course chemotherapy and DOTs/RNTCP 

have made it possible to achieve the

85% among newly detected infectious cases and maintain 

detection rate of at least 70% of all such cases in the 

population. The emerging trend of resistance to various 

first line Anti-Tubercular Drugs is disturbing. Multi Drug 

Resistant Tuberculosis is a laboratory diagnosis and 

should not be a clinical impression of treating doctor. 

Resistance to Isoniazid and Rifampicin is called Multi 

Drug Resistance. Resistant to one drug is called 

monoresistance; resistance to two or more drugs is

polyresistance. Another type of resistance called 

Extensive. Drug Resistance is resistance to INH, 

rifampicin, at least one injectible amino glycoside and a 

fluroquinolone. About 3 % previously untreated patients 

and up to 17% previously treated pa

resistant tuberculosis. The diagnosis and appropriate 

treatment of multidrug resistant tuberculosis patients is 

very important not only because they will spread the 

multidrug resistant strain of tuberculosis to other patients 

but also because MDR tuberculosis leads to severe 
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effective. Short course chemotherapy and DOTs/RNTCP 

have made it possible to achieve the goals of cure rate of 

85% among newly detected infectious cases and maintain 

detection rate of at least 70% of all such cases in the 

population. The emerging trend of resistance to various 

Tubercular Drugs is disturbing. Multi Drug 

nt Tuberculosis is a laboratory diagnosis and 

should not be a clinical impression of treating doctor. 

Resistance to Isoniazid and Rifampicin is called Multi 

Drug Resistance. Resistant to one drug is called 

monoresistance; resistance to two or more drugs is called 

polyresistance. Another type of resistance called 

Extensive. Drug Resistance is resistance to INH, 

least one injectible amino glycoside and a 

3 % previously untreated patients 

and up to 17% previously treated patients have multidrug 

resistant tuberculosis. The diagnosis and appropriate 

treatment of multidrug resistant tuberculosis patients is 

very important not only because they will spread the 

multidrug resistant strain of tuberculosis to other patients 

because MDR tuberculosis leads to severe 
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morbidity and has high mortality rate since it is difficult 

to treat. Our study attempts to find drug resistant cases 

and to see the sensitivity pattern of mycobacteria in our 

area to the various antitubercular drugs. 

 

MATERIAL AND METHODOLOGY 
SUBJECT: Patient above 15 years of age who have 

taken Anti- Tubercular drug at least one time. 

INCLUSION CRITERIA 

1. Patients above the age of 15 yrs. 

2. Taken Anti- Tubercular Drug at least 1 time and 

still Sputum positive after 5 months. 

3. Initially Sputum negative but positive after 5 

months. 

EXCLUSION CRITERIA 

1. Severely ill patients / end stage diseases. 

2. Patients >60yrs and <15yrs of age. 

STUDY PROCEDURE 
1. 50 patients of suspected drug resistant 

tuberculosis were studied on the basis of the 

above inclusion and exclusion criteria. 

2. Informed consent was taken. 

3. Appropriate information, including symptoms 

about the patients was collected. 

4. Detailed history regarding their treatment, 

checking of old X-rays and Sputum reports. 

5. Family history of TB. 

6. History of TB in Contacts. 

7. Sputum collection in a sterile container. 

8. Culture on LJ Medium/BACTEC METHOD and 

sensitivity testing to 

The following antitubercular drugs was carried 

out:Isoniazid, Rifampicin, Pyrazinamide, ethambutol, 

Streptomycin, Kanamycin, Ofloxacin, Cyloserine, 

Ethionamide, Paraaminosalicylic acid (PAS). 

  

RESULTS 
Table 1: Sex distribution 

Sex Number of Patients Percentage 

Male 29 58% 

Female 21 42% 

Total 50 100% 

 

 
Figure 1: Pie Chart- Sex Distribution 

 
Figure 2: Age Distribution Bar Diagram 

 

Table 2: Resistance and Sensitivity to Antitubercular Drugs 

Drug Resistance Sensitivity 

Streptomycin 30 20 

Isoniazid 47 3 

Rifampicin 49 1 

Etnambutamol 31 19 

Pyrizinamide 30 20 

Paraaminosalicylic 11 39 

Ethionamide 11 39 

Cycloserine 20 30 

Kanamycin 7 43 

Ofloxacin 27 23 

 

 
Figure 3: Resistance and Sensitivity Pattern Bar Diagram 

 

DISCUSSION 
The study was done to know the sensitivity pattern of 

various Antitubercular. Drugs in Aurangabad (TB U -2) 

in suspected Multidrug Resistant. Tuberculosis patients 

by performing sputum culture of mycobacterium 

Tuberculosis. It comprised of 50 patients of pulmonary 

tuberculosis, who previously had taken tuberculosis 

treatment and remain sputum positive at the end of five 
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months, who show radiological deterioration after 8 

months or those who have become sputum positive after 

being sputum negative initially. Multidrug-resistant 

tuberculosis (MDR TB) is resistance to both isoniazid and 

rifampicin with or without resistance to other drugs. 

Globally, about 3% of all newly diagnosed patients have 

MDR-TB. The proportion is higher in patients who have 

previously received antituberculosis treatment reflecting 

the failure of programmes designed to ensure complete 

cure of patients with tuberculosis. While host genetic 

factors may probably contribute, incomplete and 

inadequate treatment is the most important factor leading 

to the development of MDR-TB. The definitive diagnosis 

of MDR-TB is difficult in resource poor low income 

countries because of non-availability of reliable 

laboratory facilities and efficiently run tuberculosis 

control programmes based on Directly Observed 

Treatment Short courses (DOTS). For newly diagnosed 

patients, the frequency of resistance to at least one 

antituberculosis drug ranged from 1.7 per cent in Uruguay 

to 36.9 percent in Estonia (media, 10.7%). The median 

prevalence of MDR-TB among new cases of tuberculosis 

was only 1.0% but the prevalence was much higher in 

Estonia (14.1%), Henan province in china (10.8%), 

Latvia (9%), the Russian oblasts of Ivanovo (9%) and 

Tomsk (6.5%), Iran (5%) and Zhejiang Province in china 

(4.5%). In our study of 50 patients who were suspected 

Multidrug Drug Resistant Tuberculosis  

1. Sex Ratio Male: Female 58%: 42% Males are 

more commonly affected as compared to female. 

(58% - 42%) 

2. Age Group Most commonly seen in 21 – 25 age 

group (30%) 2
nd
 Most commonly seen in 15 – 20 

age group (22%) 3
nd 
Most commonly seen in 31 

– 35 age group (14%) 

3. Resistance Pattern to single drug It revealed a 

resistance in 47 patients to isoniazid (94%), 49 

patients to rifampicin (98%), 30 patients to 

streptomycin (60%), 31 patients to ethambutol 

(62%), 30 patients to pyrazinamide (60%). 

Resistance was seen in 27 patients (47%) to 

ofloxacin. 

4. Sensitivity Pattern to single second line drug 

Second line drugs mainly injectible (Kanamycin) 

has highest sensitivity in 43 patients (86%), 

followed by Para amino salicylic acid in 39 

patients (78%), Ethionamide in 39 patients (78%) 

followed by cycloserine in 30 patients (60%) 

Only 3 patients of suspected multidrug resistance 

were sensitive to isoniazid (6%) and 1 patient 

(2%) sensitive to rifampicin. 

5. Sensitivity to first line drugs (H R Z E S) in this 

study of suspected multidrug resistance No 

patient was sensitive to all the first line drugs 2 

patients were sensitive to four first line drugs 6 

patients were sensitive to three first line drugs 8 

patients were sensitive to two first line drugs 21 

patients were sensitive to only one first line drug. 

6. Sensitivity to isoniazid and rifampicin 3 patients 

were sensitive to isoniazid (6%) 1 patient was 

sensitive to rifampicin (2%) 1 patient of the 

above was sensitive to both isoniazid and 

rifampicin 

7. Sensitivity to only single or two drugs 2 patients 

(4%) were sensitive to single drug – cycloserin 2 

patients were sensitive only to two drugs out of 

whom – One patient sensitive to (ofloxacin + 

cycloserine) and the other was sensitive to 

(pyrinazamide + para amino salicylic acid) 

In India, prevalence of primary MDR-TB in newly 

diagnosed cases has been observed to be 3.4 percent or 

less. Data meticulously collected at the Tuberculosis 

research center (TRC), Chennai over the last three 

decades suggest that rifampicin resistance started 

appearing in the early 1990s and MDR-TB levels in 

newly diagnosed patients has been one percent or less
1, 8. 

Mutations occurring in MTB confer resistance to anti 

tuberculosis drugs. Mutations in rpoB (rifampicin) Kat/G 

and the ribosomal binding site of inhA (isoniazide) ,gyrA 

and gryB (ofloxacin) and r/A and rrs (streptomycin) 

causes resistance to the drugs. In a recent study from 

India
2
. Patients with HLA-DRB 1*13 and DRB 1*14 

were found to have two fold increased risk of developing 

MDR-TB. Park et al
3
 found that susceptibility to MDR-

TB in Korean patients was strongly associated with 

HLADRB1*08032-DQB1*0601 haplocytes. The exact 

role of these factors is not known. It is likely that these 

loci or the alleles linked with them play a permissive role 

in conferring increasing susceptibility to the development 

of MDR-TB. 

Factors related to previous antituberculosis treatment 
Incomplete and inadequate treatment: Review of 

published literature strongly suggest that the most 

powerful predictor of the presence of MDR-TB is a 

history of treatment of tuberculosis. TB patients in India 

get treated not only through the Revised National 

Tuberculosis Control Programme (RNTCP), but also 

receive treatment from private medical practitioners. 

Irregular, incomplete, inadequate treatment is the 

commonest means of acquiring the drug resistant 

organism. Use of a single drug to treat TB is another 

cause of MDR TB in the Indian setting. This could have 

occurred because of ignorance, use of 

penicillin/streptomycin combination, use of rifampicin for 

other diseases, and economic constrains. Futhermore, 

there is a problem of using unreliable combinations with 
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an appreciable failure rate such as thiacetazone/isoniazid 

as initial treatment. Another common error in prescription 

practice is the “addition syndrome”, if another drug is 

added to the existing regimen when the patients appears 

to deteriorate clinically and if resistance had developed to 

the drugs in use, adding another drug effectively amounts 

to monotherapy with the drug. Unreliable drugs with poor 

bioavailability from unregulated companies may pose a 

risk (e.g. rifampicin, isoniazid, pyrazinamide 

combination). The important problem in our country is 

the bizarre regimen for inadequate periods given by 

alternate medicine practitioners. OTC availability of 

antitubercular drugs adds to this. Inadequate treatment 

compliance: treatment compliance is significantly 

affected due to change over from fully supervised 

sanatorium treatment to unsupervised domiciliary 

treatment. Non compliance is because too many drugs 

including antacid, multivitamin, heamatinics, etc. are 

given to the patients. Thus, the physician finds it difficult 

to identify noncompliance in patients. Considering the 

changing epidemiological scenario DOTS is presently 

being advocated by the WHO to be the only effective way 

to control tuberculosis
4,5,6

. However, DOTS has not been 

adopted universally and the control programme in several 

parts of the world is chaotic
7
. In my study of 50 patients 

of suspected multidrug resistance, resistance to isoniazid 

and rifampicin alone was seen in 47 and 49 patients 

respectively. Resistance to all first line drugs was seen in 

13 patients. A study to find the trend of drugs resistant 

Mycobacterium in a tertiary Tuberculosis centre 

concluded that a significant increase in the isoniazid and 

streptomycin resistance in the last few years would 

present a serious challenge to effective management of 

tuberculosis. To conclude, first line antitubercular drug 

should be reserved for the treatment of tuberculosis and 

second line drug especially quinolones should be reserved 

for management of M.D.R T.B patients. 

 

 

 

 

 

CONCLUSION 
Our study of 50 patients highlights the increasing trends 

of resistance to various first line anti tuberculosis drugs, 

and sensitivity pattern of second line drugs. Only one 

patient (2%) was sensitive to both isoniazid and 

rifampicin, 98% were resistant to isoniazid and 

rifampicin, no patient was sensitive to all the first line 

drugs; and 4% patients were sensitive to a single drug 

only i.e. cycloserine. This raises the issue of presence of 

Extreme Drug Resistance and the difficulty in managing 

such patients in clinical settings in India. There is an 

urgent need for a proper nationwide survey to evaluate 

the true picture of resistance and stronger implementation 

of RNTCP guidelines. 
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Abstract

Background: Drug-resistant tuberculosis (DR-TB) is a looming threat to tuberculosis control in India. However, no
countrywide prevalence data are available. The burden of DR-TB in HIV-co-infected patients is likewise unknown.
Undiagnosed and untreated DR-TB among HIV-infected patients is a major cause of mortality and morbidity. We aimed to
assess the prevalence of DR-TB (defined as resistance to any anti-TB drug) in patients attending public antiretroviral
treatment (ART) centers in greater metropolitan Mumbai, India.

Methods: A cross-sectional survey was conducted among adults and children ART-center attendees. Smear microscopy,
culture and drug-susceptibility-testing (DST) against all first and second-line TB-drugs using phenotypic liquid culture
(MGIT) were conducted on all presumptive tuberculosis patients. Analyses were performed to determine DR-TB prevalence
and resistance patterns separately for new and previously treated, culture-positive TB-cases.

Results: Between March 2013 and January 2014, ART-center attendees were screened during 14135 visits, of whom 1724
had presumptive TB. Of 1724 attendees, 72 (4%) were smear-positive and 202 (12%) had a positive culture for
Mycobacterium tuberculosis. Overall DR-TB was diagnosed in 68 (34%, 95% CI: 27%–40%) TB-patients. The proportions of DR-
TB were 25% (29/114) and 44% (39/88) among new and previously treated cases respectively. The patterns of DR-TB were:
21% mono-resistant, 12% poly-resistant, 38% multidrug-resistant (MDR-TB), 21% pre-extensively-drug-resistant (MDR-TB
plus resistance to either a fluoroquinolone or second-line injectable), 6% extensively drug-resistant (XDR-TB) and 2%
extremely drug-resistant TB (XDR-TB plus resistance to any group-IV/V drug). Only previous history of TB was significantly
associated with the diagnosis of DR-TB in multivariate models.

Conclusion: The burden of DR-TB among HIV-infected patients attending public ART-centers in Mumbai was alarmingly
high, likely representing ongoing transmission in the community and health facilities. These data highlight the need to
promptly diagnose drug-resistance among all HIV-infected patients by systematically offering access to first and second-line
DST to all patients with ‘presumptive TB’ rather than ‘presumptive DR-TB’ and tailor the treatment regimen based on the
resistance patterns.
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Introduction

India is a high burden country for tuberculosis (TB) and

multidrug-resistant TB (MDR-TB). The World Health Organiza-

tion has estimated that India accounted for 26% of the total

number of TB cases worldwide in 2012, with 2.2% and 15% of the

new and retreatment cases respectively being caused by multidrug-

resistant strains [1]. Further, India is home to approximately 2.4

million people living with HIV [2] and considered to have a high

burden on account of the large absolute numbers of people living

with HIV in the country.
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Figure 1. Drug-resistant tuberculosis among HIV-infected patients with presumptive tuberculosis, Mumbai, India.
doi:10.1371/journal.pone.0110461.g001
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The dual burden of HIV and TB/DR-TB in India is

significantly high with a combined rate of 5.2%, ranging from

0.4% to 28.8% in various studies, with increasing trends noted in

states having a higher burden of HIV infection [3–7]. However,

nation-wide studies do not exist and previous studies have

occurred mainly in hospitals and tertiary care centres [2,6–11].

A crude estimate from these studies suggests that 2500–3000 HIV-

infected persons develop MDR-TB annually in India.

Country-wide or state-wide drug resistance surveys (DRS) aim

to estimate the DR-TB burden at the country or state level. While

this approach is scientifically and operationally acceptable, it may

mask significant and important variance in the magnitude of the

epidemic in different localities, communities or specific popula-

tions. For India, a vast country with an enormous burden of TB

and a relatively large burden of HIV in absolute numbers, this

statement seems to hold true; from an overcrowded impoverished

slum in Mumbai to a small isolated village in the Northern Eastern

Provinces of the country, one can assume that several different

epidemics may exist. A description of such local epidemics is

necessary so as to complement the country-wide prevalence

estimate. While there is an urgent need for a nationally

representative, country-wide DRS in India, specific studies to

identify pockets of extremely high DR-TB prevalence or extensive

drug resistance patterns are equally needed in order to advocate

for and implement effective control strategies.

The overall aim of this study was to assess the burden of drug-

susceptible and drug-resistant tuberculosis among HIV-infected

patients attending antiretroviral treatment (ART) centers in the

metropolitan area of Mumbai. The specific objectives were a) to

determine the proportion of HIV-infected patients with DR-TB

among those attending public ART centers, b) to describe drug

susceptibility patterns among Mycobacterium tuberculosis isolates

from this population, and c) to identify factors associated with TB

and drug-resistant TB among HIV patients. We aimed to

contribute to the evidence base that informs policies and practices

and help to estimate the resources needed to control the epidemic

in this specific group, as well as the community.

Methods

Ethics
The study was approved by the Institutional Ethics Committee

of Grant Medical College and Sir J.J. Group of Hospitals

(Mumbai, India), the Ethics Review Board of Médecins Sans

Frontières (Geneva, Switzerland) and the Ethics Advisory Group

of the International Union Against Tuberculosis and Lung Disease

(Paris, France). The study protocol was approved by the Indian

Table 1. Demographic and clinical characteristics of HIV-infected patients with presumptive TB, Mumbai, India.

Characteristics HIV-infected patients with presumptive TB (N = 1724)

n (%)

Age [years, median (IQR)] 35.0 (24.3–44.0)

Sex of patients

Male 1042 (60.4)

Female 671 (38.9)

Transgender 11 (0.6)

Family income per month (in Rupees)

Less than 3500 88 (5.1)

3500–6999 910 (52.8)

7000 and above 454 (26.3)

Patient did not disclose 272 (15.6)

TB site

Pulmonary 1688 (97.9)

Extra-pulmonary 36 (2.1)

ART status

On ART 1386 (80.4)

Pre-ART 338 (19.6)

CD4 count, last visit (in cells/ml)

Less than 200 258 (15.0)

200–349 351 (20.4)

350–499 289 (16.8)

500 and above 684 (39.7)

No information 142 (8.2)

ART duration* [months, median (IQR)] 26.0 (10.7–47.5)

Previous episode of TB

Yes 933 (54.1)

No 791 (45.9)

ART: Antiretroviral treatment* Patients on ART with available information about ART initiation date, N = 1370.
doi:10.1371/journal.pone.0110461.t001
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Council of Medical Research (ICMR), New Delhi, India.

Informed consent was obtained from all study participants.

Study design
This was a cross-sectional survey among HIV-infected adult and

paediatric patients attending public and public-private ART

clinics in the greater metropolitan Mumbai area. All patients with

presumptive pulmonary or extra-pulmonary TB were assessed

with smear microscopy and conventional liquid culture. All M.

tuberculosis isolates underwent drug susceptibility testing (DST)

for first- and second-line anti-TB drugs.

Sample size
The desired sample size was determined separately for new and

previously treated culture positive TB cases. Previous tuberculosis

treatment was defined as any anti-tuberculosis treatment reported

by the patient. Assuming a prevalence of MDR-TB of 3% among

new cases and 17% among retreated cases, based on a DST survey

conducted in Gujarat [12], a sample size of 123 confirmed new

cases and 110 confirmed retreatment cases was sought in order to

estimate the prevalence of MDR-TB, with 95% confidence

intervals having a margin of error of 3% for new cases and 7%

for retreated cases respectively.

Study setting and study population
The study was carried out in five Mumbai District AIDS

Control Society (MDACS) ART Centres [1) KEM Hospital, 2)

SION Hospital, 3) SION Centre of Excellence in Paediatric HIV

Care, 4) Godrej Hospital, Vikhroli and 5) Larsen & Toubro

Hospital, Andheri] as well as in two Maharashtra State AIDS

Control Society (MSACS) ART Centres [1) Thane Civil Hospital

and 2) Navi Mumbai (Vashi) Municipal Corporation Hospital].

All HIV-infected adult and paediatric patients enrolled in the

ART centres were potentially eligible to be enrolled in the study, if

they had presumptive pulmonary or extra-pulmonary TB based

on symptom screening, regardless of the time they were enrolled in

the centres or whether they were on ART or not at the time of the

Figure 2. Distribution of Drug-resistant tuberculosis among HIV-infected (new and previously treated) with presumptive
tuberculosis patients, Mumbai, India.
doi:10.1371/journal.pone.0110461.g002
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study. Patients on TB treatment at the time of the study were

excluded.

Recruitment and sampling procedure
All HIV-infected ART center attendees were screened by an

MSF-employed nurse during the study period. Patients with

presumptive TB were investigated using a standard diagnostic

algorithm recommended by the World Health Organization [13]

that included TB culture and DST. The nurse explained in detail

the objectives of the study to the patient and/or caregiver and

obtained the signature or thumbprint of the patient if consent was

given to participate. When pulmonary TB was presumed, two

sputum specimens were collected on the same day, one hour apart,

at each study site/hospital laboratory. When extra-pulmonary TB

(EPTB) was presumed, biological specimens (fine needle aspirates,

pleural fluid, cerebrospinal fluid, etc) were obtained from extra-

pulmonary sites. All specimens were transferred to Hinduja

Hospital Microbiology Laboratory in Mumbai for culture and

first- and second-line DST.

Conventional microscopy with Ziehl-Neelsen (ZN) staining for

acid-fast bacilli and further sputum decontamination was per-

formed using the N-acetyl-L-cysteine and sodium hydroxide

method. Concentrated sediment was inoculated in one liquid

culture tube for testing using the Mycobacterial growth indicator

tube (MGIT 960) method. Positive cultures underwent microscopy

with ZN staining to confirm cord formation, and speciation with

MPT 64 antigen detection by Immunochromatography was

carried out to confirm M. tuberculosis complex. Specimens

fulfilling the above criteria underwent further testing with

phenotypic DST using the MGIT System for the following drugs:

isoniazid, rifampicin, ethambutol, ofloxacin, moxifloxacin, kana-

mycin, capreomycin, PAS, ethionamide, clofazimine and linezolid.

Non-tuberculous Mycobacteria (NTM) speciation was done by

molecular methods using Reverse Line Blot Hybridisation.

Hinduja laboratory is quality controlled and has been accredited

for first-line DST by the WHO Supranational Reference

Laboratory in Bangalore and the College of American Patholo-

gists. The laboratory was also accredited by the TB programme

for second-line DST in December 2013; prior to this date, if a

strain was suspected to have resistance to one or more second-line

anti-TB drugs, it was sent to the National Tuberculosis Institute

Laboratory in Bangalore for confirmation.

Multidrug-resistant tuberculosis (MDR-TB) was defined as

resistance to both isoniazid and rifampicin; pre-XDR-TB was

defined as MDR-TB with additional resistance to either a

fluoroquinolone or a second-line injectable agent; and extensively

drug-resistant tuberculosis (XDR-TB) was defined as MDR-TB

with additional resistance to both a fluoroquinolone and an

injectable agent. Extremely drug-resistant tuberculosis (XXDR-

TB) was defined as XDR-TB with additional resistance to any

group IV and/or group V TB drugs (PAS, ethionamide,

clofazimine, linezolid) [13].

Management of those diagnosed with DR-TB
All patients diagnosed with MDR- or XDR-TB were managed

in accordance with the national DR-TB treatment guidelines [14],

while those with pre-XDR-TB were offered individualized

treatment with 4 drugs likely to be effective.

Data collection and analysis
Demographics, clinical and laboratory data, antiretroviral

treatment (yes/no) and duration on ART, as well as data on

Table 2. Resistance profile (first and second-line) for all drug-resistant tuberculosis patients, Mumbai, India.

Resistance profile (culture-based
DST)

Total TB
Patients
(N = 68), n (%)

New TB patients
(N = 29), n (%)

Previously treated
TB patients
(N = 39), n (%)

H-mono 11 (16.2) 7 (24.1) 4 (10.3)

R-mono - - -

Ofx-mono 1 (1.5) 1 (3.4) -

Ofx Mfx 3 (4.4) 2 (6.9) 1 (2.6)

HE 7 (10.3) 6 (20.7) 1 (2.6)

HE Eto Ofx Mfx 1 (1.5) - 1 (2.6)

HR 10 (14.7) 4 (13.8) 6 (15.4)

HRE 6 (8.8) 2 (6.9) 4 (10.3)

HR Eto 5 (7.4) - 5 (12.8)

HR E Eto 5 (7.4) 2 (6.9) 3 (7.7)

HR Ofx Mfx E 2 (2.9) 2 (6.9) -

HR Ofx Mfx Eto 1 (1.5) 1 (3.4) -

HR Ofx Mfx E Lin 1 (1.5) - 1 (2.6)

HR Ofx Mfx E Eto 8 (11.8) 1 (3.4) 7 (17.9)

HR Ofx Mfx E Eto PAS 2 (2.9) - 2 (5.1)

HR Ofx Mfx Km Eto 1 (1.5) - 1 (2.6)

HR Ofx Mfx Km E Eto 2 (2.9) 1 (3.4) 1 (2.6)

HR Ofx Mfx Km Cm E Eto 1 (1.5) - 1 (2.6)

HR Ofx Mfx Km Cm E Eto PAS 1 (1.5) - 1 (2.6)

H-isoniazid, R-rifampicin, E-ethambutol, Eto-ethionamide, Km-kanamycin, Cm-capreomycin, Ofx-ofloxacin, Mfx-Moxifloxacin, Lin- Linezolid, PAS- para-aminosalicylic acid.
doi:10.1371/journal.pone.0110461.t002
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previous TB treatment were doubly-entered into an EpiData

database (Version 3.1, EpiData Association, Odense, Denmark),

validated and analyzed.

To identify factors associated with TB and DR-TB, univariate

and multivariate analyses were performed using Poisson and

binary logistic regression models. Factors significant (p = 0.05) on

univariate analysis were entered into the multivariate logistic

regression models. Factors were coded as categorical variables and

missing values for CD4 cell counts were imputed using a multiple

imputation method. Transgender individuals (all were male to

female) were grouped with biological males in the models. All

factors were entered as a block into multivariate logistic regression

models. Data analysis, including multivariate logistic regression

models, was conducted with SPSS Version 20.0. Armonk, NY:

IBM Corp. Released 2011).

Results

Screening for presumptive TB was carried-out during 14,135

patient visits at seven ART centers in metropolitan Mumbai

between March 2013 and January 2014 (Figure 1). Individual

patients might have been screened more than once during the

study period. A total of 1741 HIV-infected patients with

presumptive tuberculosis (TB) were identified. All of them

consented to participate in the study and were investigated for

drug-resistant TB. The sputum specimens of 17 patients were

found insufficient for laboratory investigations and had to be

excluded. Thus, 1724 (99%) of the eligible patients were included

in the study.

Patient characteristics
The median age of the 1724 patients was 35 (Inter-quartile

range, IQR: 24–44) years (Table 1) and the majority (60%) were

male. A large proportion (53%) of patients had an average family

income between 3500 and 7000 Indian National Rupees

(equivalent to 60–120 USD) per month. Most of the patients

(98%) had pulmonary TB. Among the entire study cohort, 80%

were on ART during the study period and the majority (52%) had

CD4 cell counts lower than 500 cells/mL at their last visit to an

ART center. The median duration of exposure to ART prior to

enrollment in the study was 26 months (IQR: 10.7–47.5). More

than half (933/1724) of the presumptive TB patients had had at

least one episode of active TB disease in the past.

Culture-positive and drug-resistant tuberculosis
All of the 1724 patients with presumptive TB included in the

study (Figure 1) underwent smear, culture and drug susceptibility

testing (DST). Of these, 72 (4.2%; 95% Confidence Intervals (CI):

3.3–5.2) patients had smear-positive TB while 202 (11.7%; 95%

CI: 10.3–13.3) patients had culture-positive TB. Eleven TB

Table 3. Demographic and clinical factors associated with culture-positive tuberculosis in HIV-infected patients, Mumbai, India.

Explanatory Variable

Patients with
tuberculosis
(N = 202), n (%)

Patients
without
tuberculosis
(N = 1522), n (%)

Chi-square/t-test
(p-value)

aPRa

(95%
CI)

Age [years, median (IQR)] 38.0 (32.0–43.3) 35.0 (22.0–44.0) 8.9 (,0.01) 0.99 (0.99–
1.00)

Sex of patients

Male 138 (13.1) 915 (86.9) 5.0 (0.02) 1.01 (0.99–
1.03)

Female 64 (9.5) 607 (90.5)

Family income per month+

(in Rupees)

Less than 5000 96 (10.9) 788 (89.1) 0.2 (0.65)

5000 and above 66 (11.6) 502 (88.4)

ART status

Pre-ART 72 (21.3) 266 (78.7) 37.3 (,0.01) 1.07 (1.04–
1.10)

On ART 130 (9.4) 1256 (90.6)

CD4 count, last visit* (in
cells/ml)

Less than 200 58 (22.5) 200 (77.5) 34.7 (,0.01) 1.08 (1.05–
1.11)

200 and above 127 (9.6) 1197 (90.4)

ART duration** [months,
median (IQR)]

19.3 (5.2–35.7) 27.1 (11.3–47.9) 9.9 (,0.01)

Previous episode of TB

Yes 88 (9.4) 845 (90.6) 10.3 (,0.01) 1.01 (0.99–
1.03)

No 114 (14.4) 677 (85.6)

ART: Antiretroviral treatment, IQR: Inter-quartile range, CI; Confidence Intervals +Patients with recorded family income, N = 1452* Patients with available information on
CD4, last visit, N = 1582** Patients on ART with available information about ART initiation date, N = 1370a aPR; adjusted Prevalence Ratios (calculated by Poisson regres-
sion using multiple imputation for CD4 missing data).
doi:10.1371/journal.pone.0110461.t003
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patients were smear-positive but culture negative and 141 patients

were culture-positive but smear-negative. Those patients having a

history of TB had a higher rate of smear-positivity (4.4% versus

3.9%), but lower culture-positivity rate (9.4% versus 14.4%) as

compared to patients without TB history (Figure 2).

Among all culture-positive TB patients, 68 or 33.7% (95% CI:

27.4–40.4) had some form of drug-resistant TB. A high proportion

of MDR-TB and pre-XDR-TB, 38% (26/68) and 21% (14/68)

respectively, was observed amongst drug-resistant TB patients.

Table 2 shows the detailed resistance patterns of all patients with

DR-TB.

Of the newly diagnosed (114/791) and previously treated (88/

933) culture-positive TB patients, 25.4% (95% CI: 18.1–34.0) and

44.3% (95% CI: 34.2–54.8) patients had drug-resistant TB. The

proportion of patients with multidrug-resistant TB and more

advanced TB resistance profiles was higher (36% versus 11%) in

previously treated patients compared to newly diagnosed TB

patients.

Children and extra-pulmonary tuberculosis patients
In the study, 283 children aged less than 15 years were

investigated. The median (IQR) age of these children was 11 (8–

13) years, just over half of them were male (56%), and sixty-eight

percent were on ART. Of the 283 children investigated, 5% (15/

283) had culture-positive TB, of whom seven (46.7%, 7/15) had

drug-resistant TB; one had polydrug-resistant TB, two had MDR-

TB and four had pre-XDR-TB.

Among 1724 HIV-infected patients investigated during the

study period, 36 patients had presumptive extra-pulmonary TB

(EPTB). The median (IQR) age of these patients was 45 (40–47)

years and three-quarters of them were male (27/36, 75%). Among

the 36 investigated presumptive EPTB patients, 14% (5/36)

patients had culture-positive TB. Of these, 40% (2/5) patients had

DR-TB: one had INH mono-resistant TB while another had pre-

XDR-TB.

Factors associated with culture-confirmed TB, DR-TB and
MDR-TB

The demographic and clinical factors were assessed for

association with culture-confirmed TB, DR-TB and MDR-TB.

The univariate and bivariate analyses found age, ART status, CD4

count at last visit and previous episode of TB significantly related

to culture-positive TB (Table 3). A multivariate Poisson regression

model showed that older age, pre-ART status (i.e. not yet on

ART), CD4 count less than 200 cells/mL at the last visit and a

previous episode of TB were associated with culture-positive TB.

None of the factors other than previous history of TB were

associated with drug-resistant TB (Table 4) and multi-drug

resistant TB (Table 5) in bivariate and multivariate binary logistic

regression models.

Table 4. Demographic and clinical factors associated with drug-resistant tuberculosis in HIV-infected tuberculosis patients,
Mumbai, India.

Explanatory
Variable

Patients with
drug-resistant
tuberculosis
(N = 68), n (%)

Patients without
drug-resistant
tuberculosis
(N = 134), n (%)

Chi-square/t-test
(p-value)

aORa

(95% CI)

Age [years, median (IQR)] 35.5 (28.5–42.8) 38.0 (33.8–44.0) 2.15 (0.14) 0.98 (0.96–1.01)

Sex of patients

Male 46 (33.3) 92 (66.7) 0.02 (0.88) 0.95 (0.49–1.82)

Female 22 (34.4) 42 (65.6)

Family income
per month+ (in Rupees)

Less than 5000 36 (37.5) 60 (62.5) 1.8 (0.17)

5000 and above 18 (27.3) 48 (72.7)

ART status

Pre-ART 22 (30.6) 50 (69.4) 0.48 (0.49) 0.96 (0.49–1.90)

On ART 46 (35.4) 84 (64.6)

CD4 count, last
visit* (in cells/ml)

Less than 200 19 (32.8) 39 (67.2) 0.22 (0.88) 0.96 (0.48–1.93)

200 and above 43 (33.9) 84 (66.1)

ART duration**
[months, median
(IQR)]

19.3 (5.7–31.3) 19.2 (3.2–43.7)

Previous episode
of TB

Yes 39 (44.3) 49 (55.7) 7.93 (,0.01) 2.31 (1.24–4.30)

No 29 (25.4) 85 (74.6)

ART: Antiretroviral treatment, CI; Confidence Intervals +Patients with recorded family income, N = 162* Patients with available information about CD4 count, last visit
N = 185** Patients on ART with available information about ART initiation date, N = 126a aOR; adjusted Odds ratios (calculated by binary logistic regression using multi-
ple imputation for CD4 missing data).
doi:10.1371/journal.pone.0110461.t004
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Discussion

To our knowledge this is the first DR-TB survey carried out

among HIV clinic attendees in India. This study shows that,

among HIV-infected children and adults in Mumbai, the burden

of drug-resistant tuberculosis is extremely high: almost one in four

new TB cases and one in two of those previously treated for TB

have a drug-resistant strain. Of just as great concern, a large

proportion of these strains was resistant to one or more second-line

tuberculosis drugs, especially fluoroquinolones.

The overall rate of culture positivity amongst presumptive TB

cases was surprisingly low (11.7%). We hypothesize that this was

due neither to limitations in laboratory techniques nor the

presence of NTM disease, but instead to the broad inclusion

criteria that required a person attending a study site to have just

one of four possible TB symptoms as recommended by WHO

[13]; a person with ‘current cough’, for example, who was

otherwise stable was eligible for enrolment. Another possible

contributor to the low rate of TB culture positivity was the

relatively large number of poor quality specimens (e.g. consisting

of saliva) despite active instruction being given by a dedicated

study nurse at each site. In any case, this finding warrants further

investigation.

Even though the overall yield of TB was small in the pediatric

cohort as well, it remains significant that almost half of the

children with TB were infected with drug-resistant strains, most

commonly pre-XDR-TB. Since bacteriological confirmation of

DR-TB is more challenging in young children than in adults, as

they cannot expectorate sputum and are more likely to have

paucibacillary and extra-pulmonary TB, we hypothesize that the

burden of TB and DR-TB is likely to be underestimated among

children in this study, similar to what has been found in a recent

meta-analysis [15]. With less than 2% of all study participants

having specimens taken from extrapulmonary sites, it is almost

certain that EPTB is being underdiagnosed as well in this cohort.

A separate analysis found no significant association between EPTB

and DR-TB in children or adults.

Our statistical models revealed no significant associations

between most demographic and clinical factors and the risk of

DR-TB and MDR-TB. We believe that these findings are

important for their lack of associations; it seems that most TB/

HIV co-infected patients attending ART centers in Mumbai are at

risk for DR-TB. Although the relatively small sample size limits the

power of our analyses and calls for cautious interpretation, the lack

of associations suggests that all those infected with HIV and

presumed to have active TB be tested for drug-resistant strains.

Table 5. Demographic and clinical factors associated with multidrug-resistant tuberculosis in HIV-infected tuberculosis patients,
Mumbai, India.

Explanatory
Variable

Patients with
multidrug-resistant
tuberculosis (N = 45),
n (%)

Patients with
drug-susceptible
tuberculosis
(N = 134), n (%)

Chi-square/t-test
(p-value)

aORa

(95% CI)

Age [years,
median (IQR)]

38.0 (30.0–42.5) 38.0 (33.8–44.0) 1.85 (0.18) 0.98 (0.95–1.01)

Sex of patients

Male 30 (24.6) 92 (75.4) 0.06 (0.80) 0.83 (3.8–1.83)

Female 15 (26.3) 42 (73.7)

Family income
per month+

(in Rupees)

Less than 5000 21 (25.9) 60 (74.1) 1.03 (0.31)

5000 and above 11 (18.6) 48 (81.4)

ART status

Pre-ART 12 (19.4) 50 (80.6) 1.69 (0.19) 0.85 (0.37–1.96)

On ART 33 (28.2) 84 (71.8)

CD4 count,
last visit*
(in cells/ml)

Less than 200 13 (25.0) 39 (75.0) 0.00 (1.00) 1.02 (0.43–2.41)

200 and above 28 (25.0) 84 (75.0)

ART duration**
[months, median
(IQR)]

19.7 (5.7–34.8) 19.2 (3.2–43.7) 0.02 (0.88)

Previous episode
of TB

Yes 32 (39.5) 49 (60.5) 16.2 (,0.01) 4.16 (1.93–8.95)

No 13 (13.2) 85 (86.7)

ART: Antiretroviral treatment, CI; Confidence Intervals +Patients with recorded family income, N = 140* Patients with available information about CD4 count, last visit
N = 164** Patients on ART with available information about ART initiation date, N = 126aaOR; adjusted Odds ratios (calculated by binary logistic regression using multi-
ple imputation for CD4 missing data).
doi:10.1371/journal.pone.0110461.t005
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Given the high population density in Mumbai, in which a large

proportion of the population lives in slums under extreme poverty,

the very high TB prevalence and the relatively high HIV burden

reported in greater metropolitan Mumbai, these data are unlikely

to be representative of a country as vast and diverse as India.

Nevertheless the living conditions in Mumbai and common

practices in the public and private health sectors (as for example

the prescribing of inappropriate regimens and over-the-counter

availability of fluoroquinolones and other drugs with anti-TB

properties) are similar to those of other large metropolitan centres

in the country, so these data could very well represent the DR-TB

situation in such cities as New Delhi, Kolkata and Chennai.

While it may not be possible to generalise our estimates for the

entire country or even for HIV-uninfected populations, they serve

to highlight the overall magnitude of the DR-TB epidemic in

Mumbai, which is not unknown [16,17]. A high prevalence of

MDR-TB strains (11–68%) was reported in tertiary health

facilities as early as 1991, followed by further documentation in

2006 [18–20], including information on the magnitude of the

epidemic in children [21]. A study by D’Souza et al in 2009 [18]

documented high levels of multiple drug resistance (both MDR

and poly-drug resistance) amongst previously untreated cases in

urban parts of Mumbai. In 2011 Udwadia et al reported a cases-

series of totally-drug resistant TB (a term that has not officially

been endorsed by WHO) in Mumbai, which captured the

attention of local and international media [22,23]. However to-

date such findings are often overlooked and their importance

minimized as representing only selected populations, laboratory or

tertiary care settings and small case-series. Our study confirms that

there is more than one epidemic ongoing in Mumbai and

reinforces the urgent need to accurately measure the overall

prevalence and incidence of DR-TB around the country in order

to define appropriate interventions. Studies in selected populations

such as this complement the overall estimates and can help in

directing resources and prioritizing interventions targeted at the

most vulnerable groups.

This survey is subject to the usual limitations in survey design

and data collection. There is likely to be a tendency for patients to

not report previous treatment either because they do not

remember (recall limitation) or, on purpose, to avoid going

through a long course of treatment that includes daily injectable

medication and is known among patients for debilitating side

effects [24]. Such bias could have led to an overestimate of DR-TB

among new cases and an underestimate among retreatment cases.

However, most HIV-infected patients attending ART clinics are

usually aware of tuberculosis and have been counseled and

screened for TB on several occasions, so recall limitation is rather

unlikely.

The majority of HIV-infected patients attending public and

public-private ART centers in the city are likely to access the

public national TB programme for TB diagnosis and treatment.

However many still seek care from private practitioners or may

switch between the public and private sectors. The contribution to

DR-TB levels from suboptimal treatment regimens prescribed in

the unregulated Indian private health sector has been well

documented [25–27]. Cox et al in 2007 have shown that even

under well-established DOTS programmes in areas with high

levels of drug resistance, high levels of amplification of drug

resistance are to be expected [28].

The high level of resistance to three or more first-line anti-TB

drugs and to fluoroquinolones has been previously described by

others [29]. The proportion of previously untreated cases in our

study that were resistant to more than three drugs, especially

isoniazid, rifampicin and a fluoroquinolone, was particularly

alarming and highlights two major issues in the management of

TB in the setting of HIV/ART clinics. Firstly, it points to the

scenario of nosocomial transmission of TB and DR-TB. Those

attending an ART clinic at least once a month are more likely to

be exposed to susceptible and resistant strains of M. tuberculosis
than the general population. Given that the ART centers in

Mumbai are usually extremely busy, constantly crowded and that

they often lack adequate TB infection control interventions, this

scenario is not unlikely. Instead of hypothesizing that most cases of

DR-TB are due to non-adherence among patients on treatment,

exogenous infection or re-infection should first be considered

[30,31]. Secondly, considering the high levels of resistance to

second-line TB drugs and especially fluoroquinolones in this

population, it is reasonable to assume that patients with

presumptive TB may actually have pre-XDR-TB or even XDR-

TB. This statement implies a huge investment in laboratory

capacity in an already constrained public sector in Mumbai in

order to screen all TB patients at the outset for strains that are

resistant to fluoroquinolones and anti-TB injectables Nevertheless,

we believe that it is a reasonable investment to make if the

epidemic of DR-TB is to be controlled in the city in the future.

Conversely, if DST is only offered afterward to those failing their

TB treatment regimen, a large proportion of DR-TB cases will be

missed due to the high risk of mortality among HIV-positive

patients with untreated DR-TB [32].

There is an ongoing plan to systematically offer molecular TB

diagnosis (mainly using Xpert MTB/RIF, also known as

GeneXpert) to all HIV-infected patients in Mumbai and elsewhere

in the country. While this is a giant leap forward, since GeneXpert

can rapidly detect MTB and rifampicin resistance within 2 hours,

we are concerned that ‘scale up’ of DR-TB diagnosis using this

particular diagnostic may lead to suboptimal practices, since a

diagnosis of rifampicin resistance alone and/or assumption that it

represents a diagnosis of MDR-TB, may mask a diagnosis of pre-

XDR or XDR-TB (or worse); the risks then associated with giving

a suboptimal treatment regimen are significant both in terms of

morbidity and mortality for the patient, as well as amplification of

resistance and subsequent community transmission of resistant

strains. While GeneXpert is an excellent and efficient diagnostic

tool for MTB and screening test for DR-TB, in settings like

Mumbai it is essential that it be complemented by culture and

DST involving first- and second-line anti-TB drugs. The national

programme has recently changed the policy to account for this

risk, starting with HIV-infected patients in Mumbai and Mahar-

ashtra.

Our initial study protocol included fingerprinting studies using

spoligotyping, which we had to abandon due to the high cost. Cox

et al have in the past found a strong association between the

Beijing genotype and amplification in situations of preexisting

resistance in a central Asian setting [33]. Similarly, the proportion

of the Beijing genotype was reported to be 35% in the urban

Mumbai population studied by Almeida et al [34]. We need

fingerprinting studies to establish how often nosocomial transmis-

sion occurs and to guide TB infection control interventions.

Another area of research that is urgently needed relates to

chemoprophylaxis for child contacts of DR-TB cases in Mumbai;

preventative regimens that have shown to be effective in other

settings are unlikely to prevent development of active disease in

many children in Mumbai due to the high baseline rate of

fluoroquinolone resistance [35].
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Conclusion

Our findings strongly suggest that there is an ongoing DR-TB

epidemic among people living with HIV and attending ART

centers in Mumbai, which requires urgent, innovative and feasible

models of care that allow for rapid and accurate detection and

treatment of as many DR-TB patients as possible. Ideally all

patients with presumptive TB attending any ART center in

Mumbai, or settings with similar drug resistance patterns, should

be screened with a rapid molecular diagnostic followed by DST to

first- and second-line anti-TB drugs, including for fluoroquino-

lones, so that the correct diagnosis is made as early as possible and

followed by prompt treatment initiation with an appropriate

individualized regimen. The high rate of DR-TB amongst new TB

patients also highlights the need for better TB infection control

measures in order to prevent ongoing transmission of DR-TB in

the community and health facilities, especially those attended by

vulnerable populations, such as those living with HIV.
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ABSTRACT : 

Background-The emergence of resistance to drugs used to treat tuberculosis (TB), and particularly 

multidrug-resistant TB (MDR-TB), has become a significant public health problem in a number of 

countries and an obstacle to effective TB control. In our study we tried to comprehend the prevalence of 

MDR TB in new cases and retreatment cases in suspected MDR cases in the department of pulmonary 

medicine MGM medical college and hospital Aurangabad, India. 

Methods- A prospective observational study was conducted between January 2015 and March 2016 at 

department of pulmonary medicine. all the sputum samples were sent to Government medical college 

Aurangabad where they were examined for AFB by direct microscopy after homogenization and 

concentration by Petroffs method and staining by Ziehl-Neelsen method. The specimens were subjected 

culture and sensitivity for M.Tuberculosis. Culture was performed on LJ Media and sensitivity was 

done for Rifampicin and Isoniazid .On the bases of Sensitivity patients were labeled as MDR/Mono 

resistance or Non MDR.    

Results- A total of 181 MDR suspects selected for the study .Patients were divided into 2 groups New 

cases and Retreatment cases which shows the prevalence of MDR is high in retreatment cases around  

15.85 % when compared to New cases which is around 11.36 %. Mono resistance to INH was found to 

be 3.17%. 

Conclusion- Our study was conducted in a small number but which clearly states the levels of MDR in 

new cases was high when compared to the WHO global estimate 2014 of MDR in new and previously 

treated cases .This show there is a almost need to improve our diagnostic modalities and good treatment 

plans to reduce the prevalence of MDR both new and retreatment cases. Subjecting new cases for first 

line drug sensitivity testing should be implemented. Our study emphasize the need of first line drug 

sensitivity testing in all the new cases of Tuberculosis. 

Key words- MDR , XDR, PMDT ,WHO , DMC,TB 

  
INTRODUCTION :  Multidrug-resistant TB 

(MDR-TB), has become a significant public 

health problem in a number of countries and an 

obstacle to effective TB control. In India, the 

available information from the several drug 

resistance surveillance studies conducted in the 

past suggest that the rate of MDR-TB is relatively 

low in India. However this translates into a large 

absolute number of cases and as yet the 

management of patients with MDR-TB is 

inadequate. It is well known that poor treatment 

practices breed drug resistance. Areas with a poor 

TB control tend to have higher rates of drug 

resistant TB. It has been acknowledged that good 



Cite As: Prevalence of Multidrug Resistance Tuberculosis in Presumptive Multidrug Resistant 

Tuberculosis Cases Attending Tertiary Care Center;Vol. 3|Issue 09|Pg:2120-2125 
2016 

 

2121                                DOI: 10.18535/ijmsci/v3i9.6 

  

treatment is a pre-requisite to the prevention of 

emergence of resistance. Prevention of emergence 

of MDR-TB in the community is more imperative 

rather than its treatment. It is impossible to tackle 

the problem of drug-resistant[1] 

Drug-resistant TB has microbial, clinical, and 

programmatic causes. From a microbiological 

perspective, the resistance is caused by a genetic 

mutation that makes a drug ineffective against the 

mutant bacilli. An inadequate or poorly 

administered treatment regimen allows drug-

resistant mutants to become the dominant strain in 

a patient infected with TB. [1]  However it should 

be stressed that MDR-TB is a man-made 

phenomenon – poor treatment, poor drugs and 

poor adherence lead to the development of MDR-

TB. [1] According to WHO Globally, an 

estimated 3.3% (95% CI: 2.2–4.4%) of new cases 

and 20% (95%CI: 14–27%) of previously treated 

cases have MDR-TB. In 2014, there were an 

estimated 480 000 (range: 360 000–600 000) new 

cases of MDR-TB worldwide, and approximately 

190 000 (range: 120 000–260 000) deaths from 

MDR-TB. Among patients with pulmonary TB 

who were notified in 2014, an estimated 300 000 

(range: 220 000–370 000) had MDR-TB. More 

than half of these patients were in India, China 

and the Russian Federation. [2] 

In present study, we have estimated the 

prevalence of MDR-TB (defined as resistance to 

Rifampicin and Isoniazid with or without 

resistance to other drugs) in MDR- suspect 

patients attending the department of pulmonary 

medicine MGM Medical college and hospital 

Aurangabad, Maharashtra . These MDR-suspect 

patients (according to Guidelines on 

Programmatic Management of Drug Resistant TB 

(PMDT) in India may 2012) include any TB 

patient who fails an RNTCP category I or III 

treatment regimen, any RNTCP category II patient 

who is sputum smear positive at the end of the 

third month of treatment or later and close 

contacts of MDR-TB patients who are found to 

have smear positive pulmonary TB disease. 

MATERIALS AND METHODS: 

This study was a prospective observational study 

that involved all MDR-suspects attending the 

department of pulmonary medicine MGM 

Medical College and hospital Aurangabad, 

Maharashtra from January 2015 –March 2016. 

DATA AND SPECIMEN COLLECTION- 

 Detailed history taken from patient. Patients were 

carefully inquired about their symptoms such as 

fever, cough, expectoration, chest pain, 

breathlessness, loss of appetite and loss of weight. 

Past history of anti tubercular drug intake was 

taken. Routine hematological investigations were 

requested for each patient including complete 

blood count, random blood sugar, liver function 

tests, kidney function tests, Elisa for HIV I & II 

and urine for routine-microscopy. A standard X-

ray chest PA view was ordered for every patient. 

Sputum for acid fast bacilli, smear microscopy, 

culture and drug susceptibility tests were 

performed at Department of Microbiology, 

Government Medical College Aurangabad. All 

sputa samples were first homogenized and 

concentrated by Petroff’s method (modified) in 

GMC. Drug susceptibility testing was carried out 

by ‘Minimal Inhibitory Concentration’ method. 

Standard reference strain ‘H37Rv’ was tested 

additionally for comparability and precision Pt 

were divided into two groups. 

Group A which included new cases of pulmonary 

tuberculosis [who never had tuberculosis in the 

past and was never exposed to any of the ATT 

drugs] who’s sputum was positive after 

completion of 2 mouths of ATT which include 

2H3 R3Z3E3. 

Group B which include all treatment failure, 

relapse and treatment default cases [who had been 

exposed to anti tubercular drugs in the past] of cat 

I and cat II under RNTCP India who’s sputum 

turned out to be positive for acid fast bacilli again.  

INCLUSION CRITERIA –new cases of 

pulmonary tuberculosis who’s sputum was 
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positive after completion of 2 months of ATT All 

treatment failure, relapse and treatment default 

cases who had been exposed to ATT earlier and 

turned sputum positive for acid fast bacilli. 

EXCLUSION CRITERIA-smear negative 

pulmonary tuberculosis  MDR Treatment failure: 

MDR Treatment default: patients Still on MDR  

treatment: 

DRUG SUSCEPTIBILITY  TESTING  

Early morning sputum samples from patients were 

processed by the modified Petroff's method [3], 

stained by Ziehl-Neelsen Carbol Fuchsin, 

microscopically examined and cultured on 

Lowenstein-Jensen slopes (Himedia, India) as 

well as in Dubos broth (Himedia, India). Culture-

negative or contaminated samples were excluded 

from the analysis. Biochemical tests for niacin and 

catalase production were performed to confirm the 

identity of Mycobacterium tuberculosis. Drug 

susceptibility testing of the samples was 

performed by the radiorespirometric Buddemeyer 

technique (a manual modification of the Bactec 

460 technique) [4,5]. Briefly, samples were 

inoculated into Dubos broth containing 
14

C 

Palmitic acid (Board of Radiation and Isotope 

Technology, India). Vials were set up in triplicate 

each containing 0.5 × 10
6
/ml of Acid Fast Bacilli 

(AFBs) in absence (positive control) as well as 

presence of drugs (μgs/ml): Isoniazid (H – 0.1), 

Rifampicin (R – 2), Pyrazinamide (Z – 100) and 

Ethambutol (E – 2.5). Negative controls consisted 

of medium without acid fast bacilli (AFBs) as 

well as with heat killed AFBs. A 1:100 dilution of 

the positive control was also maintained. Readings 

were obtained daily until the eighth day in counts 

per minute (cpm) on a Wallac 1409 DSA liquid 

scintillation counter. Growth indices (GI) were 

calculated for the drug containing vials and the 

1:100 positive control. Difference in growth 

indices (ΔGI), identical to that applied in the 

Bactec 460 method, calculated over consecutive 

days was used to determine susceptibility. The 

value of the mean ΔGI in the triplicate drug 

containing vials was compared to that for 1:100 

control for the same day. If ΔGI was less in the 

drug containing vials than the 1:100 control, the 

bacteria were considered susceptible; if more, they 

were considered resistant [6,7]. 

Multidrug resistance (MDR) was defined as 

resistance to at least H and R. Other cases were 

categorized as follows: Drug sensitive – absence 

of resistance to any of the 

drugs, monoresistance – resistance to only 1 drug 

and polyresistance – resistance to at least two or 

more drugs excluding the HR combination. 

RESULTS- A total of 184 MDR suspects patients 

selected for the study, out of which 58 patients 

were excluded from this study for various reasons. 

126 patients were subjected for further evaluation 

in our study ,which included 94 male [74.60%] 

and 32 female [25.40%] patients .Patents were 

divided into 2 groups, Group A – [New 

Cases]Which had 44 patients from which 5 

patients were MDR and 4 patients were detected 

with mono resistance to INH .The prevalence of 

MDR in New cases is around 11.36%   and  

Group B – [Relapse/Retreatment]Which had 82 

patients  from which 13 patients were MDR which 

shows prevalence of MDR in Retreatment cases is 

15.85 %  and Out of 126 patients 3 patients were 

HIV Positive [2.38%].  
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DISCUSSION 

Drug-resistant TB poses a major threat to control 

of TB worldwide. By the end of 2014, data on 

anti-TB drug resistance were available for 153 

countries, accounting for more than 95% of the 

world’s population and estimated TB cases. 

Eighty of these countries have continuous 

surveillance systems, while the others rely on 

epidemiological surveys. 

Extensively drug-resistant TB (XDR-TB) has 

been reported by 105 countries. On average, an 

estimated 9.7% (95% CI: 7.4–12%) of people with 

MDR-TB have XDR-TB. 

There was major progress in coverage of drug 

susceptibility testing (DST) between 2013 and 

2014. Worldwide, 12% of new bacteriologically-

confirmed TB cases and 58% of previously treated 

TB patients were tested for drug resistance in 

2014, up from 8.5% and 17% respectively in 2013 

(representing proportional increases of 43% and 

223%, respectively). Coverage was highest in the 

European Region (97% of new cases). In the 

South-East Asia and Western Pacific regions 

combined, two-thirds of previously treated cases 

underwent testing 

Globally in 2014, 123 000 patients with MDR -

TB or rifampicin resistant tuberculosis (RR-TB) 

were notified, of whom about 75% lived in the 

European Region, India, South Africa or China. 

According to PMDT may 2012 the prevalence of 

MDR-TB in India to be about 3% in new cases 

and 12-17% in re-treatment cases. Study 

conducted at department of pulmonary medicine 

MGM hospital and medical college Aurangabad 

Maharashtra shows prevalence of MDR-TB in 

new cases is 10.52% and 16.25% in re-treatment 

cases 

CONCLUSION 

Our study shows that the prevalence of MDR TB 

is more in retreatment cases when compared to 

new cases, it should be emphasized that the 

prevalence of MDR TB in New cases is higher 

when compared to the values stated under PMDT 

0

50

100

MALE FEMALE

NON MDR TB

MDR TB

SEX  MDR TB  NON MDR TB TOTAL 

MALE 14   [ 14.89%] 80      [84.10%] 94    [100%] 

FEMALE 4     [12.50% ] 28      [87.50%] 32    [100%] 

TOTAL 18   [ 14.28%] 108    [85.72%] 126  [100%] 

GROUPS A-NEW CASES B- RELAPSE TOTAL 

MDR TB 05       [11.36%] 13     [15.85%] 18      [14.28%] 

NON MDR TB  39       [88.64%] 69     [84.15%] 108    [85.72%] 

TOTAL 44       [100%] 82     [100%] 126    [ 100%] 



Cite As: Prevalence of Multidrug Resistance Tuberculosis in Presumptive Multidrug Resistant 

Tuberculosis Cases Attending Tertiary Care Center;Vol. 3|Issue 09|Pg:2120-2125 
2016 

 

2124                                DOI: 10.18535/ijmsci/v3i9.6 

  

2012 and WHO annual TB report 2015 .This is a 

threat to TB control Program in India [RNTCP] 

MDR TB diagnostic facility and surveillance 

activity should be expanded. Our study emphasize 

the need of first line drug sensitivity testing in all 

the new cases of Tuberculosis should be 

implemented to control, reduce the prevalence and 

improve the outcome of MDR TB treatment. 
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Role of Gene Xpert in Early Diagnosis and Treatment of
Tuberculosis

Abstract

Global Tuberculosis control efforts have been severely hampered due to lack of diagnostic tests that are accurate, simple to
use and can be applied at the point of clinical care. This has been further compounded by the wide spread inability to test
for drug resistance. The Xpert MTB/RIF assay is a rapid molecular assay that can be used close to the point of care by
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operators with minimal technical expertise. In this study, 100 Sputum samples were obtained from the Tuberculosis (TB)
suspected patients in the MGM Hospital and sent to the Central Research Laboratory (CRL), Department of Microbiology,
MGM Medical College, Navi Mumbai, India from January 2016 to June 2016. The patients were examined clinically as per
standard criteria and the sputum samples were then processed by three methods mainly includes Smear microscopy for
Acid fast bacilli staining (AFB), Tuberculosis bacterial culture by Mycobacterium Growth Indicator Tube (MGIT), and
Xpert MTB/RIF test platform (Gene Xpert, Cepheid), which integrates sample processing and Polymerase Chain Reaction
(PCR) in a disposable plastic cartridge containing all reagents required for bacterial lysis, nucleic acid extraction,
amplification, and amplicon detection. The Xpert MTB/RIF cartridge was then inserted into the Gene Xpert device, which
provides results within 2 h. The sensitivity of Acid Fast Bacilli Smear Microscopy (AFB), Gene Xpert were found 55, 96%
respectively and specificities were 96.67 and 96.67% respectively considering culture (MGIT) as a Gold standard. Gene
Xpert assay was able to detect more Tuberculosis cases than Acid Fast Bacilli Smear microscopy alone. This technique
though expensive is much quicker as compared to the conventional methods and is more sensitive and specific. This
method could offer a new approach for accurate tuberculosis diagnosis, especially in remote regions of the world where
culture-based diagnostic systems are not available and needs a specific environment for Sample processing and Growth of
the Tuberculosis Bacteria.
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Tuberculosis Gene Xpert MTB/RIF AFB Culture MGIT PCR 
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ABSTRACT 

 
The purpose of the study was to find the prevalence of extra pulmonary and pulmonary TB in the 

area of Navi Mumbai 113 adult TB patients having confirmed HIV sero-positivity were screened 

for the current study. The diagnosis of TB was based on clinical impression and relevant 

investigations including CBC with ESR, Mantoux test, Chest X-ray, USG Abdomen and Pelvis, 

sputum smear AFB examination in case of pulmonary symptoms, Fluid analysis and studies Bac-

T Alert methods, Fine needle aspiration cyto (FNAC), Real-time PCR (Light cycler Roche 480) 

and CT scan. Prevalence of tuberculosis in HIV -positive patients in this study was (43.3%). 

Extra pulmonary TB (61%) was found to be more common than pulmonary TB (39%). There is a 

high prevalence of extra pulmonary TB in HIV patients in this area of Navi Mumbai. The study 

also inferred that patients with relatively high CD4 counts should be essentially screened for 

tuberculosis. 

 

Keywords: Extra pulmonary TB, HIV, Real time PCR, CD4 counts  

 

INTRODUCTION 
 

Mycobacterium tuberculosis (MTB) and Human 

Immunodeficiency virus / Acquired 

Immunodeficiency deficiency remains the most 

common infectious disease in resource limited 

countries. Mycobacterium tuberculosis – HIV co 

infection causes therapeutic and diagnostic 

challenges and in turn poses immense pressure on 

health care agencies in such countries where the 

populations of coinfected individuals are ever 

increasing. At least one-third of the 33.3 million 

people living with HIV worldwide is infected with 

TB.  Persons co-infected with TB and HIV are 20-

30 times more likely to  develop active TB disease 

than persons without HIV[1]. In patients dually 

infected with Mycobacterium tuberculosis and 

HIV, both the organisms together will accelerate 

the deterioration of the immune system resulting in 

early death if untreated. Diagnosis of TB in HIV 

infected patients may be delayed because of 

atypical clinical presentations and involvement of 

inaccessible sites and low sputum smear positivity 

[2]. In individuals co- infected with HIV and 

tuberculosis, the lifetime risk of developing 

tuberculosis is 50%-70% as compared  to a 10% 
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risk in HIV negative individuals [3,4,5]. Thus, 

because of the very frequent association of 

tuberculosis and HIV, it has become necessary to 

look for tuberculosis in HIV infected individuals 

and vice versa. In this study, we describe a profile 

of a case series of patients with TB/HIV co-

infection, in order to obtain a better picture of the 

clinical profile of these patients. With the 

continuing emergence of MDR, XDR and XXDR 

tuberculosis creating havoc. The current study 

aims at screening HIV infected patients for co-

infection with tuberculosis and to analyse the 

profile of the TB cases in HIV infected patients 

attending a tertiary care centre in Navi Mumbai.  

 

METHDOLOGY 

 
113 adult TB patients having confirmed HIV sero-

positivity either attending OPD or hospitalized in 

MGM Medical College and Hospital, Navi 

Mumbai were included in this retrospective 

analysis from January 2011 to December 2011. 

Appropriate ethical clearance was taken from the 

institutional ethical research clearance committee.  

The HIV status of the patients was known by an 

initial screening with HIV Tridot (J. Mitra. And 

Co., India) further, if found positive, were 

confirmed by HIV ELISA (J. Mitra, India). Apart 

from clinical manifestations and history of contact 

with TB patients, the diagnosis of TB was based on 

clinical impression and relevant investigations 

including CBC with ESR, Mantoux test, Chest X-

ray, USG Abdomen and Pelvis, sputum smear 

AFB examination in case of pulmonary symptoms, 

Fluid analysis and studies Bac-T Alert methods 

(Becton Dickenson,India), Fine needle aspiration 

cyto (FNAC), Real-time PCR (Light cycler Roche 

480) and CT scan. The RT PCR was performed 

using IVD approved diagnostic kits obtained from 

Professional Biotech Ltd (Gudgaon, Haryana, 

India) Other suggestive investigations were also 

carried out as when required to establish the 

diagnosis of TB. The Inclusive criteria for patients 

data in this study were adult TB patients (>12 

years old) diagnosed according to the WHO 

criteria and with confirmed positive HIV status. 

Patients with other concomitant non-TB active 

infections such as fungal or protozoal infection 

were excluded from this study. All analyses were 

performed using the Statistical Package for Social 

Sciences (SPSS version 17.0) by using Chi-square 

test with 95% confidence level. Values of P ≤ 0.05 

were considered to be statistically significant. 

 

RESULTS AND OBSERVATIONS 

 
Demographic details of the patients: 

Of the 920 patients treated for TB in the year 2011 

at the tertiary care centre were HIV co infected. 

There were 30 males and 19 females. Majority of 

the patients were in the age group of 35 – 59 

(69.8%). It is common for patients to be diagnosed 

HIV-1 positive after developing TB, as shown in 

our study, 20% of patients confirmed their HIV-1 

status after TB was diagnosed. 

 

TABLE 1 

TB POSITIVES AMONG SEROPOSITIVE PATIENTS 

 
Total no. of HIV infecected 

patients 

Total no. of TB patients Males (TB & HIV co-

infection) 

Females (TB & HIV co-

infection) 

113 49 (43%) 30 (60%) 19 (40%) 

 

Table 2 

DISTRIBUTION OF PULMONARY AND EXTRA PULMONARY TB CASES 

 
Total no. of TB patiens Pulmonary TB cases Extra Pulmonary TB cases 

49 19 (39%) 30 (61%) 

 

Table 3 

DISTRIBUTION OF EXTRA PULMONARY CASES FROM DIFFERENT SAMPLES 

 
Extra 

pulmonary TB 

cases 

Cervical TB 

Lymphadenopathy 

Pleural effusion Abdominal TB CNS TB Miliary TB 

30 14 (47%) 6 (20%) 4 (13%) 3 (10%) 3 (10%) 
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Table 4 

CORRELATION BETWEEN POSITIVITY OF DIFFERENT TESTS 

 
Total no. of Pulmonary TB 

patients  

Sputum smear AFB 

positive cases 

Bac- T Alert PCR 

19 6 19 19 

 

Table 5 

CORRELATION OF NO. OF CASES WITH CD4 COUNTS 

 
CD4 counts HIV cases (113) No. of TB cases (49) No. of Pulmonary 

TB cases (19) 

No. of EPTB cases 

(30) 

>500 37 04 (11%) 1 3 

450-499 18 04 (22%) 2 2 

350-449 31 16 (52%) 6 10 

250-349 20 18 (90%) 6 12 

<249 07 07 (100%) 4 3 

 

DISCUSSION 

 
In the present study, only pulmonary TB (PTB) was 

seen in 19 (39%) patients, while only EPTB was seen 

in 30 (61%) patients (three- military, 14- lymph 

node, three- CNS, 10- abdominal) which is similar to 

the study conducted by Sharma et al [6]. Out of 19 

TB patients having pulmonary involvement sputum 

smear AFB was positive only in 6 (31.5%). Out of 6 

sputum smear positive patients, 3 cases (50%) had 1+ 

positivity; one (16%) had 2+ positivity; one (16%) 

had 3+ positivity while scanty bacilli were seen in 

one (16%). Rest of 13 sputum negative cases, were 

positive by Bact-T Alert culture for Mycobacterium 

tuberculosis. Mantoux test was done in 113 patients 

and its positive results are 65. Among EPTB, cervical 

lymphadenopathy was seem in 14 (47%) patients 

followed by Pleural effusion 6 (20%), and abdominal 

TB4 (13%) patients. Other forms included CNS TB 3 

(10%). Disseminated TB was seen in 3 (10%) 

patients. Dharmshale et.al found 47.5% incidence of 

EPTB among HIV positive patients [7]. Giri et.al 

found the prevalence of pulmonary tuberculosis 

among HIV positive patients to be 17% [8]. Patel 

et.al reported that 40% had only pulmonary TB 

(PTB), 46% had pulmonary and extra-pulmonary TB 

(EPTB), 10% had only EPTB and 4% had 

multisystemic EPTB [9].  Sandgren et. al in his 

descriptive analysis of extrapulmonary TB in 

EU/EEA countries reported that Extrapulmonary TB 

accounted for 19.3% of all notified cases [10].  

Kingkaew  et. al  in his study  of 769 patients, 

reported pulmonary TB only in 461 (60%), both 

pulmonary and extrapulmonary TB in 78 (10%), 

extrapulmonary TB at one site in 223 (29%), and 

extrapulmonary TB at more than one site in seven 

(1%) patients[11]. 

 

CONCLUSION 

 
Prevalence of tuberculosis in HIV-positive patients 

in this study was (43.3%). Extra pulmonary TB 

(61%) was found to be more common than 

pulmonary TB (39%), which is usually the 

commonest in HIV negative individuals. Also 

among extrapulmonary TB cervical lymph node 

involvement was more common (47%). This study 

also showed that CD4 counts of greater than or 

equal to 500 were also positive (11%) for 

tuberculosis. So, even patients with relatively high 

CD4 counts should be essentially screened for 

tuberculosis. 
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T To study the role of sputum induction by 3% hypertonic saline and sputum samples subjected to ZN staining method.110 
cases having clinico-radiological features of pulmonary tuberculosis with sputum smear negative for  AFB were studied. Total 
of 110 cases were studied. The present study revealed that sputum induction is safe, simple and cost effective method. It 
also helps in obtaining adequate amount of quality sputum in patients who are smear negative on spontaneously produced 
sputum or are unable to produce sputum.
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Introduction - 
Despite the advent of new tests for the diagnosis of  tuber-
culosis with greater sensitivity than smear microscopy of ap-
propriate sputum samples, about 20-30% of TB patients will 
not have microbiologic confirmation. This figure may be much 
higher in children and patients with extra-pulmonary TB or PL-
HIV. Although it is recommended that any sample from a sus-
pected TB patient that is initially negative by a rapid diagnostic 
test be cultured for TB growth and confirmed diagnosis, there 
will be a group of patients that have TB but without microbio-
logic confirmation.

Overall 1/3rd of tuberculosis still  remains undiagnosed. Rap-
id and precise diagnosis will reduce the risk of nosocomial 
&community transmission of TB. Direct sputum smear micro-
copy remains a fundamental tool of diagnosis, but may be 
negative up to 50% case of active pulmonary TB(1). Alterna-
tive methods of obtaining sputum specimens are frequently 
needed in those patients with radiological suspicion of TB who 
are unable to expectorate or are smear negative. The methods 
include – sputum induction (SI), bronchoalveolar lavage (BAL) 
and gastric washings (GW) specimens (2). These methods have 
their own advantages and disadvantages and diagnostic yield 
vary so also safety and tolerability, and feasibility in different 
set-ups.

GW is reported to reveal the organism only in 25-50% of 
children with active TB, when a set of three samples are sub-
jected to both microscopy and culture (3). Bronchoscopy is an 
invasive procedure, only available in the large hospitals, needs 
experts for performance, costly and may not be feasible if the 
large numbers of patients are to be tested. SI is a cheap and 
non-invasive alternative with a diagnostic yield “same if not 
better” than bronchoscope(4). SI with hypertonic saline has 
been used in the diagnosis of various respiratory disorders. 
The present study was performed to evaluate the use of SI in 
establishing the diagnosis in patients with suspected pulmo-
nary TB, who are unable to produce adequate sputum or are 
found negative on smear examinations.

Aims and objectives –
To study the role of sputum induction in determining the diag-

nostic yield of the test in diagnosis of pulmonary tuberculosis.

To detect the sputum positive cases in patients who have clin-
ic-radiological evidence of pulmonary tuberculosis.

Methodology - 
110 patients with clinical and radiological features suggestive 
of pulmonary tuberculosis both on Outpatient & Inpatient ba-
sis in Mahatma Gandhi Mission Institute Of Health Sciences, 
Kamothe, Navi Mumbai were involved in the study . Patients 
aged 18-80 years with features of pulmonary tuberculosis 
and having spontaneously produced 2 sputum smear nega-
tive samples and not able to expectorate or having dry cough/
scanty sputum were included.

Inclusion Criteria:- 
Patients between the age group 18-80 years with  
•	 Persistent cough for 3 weeks or more, with or without 

one or more of the following symptoms are suggestive 
of pulmonary tuberculosis. [20]

•	 Weight loss,tiredness,fever particularly with rise of tem-
perature in the evening , night sweats, chest pain, loss 
of appetite, coughing up of blood and presence of dry 
cough or scanty sputum   radiological pulmonary tuber-
culosis.

 
Pattients in whom cough induction was considered  hazard-
ous  like those with Haemoptysis .,Acute respiratory distress.
Unstable cardiovascular status, (arrhythmias, angina).Thoracic, 
abdominal or cerebral aneurysms.Hypoxia (SaO2 less than 90 
% on room air). FEV1 less than 1.0 Litre.Pneumothorax and 
pulmonary emboli.Fractured ribs or other chest trauma.Recent 
eye surgery.

Following informed consent, in a well ventilated room reser-
voir device of nebulizer was filled with 20ml of 3 % hyper-
tonic saline and subjects were asked to inhale mist until 2 ml 
of sputum is obtained or for a maximum of 20 to 30 minutes 
.The patient could expectorate the quality sputum within 2 
hours. If the patient requires assistance, the health profession-
al wore a TB respiratory protection device (N95 mask) before 
entering the room and remove it after leaving the room. The 
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procedure was stopped when: The patient has produced 1-2 
ml of sputum for each specimen or15 minutes of nebulization 
was reached  or the patient complained of dyspnea, chest 
tightness or wheeze.

The sample selected for the study belong to different age 
groups and it includes males and females as per the following 
distributions in Table 1, 2 & 3 

Table 1: Gender wise frequency distribution of the sample 
selected.

Gender Number Percent

Male 73 66.4

Female 37 33.6

Total 110 100.0

 
Males in the study are 73 (66.4 %) and females are 37 (33.4 
%).The distribution is depicted in the following figure.

Table 2: Age Wise Frequency    Distribution of the sample.

Age Group Number Percent

18-30 31 28.2

31-40 26 23.6

41-50 18 16.4

51-60 12 10.9

61-70 16 14.5

71-80 7 6.4

TOTAL 110 100.0

 
Total number of cases in the study is 110,among which 57 ( 
51.81 % ) cases were in the age group of 18-40 years ,29 
( 26.36 %) cases were in the age group of 41-60 years ,24 
(21.74 %) were in the age group of 61 -80 years.

RESULTS - 
Microbiology results-In all 110 patients suspected to have pul-
monary tuberculosis on clinical & radiological basis underwent 
sputum induction (330 samples). Nearly 2/3rd patients [71 out 
of 110] had productive cough & remaining 39 had dry cough 
in whom induced sputum was the only sample available for 
microscopy. Sputum induction did not yield any sample in 6 
patients.

1st Sample positive – 63 

2nd Sample Positive – 86

3rd Sample Positive – 87

All Sample Negative – 94

Only 1 Patient was Smear Positive and Culture Negative and 
22 patients were Smear & Culture Negative.

Twenty three patients were categorized as ‘Probable TB ie pa-
tients with symptoms suggestive of TB without microbiological 
confirmation (sputum smear microscopy, culture and molecu-
lar diagnosis), but with but strong clinical and other evidence 
(e.g. X-ray) may be diagnosed as “Probable TB”.ALL 23 had 
satisfactory clinicoradiological response to empirical antiTB 
therapy.

From the above data it is clear that there are no positive cas-
es identified through the two trials of testing the spontaneous 
sputum and in the testing after induction of the same patient, 
the number of negative cases is substantially reduced to 47 
from 110 first, then to 24 and finally in the third testing the 
number of negative cases is 23.

Table: 3 – Distribution According to Respiratory Pathology

Sr. No Respiratory Involvements No. of Patients Percentage

1 Cavitatory lesion 21 19.09

2 Pleural effusion 10 9.09

3 Consolidation 79 71.81

Total 110 100.00

 
Of the 110 study population,23 cases were sputum negative 
for acid fast bacilli after Ziehl Nelson staining and 11 patients 
were started on empirical anti TB drugs due to the very clear 
radiological clues and clinical manifestation ,and 12 were 
asked to follow up after 15 days if the symptoms persists, of 
the 8 patients who returned 6 were started on empirical anti 
tuberculosis drugs and 2 were asked to come back for review 
after 1 month if the respiratory symptoms persists, when the 
4 patients returned for review they were started on empirical 
anti TB drugs 

Discussion - 
SI has performed well both in resource-poor and re-
source-rich countries (5,6). In these studies, SI provided ade-
quate samples for diagnosis &was cost-effective and about 
29-33% patients were smear positive on SI samples. Its  
usefulness  has  also  been  confirmed in children(7) & ex-
trapulmonary  tuberculosis(8).However, few studies in devel-
oped countries showed that SI added little to overall diag-
nosis and was deemed costly (9).However ,  Mc Williams et 
al 10 et al found that (2002 ) the culture yield of Fiberoptic 
Bronchoscopy was only 52 percent and the cost was three 
times that of doing three sputum induction studies..The au-
thors preferred strategy was to employ SI followed by FOB 
only in those patients who were negative on sputum induc-
tion but had features of pulmonary tuberculosis on chest 
radiograph. This approach is more practical taking into con-
sideration the cost of missing the diagnosis. Naseem (2006) 
(11) et al in their comparative study of diagnostic yield of AFB 
with sputum induction to spontaneous sputum examination 
in suspected pulmonary tuberculosis found out that in ex-
pectorating patients, AFB smear and culture positivity results 
remain comparable with spontaneous and induced sputum 
sampling .Sputum induction improves the diagnostic yield 
for AFB in patients unable to expectorate adequate sputum 
sample. Biswas (2)et al --118 (2013).Overall, 32% of pa-
tients were found positive on smear examination after spu-
tum induction. Out of 58 patients who were smear negative 
with spontaneous adequate sputum, 21 (34 %) were found 
positive on induced sputum culture examination.SI culture 
was successful in confirmation of diagnosis in 14 (33 %) out 
of 42 patients with no / adequate sputum. The sensitivity of 
smear and culture of induced sputum in diagnosis of pulmo-
nary TB were 80 % and 87 % respectively.

In our study, out of 110 patients undergoing SI, 71 had cough 
with inadequate sputum while 39 patients had adequate spu-
tum. SI successful in 95 % of patients who could expectorate 
adequate sputum similar to Gupta et al (12).Overall, 74 .54 % 
of patients were found positive on smear examination after SI.

Conclusion:
The present study shows that sputum induction is safe, simple 
and cost effective method of obtaining adequate amount of 
quality sputum in patients, who are smear negative on spon-
taneously produced sputum or are unable to produced spu-
tum. The number of negative cases substantially reduced from 
110 to &47 to 24 and finally in the third testing the number 
of negative cases were 23. From this it is clear that after in-
duction it is possible to identify more cases.

Our study is not without  limitations. Patients suffering  from 
extrapulmonary  tuberculosis &HIV were not assessed. Chil-
dren  were not  part  of  our study .Microbiological  samples  
are  more  difficult  in  these groups. Study  was  carried out  
in a tertiary-care  cantre.The smear  yield  could  have  been  
higher if LED  microscopy  was  used which  was  introduced  
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later  in  our  institute.Larger studies are needed to assess its 
utility in different settings so as to include it in RNTCP.
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ABSTRACT 

 

Mycobacterium tuberculosis (MTB) is a major agent of infection for human tuberculosis (TB) 

worldwide. Although T.B. treated by a combination of six-monthly course of antibiotics, the rise in 

prevalence of drug-resistance TB (MDR-TB, XDR-TB) makes the it global health problem. Molecular 

methods have a significant role to play in MTB and drug resistance TB. Recently, high-resolution 

melting (HRM) Real time PCR analysis was used for amplicon genotyping and mutation scanning. 

The present study aims to develop a diagnostic method for MTB detection based on HRM analysis 

that does not require labeled oligonucleotides. Polymerase Chain Reaction was performed for MTB 

detection with IS6110 as a target gene. Derivative melting curves of the IS 6110 specific target 

amplified duplexes were characteristic of the genotype of MTB and non tubercular clinical isolates. 

On fluorescence analysis, Light cycler 480 gene scanning software analyzes and distinguishes 

presence or absence of MTB depending on the shape of the curve. We collected 100 suspected clinical 

isolates, including 10 non tuberculosis cases. These samples were analyzed for acid-fast bacilli 

(AFB), culture & Real Time PCR. The sensitivity and specificity of detecting MTB by HRM Real 

Time PCR was 98.51% and 93.94% respectively. This technique requires the unlabeled primers 

specific to the target sequence and a DNA specific intercalating dye which can prove a promising 

method for detection of Mycobacterium tuberculosis. 

 

Keywords: Mycobacterium tuberculosis, HRM, RT PCR, IS6110. 

 

INTRODUCTION 

Tuberculosis is known to cause 

significant mortality all over the world. 

World Health Organization has recognized 

India as a serious hot-spot region for 

tuberculosis and as the leading cause of 

death.
 (1,2)

 Detection of MTB in clinical 

isolate is important for the definitive 

diagnosis of tuberculosis. Microscopic 

examination needs a comparatively 

detectable amount of bacterium in 

specimens. The gold standard method of 

identifying mycobacteria is through 

mycobacterial culture. Though culture 

based detection is a sensitive method; a 

period of 4 to 8 weeks is necessary for 

definite diagnosis. 
(3)

 The development of 

diagnostic tests that are rapid, sensitive 

and specific for recognition of the 

causative agent of tuberculosis is essential 

to successfully control the disease. 

Conventional MTB PCR, targeting 

IS6110, TRC4, or hsp60 genes sequences 

have been extensively evaluated as an 

alternative for rapid diagnosis of 

tuberculosis.
 (4)

 To demonstrate the 

diagnostic potential of real-time PCR for 

detecting MTB in sputum specimens, we 

http://www.ijhsr.org/
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performed AFB staining, Culture and real-

time MTB PCR assays using 100 Clinical 

Isolates. The sensitivity and specificity of 

these methods were calculated using 

mycobacterial culture results as the 

reference point.
 (5)

 High-resolution melting 

(HRM) curve study is a novel, accurate 

and simple technique for analyzing the 

genotype of Mycobacterium tuberculosis 

without the need for specific probes. The 

dye LC Green, SYTO9, or Eva Green 

saturates amplified DNA, SYBR green 

dye, during identical melting curve 

analysis.
 (6-9) 

HRM curve analysis 

generates a difference plot curve, which 

analyzes nucleic acid sequences with high 

accuracy. Application of genotyping by 

HRM curve analysis has been followed for 

detection of much drug resistance case. 
(10) 

The aim of the study described here was to 

develop a useful molecular technique for 

the detection of M. tuberculosis in an 

accurate, fast and cost effective manner.
 (6-

9) 
HRM dye could successfully detect 

IS6110 amplified product; a signature for 

MTB and at the same time did not inhibit 

or adversely affect PCR. In this article, we 

showed the usefulness of applications of 

HRM dye in MTB detection that involve 

high-resolution melting curve analysis of 

HRM RT PCR for detection of MTB. We 

also demonstrate the fluorescence 

normalization. Difference plot analysis 

was distinguished by shape of the curve 

and/or specific position as a useful method 

of differentiating MTB and non-MTB 

cases. 

 

MATERIALS AND METHODS 

Specimens: Clinical samples were 

obtained from patients with strong clinical 

symptoms of TB including clinical 

response to antitubercular treatment 

referred from different clinics like jay 

Clinic & MGM Hospital, Kamothe, MGM 

Central Research Laboratory. In this study, 

90 sputum samples were obtained from 

adult pulmonary TB patients. 10 sputum 

samples were obtained from 

nontuberculous individuals (chronic 

asthmatics, chain smokers) initially 

screened by (-)ve AFB smear examination 

and chest X-ray were used as negative 

controls. Samples were processed 

immediately after collection. Samples 

were decontaminated and concentrated by 

modified Petroff’s method.
 (11,12)

 Briefly, 

the samples were decontaminated by 

mixing 4% NaOH with an equal volume of 

sputum sample, mixed and placed in water 

bath (37°C) for 1 hour with intermittent 

shaking. The sample was then centrifuged 

at 3500 g for 30 minutes, the pellet was 

resuspended in 1 ml of 1× phosphate 

buffered saline (PBS). To inactivate the 

bacteria, the samples were kept at 56°C for 

30 minutes in dry bath. From the pellet 

obtained, smears were prepared for AFB 

staining & other part of inactivation of 

samples was confirmed by culturing in LJ 

medium slant which were incubated at 

37°C for 4-6 weeks and the inactivation 

found adequate. The inactivated sample 

was stored at -20°C until DNA extraction. 

DNA extraction was performed using 

QIAamp blood DNA extraction kit 

(Qiagen, Hilden, Germany) as per 

manufacturer’s instructions.
 (13,14) 

 

DNA preparation: Processed sputum 

samples were used for DNA for positive 

control was obtained from solid cultures of 

a M. tuberculosis reference strain 

(H37RV) and M. Bovis, M. kansasii 

laboratory-identified strain grown on 

Lowenstein Jensen (LJ) agar medium. 

DNA extraction was performed using 

QIAamp blood DNA extraction kit 

(Qiagen, Hilden, Germany) as per 

manufacturer’s instructions. 
(13,14)

 DNA 

extraction was carried as described above. 

Primers and PCR conditions: The primer 

sequences used are IS-F 5’- 

CCTGCGAGCGTAGGCGTCGG-3’ and 

IS-R 5’- 

CTCGTCCAGCGCCGCTTCGG-3’. 

Given Primer set was previously described 

for MTB detection.
 (15)

 Two primer sets, 

IS–F & IS-R and were used to amplify123 

bp (65%GC). Genome DNA (5 ug) was 

added to 25 ul of a reaction mixture 
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containing 5 uM primers each of IS-F & 

IS-R and ingredients of the Light Cycler® 

480 High Resolution Melting Master Mix. 

The PCR was performed on a 

LightCycler®480 Instrument II, 96-well. 

The Positive control for each reaction 

consisted of two tubes of DNA of M. 

tuberculosis H37Rv. The PCR cycles were 

run according to the following conditions: 

for amplification of the 123bp fragment 

ofIS6110, 1 cycle of 95°C for 10 min and 

45 cycles of 95°C for 30 s, 60°C for 30 s, 

and 72°C for 40 s; final elongation at 72°C 

for 7 min, and finally cooling to room 

temperature. Prior to HRM analysis, the 

products were heated to 95
0
C for 1 min 

and then cooled to 40
0
C for 1min. HRM 

was performed from 60 to 95
0
C, rising at 

1
0
C/s with 25 acquisitions per degree. 

Light Cycler® 480 Gene Scanning 

Software was used for HRM curve 

analysis. The melting curves were 

normalized and temperature shifted to 

allow samples to be directly compared. 

Difference plots were generated by 

selecting a negative control/Positive 

control, converting the melting profile to a 

horizontal line and normalizing the 

melting profiles of the other samples 

against this sample. Significant differences 

in fluorescence from the horizontal 

baseline were indicative of nontubercular 

Isolates. Differences were judged as 

significant if the amplified DNA isolates 

fell outside the range of variation seen in 

the wild-type samples. The software 

analyzes the difference in the shape of the 

melting curve for a sample from the shape 

of the melting curve for the control strain 

(M. tuberculosis H37Rv) to detect 

sequence variants and generates a 

difference plot curve, which helps cluster 

samples into groups that have similar 

melting curves .The operator was blinded 

to the phenotype and genotype MTB 

Clinical Isolates data. 

Statistical analysis: The data obtained 

were statistically analyzed for diagnostic 

values (Sensitivity, Specificity, positive 

predictive value, negative predictive 

value).The sensitivity, specificity, and the 

diagnostic odds ratio of different detection 

methods were calculated by MedCalc®. 

The performances of the HRM IS6110 

Real-Time PCR, Culture and AFB smear 

were compared statistically. 

 

RESULTS 

For optimization of PCR 

amplification, we used MTB H37Rv & M. 

bovis BCG genomic DNA as a template. 

For HRM Master Mix annealing 

temperature of 60
0
C of stopped formation 

of primer dimers and improved the 

sensitivity of amplification to as much 100 

copies of genomes. 5ug/ml DNA 

concentration was used in each reaction 

mixture. In that we tested a range of 

MgCl2 concentrations for each Master 

Mix (range of 2 to 5 mM tested in 0.5 mM 

increments) and finally decided on using 3 

mM for all reactions. A primer 

concentration of 5 pmol per 20ul reaction 

mixture (5uM) (2.5 to 25 pmol tested), an 

elongation time of 40 s (20 to 60 s tested), 

an annealing time of 30 s (5to 50 s tested), 

and an annealing temperature of 60°C (58 

to 62°C tested) allowed detection. 
 

 
Figure 1-Detection of IS6110 gene using HRM technique in 

LC480II. Amplification curves indicate positive control with a 

number of positive IS6110 gene detection samples. Negative 
control did not show any amplification curve. 

 

High-resolution melting curve 

analysis (HRM) is a recently developed 

technique for rapid and efficient screening 

of mutations in nucleic acid samples. This 

post- PCR method requires only the usual 

unlabeled primers and a ds DNA binding 

dye which detects subtle genetic 
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alterations in PCR- amplified samples 

based on their strand dissociation 

behavior. For further confirmation, 

samples were analyzed by 10% Poly-

Acrylamide Gel Electrophoresis (PAGE) 

followed by silver staining of gel after run 

using standard methods. 

For the HRM master mix kit, 

detection of only a single product, as 

analyzed by Tm, was evident. The Tm 

values for HRM Roche Kit were 88.5+/- 

0.5
0
C (Fig.2-A). This Tm value 

corresponds to the IS6110 gene product 

(123bp) as determined by melt curve 

analysis (Figure 2A). Analysis of PCR 

products of IS6110 by PAGE 

demonstrated that HRM master mix for 

IS6110 gene targets were being amplified 

(Figure 3).The peaks showing the melting 

curve profiles suggested that only the 

IS6110 gene was being amplified for most 

of the reaction conditions tested.  
 

a)  b)  
 

c)  
Figure 2-Detection of TB Positive IS6110 gene by using HRM analysis in LC480II. The alternation in the shape of melting curves from the 

wildtype indicates the nontubercular isolates Amplification.2a)-Melting Peaks, 2b) Normalized Curve, 2c) Difference Plot Curves. 
 

LightCycler® 480 Gene Scanning 

Software has module to process raw 

melting curve data to form Normalization 

Curve & a difference plot. The melting 

curve data at first glance does not appear 

to contain adequate information for 

detection. However, simple normalization 

of fluorescence before and after melting 

transition allows visual dissemination 

between MTB and non-tubercular Isolates 

(Figure 2B). The difference plot gives 

clearer representation of MTB and non-

tubercular isolates. After normalization, 

the non-tubercular is easily distinguishable 

based on its temperature shifting and 

difference plot analysis. Automatic 

clustering algorithm could be devised for 

detection of MTB, simple visual clustering 

on difference plot appears simple & 

accurate (Figure 2C). Some cases Non-

tubercular isolates showed amplification 

somewhere in range of Tm of desired gene 

sequence .This non specific amplification 

of undesired gene product is distinguished 

by differentiation curve. This 

differentiation between MTB & non-
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tubercular isolates is concordant with 

Culture & AFB results. When HRM RT 

PCR amplified product was 

electrophoresis on PAGE, it was observed 

that few negative sample also resulted in 

an amplification product of 123bp. On 

primary observation based on 

amplification and melting curve, it is 

unable to distinguish between positive & 

negative samples as these isolates fall in 

the same melting peak area. 

 

 
 

 
Figure 3- HRM RT PCR amplification of 123 bp region in 

IS6110 targeting PCR for M. tuberculosis Complex Lanes 1&4: 
molecular weight marker; Lanes 2, 3, 7: positive for 123 bp 

MTB Positive; Lanes 5 and 6: MTB Suspected Samples 

Showing Amplification but in Difference Plot Showing Non 
tubercular Isolates. 

 

Table 1-Comparison of sensitivity of PCR test with other Conventional Test 

Conventional Tests Total Clinical Isolates PCR Sensitivity 

  +ve -ve Total Sensitivity 

ZN positive  52 51 1 98.07% 

ZN negative  48 17 31 35.41% 

LJ positive  67 66 1 98.50% 

LJ negative  33 2 31 0.6% 

ZN positive  

LJ positive  

52 49 3 94.23% 

ZN negative 

LJ positive 

16 16 0 100% 

ZN negative 

LJ negative 

32 11 21 34.37% 

 

Table2: Summary of Sensitivity, Specificity, Positive Predictive Value (PPV), Negative Predictive Value (NPV) results from 

different Mycobacterium tuberculosis detection methods 

 

We examined about 90 clinical 

isolates of MTB based on their clinical 

findings and other investigations 

performed at the time of diagnosis and 10 

healthy non tubercular patients were 

included in this study. This study shows 

that 52 samples were positive for AFB, 67 

were positive for culture and 68 were 

positive by HRM RT PCR. We evaluated 

the sensitivity & specificity of HRM PCR 

with two most widely used conventional 

method i.e. AFB staining & Culture. The 

highest PCR Sensitivity was found with 

culture about 98.5%, the sensitivity of 

PCR for smear positive isolates was 98% 

as summarized in table 1 & 2. 

Method   Method to be compared with 

 

 

  Culture ZN Smear 

Result  (+) (-) (+) (-) 

Total(n) 67 33 52 48 

IS6110 HRM (+) 68 66 2 51 17 

 (-) 32 1 31 1 31 

    95% Confidence level  95% Confidence level 

Sensitivity   98.51% 91.96% to 99.96% 98.08% 89.74% to 99.95% 

Specificity   93.94 % 79.77% to 99.26% 64.58 % 49.46% to 77.84% 

Positive Predictive Value(PPV)   97.06% 89.78% to 99.64% 75.00% 63.02% to 84.71% 

Negative Predictive Value(NPV)   96.88 % 83.78% to 99.92% 96.88 % 83.78% to 99.92% 

Disease Prevalence   67.00% 56.88% to 76.08% 52.00% 41.78% to 62.10% 

AFB Smear (+) 52 51 1   

 (-) 48 26 22   

    95% Confidence level   

Sensitivity   66.23% 54.55% to 76.62%   

Specificity   95.65 % 78.05% to 99.89%   

Positive Predictive Value(PPV)   98.08% 89.74% to 99.95%   

Negative Predictive Value(NPV)   45.83 % 31.37% to 60.83%   

Disease Prevalence   77.00% 67.51% to 84.83%   
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DISCUSSION 

In India, mostly the diagnosis of 

tuberculosis is based primarily on clinical 

features, demonstration of acid fast bacilli 

and culturing of Mycobacterium 

tuberculosis. The direct AFB smear is cost 

effective; however, suffers from low 

sensitivity and specificity. 
( 16)

  

Mycobacterial culture supposed to 

be a gold commonplace technique for 

detection of TB; however it takes a 

minimum of a pair of weeks, even with the 

recently introduced liquid culture system.
 

( 13) 
Nucleic acid amplification technique to 

detect Mycobacterium tuberculosis in 

clinical specimens is progressively used as 

a tool for TB identification.  

Application of molecular 

techniques for routine diagnosis in country 

like India depends on varied factors like 

high value and trained personnel to 

perform the test & time to complete assay. 
( 17- 20) 

The Real Time LC480 instrument is 

a commercially available system designed 

to decrease the time of PCR by monitoring 

the intensity of amplification of the target 

sequences by use of fluorescent dyes. This 

technology is a significant get through in 

PCR amplification and target gene 

detection compared to conventional 

detection methods, and its benefits for 

clinical assays have been reported. 
( 8,  21- 24)

  

In this study, PCR was performed 

by amplification of IS6110 is a insertion 

sequence, that belongs to the IS3 family 

and was found in MTB Complex 

members. Most strains carry  2910 to 15 

copies, which are present in a wide variety 

of chromosomal sites. 
( 25- 29)

 Previous 

studies have documented increased TB 

positive cases using the IS6110 target in 

Pulmonary Samples. Negi et al. analyzed 

various targets precise for M. tuberculosis 

and reported the highest PCR positivity 

rates for pulmonary (90%) when using 

IS6110; their results further confirmed the 

poor sensitivity of smear microscopy for 

pulmonary (49%). The specificity, 

sensitivity and speed of PCR test in 

diagnosis of M. tuberculosis detection 

shown during this study ought to 

encourage to employ this technique in 

routine diagnosing of TB method in 

routine diagnosis of TB. 
( 30- 33)

  

With the use of HRM RT PCR test, 

we were able to detect M. tuberculosis 

complex in 98.51% smear positive samples 

found to be positive by the culture 

methods. HRM RT PCR test detected M. 

tuberculosis complex in less than one day, 

compared to 3.5-4 weeks required for 

detection by conventional (LJ) medium. In 

few samples, HRM RT PCR results were 

negative but AFB smear examination and 

culture reported positive. This could be 

due to PCR Inhibition & low bacterial 

load. Clinical isolates where PCR were 

positive, AFB smear and culture were 

negative may be due to occurrence of dead 

mycobacteria within the samples. The 

lower specificity rate during this study is 

also because of the use of complex 

genomic DNA (instead of plasmids) or to 

the high number of amplicons (+1 Sputum 

Sample) that we analyzed to screen the 

clinical isolates.  

 

CONCLUSION 

We conclude from our information 

that high-resolution melting analysis is as 

sensitive as alternative normally used pre-

screening molecular methods. The key 

benefit of high resolution melting is no 

post-PCR processing demand, creating it a 

few manual work techniques whereas 

rising its cost-effectiveness, simple use, 

and high throughput. In summary, we are 

here with a fast and reliable M. 

tuberculosis complex detection strategy by 

high-resolution melting analysis. By 

introducing this method, our detection 

time for the M. tuberculosis complex has 

been reduced considerably (one third 

compared to Conventional PCR MTB 

detection) owing to the relatively low cost 

of the consumables (no need of 

fluorescence-labeled primers or special 

polymers) and the lower workload 

compared with other MTB Detection 

techniques. Thus proves to be a highly cost 
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efficient technology. We conclude that 

HRM analysis is a fast, economical, 

sensitive methodology, simple enough to 

be readily implemented in a diagnostic 

laboratory. 
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was highly specific for the M. tuberculosis complex. PCR was positive in all 51 smear and culture-positive samples, in 17 of
17 smear-negative and culture-positive samples, 8 of 132 smear and culture negative samples. The overall sensitivity and
specificity were 84 and 94%. Rapid detection of MTB using commercial diagnostic systems is limited by their costs and/or
their requirement of specific equipment. The Genosens’s MTB Complex/MOTT Qualitative Real Time PCR assay kit for
direct detection of M. tuberculosis complex in pulmonary tuberculosis samples have been used in MGM CRL on routine
basis and also compatible with Light Cycle 480 Real time PCR Instrument. Conventional polymerase chain reaction has a
much higher sensitivity than microscopy and can facilitate therapeutic decisions for those with suspected pulmonary
tuberculosis. Thus, IS6110 as a PCR target was found to be very useful for rapid diagnosis of M. tuberculosis infection and
start of antituberculous chemotherapy.

Keywords

Mycobacterium tuberculosis Conventional PCR Diagnosis IS6110 

References
Jaggarajamma K, Sudha G, Chandrasekaran V, Nirupa C, Thomas A, Santha T, Narayanan PR (2007) Reasons for
non-compliance among patients treated under Revised National Tuberculosis Control Programme (RNTCP),
Tiruvallur district, South India. Ind J Tub 54(3):130
Google Scholar  (http://scholar.google.com/scholar_lookup?title=Reasons%20for%20non-
compliance%20among%20patients%20treated%20under%20Revised%20National%20Tuberculosis%20Control%
20Programme%20%28RNTCP%29%2C%20Tiruvallur%20district%2C%20South%20India&
author=K.%20Jaggarajamma&author=G.%20Sudha&author=V.%20Chandrasekaran&author=C.%20Nirupa&
author=A.%20Thomas&author=T.%20Santha&author=PR.%20Narayanan&journal=Ind%20J%20Tub&
volume=54&issue=3&pages=130&publication_year=2007)

We use cookies to personalise content and ads, to provide social media features and to analyse our traffic.

We also share information about your use of our site with our social media, advertising and analytics

partners in accordance with our Privacy Statement. You can manage your preferences in Manage Cookies.
✓ OKManage Cookies❯

Validation of in House PCR Using IS6110 for Detection of M. tuberculosis and Its Comparison with ... https://link.springer.com/chapter/10.1007/978-3-319-53556-2_61

2 of 8 11-02-2020, 10:53



%29%20Comparison%20of%20culture%20and%20acid-
fast%20bacilli%20stain%20to%20PCR%20for%20detection%20of%20Mycobacterium%20tuberculosisin%20clinical%20s
amples.%20Mol%20cell%20probes%2012%284%29%3A207%E2%80%93211)

Nolte FS, Metchock B, McGowan JE, Edwards A, Okwumabua O, Thurmond C, Shinnick T (1993) Direct detection
of Mycobacterium tuberculosis in sputum by polymerase chain reaction and DNA hybridization. J Clin Microbiol
31(7):1777–1782
Google Scholar  (http://scholar.google.com
/scholar_lookup?title=Direct%20detection%20of%20Mycobacterium%20tuberculosis%20in%20sputum%20by%2
0polymerase%20chain%20reaction%20and%20DNA%20hybridization&author=FS.%20Nolte&
author=B.%20Metchock&author=JE.%20McGowan&author=A.%20Edwards&author=O.%20Okwumabua&
author=C.%20Thurmond&author=T.%20Shinnick&journal=J%20Clin%20Microbiol&volume=31&issue=7&
pages=1777-1782&publication_year=1993)

Kocagöz T, Yilmaz E, Ozkara S, Kocagöz S, Hayran M, Sachedeva M, Chambers HF (1993) Detection of
Mycobacterium tuberculosis in sputum samples by polymerase chain reaction using a simplified procedure. J Clin
Microbiol 31(6):1435–1438
Google Scholar  (http://scholar.google.com
/scholar_lookup?title=Detection%20of%20Mycobacterium%20tuberculosis%20in%20sputum%20samples%20by
%20polymerase%20chain%20reaction%20using%20a%20simplified%20procedure&author=T.%20Kocag
%C3%B6z&author=E.%20Yilmaz&author=S.%20Ozkara&author=S.%20Kocag%C3%B6z&author=M.%20Hayran&
author=M.%20Sachedeva&author=HF.%20Chambers&journal=J%20Clin%20Microbiol&volume=31&issue=6&
pages=1435-1438&publication_year=1993)

García-Quintanilla A, Garcia L, Tudó G, Navarro M, González J, de Anta MTJ (2000) Single-tube balanced
heminested PCR for detecting Mycobacterium tuberculosis in smear-negative samples. J Clin Microbiol
38(3):1166–1169
Google Scholar  (http://scholar.google.com/scholar_lookup?title=Single-
tube%20balanced%20heminested%20PCR%20for%20detecting%20Mycobacterium%20tuberculosis%20in%20sm
ear-negative%20samples&author=A.%20Garc%C3%ADa-Quintanilla&author=L.%20Garcia&author=G.%20Tud
%C3%B3&author=M.%20Navarro&author=J.%20Gonz%C3%A1lez&author=MTJ.%20Anta&
journal=J%20Clin%20Microbiol&volume=38&issue=3&pages=1166-1169&publication_year=2000)

Gengvinij N, Pattanakitsakul SN, Chierakul N, Chaiprasert A (2001) Detection of Mycobacterium tuberculosis
from sputum specimens using one-tube nested PCR
Google Scholar  (https://scholar.google.com/scholar?q=Gengvinij%20N%2C%20Pattanakitsakul%20SN

We use cookies to personalise content and ads, to provide social media features and to analyse our traffic.

We also share information about your use of our site with our social media, advertising and analytics

partners in accordance with our Privacy Statement. You can manage your preferences in Manage Cookies.
✓ OKManage Cookies❯

Validation of in House PCR Using IS6110 for Detection of M. tuberculosis and Its Comparison with ... https://link.springer.com/chapter/10.1007/978-3-319-53556-2_61

3 of 8 11-02-2020, 10:53



method and the Gen-Probe amplified Mycobacterium tuberculosis direct test for detection of Mycobacterium tuberculosis
in pulmonary and nonpulmonary specimens. J Clin Microbiol 42(9):4307–4309
CrossRef  (https://doi.org/10.1128/JCM.42.9.4307-4309.2004)
Google Scholar  (http://scholar.google.com/scholar_lookup?title=Comparison%20of%20the%20real-
time%20PCR%20method%20and%20the%20Gen-
Probe%20amplified%20Mycobacterium%20tuberculosis%20direct%20test%20for%20detection%20of%20Mycobacteriu
m%20tuberculosis%20in%20pulmonary%20and%20nonpulmonary%20specimens&author=N.%20Lema%C3%AEtre&
author=S.%20Armand&author=A.%20Vach%C3%A9e&author=O.%20Capilliez&author=C.%20Dumoulin&
author=RJ.%20Courcol&journal=J%20Clin%20Microbiol&volume=42&issue=9&pages=4307-4309&
publication_year=2004)

Takahashi T, Nakayama T (2006) Novel technique of quantitative nested real-time PCR assay for Mycobacterium
tuberculosis DNA. J Clin Microbiol 44(3):1029–1039
CrossRef  (https://doi.org/10.1128/JCM.44.3.1029-1039.2006)
Google Scholar  (http://scholar.google.com
/scholar_lookup?title=Novel%20technique%20of%20quantitative%20nested%20real-
time%20PCR%20assay%20for%20Mycobacterium%20tuberculosis%20DNA&author=T.%20Takahashi&
author=T.%20Nakayama&journal=J%20Clin%20Microbiol&volume=44&issue=3&pages=1029-1039&
publication_year=2006)

De Beenhouwer H, Lhiang Z, Jannes GA, Mijs W, Machtelinckx L, Rossau R, Portaels F (1995) Rapid detection of
rifampicin resistance in sputum and biopsy specimens from tuberculosis patients by PCR and line probe assay.
Tuber Lung Dis 76(5):425–430
CrossRef  (https://doi.org/10.1016/0962-8479(95)90009-8)
Google Scholar  (http://scholar.google.com
/scholar_lookup?title=Rapid%20detection%20of%20rifampicin%20resistance%20in%20sputum%20and%20biop
sy%20specimens%20from%20tuberculosis%20patients%20by%20PCR%20and%20line%20probe%20assay&
author=H.%20Beenhouwer&author=Z.%20Lhiang&author=GA.%20Jannes&author=W.%20Mijs&
author=L.%20Machtelinckx&author=R.%20Rossau&author=F.%20Portaels&journal=Tuber%20Lung%20Dis&
volume=76&issue=5&pages=425-430&publication_year=1995)

Della LP (2004) Mycobacteriology and mycobacterial susceptibility tests. In Henry D (ed) Clinical microbiology
procedures handbook, 2 edn. ASM Press
Google Scholar  (https://scholar.google.com/scholar?q=Della%20LP%20%282004
%29%20Mycobacteriology%20and%20mycobacterial%20susceptibility%20tests.%20In%20Henry%20D

We use cookies to personalise content and ads, to provide social media features and to analyse our traffic.

We also share information about your use of our site with our social media, advertising and analytics

partners in accordance with our Privacy Statement. You can manage your preferences in Manage Cookies.
✓ OKManage Cookies❯

Validation of in House PCR Using IS6110 for Detection of M. tuberculosis and Its Comparison with ... https://link.springer.com/chapter/10.1007/978-3-319-53556-2_61

4 of 8 11-02-2020, 10:53



Google Scholar  (http://scholar.google.com/scholar_lookup?title=Drug-susceptibility%20testing%20in%20tuberculosis
%3A%20methods%20and%20reliability%20of%20results&author=SJ.%20Kim&journal=Eur%20Respir%20J&
volume=25&issue=3&pages=564-569&publication_year=2005)

Negi SS, Anand R, Pasha ST, Gupta S, Basir SF, Khare S, Lal S (2007) Diagnostic potential of IS6110, 38 kDa,
65 kDa and 85B sequence-based polymerase chain reaction in the diagnosis of Mycobacterium tuberculosis in
clinical samples. Indian J Med Microbiol 25(1):43
CrossRef  (https://doi.org/10.4103/0255-0857.31061)
Google Scholar  (http://scholar.google.com/scholar_lookup?title=Diagnostic%20potential%20of%20IS6110
%2C%2038%C2%A0kDa%2C%2065%C2%A0kDa%20and%2085B%20sequence-
based%20polymerase%20chain%20reaction%20in%20the%20diagnosis%20of%20Mycobacterium%20tuberculosi
s%20in%20clinical%20samples&author=SS.%20Negi&author=R.%20Anand&author=ST.%20Pasha&
author=S.%20Gupta&author=SF.%20Basir&author=S.%20Khare&author=S.%20Lal&
journal=Indian%20J%20Med%20Microbiol&volume=25&issue=1&pages=43&publication_year=2007)

Shawar RM, El-Zaatari FA, Nataraj A, Clarridge JE (1993) Detection of Mycobacterium tuberculosis in clinical
samples by two-step polymerase chain reaction and nonisotopic hybridization methods. J Clin Microbiol
31(1):61–65
Google Scholar  (http://scholar.google.com
/scholar_lookup?title=Detection%20of%20Mycobacterium%20tuberculosis%20in%20clinical%20samples%20by
%20two-step%20polymerase%20chain%20reaction%20and%20nonisotopic%20hybridization%20methods&
author=RM.%20Shawar&author=FA.%20El-Zaatari&author=A.%20Nataraj&author=JE.%20Clarridge&
journal=J%20Clin%20Microbiol&volume=31&issue=1&pages=61-65&publication_year=1993)

Eisenach KD, Sifford MD, Cave MD, Bates JH, Crawford JT (1991) Detection of Mycobacterium tuberculosis in
sputum samples using a polymerase chain reaction. Am Rev Respir Dis 144(5):1160–1163
CrossRef  (https://doi.org/10.1164/ajrccm/144.5.1160)
Google Scholar  (http://scholar.google.com
/scholar_lookup?title=Detection%20of%20Mycobacterium%20tuberculosis%20in%20sputum%20samples%20usi
ng%20a%20polymerase%20chain%20reaction&author=KD.%20Eisenach&author=MD.%20Sifford&
author=MD.%20Cave&author=JH.%20Bates&author=JT.%20Crawford&journal=Am%20Rev%20Respir%20Dis&
volume=144&issue=5&pages=1160-1163&publication_year=1991)

Negi SS, Khan SF, Gupta S, Pasha ST, Khare S, Lal S (2005) Comparison of the conventional diagnostic modalities,
bactec culture and polymerase chain reaction test for diagnosis of tuberculosis. Indian J Med Microbiol 23(1):29
CrossRef  (https://doi.org/10.4103/0255-0857.13869)

We use cookies to personalise content and ads, to provide social media features and to analyse our traffic.

We also share information about your use of our site with our social media, advertising and analytics

partners in accordance with our Privacy Statement. You can manage your preferences in Manage Cookies.
✓ OKManage Cookies❯

Validation of in House PCR Using IS6110 for Detection of M. tuberculosis and Its Comparison with ... https://link.springer.com/chapter/10.1007/978-3-319-53556-2_61

5 of 8 11-02-2020, 10:53



author=S.%20Khare&author=S.%20Lal&journal=Indian%20J%20Med%20Microbiol&volume=23&issue=1&pages=29&
publication_year=2005)

Banavaliker JN, Bhalotra B, Sharma DC, Goel MK, Khandekar PS, Bose M (1998) Identification of Mycobacterium
tuberculosis by polymerase chain reaction in clinical specimens. Indian J Tuberc 45:15–18
Google Scholar  (http://scholar.google.com
/scholar_lookup?title=Identification%20of%20Mycobacterium%20tuberculosis%20by%20polymerase%20chain%
20reaction%20in%20clinical%20specimens&author=JN.%20Banavaliker&author=B.%20Bhalotra&
author=DC.%20Sharma&author=MK.%20Goel&author=PS.%20Khandekar&author=M.%20Bose&
journal=Indian%20J%20Tuberc&volume=45&pages=15-18&publication_year=1998)

Bechnoosh A, Lieberman JM, Duke MB (1997) Stutman comparison of quantitative polymerase chain reaction,
therapy for pulmonary tuberculosis. Diag Microb Infect Dis 29(2):9–73
Google Scholar  (http://scholar.google.com
/scholar_lookup?title=Stutman%20comparison%20of%20quantitative%20polymerase%20chain%20reaction
%2C%20therapy%20for%20pulmonary%20tuberculosis&author=A.%20Bechnoosh&author=JM.%20Lieberman&
author=MB.%20Duke&journal=Diag%20Microb%20Infect%20Dis&volume=29&issue=2&pages=9-73&
publication_year=1997)

D’Amato RF, Hochstein LH, Colaninno PM, Scardamaglia M, Kim K, Mastellone AJ, Miller A (1996) Application of
the Roche Amplicor, Mycobacterium tuberculosis (PCR) test to specimens other than respiratory secretions. Diagn
Microbiol Infect Dis 24(1):15–17
CrossRef  (https://doi.org/10.1016/0732-8893(95)00256-1)
Google Scholar  (http://scholar.google.com
/scholar_lookup?title=Application%20of%20the%20Roche%20Amplicor%2C%20Mycobacterium%20tuberculosis
%20%28PCR%29%20test%20to%20specimens%20other%20than%20respiratory%20secretions&
author=RF.%20D%E2%80%99Amato&author=LH.%20Hochstein&author=PM.%20Colaninno&
author=M.%20Scardamaglia&author=K.%20Kim&author=AJ.%20Mastellone&author=A.%20Miller&
journal=Diagn%20Microbiol%20Infect%20Dis&volume=24&issue=1&pages=15-17&publication_year=1996)

Singh KK, Muralidhar M, Kumar A, Chattopadhyaya TK, Kapila K, Singh MK, Tyagi JS (2000) Comparison of in
house polymerase chain reaction with conventional techniques for the detection of Mycobacterium tuberculosis
DNA in granulomatous lymphadenopathy. J Clin Pathol 53(5):355–361
CrossRef  (https://doi.org/10.1136/jcp.53.5.355)
Google Scholar  (http://scholar.google.com
/scholar_lookup?title=Comparison%20of%20in%20house%20polymerase%20chain%20reaction%20with%20con

We use cookies to personalise content and ads, to provide social media features and to analyse our traffic.

We also share information about your use of our site with our social media, advertising and analytics

partners in accordance with our Privacy Statement. You can manage your preferences in Manage Cookies.
✓ OKManage Cookies❯

Validation of in House PCR Using IS6110 for Detection of M. tuberculosis and Its Comparison with ... https://link.springer.com/chapter/10.1007/978-3-319-53556-2_61

6 of 8 11-02-2020, 10:53



About this paper

Copyright information

© Springer International Publishing AG 2018

publication_year=2000)

Rimek D, Tyagi S, Kappe R (2002) Performance of an IS6110-based PCR assay and the COBAS AMPLICOR MTB
PCR system for detection of Mycobacterium tuberculosis complex DNA in human lymph node samples. J Clin
Microbiol 40(8):3089–3092
CrossRef  (https://doi.org/10.1128/JCM.40.8.3089-3092.2002)
Google Scholar  (http://scholar.google.com/scholar_lookup?title=Performance%20of%20an%20IS6110-
based%20PCR%20assay%20and%20the%20COBAS%20AMPLICOR%20MTB%20PCR%20system%20for%20dete
ction%20of%20Mycobacterium%20tuberculosis%20complex%20DNA%20in%20human%20lymph%20node%20s
amples&author=D.%20Rimek&author=S.%20Tyagi&author=R.%20Kappe&journal=J%20Clin%20Microbiol&
volume=40&issue=8&pages=3089-3092&publication_year=2002)

We use cookies to personalise content and ads, to provide social media features and to analyse our traffic.

We also share information about your use of our site with our social media, advertising and analytics

partners in accordance with our Privacy Statement. You can manage your preferences in Manage Cookies.
✓ OKManage Cookies❯

Validation of in House PCR Using IS6110 for Detection of M. tuberculosis and Its Comparison with ... https://link.springer.com/chapter/10.1007/978-3-319-53556-2_61

7 of 8 11-02-2020, 10:53



We use cookies to personalise content and ads, to provide social media features and to analyse our traffic.

We also share information about your use of our site with our social media, advertising and analytics

partners in accordance with our Privacy Statement. You can manage your preferences in Manage Cookies.
✓ OKManage Cookies❯

Validation of in House PCR Using IS6110 for Detection of M. tuberculosis and Its Comparison with ... https://link.springer.com/chapter/10.1007/978-3-319-53556-2_61

8 of 8 11-02-2020, 10:53



Alarming Levels of Drug-Resistant Tuberculosis in
HIV-Infected Patients in Metropolitan Mumbai, India

Arun Bamne4, Balkrishna Adsul5, Mamta Manglani6, Kuldeep Singh Sachdeva7, Malik Parmar8,

Avinash Kanchar9, B.B. Rewari9, Alaka Deshpande10, Camilla Rodrigues11, Anjali Shetty11,

Lorraine Rebello1, Peter Saranchuk12
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Abstract

Background: Drug-resistant tuberculosis (DR-TB) is a looming threat to tuberculosis control in India. However, no
countrywide prevalence data are available. The burden of DR-TB in HIV-co-infected patients is likewise unknown.
Undiagnosed and untreated DR-TB among HIV-infected patients is a major cause of mortality and morbidity. We aimed to
assess the prevalence of DR-TB (defined as resistance to any anti-TB drug) in patients attending public antiretroviral
treatment (ART) centers in greater metropolitan Mumbai, India.

Methods: A cross-sectional survey was conducted among adults and children ART-center attendees. Smear microscopy,
culture and drug-susceptibility-testing (DST) against all first and second-line TB-drugs using phenotypic liquid culture
(MGIT) were conducted on all presumptive tuberculosis patients. Analyses were performed to determine DR-TB prevalence
and resistance patterns separately for new and previously treated, culture-positive TB-cases.

Results: Between March 2013 and January 2014, ART-center attendees were screened during 14135 visits, of whom 1724
had presumptive TB. Of 1724 attendees, 72 (4%) were smear-positive and 202 (12%) had a positive culture for
Mycobacterium tuberculosis. Overall DR-TB was diagnosed in 68 (34%, 95% CI: 27%–40%) TB-patients. The proportions of DR-
TB were 25% (29/114) and 44% (39/88) among new and previously treated cases respectively. The patterns of DR-TB were:
21% mono-resistant, 12% poly-resistant, 38% multidrug-resistant (MDR-TB), 21% pre-extensively-drug-resistant (MDR-TB
plus resistance to either a fluoroquinolone or second-line injectable), 6% extensively drug-resistant (XDR-TB) and 2%
extremely drug-resistant TB (XDR-TB plus resistance to any group-IV/V drug). Only previous history of TB was significantly
associated with the diagnosis of DR-TB in multivariate models.

Conclusion: The burden of DR-TB among HIV-infected patients attending public ART-centers in Mumbai was alarmingly
high, likely representing ongoing transmission in the community and health facilities. These data highlight the need to
promptly diagnose drug-resistance among all HIV-infected patients by systematically offering access to first and second-line
DST to all patients with ‘presumptive TB’ rather than ‘presumptive DR-TB’ and tailor the treatment regimen based on the
resistance patterns.

Citation: Isaakidis P, Das M, Kumar AMV, Peskett C, Khetarpal M, et al. (2014) Alarming Levels of Drug-Resistant Tuberculosis in HIV-Infected Patients in
Metropolitan Mumbai, India. PLoS ONE 9(10): e110461. doi:10.1371/journal.pone.0110461

Editor: Anil K. Tyagi, University of Delhi, India

Received May 21, 2014; Accepted September 13, 2014; Published October 21, 2014

Copyright: � 2014 Isaakidis et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Data Availability: The authors confirm that all data underlying the findings are fully available without restriction. All relevant data are within the paper.
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Introduction

India is a high burden country for tuberculosis (TB) and

multidrug-resistant TB (MDR-TB). The World Health Organiza-

tion has estimated that India accounted for 26% of the total

number of TB cases worldwide in 2012, with 2.2% and 15% of the

new and retreatment cases respectively being caused by multidrug-

resistant strains [1]. Further, India is home to approximately 2.4

million people living with HIV [2] and considered to have a high

burden on account of the large absolute numbers of people living

with HIV in the country.
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Figure 1. Drug-resistant tuberculosis among HIV-infected patients with presumptive tuberculosis, Mumbai, India.
doi:10.1371/journal.pone.0110461.g001
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The dual burden of HIV and TB/DR-TB in India is

significantly high with a combined rate of 5.2%, ranging from

0.4% to 28.8% in various studies, with increasing trends noted in

states having a higher burden of HIV infection [3–7]. However,

nation-wide studies do not exist and previous studies have

occurred mainly in hospitals and tertiary care centres [2,6–11].

A crude estimate from these studies suggests that 2500–3000 HIV-

infected persons develop MDR-TB annually in India.

Country-wide or state-wide drug resistance surveys (DRS) aim

to estimate the DR-TB burden at the country or state level. While

this approach is scientifically and operationally acceptable, it may

mask significant and important variance in the magnitude of the

epidemic in different localities, communities or specific popula-

tions. For India, a vast country with an enormous burden of TB

and a relatively large burden of HIV in absolute numbers, this

statement seems to hold true; from an overcrowded impoverished

slum in Mumbai to a small isolated village in the Northern Eastern

Provinces of the country, one can assume that several different

epidemics may exist. A description of such local epidemics is

necessary so as to complement the country-wide prevalence

estimate. While there is an urgent need for a nationally

representative, country-wide DRS in India, specific studies to

identify pockets of extremely high DR-TB prevalence or extensive

drug resistance patterns are equally needed in order to advocate

for and implement effective control strategies.

The overall aim of this study was to assess the burden of drug-

susceptible and drug-resistant tuberculosis among HIV-infected

patients attending antiretroviral treatment (ART) centers in the

metropolitan area of Mumbai. The specific objectives were a) to

determine the proportion of HIV-infected patients with DR-TB

among those attending public ART centers, b) to describe drug

susceptibility patterns among Mycobacterium tuberculosis isolates

from this population, and c) to identify factors associated with TB

and drug-resistant TB among HIV patients. We aimed to

contribute to the evidence base that informs policies and practices

and help to estimate the resources needed to control the epidemic

in this specific group, as well as the community.

Methods

Ethics
The study was approved by the Institutional Ethics Committee

of Grant Medical College and Sir J.J. Group of Hospitals

(Mumbai, India), the Ethics Review Board of Médecins Sans

Frontières (Geneva, Switzerland) and the Ethics Advisory Group

of the International Union Against Tuberculosis and Lung Disease

(Paris, France). The study protocol was approved by the Indian

Table 1. Demographic and clinical characteristics of HIV-infected patients with presumptive TB, Mumbai, India.

Characteristics HIV-infected patients with presumptive TB (N = 1724)

n (%)

Age [years, median (IQR)] 35.0 (24.3–44.0)

Sex of patients

Male 1042 (60.4)

Female 671 (38.9)

Transgender 11 (0.6)

Family income per month (in Rupees)

Less than 3500 88 (5.1)

3500–6999 910 (52.8)

7000 and above 454 (26.3)

Patient did not disclose 272 (15.6)

TB site

Pulmonary 1688 (97.9)

Extra-pulmonary 36 (2.1)

ART status

On ART 1386 (80.4)

Pre-ART 338 (19.6)

CD4 count, last visit (in cells/ml)

Less than 200 258 (15.0)

200–349 351 (20.4)

350–499 289 (16.8)

500 and above 684 (39.7)

No information 142 (8.2)

ART duration* [months, median (IQR)] 26.0 (10.7–47.5)

Previous episode of TB

Yes 933 (54.1)

No 791 (45.9)

ART: Antiretroviral treatment* Patients on ART with available information about ART initiation date, N = 1370.
doi:10.1371/journal.pone.0110461.t001
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Council of Medical Research (ICMR), New Delhi, India.

Informed consent was obtained from all study participants.

Study design
This was a cross-sectional survey among HIV-infected adult and

paediatric patients attending public and public-private ART

clinics in the greater metropolitan Mumbai area. All patients with

presumptive pulmonary or extra-pulmonary TB were assessed

with smear microscopy and conventional liquid culture. All M.

tuberculosis isolates underwent drug susceptibility testing (DST)

for first- and second-line anti-TB drugs.

Sample size
The desired sample size was determined separately for new and

previously treated culture positive TB cases. Previous tuberculosis

treatment was defined as any anti-tuberculosis treatment reported

by the patient. Assuming a prevalence of MDR-TB of 3% among

new cases and 17% among retreated cases, based on a DST survey

conducted in Gujarat [12], a sample size of 123 confirmed new

cases and 110 confirmed retreatment cases was sought in order to

estimate the prevalence of MDR-TB, with 95% confidence

intervals having a margin of error of 3% for new cases and 7%

for retreated cases respectively.

Study setting and study population
The study was carried out in five Mumbai District AIDS

Control Society (MDACS) ART Centres [1) KEM Hospital, 2)

SION Hospital, 3) SION Centre of Excellence in Paediatric HIV

Care, 4) Godrej Hospital, Vikhroli and 5) Larsen & Toubro

Hospital, Andheri] as well as in two Maharashtra State AIDS

Control Society (MSACS) ART Centres [1) Thane Civil Hospital

and 2) Navi Mumbai (Vashi) Municipal Corporation Hospital].

All HIV-infected adult and paediatric patients enrolled in the

ART centres were potentially eligible to be enrolled in the study, if

they had presumptive pulmonary or extra-pulmonary TB based

on symptom screening, regardless of the time they were enrolled in

the centres or whether they were on ART or not at the time of the

Figure 2. Distribution of Drug-resistant tuberculosis among HIV-infected (new and previously treated) with presumptive
tuberculosis patients, Mumbai, India.
doi:10.1371/journal.pone.0110461.g002
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study. Patients on TB treatment at the time of the study were

excluded.

Recruitment and sampling procedure
All HIV-infected ART center attendees were screened by an

MSF-employed nurse during the study period. Patients with

presumptive TB were investigated using a standard diagnostic

algorithm recommended by the World Health Organization [13]

that included TB culture and DST. The nurse explained in detail

the objectives of the study to the patient and/or caregiver and

obtained the signature or thumbprint of the patient if consent was

given to participate. When pulmonary TB was presumed, two

sputum specimens were collected on the same day, one hour apart,

at each study site/hospital laboratory. When extra-pulmonary TB

(EPTB) was presumed, biological specimens (fine needle aspirates,

pleural fluid, cerebrospinal fluid, etc) were obtained from extra-

pulmonary sites. All specimens were transferred to Hinduja

Hospital Microbiology Laboratory in Mumbai for culture and

first- and second-line DST.

Conventional microscopy with Ziehl-Neelsen (ZN) staining for

acid-fast bacilli and further sputum decontamination was per-

formed using the N-acetyl-L-cysteine and sodium hydroxide

method. Concentrated sediment was inoculated in one liquid

culture tube for testing using the Mycobacterial growth indicator

tube (MGIT 960) method. Positive cultures underwent microscopy

with ZN staining to confirm cord formation, and speciation with

MPT 64 antigen detection by Immunochromatography was

carried out to confirm M. tuberculosis complex. Specimens

fulfilling the above criteria underwent further testing with

phenotypic DST using the MGIT System for the following drugs:

isoniazid, rifampicin, ethambutol, ofloxacin, moxifloxacin, kana-

mycin, capreomycin, PAS, ethionamide, clofazimine and linezolid.

Non-tuberculous Mycobacteria (NTM) speciation was done by

molecular methods using Reverse Line Blot Hybridisation.

Hinduja laboratory is quality controlled and has been accredited

for first-line DST by the WHO Supranational Reference

Laboratory in Bangalore and the College of American Patholo-

gists. The laboratory was also accredited by the TB programme

for second-line DST in December 2013; prior to this date, if a

strain was suspected to have resistance to one or more second-line

anti-TB drugs, it was sent to the National Tuberculosis Institute

Laboratory in Bangalore for confirmation.

Multidrug-resistant tuberculosis (MDR-TB) was defined as

resistance to both isoniazid and rifampicin; pre-XDR-TB was

defined as MDR-TB with additional resistance to either a

fluoroquinolone or a second-line injectable agent; and extensively

drug-resistant tuberculosis (XDR-TB) was defined as MDR-TB

with additional resistance to both a fluoroquinolone and an

injectable agent. Extremely drug-resistant tuberculosis (XXDR-

TB) was defined as XDR-TB with additional resistance to any

group IV and/or group V TB drugs (PAS, ethionamide,

clofazimine, linezolid) [13].

Management of those diagnosed with DR-TB
All patients diagnosed with MDR- or XDR-TB were managed

in accordance with the national DR-TB treatment guidelines [14],

while those with pre-XDR-TB were offered individualized

treatment with 4 drugs likely to be effective.

Data collection and analysis
Demographics, clinical and laboratory data, antiretroviral

treatment (yes/no) and duration on ART, as well as data on

Table 2. Resistance profile (first and second-line) for all drug-resistant tuberculosis patients, Mumbai, India.

Resistance profile (culture-based
DST)

Total TB
Patients
(N = 68), n (%)

New TB patients
(N = 29), n (%)

Previously treated
TB patients
(N = 39), n (%)

H-mono 11 (16.2) 7 (24.1) 4 (10.3)

R-mono - - -

Ofx-mono 1 (1.5) 1 (3.4) -

Ofx Mfx 3 (4.4) 2 (6.9) 1 (2.6)

HE 7 (10.3) 6 (20.7) 1 (2.6)

HE Eto Ofx Mfx 1 (1.5) - 1 (2.6)

HR 10 (14.7) 4 (13.8) 6 (15.4)

HRE 6 (8.8) 2 (6.9) 4 (10.3)

HR Eto 5 (7.4) - 5 (12.8)

HR E Eto 5 (7.4) 2 (6.9) 3 (7.7)

HR Ofx Mfx E 2 (2.9) 2 (6.9) -

HR Ofx Mfx Eto 1 (1.5) 1 (3.4) -

HR Ofx Mfx E Lin 1 (1.5) - 1 (2.6)

HR Ofx Mfx E Eto 8 (11.8) 1 (3.4) 7 (17.9)

HR Ofx Mfx E Eto PAS 2 (2.9) - 2 (5.1)

HR Ofx Mfx Km Eto 1 (1.5) - 1 (2.6)

HR Ofx Mfx Km E Eto 2 (2.9) 1 (3.4) 1 (2.6)

HR Ofx Mfx Km Cm E Eto 1 (1.5) - 1 (2.6)

HR Ofx Mfx Km Cm E Eto PAS 1 (1.5) - 1 (2.6)

H-isoniazid, R-rifampicin, E-ethambutol, Eto-ethionamide, Km-kanamycin, Cm-capreomycin, Ofx-ofloxacin, Mfx-Moxifloxacin, Lin- Linezolid, PAS- para-aminosalicylic acid.
doi:10.1371/journal.pone.0110461.t002
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previous TB treatment were doubly-entered into an EpiData

database (Version 3.1, EpiData Association, Odense, Denmark),

validated and analyzed.

To identify factors associated with TB and DR-TB, univariate

and multivariate analyses were performed using Poisson and

binary logistic regression models. Factors significant (p = 0.05) on

univariate analysis were entered into the multivariate logistic

regression models. Factors were coded as categorical variables and

missing values for CD4 cell counts were imputed using a multiple

imputation method. Transgender individuals (all were male to

female) were grouped with biological males in the models. All

factors were entered as a block into multivariate logistic regression

models. Data analysis, including multivariate logistic regression

models, was conducted with SPSS Version 20.0. Armonk, NY:

IBM Corp. Released 2011).

Results

Screening for presumptive TB was carried-out during 14,135

patient visits at seven ART centers in metropolitan Mumbai

between March 2013 and January 2014 (Figure 1). Individual

patients might have been screened more than once during the

study period. A total of 1741 HIV-infected patients with

presumptive tuberculosis (TB) were identified. All of them

consented to participate in the study and were investigated for

drug-resistant TB. The sputum specimens of 17 patients were

found insufficient for laboratory investigations and had to be

excluded. Thus, 1724 (99%) of the eligible patients were included

in the study.

Patient characteristics
The median age of the 1724 patients was 35 (Inter-quartile

range, IQR: 24–44) years (Table 1) and the majority (60%) were

male. A large proportion (53%) of patients had an average family

income between 3500 and 7000 Indian National Rupees

(equivalent to 60–120 USD) per month. Most of the patients

(98%) had pulmonary TB. Among the entire study cohort, 80%

were on ART during the study period and the majority (52%) had

CD4 cell counts lower than 500 cells/mL at their last visit to an

ART center. The median duration of exposure to ART prior to

enrollment in the study was 26 months (IQR: 10.7–47.5). More

than half (933/1724) of the presumptive TB patients had had at

least one episode of active TB disease in the past.

Culture-positive and drug-resistant tuberculosis
All of the 1724 patients with presumptive TB included in the

study (Figure 1) underwent smear, culture and drug susceptibility

testing (DST). Of these, 72 (4.2%; 95% Confidence Intervals (CI):

3.3–5.2) patients had smear-positive TB while 202 (11.7%; 95%

CI: 10.3–13.3) patients had culture-positive TB. Eleven TB

Table 3. Demographic and clinical factors associated with culture-positive tuberculosis in HIV-infected patients, Mumbai, India.

Explanatory Variable

Patients with
tuberculosis
(N = 202), n (%)

Patients
without
tuberculosis
(N = 1522), n (%)

Chi-square/t-test
(p-value)

aPRa

(95%
CI)

Age [years, median (IQR)] 38.0 (32.0–43.3) 35.0 (22.0–44.0) 8.9 (,0.01) 0.99 (0.99–
1.00)

Sex of patients

Male 138 (13.1) 915 (86.9) 5.0 (0.02) 1.01 (0.99–
1.03)

Female 64 (9.5) 607 (90.5)

Family income per month+

(in Rupees)

Less than 5000 96 (10.9) 788 (89.1) 0.2 (0.65)

5000 and above 66 (11.6) 502 (88.4)

ART status

Pre-ART 72 (21.3) 266 (78.7) 37.3 (,0.01) 1.07 (1.04–
1.10)

On ART 130 (9.4) 1256 (90.6)

CD4 count, last visit* (in
cells/ml)

Less than 200 58 (22.5) 200 (77.5) 34.7 (,0.01) 1.08 (1.05–
1.11)

200 and above 127 (9.6) 1197 (90.4)

ART duration** [months,
median (IQR)]

19.3 (5.2–35.7) 27.1 (11.3–47.9) 9.9 (,0.01)

Previous episode of TB

Yes 88 (9.4) 845 (90.6) 10.3 (,0.01) 1.01 (0.99–
1.03)

No 114 (14.4) 677 (85.6)

ART: Antiretroviral treatment, IQR: Inter-quartile range, CI; Confidence Intervals +Patients with recorded family income, N = 1452* Patients with available information on
CD4, last visit, N = 1582** Patients on ART with available information about ART initiation date, N = 1370a aPR; adjusted Prevalence Ratios (calculated by Poisson regres-
sion using multiple imputation for CD4 missing data).
doi:10.1371/journal.pone.0110461.t003
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patients were smear-positive but culture negative and 141 patients

were culture-positive but smear-negative. Those patients having a

history of TB had a higher rate of smear-positivity (4.4% versus

3.9%), but lower culture-positivity rate (9.4% versus 14.4%) as

compared to patients without TB history (Figure 2).

Among all culture-positive TB patients, 68 or 33.7% (95% CI:

27.4–40.4) had some form of drug-resistant TB. A high proportion

of MDR-TB and pre-XDR-TB, 38% (26/68) and 21% (14/68)

respectively, was observed amongst drug-resistant TB patients.

Table 2 shows the detailed resistance patterns of all patients with

DR-TB.

Of the newly diagnosed (114/791) and previously treated (88/

933) culture-positive TB patients, 25.4% (95% CI: 18.1–34.0) and

44.3% (95% CI: 34.2–54.8) patients had drug-resistant TB. The

proportion of patients with multidrug-resistant TB and more

advanced TB resistance profiles was higher (36% versus 11%) in

previously treated patients compared to newly diagnosed TB

patients.

Children and extra-pulmonary tuberculosis patients
In the study, 283 children aged less than 15 years were

investigated. The median (IQR) age of these children was 11 (8–

13) years, just over half of them were male (56%), and sixty-eight

percent were on ART. Of the 283 children investigated, 5% (15/

283) had culture-positive TB, of whom seven (46.7%, 7/15) had

drug-resistant TB; one had polydrug-resistant TB, two had MDR-

TB and four had pre-XDR-TB.

Among 1724 HIV-infected patients investigated during the

study period, 36 patients had presumptive extra-pulmonary TB

(EPTB). The median (IQR) age of these patients was 45 (40–47)

years and three-quarters of them were male (27/36, 75%). Among

the 36 investigated presumptive EPTB patients, 14% (5/36)

patients had culture-positive TB. Of these, 40% (2/5) patients had

DR-TB: one had INH mono-resistant TB while another had pre-

XDR-TB.

Factors associated with culture-confirmed TB, DR-TB and
MDR-TB

The demographic and clinical factors were assessed for

association with culture-confirmed TB, DR-TB and MDR-TB.

The univariate and bivariate analyses found age, ART status, CD4

count at last visit and previous episode of TB significantly related

to culture-positive TB (Table 3). A multivariate Poisson regression

model showed that older age, pre-ART status (i.e. not yet on

ART), CD4 count less than 200 cells/mL at the last visit and a

previous episode of TB were associated with culture-positive TB.

None of the factors other than previous history of TB were

associated with drug-resistant TB (Table 4) and multi-drug

resistant TB (Table 5) in bivariate and multivariate binary logistic

regression models.

Table 4. Demographic and clinical factors associated with drug-resistant tuberculosis in HIV-infected tuberculosis patients,
Mumbai, India.

Explanatory
Variable

Patients with
drug-resistant
tuberculosis
(N = 68), n (%)

Patients without
drug-resistant
tuberculosis
(N = 134), n (%)

Chi-square/t-test
(p-value)

aORa

(95% CI)

Age [years, median (IQR)] 35.5 (28.5–42.8) 38.0 (33.8–44.0) 2.15 (0.14) 0.98 (0.96–1.01)

Sex of patients

Male 46 (33.3) 92 (66.7) 0.02 (0.88) 0.95 (0.49–1.82)

Female 22 (34.4) 42 (65.6)

Family income
per month+ (in Rupees)

Less than 5000 36 (37.5) 60 (62.5) 1.8 (0.17)

5000 and above 18 (27.3) 48 (72.7)

ART status

Pre-ART 22 (30.6) 50 (69.4) 0.48 (0.49) 0.96 (0.49–1.90)

On ART 46 (35.4) 84 (64.6)

CD4 count, last
visit* (in cells/ml)

Less than 200 19 (32.8) 39 (67.2) 0.22 (0.88) 0.96 (0.48–1.93)

200 and above 43 (33.9) 84 (66.1)

ART duration**
[months, median
(IQR)]

19.3 (5.7–31.3) 19.2 (3.2–43.7)

Previous episode
of TB

Yes 39 (44.3) 49 (55.7) 7.93 (,0.01) 2.31 (1.24–4.30)

No 29 (25.4) 85 (74.6)

ART: Antiretroviral treatment, CI; Confidence Intervals +Patients with recorded family income, N = 162* Patients with available information about CD4 count, last visit
N = 185** Patients on ART with available information about ART initiation date, N = 126a aOR; adjusted Odds ratios (calculated by binary logistic regression using multi-
ple imputation for CD4 missing data).
doi:10.1371/journal.pone.0110461.t004
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Discussion

To our knowledge this is the first DR-TB survey carried out

among HIV clinic attendees in India. This study shows that,

among HIV-infected children and adults in Mumbai, the burden

of drug-resistant tuberculosis is extremely high: almost one in four

new TB cases and one in two of those previously treated for TB

have a drug-resistant strain. Of just as great concern, a large

proportion of these strains was resistant to one or more second-line

tuberculosis drugs, especially fluoroquinolones.

The overall rate of culture positivity amongst presumptive TB

cases was surprisingly low (11.7%). We hypothesize that this was

due neither to limitations in laboratory techniques nor the

presence of NTM disease, but instead to the broad inclusion

criteria that required a person attending a study site to have just

one of four possible TB symptoms as recommended by WHO

[13]; a person with ‘current cough’, for example, who was

otherwise stable was eligible for enrolment. Another possible

contributor to the low rate of TB culture positivity was the

relatively large number of poor quality specimens (e.g. consisting

of saliva) despite active instruction being given by a dedicated

study nurse at each site. In any case, this finding warrants further

investigation.

Even though the overall yield of TB was small in the pediatric

cohort as well, it remains significant that almost half of the

children with TB were infected with drug-resistant strains, most

commonly pre-XDR-TB. Since bacteriological confirmation of

DR-TB is more challenging in young children than in adults, as

they cannot expectorate sputum and are more likely to have

paucibacillary and extra-pulmonary TB, we hypothesize that the

burden of TB and DR-TB is likely to be underestimated among

children in this study, similar to what has been found in a recent

meta-analysis [15]. With less than 2% of all study participants

having specimens taken from extrapulmonary sites, it is almost

certain that EPTB is being underdiagnosed as well in this cohort.

A separate analysis found no significant association between EPTB

and DR-TB in children or adults.

Our statistical models revealed no significant associations

between most demographic and clinical factors and the risk of

DR-TB and MDR-TB. We believe that these findings are

important for their lack of associations; it seems that most TB/

HIV co-infected patients attending ART centers in Mumbai are at

risk for DR-TB. Although the relatively small sample size limits the

power of our analyses and calls for cautious interpretation, the lack

of associations suggests that all those infected with HIV and

presumed to have active TB be tested for drug-resistant strains.

Table 5. Demographic and clinical factors associated with multidrug-resistant tuberculosis in HIV-infected tuberculosis patients,
Mumbai, India.

Explanatory
Variable

Patients with
multidrug-resistant
tuberculosis (N = 45),
n (%)

Patients with
drug-susceptible
tuberculosis
(N = 134), n (%)

Chi-square/t-test
(p-value)

aORa

(95% CI)

Age [years,
median (IQR)]

38.0 (30.0–42.5) 38.0 (33.8–44.0) 1.85 (0.18) 0.98 (0.95–1.01)

Sex of patients

Male 30 (24.6) 92 (75.4) 0.06 (0.80) 0.83 (3.8–1.83)

Female 15 (26.3) 42 (73.7)

Family income
per month+

(in Rupees)

Less than 5000 21 (25.9) 60 (74.1) 1.03 (0.31)

5000 and above 11 (18.6) 48 (81.4)

ART status

Pre-ART 12 (19.4) 50 (80.6) 1.69 (0.19) 0.85 (0.37–1.96)

On ART 33 (28.2) 84 (71.8)

CD4 count,
last visit*
(in cells/ml)

Less than 200 13 (25.0) 39 (75.0) 0.00 (1.00) 1.02 (0.43–2.41)

200 and above 28 (25.0) 84 (75.0)

ART duration**
[months, median
(IQR)]

19.7 (5.7–34.8) 19.2 (3.2–43.7) 0.02 (0.88)

Previous episode
of TB

Yes 32 (39.5) 49 (60.5) 16.2 (,0.01) 4.16 (1.93–8.95)

No 13 (13.2) 85 (86.7)

ART: Antiretroviral treatment, CI; Confidence Intervals +Patients with recorded family income, N = 140* Patients with available information about CD4 count, last visit
N = 164** Patients on ART with available information about ART initiation date, N = 126aaOR; adjusted Odds ratios (calculated by binary logistic regression using multi-
ple imputation for CD4 missing data).
doi:10.1371/journal.pone.0110461.t005
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Given the high population density in Mumbai, in which a large

proportion of the population lives in slums under extreme poverty,

the very high TB prevalence and the relatively high HIV burden

reported in greater metropolitan Mumbai, these data are unlikely

to be representative of a country as vast and diverse as India.

Nevertheless the living conditions in Mumbai and common

practices in the public and private health sectors (as for example

the prescribing of inappropriate regimens and over-the-counter

availability of fluoroquinolones and other drugs with anti-TB

properties) are similar to those of other large metropolitan centres

in the country, so these data could very well represent the DR-TB

situation in such cities as New Delhi, Kolkata and Chennai.

While it may not be possible to generalise our estimates for the

entire country or even for HIV-uninfected populations, they serve

to highlight the overall magnitude of the DR-TB epidemic in

Mumbai, which is not unknown [16,17]. A high prevalence of

MDR-TB strains (11–68%) was reported in tertiary health

facilities as early as 1991, followed by further documentation in

2006 [18–20], including information on the magnitude of the

epidemic in children [21]. A study by D’Souza et al in 2009 [18]

documented high levels of multiple drug resistance (both MDR

and poly-drug resistance) amongst previously untreated cases in

urban parts of Mumbai. In 2011 Udwadia et al reported a cases-

series of totally-drug resistant TB (a term that has not officially

been endorsed by WHO) in Mumbai, which captured the

attention of local and international media [22,23]. However to-

date such findings are often overlooked and their importance

minimized as representing only selected populations, laboratory or

tertiary care settings and small case-series. Our study confirms that

there is more than one epidemic ongoing in Mumbai and

reinforces the urgent need to accurately measure the overall

prevalence and incidence of DR-TB around the country in order

to define appropriate interventions. Studies in selected populations

such as this complement the overall estimates and can help in

directing resources and prioritizing interventions targeted at the

most vulnerable groups.

This survey is subject to the usual limitations in survey design

and data collection. There is likely to be a tendency for patients to

not report previous treatment either because they do not

remember (recall limitation) or, on purpose, to avoid going

through a long course of treatment that includes daily injectable

medication and is known among patients for debilitating side

effects [24]. Such bias could have led to an overestimate of DR-TB

among new cases and an underestimate among retreatment cases.

However, most HIV-infected patients attending ART clinics are

usually aware of tuberculosis and have been counseled and

screened for TB on several occasions, so recall limitation is rather

unlikely.

The majority of HIV-infected patients attending public and

public-private ART centers in the city are likely to access the

public national TB programme for TB diagnosis and treatment.

However many still seek care from private practitioners or may

switch between the public and private sectors. The contribution to

DR-TB levels from suboptimal treatment regimens prescribed in

the unregulated Indian private health sector has been well

documented [25–27]. Cox et al in 2007 have shown that even

under well-established DOTS programmes in areas with high

levels of drug resistance, high levels of amplification of drug

resistance are to be expected [28].

The high level of resistance to three or more first-line anti-TB

drugs and to fluoroquinolones has been previously described by

others [29]. The proportion of previously untreated cases in our

study that were resistant to more than three drugs, especially

isoniazid, rifampicin and a fluoroquinolone, was particularly

alarming and highlights two major issues in the management of

TB in the setting of HIV/ART clinics. Firstly, it points to the

scenario of nosocomial transmission of TB and DR-TB. Those

attending an ART clinic at least once a month are more likely to

be exposed to susceptible and resistant strains of M. tuberculosis
than the general population. Given that the ART centers in

Mumbai are usually extremely busy, constantly crowded and that

they often lack adequate TB infection control interventions, this

scenario is not unlikely. Instead of hypothesizing that most cases of

DR-TB are due to non-adherence among patients on treatment,

exogenous infection or re-infection should first be considered

[30,31]. Secondly, considering the high levels of resistance to

second-line TB drugs and especially fluoroquinolones in this

population, it is reasonable to assume that patients with

presumptive TB may actually have pre-XDR-TB or even XDR-

TB. This statement implies a huge investment in laboratory

capacity in an already constrained public sector in Mumbai in

order to screen all TB patients at the outset for strains that are

resistant to fluoroquinolones and anti-TB injectables Nevertheless,

we believe that it is a reasonable investment to make if the

epidemic of DR-TB is to be controlled in the city in the future.

Conversely, if DST is only offered afterward to those failing their

TB treatment regimen, a large proportion of DR-TB cases will be

missed due to the high risk of mortality among HIV-positive

patients with untreated DR-TB [32].

There is an ongoing plan to systematically offer molecular TB

diagnosis (mainly using Xpert MTB/RIF, also known as

GeneXpert) to all HIV-infected patients in Mumbai and elsewhere

in the country. While this is a giant leap forward, since GeneXpert

can rapidly detect MTB and rifampicin resistance within 2 hours,

we are concerned that ‘scale up’ of DR-TB diagnosis using this

particular diagnostic may lead to suboptimal practices, since a

diagnosis of rifampicin resistance alone and/or assumption that it

represents a diagnosis of MDR-TB, may mask a diagnosis of pre-

XDR or XDR-TB (or worse); the risks then associated with giving

a suboptimal treatment regimen are significant both in terms of

morbidity and mortality for the patient, as well as amplification of

resistance and subsequent community transmission of resistant

strains. While GeneXpert is an excellent and efficient diagnostic

tool for MTB and screening test for DR-TB, in settings like

Mumbai it is essential that it be complemented by culture and

DST involving first- and second-line anti-TB drugs. The national

programme has recently changed the policy to account for this

risk, starting with HIV-infected patients in Mumbai and Mahar-

ashtra.

Our initial study protocol included fingerprinting studies using

spoligotyping, which we had to abandon due to the high cost. Cox

et al have in the past found a strong association between the

Beijing genotype and amplification in situations of preexisting

resistance in a central Asian setting [33]. Similarly, the proportion

of the Beijing genotype was reported to be 35% in the urban

Mumbai population studied by Almeida et al [34]. We need

fingerprinting studies to establish how often nosocomial transmis-

sion occurs and to guide TB infection control interventions.

Another area of research that is urgently needed relates to

chemoprophylaxis for child contacts of DR-TB cases in Mumbai;

preventative regimens that have shown to be effective in other

settings are unlikely to prevent development of active disease in

many children in Mumbai due to the high baseline rate of

fluoroquinolone resistance [35].
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Conclusion

Our findings strongly suggest that there is an ongoing DR-TB

epidemic among people living with HIV and attending ART

centers in Mumbai, which requires urgent, innovative and feasible

models of care that allow for rapid and accurate detection and

treatment of as many DR-TB patients as possible. Ideally all

patients with presumptive TB attending any ART center in

Mumbai, or settings with similar drug resistance patterns, should

be screened with a rapid molecular diagnostic followed by DST to

first- and second-line anti-TB drugs, including for fluoroquino-

lones, so that the correct diagnosis is made as early as possible and

followed by prompt treatment initiation with an appropriate

individualized regimen. The high rate of DR-TB amongst new TB

patients also highlights the need for better TB infection control

measures in order to prevent ongoing transmission of DR-TB in

the community and health facilities, especially those attended by

vulnerable populations, such as those living with HIV.
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ABSTRACT
To study the diagnostic accuracy of Acid fast bacilli smear with the gold standard TB culture by MGIT method. 
Materials and Methods: 547 patients were screened for tuberculosis based on criteria for Tuberculosis like cough for more than 2 weeks, fever, 
loss of weight and loss of appetite, haemoptysis. 
Observations & Results: Out 547 patients screened for tuberculosis, 237 patients were positive for tuberculosis by MGIT culture method and only 
100 patients were positive by AFB smear method. The sensitivity was 42.19%, specificity was 99.03%, and the diagnostic accuracy was 74.41%. 
Conclusion: The sensitivity of acid fast bacilli smear is low with high specificity. There is a need for a inexpensive and better tool for rapid 
diagnosis of tuberculosis.

KEYWORDS
Tuberculosis, Ziehl Neelson staining, AFB smear, TB MGIT culture

Introduction: The disease Tuberculosis is major public health 
problem. As per WHO about 1.3 million people died of the 

1tuberculosis in 2014.  There is a requirement of rapid, accurate 
diagnosis for timely start of treatment.

Materials and Methods: Our study was observational prospective 
study. The study was cleared by Institutional ethics and research 
committee. About 547 patients were screened for tuberculosis based 
on clinical features suggestive of Pulmonary Tuberculosis. Patients' 
consent was taken and accordingly sputum samples were collected in 
Falcons tube as per RNTCP protocol.

From each patient's sputum sample, One part was processed for Bactec 
MGIT 960 system for mycobacterium tuberculosis  culture whereas 
the other part of sputum was processed for acid fast bacilli smear (Ziehl 
Neelson staining method) as per standard guidelines mentioned in 
RNTCP (Revised national Tuberculosis Programme).

Observations and Results:
Out of 547 eligible TB suspected patients, 230 positive by Gold 
standard Tb Culture were included as positive for active pulmonary TB 
and entered into the analysis of data.

TABLE 1: Gender wise distribution of TB Suspected Patients

Out of 547 patients screened for Tb, 334 (61%) were males and 
213(39%) were females.

Table2: Diagnostic accuracy of Smear AFB in comparison with TB 
Culture as Gold standard

Our results show that5 Smear AFB microscopy had a sensitivity of 
42.19% and specificity of 99.03%. The diagnostic accuracy was 
74.41%

Fig 1. Acid fast bacilli in ZN stained smear microscopy

Fig 2: Biosafety cabinet for TB sample processing

Discussion:
Our study evaluates smear for AFB against Gold standard TB MGIT 
culture results by MGIT culture come earlier than conventional LJ 

2,3culture methods.

Comparative evaluation of Sensitivity, PPV & NPV of Smear AFB 
4,5,6microscopy in following studies.

.

After comparing with Gold standard MGIT TB culture, sensitivity, 
specificity, PPV & NPV of Smear AFB microscopy were 42%, 99%, 
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N o Of AFB seen Report Fields
1-2/300 fields Doubtful 1-2/300 field
1-9 /100fields 1+ 1-9/100 field
1-9/10 field 2+ 1-9/10 field
1-9/field 3+ 1-9/field
>9/field 4+ >9/field

Gender TB Suspected Patients  (%)
Male 334 61.0
Female 213 39.0
Total 547 100

TB Culture 
Positive

TB Culture 
Negative

Total

Smear AFB Positive 100 3 103
Smear AFB Negative 137 307 444
Total 237 310 547

Statistic Value (%) 95%CI

Sensitivity 42.19 35.83 to 48.76

Specificity 99.03 97.20 to 99.80

PPV 97.09 91.46 to 99.05

NPV 69.14 66.76 to

Diagnostic accuracy 74.41 70.53 to 78.01

Study Sensitivity Specificty PPV NPV
4Pierrrae et al 25 95.8 45.5 90.1
5Dewald et al 41 98.6 94.1 75.8
6Kanwal et al 39 100 100 11.86

Our study 42 99 97.03 69.14
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97.03%, 69.14% respectively, which is similar to other studies as 
shown in the table above.

Smear AFB microscopy is the most practical and fast method for 
4screening & diagnosis of PTB. There has to be approx 10  tubercle 

7bacilli per ml of sputum to be seen positive in AFB smear microscopy.  
AFB Microscopy has good specificity at 99% & diagnostic accuracy of 
74.41%. Still, a negative smear should be interpreted with caution and 
does not rule out the possibility of Pulmonary TB.

Conclusion: The smear AFB microscopy commonly used in most 
laboratories because of shorter time and low risk of infection to Lab 
personnel. Though it has lesser sensitivity, specificity is good. In order 
to accurately diagnose pulmonary tubetrculosis, a culture should be 
always requested concommitanlty with AFB smear as negative smear 
does not rule out active tuberculosis and not all positive AFB smears 
are M. tuberculosis, but could be atypical mycobacteria.
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INTRODUCTION 

Tuberculosis is still a major health problem worldwide. It 

is estimated that about one-third of the world's population 

is infected with mycobacterium tuberculosis.  

While pulmonary tuberculosis is most common 

presentation; extrapulmonary tuberculosis is also an 

important clinical problem. Worldwide, extrapulmonary 

tuberculosis (EPTB) accounts for ∼25% of all TB cases.1 

Tuberculosis is one of the dreaded diseases which 

accounts for 9.6 million cases globally as per the WHO 

Global TB Report 2015. Among these cases India 

contributes to 2.2 million incidence cases. It has not only 

high morbidity but also the mortality is high with 0.22 

million deaths in India in 2015.2 The prevalence of 

tuberculosis was estimated to be 10.5 million. In India 

alone 1.8 million new cases of TB arise annually.3,4 It is 

estimated that about 40% of the Indian population is 

infected with TB bacteria. 
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ABSTRACT 

 

Background: Tuberculosis is still a major health problem worldwide. It is estimated that about one-third of the 

world's population is infected with mycobacterium tuberculosis. While pulmonary tuberculosis is most common 

presentation; extrapulmonary tuberculosis is also an important clinical problem. CBNAAT is cartridge based nucleic 

acid amplification test with a well-established role in the diagnosis of pulmonary tuberculosis (PTB). We determined 

the effectiveness of CBNAAT in the diagnosis of extrapulmonary tuberculosis (EPTB) cases in comparison to AFB 

smear.  

Methods: Retrospective study of suspected extrapulmonary tuberculosis patients in a tertiary care centre of the study 

area was conducted. The study period was from January 2017 to July 2018. Data of 166 consecutive suspected 

extrapulmonary tuberculosis patients was retrieved. Effectiveness of CBNAAT in the diagnosis of EPTB was 

assessed as compared to that of AFB smear. 

Results: Samples collected from 166 suspected EPTB patients were subjected to AFB smear and CBNAAT. Samples 

collected included lymph node, pus, pleural fluid, tissue, CSF, gastric lavage, cystic fluid, peritoneal fluid, ascitic 

fluid, colonic fluid, synovial fluid, urine. In AFB smear results, 17 cases were positive for TB bacilli and 149 were 

negative for the same. In CBNAAT results, 25 cases were positive for TB bacilli and 141 cases were negative. In 

comparative analysis, 8 cases were AFB smear negative but CBNAAT positive.  

Conclusions: CBNAAT is a useful tool in the diagnosis of EPTB cases because of its simplicity and rapid turnaround 

time. CBNAAT is more effective as compared to AFB smear in the diagnosis of EPTB cases.  

 

Keywords: CBNAAT, Extrapulmonary tuberculosis, Pleural effusion, Tuberculosis 

 

DOI: http://dx.doi.org/10.18203/2320-6012.ijrms20184884 



Kasat S et al. Int J Res Med Sci. 2018 Dec;6(12):3925-3928 

                                                        
 

      International Journal of Research in Medical Sciences | December 2018 | Vol 6 | Issue 12    Page 3926 

To reduce the incidence and prevalence, India introduced 

National Tuberculosis Control Programme (NTP) in 

1962, followed by Revised National Tuberculosis Control 

Programme (RNTCP) 1993-1996 and with Directly 

Observed Treatment Short-Course chemotherapy (DOTS) 

strategy in 1997. WHO released STOP TB STRATEGY 

in 2006. India adopted it in 2007. There are continuous 

efforts made to decrease the incidence and prevalence of 

tuberculosis, continuous change in the strategies under 

RNTCP are made. Further there was adoption of Goals of 

NSP with a vision of TB Free India in 12th five-year plan 

in (2012-17). The current adoption of END TB 

STRATEGY has a vision of WORLD FREE OF TB.5 

TB affecting other sites-known as extra-pulmonary TB, is 

rarely smear-positive; it is generally accepted that the 

contagious potential of this form is negligible, and it has, 

therefore, never been a priority in the campaigns 

undertaken by national TB control programs.6,7 Lymph 

nodes are the most common site of involvement followed 

by pleural effusion and virtually every site of the body 

can be affected.8 

Extrapulmonary tuberculosis forms a significant 

proportion of the total TB cases and is a major health 

problem in both developing and developed 

countries. Diagnosing EPTB is challenging due to its 

varied clinical presentations and paucibacillary nature 

of the disease.9 AFB smear hasn’t proved to be much 

useful in diagnosing EPTB. CBNAAT is cartridge-based 

nucleic acid amplification test which detects the presence 

of TB bacilli and tests for resistance to Rifampicin also. 

CBNAAT is likely to revolutionize the diagnosis and 

treatment of EPTB, as it is a very cost-effective and 

rapid test. Hence, we performed a retrospective analysis 

to assess the effectiveness of CBNAAT for diagnosing 

EPTB as compared to that of AFB smear. Our study 

aimed to define the role of CBNAAT in clinical 

decision-making in suspected EPTB cases. 

In this study, all patients suspected to have EPTB are 

evaluated by means of AFB smear and CBNAAT. 

Comparative analysis of the results of AFB smear and 

CBNAAT is done.  

METHODS 

The study is a retrospective descriptive study conducted 

at MGM Hospital Aurangabad after obtaining permission 

of the institutional ethical committee. The study used data 

from January 2017 to July 2018. 

All the patients who were suspected to have 

extrapulmonary tuberculosis and are above 18 years of 

age were included in the study. Patients suspected to have 

or those who already have pulmonary tuberculosis and 

are below 18 years of age were excluded from the study. 

The study population consisted of all the suspected 

extrapulmonary tuberculosis patients visiting the OPD of 

MGM Hospital Aurangabad and who were willing for 

AFB smear and CBNAAT investigations. 

To fulfil the objectives of research, samples from all the 

patients suspected to have extrapulmonary tuberculosis 

were collected and subjected to AFB smear and 

CBNAAT. CBNAAT is cartridge-based nucleic acid 

amplification test which detects the presence of TB 

bacilli and tests for resistance to Rifampicin also. It is 

simple, rapid, cost effective and doesn’t require technical 

expertise. It can diagnose TB within 2hours and gives 

accurate results due to use of disposable closed cartridges 

preventing cross contamination. In settings where 

resources are limited for facilities like culture DST, 

CBNAAT is extremely useful, simple and reliable test.  

Samples collected included lymph node, pus, pleural 

fluid, tissue, CSF, gastric lavage, cystic fluid, peritoneal 

fluid, ascitic fluid, colonic fluid, synovial fluid, urine. 

The results of both the AFB smear and CBNAAT of the 

samples of all the suspected extrapulmonary tuberculosis 

patients were compared in the study. Reports were 

retrieved from MGM Hospital Aurangabad. This 

laboratory is accredited by RNTCP for AFB smear and 

CBNAAT testing of samples taken both pulmonary and 

extrapulmonary tuberculosis patients. 

It was a record-based study so consent of the patients for 

inclusion criteria was not taken into consideration. 

Confidentiality of the patients was maintained. 

RESULTS 

Total of 166 patients were included in the study. All the 

patients who were suspected to have extrapulmonary 

tuberculosis and are above 18 years of age were included 

in the study. Patients suspected to have or those who 

already have pulmonary tuberculosis and are below 18 

years of age were excluded from the study. Samples 

collected included lymph node, pus, pleural fluid, tissue, 

CSF, gastric lavage, cystic fluid, peritoneal fluid, ascitic 

fluid, colonic fluid, synovial fluid, urine. Samples from 

all the patients suspected to have extrapulmonary 

tuberculosis were collected and subjected to AFB smear 

and CBNAAT. 

Among 166 suspected extrapulmonary tuberculosis cases, 

17 samples were AFB smear positive and 149 were 

negative for AFB smear. Figure 1 shows the distribution 

of patients according to diagnosis based on AFB smear. 

In CBNAAT results, 25 out of 166 suspected 

extrapulmonary tuberculosis cases were positive for TB 

bacilli and 141 were negative for the same. Figure 2 

shows the distribution of patients according to diagnosis 

based on CBNAAT. 

When the results of the 166 samples collected form 

suspected extrapulmonary tuberculosis patients subjected 

to AFB smear and CBNAAT were compared, 8 cases 
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turned out to be negative for TB bacilli in AFB smear 

whereas the same samples positive for TB bacilli in 

CBNAAT i.e. 8 cases were falsely reported as negative 

for TB bacilli in AFB smear. As the suspected 

extrapulmonary tuberculosis samples included many 

samples other than pleural fluid and lymph node, the 

overall samples turning out to be positive for TB bacilli 

in both AFB smear and CBNAAT is less. It would have 

been higher if only pleural fluid and lymph node samples 

were included in the samples used for the study.  

 

Figure 1: Distribution of patients according to 

diagnosis based on AFB smear. 

 

Figure 2: Distribution of patients according to 

diagnosis based on CBNAAT. 

 

Figure 3: Distribution of patients according to 

diagnosis. A comparison between AFB smear and 

CBNAAT results. 

Figure 3 shows the distribution of patients according to 

diagnosis, a comparison between AFB smear and 

CBNAAT results. The above comparison of the results of 

AFB smear and CBNAAT examination of various 

samples of suspected extrapulmonary tuberculosis 

patients proves that CBNAAT is much better alternative 

to AFB smear in the diagnosis of extrapulmonary 

tuberculosis. 

DISCUSSION 

EPTB contributes to a significant burden of mortality and 

morbidity due to its complex and subclinical 

presentations, leading to a delay in diagnosis. The 

conventional methods such as culture DST are time 

consuming and require trained laboratory personnel.  

CBNAAT is a semi-quantitative nested nucleic acid 

amplification test based on molecular detection of 

mutated gene. It is simple, rapid, cost effective and 

doesn’t require technical expertise. It can be carried out 

in automated manner including bacterial lysis, nucleic acid 

extraction, and amplification and amplicon detection. It 

can diagnose TB within 2hours and gives accurate results 

due to use of disposable closed cartridges preventing 

cross contamination.10 In settings where resources are 

limited for facilities like culture DST, CBNAAT is 

extremely useful, simple and reliable test. It also has a 

significant role to play in the diagnosis of extrapulmonary 

tuberculosis. Its potential in EPTB detection has been 

underutilized due to lack of awareness regarding the 

same. Hence, we conducted the study to determine 

effectiveness of this rapid and logistically simplified test in 

the diagnosis of EPTB.  

The prevalence of EPTB is showing a rising trend. The 

heterogenous clinical presentations, paucibacillary nature 

and difficulty in obtaining specimens (often requiring 

invasive procedures) make the diagnosis of EPTB, a 

challenging task and hence the requirement for a rapid, 

simplified and cost effective diagnostic tool arises.11 This 

is where CBNAAT plays an important role leading to 

early initiation of appropriate therapy, improved 

treatment outcomes, minimizing morbidity and mortality. 

According to a metaanalysis findings of Denkinger et al, 

sensitivity among pleural fluid was 46% and sensitivity 

among lymph node specimens was 83%.12 Another 

meta-analysis finding of Penz et al, suggested 

sensitivity among pleural fluid was 37% and lymph node 

specimen was 87%.13 A recently published study by 

Sharma et al, regarding the utility of GeneXpert in 

diagnosing EPTB has shown an overall sensitivity of 71% 

and PPV ranging from 98 to 100%.14 But direct 

comparisons could not be drawn with our study.  In this 

study, we found that the results of CBNAAT were better 

when compared to AFB smear for EPTB samples. 

Although the overall positive cases of EPTB diagnosed 

through these tests were less as the suspected 

extrapulmonary tuberculosis samples included many 
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samples other than pleural fluid and lymph node, it is 

however consistent with other studies of EPTB in the 

literature.12-14 It would have been higher if only pleural 

fluid and lymph node samples were included in the 

samples used for the study. 

This findings suggest that CBNAAT plays a major and 

important role in the diagnosis of EPTB, particularly in 

places with high burden and limited availability of 

resources. CBNAAT could be the best aid for physicians 

in diagnosing EPTB if more awareness is brought among 

them regarding its utility. Our study highlighted that 

CBNAAT can be a faster alternative to time taking 

methods like culture DST and at the same time a more 

efficient alternative to other rapid methods like AFB 

smear examination in the diagnosis of EPTB. With our 

study, we conclude that CBNAAT is more effective as 

compared to AFB smear in the diagnosis of EPTB cases 

and CBNAAT should be routinely utilized for rapid 

diagnosis of EPTB along with other conventional 

methods like AFB smear examination and culture DST 

for better overall results in the diagnosis of EPTB.  

CONCLUSION 

CBNAAT is a useful tool in the diagnosis of EPTB cases 

because of its simplicity and rapid turnaround time. 

CBNAAT is more effective as compared to AFB smear 

in the diagnosis of EPTB cases and CBNAAT should be 

routinely utilized for rapid diagnosis of EPTB along with 

other conventional methods like AFB smear examination 

and culture DST for better overall results in the diagnosis 

of EPTB. As the suspected extrapulmonary tuberculosis 

samples included many samples other than pleural fluid 

and lymph node, the overall samples turning out to be 

positive for TB bacilli in both AFB smear and CBNAAT 

is less. It would have been higher if only pleural fluid and 

lymph node samples were included in the samples used 

for the study. 
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Rare case of pulmonary lymphomatoid
granulomatosis in conjunction with tuberculosis
A case report
Young Woo Ha, MDa, Chul Hwan Kim, MD, PhDb, Yong Park, MD, PhDc, Jang Wook Sohn, MD, PhDa,
Min Ja Kim, MD, PhDa, Young Kyung Yoon, MD, PhDa,∗

Abstract
Rationale: Lymphomatoid granulomatosis is a very rare Epstein-Barr virus-driven lymphoproliferative disease. This disease has
high mortality owing to its low incidence in conjunction with nonspecific presentations, which contribute to delays in diagnosis.

Patient: An 87-year-old male had a week-long history of intermittent fever and general weakness. A chest radiograph showed
multifocal patchy consolidations with nodular lesions.

Diagnoses: Open lung biopsy using video-assisted thoracic surgery resulted in a diagnosis of grade III lymphomatoid
granulomatosis. Three days after surgery, Mycobacterium tuberculosis complex was identified from the culture of sputum samples
collected at admission.

Intervention and outcomes: Antituberculous treatment was commenced first. However, after 34 days of antituberculosis
medication, the patient died owing to aggravated lymphomatoid granulomatosis.

Lessons: This case highlights the fact that rare diseases should also be considered in differential diagnosis, particularly with a
common presentation such as multiple lung nodules. Furthermore, a diagnosis of pulmonary lymphomatoid granulomatosis was
made after open lung biopsy. To our knowledge, this is the first case of lymphomatoid granulomatosis coexisting with active
tuberculosis in the Republic of Korea, where tuberculosis is endemic.

Abbreviations: AFB= acid-fast bacilli, ANA= antinuclear antibodies, anti-HCV= antihepatitis C antibody, BAL= bronchoalveolar
lavage, CRP=C-reactive protein, CT= computed tomography, EBER= Epstein-Barr virus-encoded small RNA, EBV= Epstein-Barr
virus, ECOG = Eastern Cooperative Oncology Group, ESR = erythrocyte sedimentation rate, GMS = Grocott–Gomori’s
methenamine silver, HBsAg = hepatitis B surface antigen, HIV = human immunodeficiency virus, hpf = high-power field,
IFN-g = interferon gamma, LDH = lactate dehydrogenase, LYG = lymphomatoid granulomatosis, PAS = periodic acid–Schiff,
PCNB = percutaneous core needle biopsy, PLG = pulmonary lymphomatoid granulomatosis, Th1 = type 1 helper T lymphocyte,
VATS = video-assisted thoracic surgery, WBC = white blood cell, WHO = World Health Organization.

Keywords: Epstein-Barr virus, pulmonary lymphomatoid granulomatosis, pulmonary tuberculosis

1. Introduction

Pulmonary lymphomatoid granulomatosis (PLG), which has
been defined as a clinicopathological entity is a rare Epstein–Barr
virus (EBV)-driven lymphoproliferative pulmonary disorder. It
involves an angiocentric and angiodestructive process that affects
the lung, via the invasion of bilateral nodular infiltrates composed
of EBV-driven B-cells that lack true granulomatous features, and
subsequent destruction of blood vessels.[1,2] Clinical manifesta-
tion suggestive of an atypical lymphoma and pulmonary
vasculitis represents an overlap syndrome between angiitis and
lymphoma. Thus, various pathogenetic conditions can be
comprised in autoimmunity, infection, and malignancy.[3,4]

Lymphomatoid granulomatosis is usually observed as primary
lesions in the lung; however, nonspecific clinical features of PLG
are similar to those of more common pulmonary disorders,
including tuberculosis, histoplasmosis, Wegener’s granuloma-
tosis, Churg-Strauss syndrome, sarcoidosis, cryptogenic orga-
nizing pneumonia, and malignancy.[5] Its low incidence
combined with manifestations that overlap with other diseases
results in difficulty diagnosing PLG. Other common sites of
extranodal involvement include kidney (40%–50%), skin
(25%–50%), central (25%–50%) or peripheral (15%–20%)
nervous system, liver (10%), spleen (10%), and lymph nodes
(<10%).[6]
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A complex relationship exists between lymphomatoid gran-
ulomatosis and functioning of the host’s immune system.[6] Most
patients have been diagnosed in conjunction with autoimmune
diseases, chronic hepatitis infections, postorgan transplantation
and postintensive therapy for malignancy.[7–9] Treatment options
of these patients includes corticosteroids, anti-CD20 monoclonal
antibodies, interferon-a-2b and combination chemotherapy, but
PLG has extremely poor prognosis.
Herein, we report a case of PLG in conjunction with active

tuberculosis. To our knowledge, this manifestation has not been
previously described.

2. Case report

The patient was an 87-year-old male, nonsmoker, with a known
history of pulmonary tuberculosis 14 years previously and
complete recovery from prostate cancer 10 years earlier, who was
also diagnosed with type 2 diabetes mellitus, hypertension, and
hypothyroidism. Previous diagnosis of pulmonary tuberculosis
was confirmed based on a positive culture for Mycobacterium
tuberculosis. He was treated with a standard four-drug therapy
for drug-susceptible tuberculosis. However, a negative sputum
culture for M. tuberculosis was not confirmed during the 6-
month treatment, owing to improvement of his respiratory
symptoms. After recovery, the patient was subsequently
rehospitalized for treatment of prostate cancer. Although the
patient lived in South Korea, which has a high prevalence of

tuberculosis, he did not report of any memorable exposure to
patients with active tuberculosis.
He was regularly taking the following medications: metformin

and saxagliptin for diabetes, levothyroxine sodium hydrate for
hypothyroidism, and ramipril for hypertension.
The patient presented to our hospital with a week-long history

of intermittent fever and general weakness. On admission, he had
a cough, poor oral intake, and experienced dyspnea after walking
for a few minutes on level ground. General physical examination
revealed bilateral crackles and rales on both lung fields. There
was no evidence of cardiac murmur, lymphadenopathy,
hepatosplenomegaly, or skin lesion. No Osler nodes, Janeway
lesions or splinter hemorrhages were observed.
In the initial laboratory results, the patient’s complete blood

countswere as follows: hemoglobin 9.9g/dL (normal limits 12∼16
g/dL), white blood cell (WBC) count 9500/mL (normal limits
4,500∼11,000/mL), and platelet count 376,000/mL (normal limits
150,000∼400,000/mL).WBC differential count with neutrophilia
was 7837/mL (82.5%, normal limits 45%∼75%). Erythrocyte
sedimentation rate (ESR) of 57mm/hr (normal limits 0∼20mm/hr)
and C-reactive protein (CRP) of 57.4mg/L (normal limits 0∼5mg/
L) were mildly elevated; procalcitonin was 0.14ng/mL (normal
limits 0∼ 0.05ng/mL). A chest radiograph and computed
tomography (CT) scan showed multifocal patchy consolidations
with nodular lesions of variable sizes and irregular margins
combined with right pleural effusion, but there was no hilar or
mediastinal lymphadenopathy (Fig. 1 A and B).

Figure 1. (A) Initial chest radiograph showing multiple nodular lesions in both lung fields. (B) Chest computed tomography (CT) scans revealing multifocal
consolidations with ground-glass opacity and right pleural effusion. (C and D) Follow-up chest radiograph and chest CT scans demonstrating interval aggravation of
multiple nodular opacities.
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Early differential diagnosis of fever and lung nodules included
tuberculosis, pulmonary septic emboli, fungal infection, vasculi-
tis, and malignancy. Transthoracic echocardiography demon-
strated no evidence of infective endocarditis. Analysis of pleural
effusion showed a WBC count of 340 /mm3 with 94%
lymphocytes, 4% neutrophils, and 2% monocytes, protein of
1.9g/dL, lactate dehydrogenase (LDH) of 231U/L, and pH of
8.0. Polymerase chain reaction for M. tuberculosis and cytology
for malignancy were all negative. Fiber optic bronchoscopy with
bronchoalveolar lavage (BAL) was inconclusive. All blood
culture using the BacT/ALERT 3D Microbial Detection System
(bioMérieux, Inc., Durham, NC) and sputum cultures using
Vancomycin-Bacitracin-Clindamycin agar, MacConkey agar,
and blood agar plates were negative for bacterial or fungal
growth. Respiratory specimens, including BAL fluid, taken for
acid fast bacillus (AFB) staining on more than three occasions
were negative. A viral work-up for hepatitis B surface antigen
(HBsAg), antihepatitis C antibody (anti-HCV) and human
immunodeficiency virus (HIV), respectively; an autoimmune
disease work-up for antinuclear antibodies (ANA) and a fungal
work-up for Aspergillus antigen were also negative.
Under the clinical diagnosis of bacterial pneumonia, cefepime

(2g, twice daily) and intravenous teicoplanin (400mg, once daily)
were administered as empirical antibiotic therapy. However,
after 2 weeks of antimicrobial treatment, follow-up chest
radiograph and chest CT scans showed numerous aggravated
nodular densities with cavities (Fig. 1 C and D), and his Eastern
Cooperative Oncology Group (ECOG) scale of performance
status deteriorated from grade II to grade IV. Thus, amphotericin
B deoxycholate was prescribed concurrently based on a suspicion
for fungal pneumonia.
Percutaneous core needle biopsy (PCNB) of the left lung was

performed to differentiate between the suspected diagnoses of
fungal pneumonia and malignancy. However, histological
examination revealed only nonspecific findings of interstitial

chronic inflammation with fibrosis and focal necrosis. After
maintaining the combination antimicrobial therapy for 28 days,
multifocal patchy consolidations with nodular lesions on chest
CT scan showed no further improvement. Accordingly, open
lung biopsy using video-assisted thoracic surgery (VATS) was
conducted for wedge resection of the right lung (middle and lower
lobes). The histopathology showed grade III lymphomatoid
granulomatosis, composed of polymorphous infiltrate with large
atypical and small lymphoid cells showing angiocentricity with
fibroblastic stroma (Fig. 2).
The large atypical cells and small lymphocytes were positive for

CD20 and CD3, respectively. The atypical lymphoid cells were
positive for Epstein-Barr virus-encoded small RNA (EBER) with
> 50/high-power field (hpf). Grocott–Gomori’s methenamine
silver (GMS) and periodic acid–Schiff (PAS) stains revealed no
fungal organisms. The AFB stain was negative and there was no
granulomatous lesion consistent with mycobacterial infection on
our biopsy specimen.
On the 30th day of hospitalization, a therapeutic plan for PLG

was carefully established with intensive CHOP and rituximab;
however, the initiation of chemotherapy was delayed because of
general weakness of the patient. Subsequently, M. tuberculosis
complex, which is susceptible to all antituberculous drugs, was
identified on the 36th day of hospitalization from the culture of
sputum samples collected at admission. Therefore, anticancer
treatment was deferred until after antituberculous treatment.
After 34 days of antituberculosis medication, the patient showed
a consciousness deterioration and became completely disabled.
The patient’s subsequent death was attributed to have resulted
because of the disease progression of PLG.

3. Discussion

PLG is a rare disease entity in the differential diagnosis of multiple
pulmonary nodules. The rareness of PLG together with its

Figure 2. A, A well-circumscribed mass destroying lung parenchyma, composed of proliferated lymphoid cells (H & E stain,� 40). B, Histologic appearance shows
transmural infiltration of atypical lymphoid cells around small- and medium-sized vessel walls (H & E stain, � 200). C, Most infiltrated cells are scattered, large
atypical lymphoid cells with small lymphocytes, plasma cells, and histiocytes (H & E stain,� 200). D, Some atypical lymphoid cells are binucleated, similar to Reed–
Sternberg cells (H & E stain, � 400). E, Immunohistochemical staining shows scattered CD20-positive large atypical B cells (H & E stain, � 400). F, These large B
cells are positive for EBV by in situ hybridization (H & E stain, � 400).
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nonspecific clinical manifestations and radiological findings
make its diagnosis difficult. PLG is even harder to cure because
of the lack of an established treatment strategy. In our patient, the
presentation of confounding features that were suggestive of
pulmonary septic emboli, fungal pneumonia or lung abscess, and
no prominent aggravation of pulmonary nodules during
antimicrobial therapy for Gram-positive and Gram-negative
germs, together contributed to delay in diagnosis.
The definite diagnosis of PLG hinges on histopathology, with

mixed mononuclear cell infiltrate containing several CD20-
positive large B-cells in a background of CD3-positive small
lymphocytes. These findings are often accompanied by plasma
cells and histiocytes, which together replace the lung parenchyma
and cause vascular infiltration, as in our case. Multiple lung
nodules radiologically with necrosis of the cellular infiltrate and
positive EBER in situ hybridization were useful supportive
findings. However, there was no skin or nervous system
involvement, defined as optional manifestations.
As shown in our case, although the lung is the primary site of

involvement, sputum cytology, transthoracic needle aspiration,
and PCNB did not support PLG diagnosis. To obtain adequately
sized lung tissue samples for evaluation, VATS or open
thoracotomy should be performed at an early stage of diagnosis.
Similar to our case, several previously reported cases of PLGwere
confirmed by open lung biopsy because transbronchial or
percutaneous needle biopsy were inconclusive.[10–12]

PLG with diverse synonyms including angiocentric immuno-
proliferative lesion and angiocentric lymphoma, is currently
classified as part of a spectrum of angiocentric and immuno-
proliferative lesions, composed of lymphoreticular cells lacking
true granulomatous features.[13] This case was initially thought to
be of T-cell phenotype, but recent papers have shown that PLG is
an EBV-positive B-cell proliferation associated with an exuberant
T-cell response.[1,14] This unusual disease is adversely affected by
the uncommon complication of intercurrent tuberculosis.[15,16]

The type 1 helper T lymphocyte (Th1) response, capable of
synthesizing interferon gamma (IFN-g) and other cytokines,
contains M. tuberculosis in a latent state without active
replication. Alteration of the Th1 cell response in PLG might
lead to an impaired immune response that most likely promotes
the progression from latent tuberculosis infection to its active
form.[17]

PLG complicated with tuberculosis is an extremely rare and
challenging condition owing to confusion in differential diagno-
sis, and it is usually incompatible with treatment for both
diseases. In this case, commencing immune-suppressing chemo-
therapy in a much debilitated patient could aggravate the clinical
severity of primary infections and the risk of drug toxicity. Thus,
we had no choice but to defer chemotherapy and start
antituberculosis therapy alone.
To prioritize risks and justify the treatment strategy, a formal

staging system for the diagnosis of PLG would be valuable. The
World Health Organization (WHO) recommends that lympho-
matoid granulomatosis (LYG) be classified as grade I, grade II, or
grade III, according to the number of EBV-positive large B-cells.
Grade 1 is a finding of< 5 EBV-positive cells per hpf, and grade 3
is> 50 EBV-positive cells per hpf. However, there is considerable
variation in EBV-positive cell counts between specimens.[13]

Therefore, the treatment strategy is generally established
comprehensively, based on the presence and severity of
symptoms, the extent of extrapulmonary involvement, the
histopathologic grade of the lesion and underlying diseases.

Our case was categorized as grade 3, according to the WHO
grading system, which corresponds to high-grade PLG
Options in the management of patients with lower-grade PLG

includes treating the cause of immune dysfunction and observa-
tion for regression. Patients with higher-grade PLG require
immediate therapy similar to aggressive lymphoma, including
corticosteroids, anti-CD20 monoclonal antibodies, interferon
a-2b, anticancer chemotherapy, radiotherapy and hematopoietic
stem cell transplantation.[7,13] However, no standard treatment
has yet been established. The disease is aggressive in most
patients, with median survival of 2 years; the 5-year mortality is
60% to 90%.[18] Additional clinical data for development of a
formal staging system and therapeutic plan for PLG should be
collected, to improve the prognosis.
In conclusion, though uncommon, the possibility of PLG

should be considered with a high degree of suspicion in
differential diagnosis of lung nodules. In addition, if PLG is
suspected, invasive investigations such as open lung biopsy
should be performed, to reach an early diagnosis. Another
implication of this report is that in patients from countries with
high incidence of tuberculosis, it should be determined whether
PLG is accompanied by tuberculosis.
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Abstract:

Introduction: Tuberculosis (TB) contacts are people who have

close contact with patients with infectious TB. TB contacts

should be investigated systematically and actively for TB

infection and disease. Such interventions are called

‘tuberculosis contact investigations’. They contribute to early

identification of active TB, thus decreasing its severity and

reducing transmission of Mycobacterium tuberculosis to

others, and identification of latent TB infection (LTBI), to

allow preventive measures. The present study was undertaken

to study epidemiological,socio-economic ,clinical factors in

contact children of sputum positive cases. During study

,investigations were  also carried out to differentiate stages of

tubercular infection ,latency and disease.

Aims & Objectives: 1. To identify children in contact with

adult index case and to assess contact investigation according

to WHO guidelines. 2. Evaluate socioeconomic and Clinical

parameters 3. Investigate as per guidelines and perform IGRA.

4. To find proportion of infection, disease and latency in

contact children.

Materials and Methods Study Design: It was a prospective

observational study, conducted in MGM Medical College and

Hospital which is a tertiary care referral unit in Navi Mumbai,

Raigad District of Maharashtra.

Study Period: The study was performed over a period from

April 2015 to October 2016.

Sample Size: (80) SS = Z 2 x P x (1-P) 2 Z: value (1.96 for

95% CI) P: % of picking choice C: confidence interval.

Sampling Technique: Selection of index cases: An index case

was defined as a newly pulmonary tuberculosis case in DOTS

OPD (confirmed by 3 consecutive sputum smears positive for

acid-fast bacilli and/or positive culture).Selection of contacts:

Children contacts were defined as a family members or living

with the index case in the same house before the starting of

tuberculosis treatment of index case. They were recruited into

study, and consent was obtained from the parent/

representatives to undertake the study.

Methodology: This was a prospective observational study

consisting of 80 contact children, of smear positive PTB. The

parents were interviewed using a standard questionnaire to

obtain demographic and socio-economic information of the

household and the health condition of the children. After the

interview, children were examined by a clinician as well as

nutritional assessment was done according to WHO protocol

and necessary laboratory tests (x-ray, induced sputum and

gastric lavage) were done to rule out active TB. All children

were given a TST and 3 ml of blood was obtained for

laboratory tests for IGRA.

Conclusion: Active tuberculosis (TB) and TB Infection is

common among household contacts of index cases in India,

especially among young children. Although all children with

household exposure have a high risk of contracting the

infection and disease, specific risk factors include severity of

disease in cases and the intensity of exposure of the child.

Present study found that IGRAs is a good diagnostic tool for

the diagnosis of latent tuberculosis infection as well as active

disease.

Keywords: Active tuberculosis, Latent tuberculosis,
IGRA, TST, Mantaux test
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Introduction:

Tuberculosis (TB) contacts are people who have

close contact with patients with infectious TB. TB

contacts should be investigated systematically and

actively for TB infection and disease. Such

interventions are called ‘tuberculosis contact

investigations’. They contribute to early

identification of active TB, thus decreasing its

severity and reducing transmission of

Mycobacterium tuberculosis to others, and

identification of latent TB infection (LTBI), to allow

preventive measures.

Contacts are commonly investigated in high-

income countries with low TB burdens and in

settings in which a TB elimination policy is

implemented, in order to identify persons with early

active TB or who have recently been infected. People

identified as infected are then treated for LTBI with

isoniazid for at least 6 months (usually 9 months)

or with shorter combination regimens including

isoniazid and rifampicin.

TB contact investigations are rarely and

inconsistently carried out in resource-limited

settings. In most low and middle-income countries,

it is included in the national policy to control and

prevent TB. However, in the vast majority of

countries, it is either not undertaken or is

implemented on the basis of no or poor standards,

because of the absence of clear definitions of index

cases, contacts and procedures. Furthermore, the

health personnel who should be involved are usually

not clearly identified.

Information on the contribution of routine

contact investigations to early TB case detection is

scarce in these countries or is non-standardized, thus

precluding an assessment of its impact on reducing

transmission.

Many studies in countries with a high TB

incidence have shown that the prevalence may reach

5% or more among contacts, particularly among

household members. Other data suggest that contact

investigations could be particularly useful for

identifying childhood TB.

WHO estimates show that worldwide highly

infectious smear-positive pulmonary TB develops

in over 4 million people annually. If we assume that

each of these patients has at least three close

contacts, such as in their household, and that the

prevalence of active TB among the close contacts is

2.5%, the number of early TB cases that could be

identified among close contacts is at least 300 000

per year.

Early identification means a better chance of cure

and especially a reduction in further transmission.

Furthermore, contact investigation allows

identification of people who are latently infected and

at high risk for active TB, who can be treated

preventively.(1,2,3)

The present study was undertaken to study

epidemiological, socio-economic ,clinical factors in

contact children of sputum positive cases. During

study, investigations also carried out to differentiate

stages of tubercular infection, latency and disease.

Aims & Objectives:

1. To identify children in contact with adult index

case and to assess contact investigation

according to WHO guidelines.

2. Evaluate socioeconomic and Clinical

parameters

3. Investigate as per guidelines and perform

IGRA.

4. To find proportion of infection, disease and

latency in contact children.

Materials and Methods Study Design:

It was a prospective observational study,

conducted in MGM Medical College and Hospital

which is a tertiary care referral unit in Navi Mumbai,

Raigad District of Maharashtra.

Study Period: The study was performed over a

period from April 2015 to October 2016.
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Sample Size: (80) SS = Z 2 x P x (1-P) 2 Z:

value (1.96 for 95% CI) P: % of picking choice C:

confidence interval.

Sampling Technique:

Selection of index cases: An index case was

defined as a newly pulmonary tuberculosis case in

DOTS OPD (confirmed by 3 consecutive sputum

smears positive for acid-fast bacilli and/or positive

culture).

Selection of contacts: Children contacts were

defined as a family members or living with the index

case in the same house before the starting of

tuberculosis treatment of index case. They were

recruited into study, and consent was obtained from

the parent/representatives to undertake the study.

Inclusion Criteria: Contact children from 6

months to 15 yr.

Exclusion Criteria: Children with

immunodeficiency.

Methodology: This was a prospective

observational study consisting of 80 contact

children, of smear positive PTB. The parents were

interviewed using a standard questionnaire to obtain

demographic and socio-economic information of the

household and the health condition of the children.

After the interview, children were examined by a

clinician as well as nutritional assessment was done

according to WHO Protocol and necessary

laboratory tests (x-ray, induced sputum and gastric

lavage) were done to rule out active TB. All children

were given a TST and 3 ml of blood was obtained

for laboratory tests for IGRA.

Tuberculin Skin Test:All the children received

2 TU of PPD RT 23 with Tween 80 injected on the

volar aspect of arm using the Mantoux method on

the day of the initial visit. TST readings were

obtained using the palpation method where

horizontal diameter of the induration to the long axis

of the arm was measured (WHO, 2006b) at 48-72

hours by trained laboratory technicians and results

were classified according to the degree of indurations

as negative (<5 mm), intermediate (5 to 9 mm) and

positive (e” 10 mm).

IGRAs: The test was performed by drawing 1

ml of blood into one of each of the three

manufacturer-precoated, heparinised tubes. Within

16 hours of blood collection, the tubes were

incubated for another 16 to 24 hours at 37 °C. The

plasma was harvested after centrifugation (tubes

contain a gel plug that separates the plasma from

the cells when centrifuged) and used to assess the

concentration of IFN-a by ELISA test.

ELISA assay(3) - Immunocheck TB

Platinum(IGRA) Make-Immunocheck

- 50 ml of working conjugate added to each well,

then 50 ml of plasma or standard was added.

- The covered plate was shaked for 1 minute,

and then incubated for 120 minutes at room

temperature.

- The plate was washed 6 times with washing

buffer and 100 ml substrate was added & incubated

for 30 minutes at room temperature.

- 50ml stop solution was added and absorbance

was read at 450 nm (620 ref) - IFN-a values (IU/

ml) for TB-specific antigens were corrected for

background by subtracting the value obtained for

the respective negative control.

As recommended by the manufacturer, the cut-

off value for a positive test was IFN-a e” 0.35 IU/

ml.

Treatment: All active cases were treated with

AKT according to RNTCP guidelines, rest children

less than 6 years old with latent infection received

INH chemoprophylaxis.

Results:

Most of the contacts were in between 5 to 10

years of age (57.5%). Rest 35% were <5 years and

7.5% were more than 10 years. Distribution of

gender was done and out of total 80 contacts, 53.8%

were males while 46.3% were females.
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We had 43 index cases and 80 contact children

related to them .The distribution of cases based on

sputum grade out of 43 index cases 30.2% had +1

sputum positivity while 46.5% and 23.3% had +2

and +3 sputum positivity.

We assessed the relationship of index and contact

cases. In most of the cases index case was either

father (48.8%) or mother (18.8%).

We found in our study that BCG scar was absent

in 18.8% contacts and was present in 81.3 %.The

nutritional evaluation was based on WHO

classification of malnutrition.57.5% were normal,

37.5% had chronic malnutrition and 2.5% had Acute

and Acute on chronic malnutrition each.

Socio economic status was assessed by modified

Kuppuswami scale. Most of the contacts were from

lower (57.5%), middle (36.3%) and Upper (11.6%)

socio-economic status respectively.

Out of 80 contact cases household size of </=4,

5-6 and > 6 was seen in 43.8%, 31.3% and 25%

contacts respectively. Most of the children were

asymptomatic; cough was present in (5.3%), weight

loss (5%) and fever was seen in 2.5% cases.  All the

contacts underwent X ray examination of chest;

however it is not advised according to RNTCP.

Abnormal chest x-ray was seen 8.8% contacts.

Out of 80 contacts Mantoux test was positive in

13 (16.3%) contacts. Out of 80 contacts who were

only MT (n=13) or had an abnormal x-ray (n=7) and

both x-ray and MT positive (n=6) . Sputum or gastric

lavage for AFB was done however we did not find

sputum positive in any of the contacts suggesting

they are non-infective.

Distribution of cases based on Interferon-gamma

release assay (IGRAs) results was done and out of

80 contacts IGRA was positive in 34(42.5%)

contacts.

The prevalence of active TB in contacts was in

7 (8.8%) contacts in our study

while latent TB was seen in 27 (33.8%) contacts.

All the contacts of active TB were started on AKT

as per RNTCP guidelines, while Isoniazid

chemoprophylaxis was given in 41 (51.3%).

A significant association was seen between

incidences of Tb in contacts with the grade of sputum

positivity of cases (p<0.05). The incidence of TB in

sputum grade 1 and 2 and 3 was 7.7%, 2.6% and

25%.

In the present study there was no association seen

between presence of BCG scar and incidence of TB

in contacts (p-0.311), socio-economic status and

incidence of TB in contacts (p-0.281) household size

and incidence of TB in contacts (p-0.794). In our

study there was no association seen between number

of rooms and incidence of TB in contacts (p-0.141).

A significant association was seen between

incidences of Tb in contacts with malnutrition

(p<0.01). The incidence of TB was 14.7% in children

with malnutrition as compared to 4.3% in those with

normal nutritional status.

In our study IGRA was positive in all the cases

of active (n=7) and latent tuberculosis (n=27). Out

of 80 contact children Abnormal chest x-ray findings

was seen in all active TB cases (n=7). Out of 80

contacts Mantoux positivity (> 10 mm) was seen in

85.7% cases with active TB while it was positive in

25.9% cases with latent TB. A significant association

was seen between IGRA and MT results (p<0.05).

All the IGRA negative cases were negative on MT

too while 38.2% cases with positive IGRA results

were MT positive. The sensitivity and specificity of

IGRA compared to MT in our study was 100% and

68.6% respectively.

MT was positive in 85.7% cases with active TB

(6/7) and 25.9% cases with latent TB (7/27) while

IGRA was positive in all cases of active/ latent

disease.

Discussion :

The present study was thus conducted to find

the incidence of Tuberculosis Infection and active

disease in children in contact with adult index case.
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Incidence of TB Infection & Disease

The prevalence of active TB in contacts was

8.8% in present study while latent TB was seen in

33.8% contacts.

Studies conducted in the 1960s and 1970s

showed that household contacts of individual with

TB had higher risk of infection than individuals in

the general population(4,5). This was confirmed in

several recent studies conducted among children in

New York City(6), Botswana(7), and Brazil(8) in which

contact with an individual with TB came out as the

strongest risk factor for TB infection.

Guwatudde D et al. (9), Among the 1,206

household contacts, 76 secondary cases (6%) of

tuberculosis were identified. The risk for secondary

tuberculosis was greater among young children than

adults (10% vs. 1.9%). In another study by Gessner

et al. (10), Infection developed in 25% of the children

and progressed to active disease in 9.6%. In another

study by Songpol Tornee et al(11) prevalence of

tuberculosis infection among household contacts to

be 47.80%. In another study by Hiral H Shah et(12)

90(30%) out of 300 children were positive for the

latent infection. In a similar study by Seddon et al.(13),

4.7% children were classified as infected and 14.7%

had TB disease. In a study by Kinikar et al.(14), in 15

(30%) of the 50 pediatric index cases, the household

contained known TB contacts, 14 (86%) of whom

were adults. Singh et al. 36, in their study observed

the prevalence of tuberculosis infection and disease

as 33.8% in children with household contacts of

sputum positive cases.

Risk Factors:

In present study a significant association was

seen between incidences of Tb in contacts with

malnutrition (p<0.01). The incidence of TB was

14.7% in children with malnutrition as 58 compared

to 4.3% in those with normal nutritional status.

However no association was seen between SES,

household size and no. of rooms with incidence of

TB in contacts (p>0.05).

Seventy-eight percent of children have received

a BCG vaccination according to NFHS-3 55. In our

study we found that BCG scar was present in 81.3

percent contacts while BCG was not given in 18.8

percent.

It is now universally accepted that the risk of

acquiring TB is directly proportional to the number

of bacilli to which a subject is exposed(15). In the

first place, it depends on the characteristics of the

source case: contagiousness is generally limited to

subjects with lung disease, and is greater among the

patients with bacilleferous forms (i.e. those with

positive microscopic test results), in whom the

estimated transmission rate is about 35% as against

the 17% observed among those with non-

bacilleferous forms(16). Similarly, it is important to

evaluate the time spent in an enclosed space with

the source case.

The effect of the combination of these two

variables has been clearly shown in studies of the

contacts arising during air flights(17). Living together

gives rise to the greatest exposure to TB: this has

been documented in studies such as that of Singh et

al. who evaluated the prevalence of TB in children

living with adults with active TB and found a

significant difference between those living with

adults with microscopic positive or negative

expectorate (respectively 68.4 and 31.6%)(18).

A recent meta-analysis(19) has shown that contact

with expectorate positive TB patients is a factor

indicating a similar risk of infection in both high

income (odds ratio [OR] 3.3; 95% confidence

interval [CI] 2.2–4.8) and low income countries (OR

3.3; 95% CI 2,2– 5.1). The risk of acquiring

tuberculous infection is particularly high in children

who live with expectorate-positive adults (relative

risk [RR] 6.78; 95% CI 3.51–13.10) or adults with

cavitating lesions revealed by chest X-ray (RR 2.45;

95% CI 1.60–3.76), or in those who have close

contacts with drug users (RR 1.81; 95% CI 1.03–

3.19)( 20,21). Children whose families include

women with TB are exposed to an even higher risk
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Table 1: epidemiological and socioeconomic factors (N=80)

Criteria of study Percentage Association With TB

Age  <5 years 35 Not Significant

        5 to 10 years 57.5

        >10 years 7.5

Sex males 53.8 Not Significant

       females 46.2

Sputum positivity Significant (p,0.05)

+1 30.2 7.71

+2 46.5 12.6

+3 23.3 25

Relation with child

Father 48.8 Not Significant

Mother 18.8

Other 30.4

BCG scar Absent 18.8 Not Significant

                 Present 81.2

Nutrition Normal 57.5 Significant

                Chronic 37.5

                Acute 2.5

               Acute on chronic 2.5

Socio economic status Lower 57.5 Not Significant

                                      Middle 36.3

                                      Upper 11.7

Household size  </=4 43.8 Not Significant

                            5-6 31.2

                            > 6 25

(RR 1.34; 95% CI 1.34–3.14), probably because

their contacts are more frequent than in the case of

male relatives.

 One case-control study carried out in Thailand

found that the risk of developing the disease was

high in children having any kind of contact with TB

patients (very close: OR 85.67; 95% CI 33–647.79;

p < 0.001; close: OR 31.11; 95%CI 4.18–255.94; p

= 0.001; not close: OR 32.70; 95% CI 4.18–255.94;

p < 0.001).(22) In present study too, we observed a

significant association between incidences of TB in

contacts with the grade of sputum positivity of cases

(p<0.05). The incidence of TB in sputum grade 1

and 2 and 3 was 7.7%, 2.6% and 25%.

Living arrangements and housing conditions

play an important role: a case-control study carried

out in Bangladesh (23)found that co-dwellers were

protected against transmission if there were < 2

people per bedroom (OR 0.29; 95% CI 1.79–6.03;

p < 0.0001), if the kitchen was separated from the

bedroom (OR 0.35; 95% CI 0.2–0.62; p = 0,001),

and if the home was adequately ventilated (OR 0.25;

95% CI 0.13–0.49; p < 0.0001). The risk of

transmission is also affected by overcrowding and
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the economic conditions of the family (OR 1.35;

95% CI 1.06–1.72; p < 0.017). 4 as well as by an

inadequate supply of food (OR 1.52; 95% CI 1.15–

2.02; p < 0.003) .(24)

Diagnosis:

In present study Interferon-gamma release assay

(IGRAs) was positive in 34 (42.5%) cases, out of

which X-ray was abnormal in 7 cases (8.8%)

showing presence of active disease. All the IGRA

negative cases were also negative on TST too while

only 13 out of 34 (38.2%) cases with positive IGRA

results were also TST positive. Thus TST was

positive in 85.7% cases with active TB (6/7) and

25.9% cases with latent TB (27/47).

A large number of studies have evaluated the

efficacy of IGRAs in diagnosing LTBI (25-29). An

IGRA is recommended by WHO, for subjects who

have been vaccinated with BCG in order to confirm

/exclude the presence of TB in subjects with a

positive TST 21.

It is therefore recommended that these tests
should not be used in individuals suspected of active
pulmonary or extra-pulmonary TB, irrespective of
their HIV status. This recommendation also applies

to paediatric TB based on the generalisation of data
from adults.”(30)

Management:

The overall prevalence of active TB in contacts
was 8.8% in present study while latent TB was seen
in 33.8% contacts. All the cases of active TB were
started on AKT as per RNTCP guidelines, while

isoniazid chemoprophylaxis was given for LTBI
cases .The rationale underlying the treatment of LTBI
is based on the possibilityof eliminating dormant
bacilli, thus reducing their activation and the

development of active disease.

A Cochrane review has shown that treating LTBI
with isoniazid reduces the risk of pulmonary and
extra-pulmonary TB and the related deaths, but there
does not seem to be any significant difference in the

efficacy of 6- and 9-month treatment.(31)

Table:2 clinical and investigation related factors

Percentage Association

Symptom asymptomatic

cough 87.2 Not Significant

weight 5.35

loss fever 2.5

X ray examination

Abnormal 8.89 Not Significant

Normal 1.2

Mantoux test Positive 16.3

Negative 83.7

Mantoux test Positive and

Xray positive 8.7 Significant

Sputum or gastric lavage for AFB

Positive

Negative NIL Not Significant

IGRA Positive 42.5 Significant

Negative 57.5

Active TB 8.7 Significant

Latent TB 33.8
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Conclusion:

Active tuberculosis (TB) and TB Infection is

common among household contacts of index cases

in India, especially among young children. We

assessed 43 contacts an d 80 children in contact with

them. A significant association was seen between

incidences of Tb in contacts with malnutrition

(p<0.01). The incidence of TB was 14.7% in children

with malnutrition as compared to 4.3% in those with

normal nutritional status.

In our study IGRA was positive in all the cases

of active (n=7) and latent tuberculosis (n=27). Out

of 80 contact children .Abnormal chest x-ray

findings was seen in all active TB cases (n=7). Out

of 80 contacts Mantoux positivity (> 10 mm) was

seen in 85.7% cases with active TB while it was

positive in 25.9% cases with latent TB. A significant

association was seen between IGRA and MT results

(p<0.05). All the IGRA negative cases were negative

on MT too while 38.2% cases with positive IGRA

results were MT positive. The sensitivity and

specificity of IGRA compared to MT in our study

was 100% and 68.6% respectively.

MT was positive in 85.7% cases with active TB

(6/7) and 25.9% cases with latent TB (7/27) while

IGRA was positive in all cases of active/ latent

disease.
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ABSTRACT
Tuberculosis remains a major global public health problem with one-third of the world's population being infected with the Mycobacterium 
Tuberculosis. The burden of tuberculosis in India is the highest accounting for one fifth (21%) of the global incidence. Tuberculosis infection of any 
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adolescent and in geriatric age group (>60 yrs.) the most common type of EPTB was pleural cavity. Whereas in the remaining adult population (20-
39, 40-60 yrs.), the most common types was pleural cavity and lymph-nodes 
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INTRODUCTION:
Tuberculosis (TB) remains a major global public health problem with 
one-third of the world's population being infected with the 
Mycobacterium Tuberculosis [1]. Recently identified TDR (total drug 
resistant) tuberculosis is biggest threat for human being. According to 
WHO 6.1 million TB cases were reported in 2013,out of which 5.7 
million were people newly diagnosed and another 0.4 million were 
already on treatment. [2].The burden of tuberculosis (TB) in India is 
the highest accounting for one fifth (21%) of the global incidence. [3]

Tuberculosis infection of any part of body other than lung parenchyma 
is defined as extra-pulmonary tuberculosis [EPTB].Diagnosis of 
EPTB is done as per RNTCP guidelines which is based on one culture-
positive specimen from the extra-pulmonary site; or histological 
evidence; or strong clinical evidence consistent with active EPTB 
disease followed by a medical officer's decision to treat with a full 
course of anti-TB therapy under DOTS[4].The timely detection & 
accurate diagnosis of any form of EPTB is necessary for the proper 
treatment of EPTB[5].Atypical presentation, lack of diagnostic 
resources for procurement of tissue or fluid for diagnosis from 
inaccessible sites and a poor yield of conventional diagnostic methods 
lead to considerable delay in making the diagnosis or diagnosis is even 
missed. Furthermore guidelines regarding diagnosis of EPTB are not 
covered by RNTCP but all patients are given treatment as per DOTS 
regimen. Although there is a rising trend in EPTB in recent decade, still 
EPTB has never been a priority in the campaigns undertaken by 
Revised National TB Control Programme (RNTCP) for its control 
[4,6,7]

It was found that the percentage of patients with EPTB was more in 
tertiary care centres of India, ranging from 30% to 53% [4].This 
implies that, tertiary care centres such as medical colleges, caters a 
large and varied type of population and provides an excellent place for 
economical and advanced diagnostic facilities for early diagnosis and 
treatment of EPTB cases, backed up by research facilities.

MATERIAL AND METHODS:
AIM: To chategorised EPTB patients according to anatomical site 
involvement.

STUDY DESIGN: This is a retrospective, descriptive,record-based 
study of diagnosed patients of EPTB of all age groups.

STUDY AREA: The study was conducted in the MGM Medical 
College & Hospital a tertiary care centre, so patients from nearby 
villages and adjoining districts were referred for diagnosis and 
treatment.

STUDY PERIOD: Data for this study has been obtained from 1st 
thApril 2014 to 30  april 2017. The population includes all patients 

attending various OPD of Hospital who were suspected for extra 
pulmonary tuberculosis infection during the study period.

SOURCE OF INFORMATION: For this study data has been 
obtained from Patient Record Sheets of Hospital, Lab register, 
treatment Cards or Referral Registers of RNTCP and utilized for 
analysis.

INCLUSION CRITERIA:
All patients suspected of tuberculosis attending OPD of various 
departments of MGM Medical College and Hospital, aurangabad.

 EPTB - a patient with active tuberculosis of any part of body other than 
lung parenchyma.

EXCLUSION CRITERIA:
Patients with PTB.
Patients of EPTB with PTB.

METHOD:
The diagnosis of Pulmonary and Extra pulmonary Tuberculosis cases 
were established, following the RNTCP programme guidelines, which 
required one culture positive specimen from an extra-pulmonary site 
or histological evidence or strong clinical evidence consistent with 
active EPTB followed by concerned Medical Officer's decision to treat 
with a full course of anti-TB therapy. Whenever needed, investigative 
procedures such as X-Ray, FNAC, Pleural fluid aspiration, 
ultrasonography, computed tomography, MRI were performed for 
diagnosis and specimen collection. The specimen was then subjected 
to a culture or histopathology for evidence of TB. After diagnosis of 
EPTB, patients were registered at DOTS Centre, whereas patients 
belonging to other villages or districts were referred to DOTS centres 
of their respective area. Data analysis has been done using Microsoft 
O f fi c e  E x c e l  2 0 1 0  a n d  e x p r e s s e d  i n  p e r c e n t a g e s .
At the first step, all the records pertaining to EPTB cases diagnosed 
during the study period were collected and analysed. Total 796 cases 
diagnosed as EPTB were included in the study.

Table no 1:Demographic characteristics of EPTB CASES

Table No-01 shows that women and men each accounted for 
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Age group 
(in years)

  Sex distribution

Male (%) Female(%)

0-9 years 13 1.63% 14 1.75%

10-19 years 50 6.28% 66 8.29%

20-39 years 191 23.99% 234 29.39%

40-60 years 104 13.06% 71 8.91%

>60 years 32 4.02% 21 2.63%

Total 390 48.99% 406 51.00%



approximated half of the cases. Out of 796 EPTB patients, 390 
(48.99%) were males, 406 (51.00%) were females.  Among the 5 age 
groups studied, the age group of 20-39 years had the highest proportion 
of EPTB 425 (53.39%) both in males and females which is the 
economically productive population of society. Next most affected 
was 40-60 years age group (n-175, 21.98%). geriatric age group has 
6.65% contribution (n-53 ,>60 years old). The lowest proportion (n-27, 
3.39%%) was observed in the paediatric age group (0-9 years old).

TABLE NO 02:  FREQUENCY DISTRIBUTION OF 
DIFFERENT SITES OF EPTB

Table No-02 shows that maximum number of cases belongs to pleural 
cavity (36.80%), lymph nodes and lymphatic is second most common 
site with 32.53%. Rest of the cases were found in decreasing order in 
abdomen 11.30%, bones & joints 9.04%,other 5.40%, skin & muscles 
4.02% and, Genitourinary tuberculosis 0.87%.
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SR. 
NO

SITE OF TUBERCULOSIS TOTAL NO. OF 
CASES (%)

TABLE NO-03: AGE, SEX AND SITE SPECIFIC DISTRIBUTION OF EPTB

1 PLEURAL CAVITY 293 36.80%
2 LYMPH NODES AND PERIPHERAL 

LYMPHATICS
259 32.53%

3 ABDOMEN 90 11.30%
4 BONES & JOINTS 72 9.04%
5 GENITOURINARY 7 0.87%
6 SKIN AND MUSCLE 32 4.02%
7 OTHER 43 5.40%

SR.
NO

SITE OF EPTB AGE GROUP (IN YEARS)
0-9 10-19 20-39 40-60 >60 TOTAL

M F T M F T M F T M F T M F T M F T
1 PLEURAL CAVITY 3 1 4 19 16 35 94 62 156 53 24 77 15 6 21 184 109 293
2 LYMPHAT- ICS 3 10 13 11 26 37 43 96 139 22 21 43 4 8 12 83 176 259
3 ABDOMEN 1 1 2 7 12 19 25 29 54 7 5 12 2 1 3 42 48 90
4 BONES& JOINTS 2 0 2 3 4 7 13 17 30 12 11 23 7 3 10 37 35 72
5 SKIN& MUSCLE 0 1 1 6 0 6 8 10 18 4 3 7 0 0 0 18 14 32
6 GENITO- URINARY 0 0 0 0 0 0 0 3 3 1 2 3 0 1 1 1 6 7
7 OTHERS 3 0 3 4 4 8 9 11 20 5 2 7 4 1 5 25 18 43

TOTAL 12 13 25 50 62 112 192 228 420 104 68 172 32 20 52 390 406 796

Table No. 03 shows that involvement of pleural cavity and lymph 
nodes were the commonest manifestation among the 20-39 yrs age 
group (n-293, 36.80% & n-259, 32.53% respectively). In the youngest 
age group (< 9 years), lymph node TB was the most frequently 
observed, (n-26/62). In contrast, in the adolescent and in geriatric age 
group (>60 yrs.) the most common type of EPTB was pleural cavity. 
Whereas in the remaining adult population (20-39, 40-60 yrs.), the 
most common types was pleural cavity (n-156, 19.59%), lymph-nodes 
(n-139, 17.46%) and abdomen (n-54, 6.78%).

DISCUSSION:
Globally, women were found to be more at risk of developing EPTB 
[7,8,9]. Prevalence of EPTB was found to be higher in female than 
male (51.00% Vs 48.99%).

Although EPTB cases were found in all age groups but majority of 
cases (53.39%) belonged to the age group of 20-39 years, which 
constitutes of young adult and working individuals. This is the 
reproductive and working group in both males and females and is 
economically productive population. Our study shows that young 
adult is itself an independent risk factor for EPTB. The possible 
explanation of this may be because of reactivation and spread of TB 
from primary infection from the lungs to extra-pulmonary sites, 
delayed diagnosis of primary tuberculosis because of lack of time and 
decreased immunity to due life style changes and improper nutrition.

Although lymph node tuberculosis being the  most common site, in our 
study the most common form of EPTB is pleural cavity. Rest of the 
EPTB cases distributed in decreasing order of sites were abdomen, 
bones & joints, skin & muscles and genitourinary tuberculosis, which 
is similar to studies from India and world [10,11,12,13].

The difference in the occurrence of EPTB by site in different age 
groups and sexes shows the difference in predilection to involve one 
site over the other depending on the host factors such as immunity 
status. Tubercular lymphadenitis is more frequent in female whereas 
tubercular pleural effusion is more common in male. Genitourinary 
tuberculosis was most common in young females (20-39yrs).

Our study had several limitations .The main limitation of the study is 
that the being a retrospective, hospital-based study, the findings cannot 
be generalized to the community, but it gives valuable information 
regarding trend of EPTB cases.

CONCLUSION:
Extra pulmonary tuberculosis remains a significant health problem in 
developing countries. In conclusion, our study expands the knowledge 
regarding the epidemiology of EPTB. The frequency of EPTB in this 
study was higher with the highest proportion in pleural cavity. 

Moreover, being female patient was at higher rate of positivity for 
EPTB than male. Young adults between age 20-39 yrs, and associated 
diabetes mellitus were significant risk factors for patient being EPTB 
positive. Based on the above conclusions the following 
recommendations are forwarded: 

Newer diagnostic tests like molecular characterization, PCR etc which 
are sensitive and specific and easy to use for early detection and 
confirmation of diagnosis of EPTB, should be made available through 
government programmes in rural resource-poor settings. 

Large scale, community based studies and well-defined programme-
specified protocols for education and prevention of EPTB are needed 
for decreasing its burden as it is a curable disease.

Young adult males of 20-39 yrs. is the target population, who should be 
examined and investigated thoroughly to rule out EPTB, so that burden 
of EPTB cases on society decreases and hence improve the nation's 
economy.
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Levels of microRNA miR-16 and miR-155 are altered in serum of patients with tuberculosis and associate with
responses to therapy.

Wagh V , Urhekar A , Modi D .

Abstract
Identification of blood biomarkers that can be useful for predicting Mycobacterium tuberculosis (M.TB) infection, effect of therapy and Multi Drug Resistant (MDR)

TB infected individuals is clinically useful for combating tuberculosis epidemic. In this study, we have evaluated the levels of selected miRNAs in serum of TB and

MDR TB patients. In addition, we have studied their levels in serum of patients post-therapy. The levels of 4-miRNAs (miR-16, miR-29a, miR-125b and miR-155)

were measured in 30 newly diagnosed TB patients, 19 Multi Drug Resistant (MDR) TB patients, 10 patients who completed TB therapy and were TB negative. 30

healthy individuals were recruited as controls. The levels of the miRNAs were estimated by qRT-PCR. Of the four miRNAs studied, the levels of miR-16 were

significantly elevated and miR-155 were significantly reduced in serum of TB patients as compared to uninfected controls. The Receiver Operating Characteristic

(ROC) curve of miR-16 and miR-155 exhibited a significant distinguishing efficiency with an AUC value of 1 (95% CI, 1 to 1) and 0.967 (95% CI, 0.92-1.04)

respectively. Following the therapy, the levels of miR-16 and miR-155 returned to those observed in healthy subjects. In patients with MDR TB, miR-155 was lower

as compared to healthy controls and TB treated group but higher as compared to TB naïve patients. miR-16 levels were lowest in serum of MDR TB patients

compared to TB naïve, TB treated group and healthy controls. In conclusion, miR-16 and miR-155 in serum may act as surrogate biomarker for studying TB

infection, progression of therapy and MDR TB.

Copyright © 2016 Elsevier Ltd. All rights reserved.
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INTRODUCTION 

Mycobacterium tuberculosis (MTB), the responsible 

agent of tuberculosis (TB), remains a issue of high 

morbidity and mortality worldwide. TB causes 1.9 

million deaths annually among a pool of infected 

individuals close to 2 billion people.
1
 TB occurs because 

of dysregulation of the immune system and/or poor 

immune response against the infection. Innate immune 

response critically acts against MTB infection. MTB is 

recognized intracellular bacteria that replicates and grow 

within macrophages. MTB can stimulate activated 

macrophages to produce reactive oxygen species (ROS), 

which is an important part of host defense against 

mycobacterium.
2
 Oxidative stress has been implicated as 

a significant contributor to the development and 

prognosis of TB.
3,4

 Oxidative stress parameters are 

intricately involved in the homeostasis of the immune 

system. Imbalance in oxidative levels results in cellular 

damage due to the oxidation of amino acid residues on 

protein.
5
  

Critical immunological functions like inflammation are 

regulated by reduced glutathione (GSH).
6
 Decreased in 

glutathione levels indicates the potential of oxidative 

damage to erythrocyte and erythrocyte membrane of 

pulmonary TB patients.
7
 In HIV infected individuals, the 

risk of developing TB is high due to decreased level of 
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income nations. In TB, oxidative stress is a result of tissue inflammation, poor dietary intake of micronutrients due to 
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GSH which affects the capacity of monocyte to kill 

MTB.
8
 Biomarkers of lipid oxidation such as 

thiobarbituric reactive substances (TBARs), NO among 

others have been studied as indicators of oxidative stress. 

Oxidative stress also has been shown to be associated 

with TB infection through activation of phagocytes by 

mycobacteria which may further contribute to 

immunosuppression.
9
 Both nitrogen intermediates and 

oxygen radicals may also play an important role in the 

suppression of the infection through mycobacterial 

killing. Nitric oxide is also an important mediator of 

immune homeostasis.
10

 Oxidative stress increases 

susceptibility of MTB to isoniazid, suggesting 

importance of oxidative stress in physiology.
11 

The present study was conducted to assess the levels of 

these oxidative parameters can be useful in predicting and 

diagnosis markers need to be evaluated. The levels of 

three important markers of oxidative stress in patients 

suffering from TB were estimated.   

METHODS 

The study was approved by the Research and Review 

Committee (RRC) and Institutional Ethical Committee 

(IEC) of the MGM Institute of Health Science, Kamothe, 

Navi Mumbai vide Certificate No. 

MGM/HIS/RS/2014/112 dated: 11.08.2014 Written 

informed consent was obtained from each participants 

prior to sample collection. 

Study groups  

The study population consists of 30 newly diagnosed TB 

positive patients and 30 Healthy individuals were 

included in the study. Patients belonging to both sex i.e. 

male and female of age of 16 years and above included. 

AFB staining was used for the diagnosis and 

confirmation of TB infection. Informed consent of the 

patients was taken before participation in the study.  

Blood collection  

5 milliliters of whole blood from TB positive patients and 

healthy volunteers were collected in plain vacuum tubes 

and was used immediately for the determination. The 

serum was separated from plain vacuum tube, aliquoted 

and stored at -20°C and used for the following assays. 

Determination of NO (Nitric oxide)  

1% Sulfanilamide Solution in 5% o-phosphoric acid and 

0.1 % N-(1-Naphthyl) ethylene diamine dihydrochloride 

solution was allowed to equilibrate to room temperature. 

50μl of standard and 50μl of serum was added. To this 

then, 50μl of the 1% sulfanilamide solution was added. 

50μl of 0.1% NED Solution was added. A 

purple/magenta color of Azo-compound will begin to 

form immediately. The absorbance was taken at 520 

nm.
12

 
 

Estimation of TBARS  

Lipid peroxides were estimated by measurement of thio 

barbituric acid reactive substances (TBARS) by the 

method of Brown and Kelly.
13

 The pink chromogen 

produced by the reaction of Thiobarbituric acid with 

TBARS, a secondary product of lipid peroxidation was 

measured at 532 nm. Results was estimated as nmole/mL. 

Estimation of reduced glutathione  

Serum Total-SH was determined with slight modification 

by method described by Ellman and Sedlak and 

Lindsay.
14,15

 Concentration of SH groups was measured 

colorimetrically with modified Ellman method in blood 

serum. To 445µl of PBS buffer (pH) 7.4, 25 µl of 2 mM 

of dithionitrobenzoic acid (DTNB) and 50 µl of standard 

or sample were added. Tubes were centrifuged at 15,000 

rpm for 10 minutes and absorbance was measured at 412 

nm against blank with DTNB.  

Statistical analysis  

Each result was expressed as Mean±SEM. The statistical 

significance of the data was determined by t-test. 

Statistical analysis was done using Graph Pad Prism 7 

Software. 

RESULTS 

Demographic characteristics of the TB Patient   

The demographic characteristics of the participants are 

showed in Table 1. A total of 60 participants were 

included in this study. These include newly diagnosed TB 

infected subjects and healthy volunteers. Average age 

from the TB group and healthy control was 32.46 and 

28.71 years.  

Table 1: Demographic characteristic of TB patient 

and healthy control. 

Characteristic 

 

Group 

Control TB (Naïve) 

Number of participants 30 30 

Age (Year) 28.71±6.34 32.46±12.03 

Height (ft) 5.4±0.38 5.3±0.37 

Weight (Kg) 56.85±11.82 49.52±8.52 

Male:Female (%) 43:57 85:15 

Levels of pro-oxidants in TB group 

The levels of TBARS and NO were elevated in the TB as 

compared to healthy population (Figure 1). The mean 

serum TBARS levels were found to be 8.32 nmole/mL in 

TB population whereas 1.17 nmole/mL in healthy 

population. This difference was statistically significant. 

The mean serum NO levels were found to be 35.96 uM in 

TB population whereas 14.77 uM in healthy controls. The 
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levels of NO showed significantly increase while 

compared to healthy controls (Table 2). 

Levels of antioxidants in TB group 

Levels of GSH in TB infected population were estimated. 

The levels of GSH were decreased in the TB as compared 

to healthy population (Figure 2). The mean serum GSH 

levels were found to be 258.8 uM in TB population 

whereas 556.5 uM in healthy controls. The levels showed 

significant increase while compared to healthy population 

(Table 2). 

 

Figure 1: Levels of TBARS and nitric oxide in TB 

group and healthy control; (***P<0.0001). 

 

Table 2: Biochemical parameters for pro-oxidants and antioxidants (***p<0.0001). 

Parameters  Control TB 

Pro-oxidants 

TBARS (nmole/mL) 
Mean±SEM 1.175±0.1573 8.323±0.3178 

P value *** 

NO (uM) 
Mean±SEM 14.77±0.7106 35.96±1.09 

P value *** 

Antioxidants GSH (uM) 
Mean±SEM 556.5±26.2 258.8±8.795 

P value *** 

 

 

Figure 2: Levels of GSH in the study population;  

(***p<0.0001). 

DISCUSSION 

Oxidative stress results from an imbalance between the 

generation of reactive oxygen and protective 

mechanisms. Free radicals, the main causes of oxidative 

stress, may react with variety of biomolecules including 

lipids, carbohydrates, proteins, nucleic acids and 

macromolecules of connective tissue. The oxidative 

stress is known to be a component of molecular and 

cellular tissue damage mechanisms in a wide spectrum of 

human diseases. Reduced glutathione (GSH) is the most 

prevalent non-protein thiol in animal cells. GSH levels 

have an impact on many immune functions, including 

activation of lymphocytes. Consequently, it was 

postulated that GSH deficiency could lead to the 

progression of immune dysfunction, a hallmark of 

TB.
16,17

  

In the present study levels of GSH were found to be 

significant decreased in serum of TB infected individuals 

compared to healthy controls. Various studies showed 

that GSH play important role in TB.
8,18,19

 Venketaraman 

V et al showed that H37Rv grown in vitro is sensitive to 

glutathione (GSH) at physiological concentrations. Data 

showed that GSH at a 5 mM concentration is 

bacteriostatic to TB strain H37Rv, suggesting the 

possibility that the presence of a high concentration of 

GSH may result in an imbalance in a bacterium 

containing an alternative thiol for regulating reduction or 

oxidation activity.
18

 In another study, blood cultures from 

human immunodeficiency virus infected subjects treated 

with N-acetyl cysteine, which is a precursor of 

glutathione, caused improved control of intracellular 

MTB infection.
8
 Examination of the effects of GSH in 

improving the ability of neutrophils to control 

intracellular MTB infection was evaluated. Findings 

indicated that increasing intracellular levels of GSH with 

a liposomal formulation of GSH (L-GSH) resulted in 

reduction in the levels of free radicals and increased 

acidification of MTB containing phagosomes leading to 

the inhibition in the growth of MTB.
19

 Decreased GSH 

levels have been shown to activate NFκB, leading to a 

series of downstream signal transduction events that 

facilitate TB survival and growth. The low GSH levels in 

serum of TB infected patients may be a survival 

mechanism that pathogen employs. 
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TBARS are a product of lipid peroxidation and an 

important marker of oxidative stress. In this study, levels 

of TBARS exhibited a significant increased in TB 

population in comparison with healthy controls. Rashmi 

Kulkarni R et al conducted a study of serum 

malondialdehyde (MDA) and TNF-α in TB patients. TNF 

α and MDA levels in serum were significantly increased 

in pulmonary TB patients as compared to those of 

controls.
20

 Madebo T et al also studied the lipid 

peroxidation products in untreated TB patients in 

Ethiopia. Data showed that serum MDA concentrations, 

were significantly higher in patients with TB than in 

healthy Ethiopian control subjects.
21

 Kandukuri RE et al 

suggested that MDA level are increased indicating 

progression of TB. They also concluded that in addition 

to serum adenosine deaminase (ADA) levels, estimation 

of MDA are useful biochemical parameters to assess 

whether the TB in progression.
22

  

Nitric oxide is an important molecule to study the 

oxidative stress markers in the bacterial infections. The 

nitric oxide serves as a pro-oxidant molecule. In the 

present study, NO levels were significantly raised in TB 

population as compared to healthy control (p<0.0001). 

Pearl JE et al demonstrated that the level of nitric oxide 

within the lesion site can dramatically impact the local 

protective and immune-pathological response by 

reducing accumulation of specific subsets of activated 

effector cells and by altering the potency of the 

lymphocytes with regard to accumulation within the 

lesion and cytokine production.
23

 Jonna Idh et al showed 

correlation between resistance to first-line anti-TB drugs 

and reduced NO susceptibility in clinical strains of 

MTB.
24

  

In summary, the results of the present study demonstrated 

that TB (naïve) infected patient, there is increase 

oxidative stress with concomitant reduction in 

antioxidative machinery. Since oxidative environment is 

crucial for survival of the MTB, it appears that MTB 

altered the host physiology biasing towards pro-oxidative 

environment. Such an adaptation of the host by the 

bacteria would be beneficial for the survival and 

proliferation of the pathogen. Since high oxidative stress 

is also favorable for the other pathogen like HIV, it is 

possible that modulation of the host oxidative stress 

machinery might further aid in developing co-infections. 

It will be of interest to determine the levels of oxidative 

stress molecules in patients with and without co-infection 

to understand the role of oxidative stress in TB 

pathophysiology.  

CONCLUSION 

Although preliminary, present data strongly suggest 

occurrence of oxidative stress upon TB infection. 

Wherever the levels of these oxidative parameters can be 

useful in predicting and diagnosis markers need to be 

evaluated. Our data also suggest the possible use of 

antioxidant therapy for treatment of TB. 

Funding: No funding sources 

Conflict of interest: None declared 

Ethical approval: The study was approved by the 

Institutional Ethics Committee 

REFERENCES 

1. Bulatovic VM, Wengenack NL, Uhl JR, Hall L, 

Roberts GD, Iii FRC, et al. Oxidative Stress 

Increases Susceptibility of Mycobacterium 

tuberculosis to Isoniazid. Antimicrob Agents 

Chemother. 2002;46(9):2765-71.  

2. Cooper AM, Segal BH, Frank AA, Holland SM, 

Orme IM, Orme IANM. Transient Loss of 

Resistance to Pulmonary Tuberculosis in p47 phox − 

/ − Mice Transient Loss of Resistance to Pulmonary 

Tuberculosis. Infect Immun. 2000;68(3):1231-4.  

3. Wiid I, Seaman T, Hoal EG, Benade AJ, Van Helden 

PD. Total Antioxidant Levels are Low During Active 

TB and Rise with Anti-tuberculosis Therapy. 

IUBMB Life. 2004;56(2):101-6.  

4. Palanisamy GS, Kirk NM, Ackart DF, Shanley CA, 

Orme IM, Randall J. Evidence for Oxidative Stress 

and Defective Antioxidant Response in Guinea Pigs 

with Tuberculosis. Plos one. 2011;6(10).  

5. Birben E, Sahiner UM, Sackesen C, Erzurum S, 

Kalayci O. Oxidative stress and antioxidant defense. 

World Allergy Organ J. 2012;5(1):9-19.  

6. Ghezzi P. Role of glutathione in immunity and 

inflammation in the lung. Int J Gen Med. 

2011;4:105-13.  

7. Vijayamalini MMS. Lipid peroxidation, vitamins C, 

E and reduced glutathione levels in patients with 

pulmonary tuberculosis. Cell Biochem Funct. 

2004;22(1):19-22.  

8. Venketaraman V, Rodgers T, Linares R, Reilly N, 

Swaminathan S, Hom D, et al. Glutathione and 

growth inhibition of Mycobacterium tuberculosis in 

healthy and HIV infected subjects. AIDS Res Ther. 

2006;3:5.  

9. Adebimpe WO, Faremi AO, Nassar SA. Effects of 

treatment on free radicals in patients with pulmonary 

tuberculosis in South Western Nigeria. Afr Health 

Sci. 2015;15(4):1256-61.  

10. Pavanelli WR, Jerley J, Silva N. The Role of Nitric 

Oxide in Immune Response Against Trypanosoma 

Cruzi Infection. The Open Nitric Oxide Journal 

2010;2:1-6.  

11. Bulatovic VM, Wengenack NL, Uhl JR, Hall L, 

Roberts GD, Rusnak F. Oxidative Stress Increases 

Susceptibility of Mycobacterium tuberculosis to 

Isoniazid. Antimicrob Agents Chemother. 

2002;46(9):2765-71.  

12. Green LC, Wagner DA, Glogowski J, Skipper PL 

WJ et al. Analysis of nitrate, nitrite, and  nitrate in 

biological fluids. Anal Biochem. 1982;126(1):131-8.  

13. Brown RK KF. Free Radicals: A Practical Approach. 

Oxford University Press. 1996. 119-131 p.  



Wagh V et al. Int J Res Med Sci. 2016 Aug;4(8):3328-3332 

                                                        International Journal of Research in Medical Sciences | August 2016 | Vol 4 | Issue 8    Page 3332 

14. Sedlak JLR. Estimation of total, protein-bound, and 

nonprotein sulfhydryl groups in tissue with Ellman’s 

reagent. Anal Biochem. 1968;25(1):192-205.  

15. Ellman GL. Tissue sulfhydryl groups. Arch Biochem 

Biophys. 1959;82(1):70-7.  

16. Venketaraman V, Millman AMS, Swaminathan S, 

Goetzb M, Lardizabalc AF, Homb DNDC. 

Glutathione levels and immune responses in 

tuberculosis patients. Microbial Pathogenesis. 2008. 

p. 255–61.  

17. Allen M, Bailey C, Cahatol I, Dodge L, Yim J, 

Kassissa C, et al. Mechanisms of control of 

Mycobacterium tuberculosis by NK cells : role of 

glutathione. Front Immunol.  2015;6(October):1-9.  

18. Venketaraman V, Dayaram YK, Talaue MT, Connell 

ND. Glutathione and nitrosoglutathione in 

macrophage defense against Mycobacterium 

tuberculosis. Infect Immun. 2005;73(3):1886-9.  

19. Morris D, Nguyen T, Kim J, Kassissa C, Khurasany 

M, Luong J, et al. An elucidation of neutrophil 

functions against Mycobacterium tuberculosis 

infection. Clin Dev Immunol. 2013;2013:959650.  

20. Kulkarni R, Deshpande A, Saxena R, Saxena K. A 

study of serum malondialdehyde and cytokine in 

tuberculosis patients. J Clin Diagnostic Res. 

2013;7(10):2140-2.  

21. Madebo T, Lindtjorn B, Aukrust P, Berge RK. 

Circulating antioxidants and lipid untreated 

tuberculosis patients in peroxidation products in 

Ethiopia. Am J Clin Nutr. 2003;78(1):117-22.  

22. Kandukuri E, Sarma DVHS, Sushma P, Moulali D. 

Serum MDA (Malondialdehyde),hs-CRP and 

Adenosine Deaminase Levels in Pulmonary 

Tuberculosis Patient’s.  International Journal of 

Scientific and Research Publications. 2015;5(2):1-3.  

23. Pearl JE, Torrado E, Tighe M, Fountain JJ, Solache 

A, Strutt T, et al. Nitric oxide inhibits the 

accumulation of CD4+CD44hiTbet+CD69lo T cells 

in mycobacterial infection. Eur J Immunol. 

2012;42(12):3267-79.  

24. Idh J, Mekonnen M, Abate E, Wedajo W, Werngren 

J, Ängeby K, et al. Resistance to first-line anti-TB 

drugs is associated with reduced nitric oxide 

susceptibility in Mycobacterium tuberculosis. PLoS 

One. 2012;7(6):3-8.  

 

 

 

 

 

 

 

 

 

 

Cite this article as: Wagh V, Rajopadhye S, 

Mukherjee S, Urhekar A, Modi D. Assessement of 

oxidative stress in serum of pulmonary tuberculosis 

patients. Int J Res Med Sci 2016;4:3328-32. 



2015 JMSCR Volume||03||Issue||01||Page 3609-3615||January 

 

 

 

 
 

 

www.jmscr.igmpublication.org                              Impact Factor 3.79 

ISSN (e)-2347-176x 
 
 
 
 
 
 
 
 
 
 
 

Pancreatic Tuberculosis: A Case Report 
 

Authors 

Dr. Mahendra Wawhal
l
, Dr. Vajed Mogal

2
, Dr. Vishal Dalvi

3
, Dr. Mahendra 

Sonawane
4
, Dr. Pratap Gole

5
, Dr. Sumit Patil

6
 

1
Senior Consultant and Associate Professor ,MD (General medicine) in the Department of Medicine, 
Mahatma Gandhi Mission's Medical College and Hospital, CIDCO, N-6,Aurangabad, Maharashtra, 

India - 431003 
2
Chief Resident in the Department of Medicine, Mahatma Gandhi Mission's Medical College and Hospital, 

CIDCO, N-6,Aurangabad, Maharashtra, India - 431003. 
3
Chief Resident in the Department of Medicine, Mahatma Gandhi Mission's Medical College and 

Hospital, CIDCO, N-6,Aurangabad, Maharashtra, India - 431003. 
4
Consultant Internist, MD (General Medicine) Tuljai hospital, Latur, Maharashtra, India 

5
Consultant Internist and Gastroenterologist, Meenakshi Multispeciality Hospital, Satara, 

Maharashtra, India 
6
Senior Resident in the Department of Medicine, Mahatma Gandhi Mission's Medical College and Hospital, 

CIDCO, N-6,Aurangabad, Maharashtra, India - 431003 
 

ABSTRACT 
 

We report a case of pancreatic tuberculosis. A 30 year woman who presented with abdominal distention, 

low grade fever, night sweats and anorexia for two month. She recovered with anti tubercular therapy. 

Pancreatic  tuberculosis,  in  particular  is  extremely  rare,  and  only  a  few  cases  have  been  reported. 

Diagnosis of pancreatic TB has always been a challenge, but radiological investigations and image guided 

intervention helped in the diagnosis and prevention of unnecessary laparotomy. 

Key Words: Pancreatic tuberculosis, Fine needle aspiration cytology, Polymerase chain reaction 
 

 

INTRODUCTION 
 

Tuberculosis is common in developing countries, 

but tuberculosis affecting intra-abdominal organs 

is  relatively  uncommon.  The  incidence  varies 

from country to country. Pancreatic TB is an 

extremely rare entity.
1  

In a classical study of 300 

cases of abdominal TB carried out by Bansali,
2
 

not a single case of pancreatic tuberculosis was 

reported.  In 1944,  Auerbach reported that 

pancreas was affected in 4.7% of cases of military 

tuberculosis.
3 

Tuberculosis being a curable 

disease, every effort should be made to arrive at 

an  early  and  timely  diagnosis  so  as  to  avoid 

unnecessary interventions.
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CASE REPORT 
 

A 30 year old woman presented with abdominal 

distention, fever, night sweats, anorexia & weight 

loss since one month. She had lost 14 kg over a 

period of two months. She had enjoyed a good 

past health and  there was no history of pulmonary 

tuberculosis. On clinical examination, she was 

poorly built with a weight of 38 kg. She was 

conscious, oriented with a pulse rate of 76 

beats/min, blood pressure of 120/80 mm Hg.  

Physical  examination  revealed  ascites,  but was 

otherwise normal. On admission, she was found to 

have diabetes. Her blood sugar level (random) was 

400 mg/dl with no ketones in her urine. She was 

diagnosed as a case of newly detected diabetes 

mellitus and started on insulin therapy. Her 

hemoglobin  level  was  10.8  mg/dl, WBC 

7800/cu.mm, liver enzymes and kidney function 

tests were normal. ESR was 65mm/hr at end of 

one hour. HlV and Mantoux test were found to be 

negative. USG abdomen & pelvis revealed gross 

ascites. Ascitic fluid analysis was not done. Her  

chest  x ray  was  normal.  During hospitalisation, 

she had intermittent episodes of hyperglycemia   &   

hypoglycaemia   for   which insulin was adjusted 

as per her blood sugar levels. She was diagnosed 

as a case of newly detected diabetes mellitus with 

ascites and was discharged. She came to us and 

was admitted after 8 days for same complaints and 

uncontrolled sugar levels, and suspected of   

abdominal kochs with a suspicious of pancreatic 

tuberculosis. She had brittle diabetes with large 

excuration and falls of blood sugar levels. Chest x 

ray suggestive of left sided pleural 

 

effusion. Ultrasound of abdomen showed 

edematous pancreas with small hypoehoeic cystic 

lesion in the the head of pancreas, peripancreatic 

and mesenteric lymphadenopathy. The pancreatic 

duct was normal. CT abdomen did not reveal 

anything more than the USG. On history, she had 

mild pancreatic exocrine insufficiency of recent 

onset. Ascitic fluid analysis was done which 

revealed amylase of 800 lU/l, lipase of 1200 lU/l 

and ADA was 63 lU/l. Further fine needle 

aspiration cytology & Polymerase chain reaction 

(PCR) was performed, USG guided FNAC 

revealed caseous necrosis and PCR was positive. 

Both the reports confirmed the clinical suspicion 

of pancreatic tuberculosis. She was started on anti 

kochs therapy and within six weeks her symptoms 

got relieved. She gained weight of 12 kg within a 

period of 2 months. At the end of 6 week, her 

amylase and lipase levels fell and her resolving 

ascites, no fever, increased appetite and increased 

weight gain confirm rebust response to AKT 

therapy. Her blood sugar level fluctuations were 

reduced and blood sugar level stabilized at the 

end of 2 months. We treated her for exocrine 

pancreatic insufficiency & insulin deficiency 

syndrome. Patient was discharged and under 

constant follow up after six months of anti kochs 

therapy, after her release from treatment of T.B. 

She still suffers from mild pancreatic exocrine 

insufficiency syndrome. USG has been found with 

normal  pancreas  and  abdomen. Her weight  and 

appetite was improved. Blood sugar levels were 

under control. This case has been presented with a 

view to highlight the entity of pancreatic 

tuberculosis which is extremely rare.
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DISCUSSION 
 

Tuberculosis is a  systemic disease with  protean 

manifestations. Approximately 15% of cases 

involve  extrapulmonary sites.
4  

Since pancreatic 

tuberculosis is rare,
5  

it poses a clinical dilemma,
6

 
 

as it does not commonly figure in the  differential 

diagnosis of a pancreatic mass, or ascites.
7, 8

 

Pancreas is biologically protected from infection 

by mycobacterium tuberculosis because of the 

presence of pancreatic enzymes, however when 

pathogen is able to overcome the resistance, the 

disease pattern can be varied. The exact way in 

which pancreas is involved is yet to be completely 

understood. But two main hypotheses have been 

proposed. One theory suggests that by 

hematogenous   dissemination   after   pulmonary 

disease organisms reach pancreas.
9 

Another theory 
 

proposes   that   pancreatic   tuberculosis   can   be 

caused by direct spread from adjacent 

peripancreatic lymph nodes.
10

 

The pancreas is rarely affected by tuberculosis. In 
 

1944, Auerbach reported pancreatic involvement 

in 4.7% of biopsies in cases of miliary 

tuberculosis.
11  

Between 1891 and 1961, Paraf et 

al. reported 11 cases of pancreatic involvement in 

necrosis of miliary tuberculosis, with 2.1% 

incidence of involvement of this organ. Between 

1980 and 1998, 14 cases were reported in the 

literature,
12 

the majority in young adults (mean 

age 33 years). 

Possible mechanisms of involvement of the 

pancreas are as follows: 

•   The  first  possible  way
13   

is  that  tubercle 
 

bacilli    reach    the    pancreas    through 

 

haematogenous dissemination from an 

occult lesion in the lungs or abdomen. 

•   The  second  way
14   

is  that  the  route  by 
 

direct   spread   from   contiguous   lymph 

nodes may be responsible for most of the 

cases with isolated pancreatic TB. 

•   The third possible way
15    

is that dormant 
 

bacilli in an old tubercular lesion can re- 

activate in an immunosuppressive state. 

Rana   et   al.
16    

Isolated   pancreatic   tuberculosis 
 

mimicking  focal  pancreatitis  and  causing 

segmental hypertension. CECT revealed focal 

pancreatitis involving head and body of pancreas 

with splenic vein thrombosis. Cytological 

examination of image-guided aspiration revealed 

caseous material. Culture demonstrated growth of 

Mycobacterium tuberculosis. 

Arora  et  al.
17   

Patient  presented  with  chronic 
 

abdominal pain and weight loss. CT revealed a 

well marginated cystic lesion in the head of 

pancreas with upstream biliary dilatation. 

Endoscopic ultrasound-guided fine needle 

aspiration biopsy (FNAB) showed epitheloid 

granulomas PCR based assay confirmed 

Mycobacterium tuberculosis. 

Falkowski    et    al.
18      

Patient    presented    with 
 

pancreatitis. CT showed multi cystic solid mass 

with slight contrast enhancement in area of 

pancreatic head, located in the branching of celiac 

trunk and adjacent to the portal vein. Endoscopic 

ultrasound-guided FNAC revealed necrotising 

granulomatous infection and numerous acid-fast 

bacilli on microscopy. PCR positive for 

Mycobacterium tuberculosis.
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DM is now a recognized risk factor and common 

complication encountered among TB patients.
19, 20

 

Recent evidence suggests that diabetic patients 

have an increased tendency to develop TB due to 

impaired cell-mediated immunity, renal failure, 

micronutrient deficiency, and pulmonary 

microangiopathy.
21 

Chronic infections like TB are 

associated with reactionary hyperglycemia which 

occurs due to increased production of counter- 

regulatory   stress   hormones   like   epinephrine, 

glucagon, cortisol, and growth hormone that act 

synergistically.
22

 

Treatment of DM among patients with TB should 

involve the use of insulin or oral hypoglycaemic 

agents (OHAs) in order to achieve the optimal 

goals of therapy, that is, maintaining an HbA1c of 

<7%, random blood sugar level <180 mg/dl or a 

FBG level <120 mg/dl.
23 

However, therapeutic 

doses of most glucose lowering drugs may need to 

be increased during the initial phases of TB 

treatment. This is because rifampicin induces an 

acute transient hyperglycemia due to its effect of 

augmenting  intestinal  absorption  of  glucose.
24

 

Due to its cytochrome P450 enzyme inducing 

properties, it also augments hepatic metabolism of 

most OHAs.
25

 

The    common   presenting   features   are   non- 

specific abdominal   pain,   fever,  anorexia   and 

weight  loss. 
2 6      

Less common symptoms include 

iron deficiency anaemia, vomiting, obstructive 

jaundice, upper gastro-intestinal bleeding and 

portal  hypertension. 
2 7   

Patients   may   or   may 

not   have   had   other   forms  of tuberculosis in 

the past. Clinical examination is usually non- 

contributory.
28    

Ultrasonographic features include 

 

a  diffusely enlarged  pancreas  with  focal 

hypoechoic lesions or    cystic  lesions of  the 

pancreas.
29 

Associated findings include 

peripancreatic and mesenteric lympha- 

denopathy,
30, 31   

bowel wall thickening (usually in 

the ileocaecal region), focal hepatic or splenic 

lesions and ascites.
32 

CT scan most commonly 

reveals a mass lesion.
33, 34

 

Therefore, to establish the diagnosis of pancreatic 

TB, histological, cytological as well as 

bacteriological confirmations are necessary. Ultra- 

sound-guided  (USG)  or  CT-guided  FNAC  has 

been used to confirm the diagnosis and to prevent 

unnecessary laprotomies.
35-37.

 
 

Ultrasound  or  CT-guided  FNAC  may provide 

the diagnosis, especially with the help of an expert 

cytologist   experienced   in   the      diagnosis   of 

tuberculosis. 
3 4 

 

The varied presentation and rare occurrence of 

pancreatic tuberculosis is the main reason for its 

diagnosis becoming difficult and a high degree of 

suspicion is necessary for a medical and pre or 

intraoperative diagnosis. USG or CT guided 

aspiration cytology may help in differentiating this 

from carcinoma, lymphoma, chronic pancreatitis 

or sarcoidosis.
38

 
 

A   recent   diagnostic  test   is   the   polymerase 

chain   reaction (PCR) based  assay,   which 

detects mycobacterium tuberculosis DNA in 

resected  specimens. It  is  a highly specific assay 

and may give a positive result even when special 

staining techniques and cultures of these 

tissues are negative.
39

 
 

The treatment of pancreatic tuberculosis comprises 

multi-drug  anti-tuberculous
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chemotherapy for between 6 and 12 months. 

Response to therapy is predictable and complete. 

These  patients  still need   to   be   followed  up 

carefully for subjective and objective response to 

therapy to rule out the rare possibility of 

tuberculosis     coexisting    with        malignancy, 

especially in endemic areas.
40

 
 

 
 

CONCLUSION 
 

The diagnosis of pancreatic tuberculosis requires a 

high degree of suspicion and, although is a rare 

condition, should be considered as a differential 

diagnosis in patients with pancreatic lesions. 

Pancreatic TB may present as SOL pancreas, 

peripancreatic collection as pseudocyst, 

peripancreatic  lymphadenopathy,  ascites  and 

portal hypertension. High index of suspicion, CT/ 

USG FNAC is extremely important to make the 

diagnosis of pancreatic TB. The majority of 

patients respond well to anti-tubercular 

chemotherapy and prognosis is good and surgical 

intervention can be overted in developing 

countries as like India. 
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ABSTRACT Introduction: Tuberculosis is a major cause of morbidity and mortality throughout the world. One-third of the 
world's population is infected with the TB, 5.2 million incident pulmonary TB patients notified globally in 2014. Only 

3.0 million (58%) smear positive were bacteriologically confirmed, 42% of patients who were not bacteriologically confirmed were diagnosed 
clinically i.e. based on symptoms, chest X-Ray abnormalities or suggestive histologically and remains diagnostic challenge. In view of role of 
serum ADA in TB diagnosis this study was planned to investigate the diagnostic value of serum adenosine deaminase in diagnosis of extra-
pulmonary negative tuberculosis (EPTB) and pulmonary smear negative tuberculosis (SNPTB), because rapid and accurate diagnosis is an 
important element of TB treatment and control.
Objective: To evaluate the diagnostic value and compare serum ADA activity in extra-pulmonary and pulmonary smear negative tubercu-
losis and to compare it with control.
Method: Total of 120 volunteers was enrolled in the study after obtaining informed written consent. They were divided into 3 groups. Group I 
includes 40 healthy Individuals; Group II 40 patients newly diagnosed with extra-pulmonary TB and Group III 40 patients newly diagnosed 
with pulmonary smear negative TB. Serum ADA was estimation by modified GIUSTI method.
Result: Serum ADA levels were significantly increased (p<0.001) in extrapulmonary TB (27.81 ± 7.034U/L) and Pulmonary Smear Negative 
TB (35.12 ± 12.1 U/L) as compared to control (14.603 ± 4.69U/L) with cut-off value 20 U/L.
Conclusion: Moreover our study being cost effective, highly reliable, reproducible, simple to perform and less time consuming; in addition 
it helps in rapid and accurate diagnosis of EPTB and pulmonary smear negative tuberculosis, it can be included in routine diagnosis and 
prognosis of tuberculosis.

INTRODUCTION:
Tuberculosis (TB) is one of the most ancient diseases of man-
kind and has co-evolved with humans for many thousands of 
years. [1] It is a major cause of morbidity and mortality through-
out the world. One-third of the world’s population is infected 
with the TB bacillus.[2, 3] The tuberculosis epidemic results in 
nearly two million deaths and nine million new cases per year, 
95% in developing countries. In India 2.3 million cases are esti-
mated to have occurred, accounting for approximately one fifth 
of the global incidence. The World Health Organization (WHO) 
1990 report on the Global Burden of diseases ranked tuberculo-
sis as the seventh most morbidity causing disease in the world, 
and expected it to continue in the same position up to 2020.[4]

Once infected active disease develops in about 10% of cases 
usually within 1-2 years after exposure from TB.[5]Some of the 
healthy subjects getcontracts tuberculosis every four seconds 
and one of them dies every 10 seconds.[6,] In 2006, about 1.4 mil-
lion cases of tuberculosis were registered for treatment in India; 
28.7% of them were new smear negative cases.[8] 

The initial diagnostic approach to suspected cases of pulmo-
nary tuberculosis is to demonstrate Mycobacterium tuberculosis 
in stained smears of expectorated sputum. In most of the tu-
berculosis centers, even after careful search, the bacteriological 
positive yield from sputum is around 16 to 50% and large por-
tion remain negative in spite of clinical profile and radiological 
lesions being consistent with diagnosis of pulmonary tuberculo-
sis.[9] However, 40 to 60% of patients with pulmonary disease and 
about 75% of patients with extra-pulmonary disease are smear 
negative, and in this situation even contemporary culture meth-

ods take several weeks to become positive. 

There are different diagnostic methods but they have some 
limitations. [12,13,14,15] Pulmonary TB is usually diagnosed from 
clinical and radiological findings. The laboratory diagnosis 
is based on Ziehl-Neelsen (ZN) staining for acid-fast bacilli 
(AFB) and the growth of the causative organism Mycobac-
terium tuberculosis on Löwenstein-Jensen (LJ) culture, [16] 
which is the golden standard for TB diagnosis. However My-
cobacterium tuberculosis grows very slowly, it can take up to 
six weeks to isolate it in culture. Determination of suscepti-
bility to drugs can add another three to six weeks to process. 
Meanwhile the disease may progress and be transmitted to 
others when appropriate treatment is delayed and hospi-
talization increases. [17] ZN staining is rapid, easy to perform 
and inexpensive, but it lacks sensitivity which is already dis-
cussed. Problem arises when sputum smear result is repeat-
edly negative for acid fast bacilli. [18]

Polymerase Chain Reaction (PCR) is expensive and is not found 
to be more sensitive to pleural fluid. All these diagnostic tests in-
cluding the newer Nucleic Acid Amplification, Interferon gamma 
and Lysozyme, either time-consuming, lack sensitivity or speci-
ficity or required technology is very intensive and expensive as 
well, thus limiting their usefulness and access especially in de-
veloping countries with insufficient resources.[19]

Adenosine deaminase activity (ADA) is also measured in diag-
nosis of TB and also in differential diagnosis of TB. Adenosine 
deaminase is an enzyme of purine catabolism; its activity has 
been found to be increased in various diseases such as tuber-
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culosis, HIV, typhoid, infectious mononucleosis and certain ma-
lignancies especially those of hemopoietic origin. ADA assay in 
various body fluids had established its usefulness in the labora-
tory diagnosis of extrapulmonary TB (such as meningeal, pleu-
ral, peritoneal and pericardial TB) and SNPTB. [20] 

By considering the importance of rapid and accurate diagnosis, in 
TB treatment and control, the present study was planned to inves-
tigate the diagnostic value of serum adenosine deaminase in diag-
nosis of EPTB and SNPTB and to compare it with control group.

AIM: To study serum adenosine deaminase (ADA) level in diagnosis 
of extrapulmonary and pulmonary smear negative tuberculosis. 

OBJECTIVES: To evaluate the diagnostic value of serum ADA 
activity in extra-pulmonary and pulmonary smear negative tu-
berculosis and to compare serum ADA activity in study groups 
and control group.

MATERIAL & METHODS: The Institutional Ethics Committee 
approval was obtained before initiating the study. The study was 
conducted in the Departments of Biochemistry, Dept. of Respira-
tory Medicine, Dept. of Surgery, MGM Medical College & Hospi-
tal, Kamothe, Navi Mumbai. Present study is a prospective study 
completed over a period of 12 months i.e.from February 2014 to 
February 2015

The volunteers are grouped into following three groups:-
Group I: 40 healthy Individuals.
Group II: 40 patients newly diagnosed with extra-pulmonary TB 

(EPTB).
Group III: 40 patients newly diagnosed with pulmonary smear 

negative TB (SNPTB).
Inclusion Criteria:Following patients are included for the pre-

sent study 

Patients with Extra-pulmonary TB diagnosed by clinician.  
Extra pulmonary TB patient with smear positive histopathologicaly.

Two sets (taken at least 2 weeks apart) of at least two sputum 
specimens negative for Acid Fast Bacilli and radiographic abnor-
malities consistent with pulmonary TB.

Exclusion criteria:Following patients will be excluded from the 
study - 
No respiratory symptoms
Normal chest X-rays.
Liver diseases
HIV/AIDS
Gross congestive heart failure
Typhoid fever
Infectious mononucleosis
Gout / Rheumatoid arthritis 
Skeletal muscle injury 
Renal failure 
Brucellosis.Bronchogenic carcinoma

Study Procedure: 2.0 ml of blood was collected by venepunc-
ture.  Serum was separated preserved at -60°C till the analysis. 
Serum ADA estimated by ADA kit (Kinetic Reaction), the modi-
fied GIUSTI method using semi auto analyzer. 

RESULTS:

Table 1: Gender wise distribution of healthy individuals, 
extrapulmonary TB and pulmonary smear negative TB

Groups Sex TotalMale Female
Healthy Individuals 32 8 40 
Extra Pulmonary TB 12 28 40 

Pulmonary Smear Negative TB 30 10 40 
Total 74 46 120 

Tables 2: Comparison of subjects according to weight (Kg) 
in healthy individuals, extra pulmonary TB and pulmonary 
smear negative TB.  

Groups N Mean ± SD

Healthy Individuals 40 62.97 ± 9.78

Extra Pulmonary TB 40 47.1 ± 15.05**

Pulmonary Smear Negative TB 40 48.17 ± 10.01**

**p<0.001(highly statistically significant)

Table 3: Comparison of ADA level (U/L) of healthy individu-
als, extra Pulmonary TB and pulmonary Smear negative TB.
Groups N Mean ± SD

ADA (U/L)
 
 

Healthy Individuals 40 14.603 ± 4.69
Extra Pulmonary TB 40 27.81 ± 7.034**
Pulmonary Smear Negative TB 40 35.12 ± 12.09**

**p<0.001(highly statistically significant)

Graph 1: Comparison of ADA levels (U/L) in different groups 
such as healthy individuals, extrapulmonary TB and pulmo-
nary smear negative TB. 

Graph 2: ROC (Receiver operating characteristic) curve for 
serum ADA in TB diagnosis

DISCUSSION:
Tuberculosis (TB) is caused by Mycobacterium tuberculosis and 
is one of the most important infective causes of human mortal-
ity and morbidity worldwide. [21] India is the highest TB burden 
country with WHO statistics for 2011 giving an estimated inci-
dence figure of 2.2 million cases of TB in India, out of a global 
incidence of 8.7 million cases. It is estimated that about 40% of 
the Indian population is infected with TB bacteria, the vast ma-
jority of whom have latent rather than active TB. [22]

The present study reveals that male subjects were more prone 
to pulmonary smear negative TB (4:1 male to female), whereas 
female were more prone to extrapulmonary TB (1:2.3 male to fe-
male) Table 1. Balasubramanian R et al.[23] reported same preva-
lence in their review i.e. Lymph node TB (LNTB) is the com-
monest form of EPTB.  Peripheral LNTB have been in majority 
female, while pulmonary TB is more common in adult males.
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The weight of control subjects was (62.97 ± 9.78 Kg), extrapul-
monary subjects were (47.1 ± 15.05 Kg) and smear negative 
subjects was (48.17 ± 10.01 Kg). Our study shows that the study 
groups’ patient weights is significantly declined as comparison 
of control group (p<0.001) but non-significant between study 
groups (p>0.05) Table 2.

Patients with Tuberculosis (TB) often suffer from severe weight 
loss, a symptom those are considered immuno-suppressive and a 
major factor of severity and disease outcome. Malnutrition is an 
important risk factor for TB, as cell-mediated immunity (CMI) 
is key host defense against TB and other factors such as socio-
economic demographic characteristics, smoking and drinking 
habits. [23]

Serum ADA levels are compared in healthy subjects with ex-
trapulmonary TB and pulmonary Smear negative TB. Serum 
ADA levels are significantly increased (p<0.001) in extrapulmo-
nary TB (27.81 ± 7.034U/L) and Pulmonary Smear Negative TB 
(35.12 ± 12.1 U/L) as compared to healthy individual. The results 
are concurrent with Agarawal MK et al.[24], Rathod VS et al.[25], 
Verma Met al.[26],, Stevanovic G. et al.[27] and Sharma D et al. [28]

Significantly increased serum ADA activity (p<0.001) in pulmo-
nary smear negative TB and EPTB compared to healthy controls 
is due to activation of cell mediated immunity. In tuberculosis 
there are increased numbers of T-lymphocytes and macrophag-
es, which may be associated with highly elevated ADA activity 
in such patients. The ADA activity is greater in lymphocytes and 
is related to differentiation of lymphocytes. In pathological con-
ditions, the clearance capacity of lungs is decreased leading to 
increased numbers of cells in pleural fluid and the recirculation 
of activated T-cells, may cause a high serum ADA activity in pa-
tients with TB. [29]

Serum ADA cut-off value is assessed from receiver operating 
characteristic (ROC) curve for extra pulmonary TB and pulmo-
nary smear negative TB. The cut-off value 20 U/L and taken as 

the best cut-off point. For this cut off value the sensitivity was 
99 % and specificity 90% (p<0.001). The area under ROC Curve 
is 0.984 (95% CI-0.962-1.00). In present study none of the healthy 
individual showed ADA value above this limit and none of study 
subjects showed a lower value than 20 U/L. Our results are con-
current with Afrasiabian S et al.[30] and Stevanovic G. et al.[27]

ADA is the enzyme which is present in every cell. Highest con-
centration of ADA is seen in monocytes, macrophages and T-
lymphocytes. These cells consist of ADA, 5-20 times more than 
B-cell and 10 times more than erythrocytes. Monocytes/mac-
rophages are the main targets of mycobacterium tuberculosis, 
which multiply slowly inside the host cell. Then macrophages 
stimulate the cell-mediated immune response by releasing cy-
tokines, which attract T-lymphocytes to the site. Defensive en-
vironment kill or limit the replication of pathogens and finally 
destroys the macrophages. Thus increased concentration of ADA 
may be found due to antigenic stimulation of phagocytic cell, its 
propagation, differentiation and macrophages destructions.

Elevated levels of ADA may depend on severity of TB, immune 
status and age. Limitation of present study is that increased se-
rum ADA activity is also found in diseases of cell mediated im-
munity of unknown illness. 

CONCLUSION:
Significant increased concentrations of serum adenosine deami-
nase in study groups as compared to control group, aids to use 
ADA as a screening test. However, larger sample size is required 
to confirm reference values for serum ADA and to assess its di-
agnostic utility. The serum concentration of ADA may be used as 
a surrogate marker for EPTB and pulmonary smear negative TB 
and the findings should be correlated with clinical presentation 
of disease. Moreover our study being cost effective, highly reli-
able, reproducible, simple to perform and less time consuming; 
in addition it helps in rapid and accurate diagnosis of EPTB and 
pulmonary smear negative tuberculosis, it can be included in 
routine diagnosis and prognosis of tuberculosis.
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Abstract

Utility of Polymerase Chain Reaction (PCR) test for
diagnosis of pulmonary tuberculosis was evaluated in 50
clinically diagnosed cases. All samples were also processed
for microscopy by Ziehl-Neelsen (ZN) staining and culture
on Lowenstein-Jensen medium (LJ).  PCR was positive in
all microscopy and culture positive specimens.  There were
11 samples positive by PCR but failed to grow in culture.
With respect to culture the sensitivity (SN), specificity (SP),
Positive Predictive Value (PPV) and Negative Predictive
Value (NPV) of PCR was 100%, 57%, 68% and 100%
respectively.  The values for PCR on final evaluation taking
into consideration clinical, radiological, microbiological
evidence and response to antitubercular treatment were SN-
100%, SP-88%, PPV-94% & NPV-100% respectively. PCR
detects M. tuberculosis complex with greater sensitivity
and should be  useful for rapid diagnosis of tuberculosis.

Keywords

mycobacterium tuberculosis, polymerase chain reaction,
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Introduction

Tuberculosis (TB) continues to be a health hazard world

over in spite of relentless global efforts directed at containing
the scourge. Conventional methods available for diagnosis
namely tuberculin test, radiological examination, smear
microscopy and culture have their own limitations.  Sputum
smear microscopy requires more than 10,000 organisms
per ml be present in the sample and has low sensitivity1-6.
Culture is more sensitive than microscopy and is still
considered the “gold standard” being 100% specific but is
time consuming (3 to 8 weeks)1,3,5.  Great progress have
been made in reducing the time required for detecting the
growth of mycobacteria using various culture systems like
BACTEC, MGIT, MB/BACT etc, still however, on an
average 8 to 12 days are needed to detect the growth2,7,8.
Another recent approach to culture of M. tuberculosis is
TK medium (Salubris, Inc.MA USA) with average time to
detection of two weeks as compared to four weeks on LJ
medium.  It promises to be a practical, low cost, simple
test9. A new test being introduced by WHO in national
tuberculosis control programs is Xpert MTB / RIF which
provides sensitive detection of M. tuberculosis and
rifampicin resistance detection in less than two hours. This
is being implicated in a phased manner10.

Recent advances in DNA amplification using Polymerase
Chain Reaction (PCR) has allowed great progress to be
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made in the rapid and accurate diagnosis of infections due
to organisms that are not cultivable by in vitro means, that
require complex media or cell cultures and prolonged
incubation times, or for which culture is too insensitive11.
PCR for diagnosis of tuberculosis has been found to be
useful in a number of studies12,13,14,15.  This study reports
the application of  nested PCR for the diagnosis of pulmonary
tuberculosis by amplification of IS6110, an IS-like element
of M. tuberculosis complex.  As the IS6110 sequence has
been shown to be repetitively present in M. tuberculosis
genome, it helps to increase the sensitivity of the test12,16,17,18.
The nested format has been found to be useful by other
studies19,20.  This is the first comprehensive study comparing
conventional methods with PCR for the diagnosis of
tuberculosis from region of Marathwada of Maharashtra
State, India.

Material and Methods

A total of 50 pulmonary specimens (sputum 32, pleural
fluid 14, bronchoalveolar lavage (BAL) 2, intercostal drain
(ICD) 2) were obtained from patients clinically suspected
to have tuberculosis.  The preliminary clinical diagnosis
was made if the patient had fever, night sweats, persistent
cough for more than 3 weeks, and weight loss, supported
by radiological evidence of disease. Microscopic
examination of the specimens was done by Ziehl-Nelsen
staining and if negative staining was repeated on the
specimens after concentration using 4% sodium hydroxide.
The concentrated material was also used for culture on
Lowenstein Jensen’s medium in duplicate.  The cultures
were incubated at 370C for 8 weeks.

All isolates of acid fast bacilli on LJ medium were further
identified to species level by colony characteristics including
the speed of growth and pigmentation and a battery of
biochemical tests (niacin, nitrate reduction, catalase and
growth on medium containing p-nitrobenzoic).

PCR  assay was carried  out  using  Genei TM

Amplification Reagent  Set  MTB-25  for M. tuberculosis,
manufactured by Bangalore Genei Bangalore, India.  This
test is based on the principle of single tube nested PCR
method.  The assay is a two-step sequential assay.  In the
first step in the IS region of M. tuberculosis complex DNA
sequence, a 220 bp is amplified by specific external primers.
In the second step, the nested primers are added to further
amplify a 123 bp amplification product.  In this test false
positive reactions that may be caused by previous amplicon

contamination are prevented by the use of uracil DNA
glycolase (UDG) and dUTP instead of dTTP. DNA
extraction was carried using Proteinase K according to the
manufacturer’s instructions.  DNA extraction was done in
a separate room.  DNA amplification was carried out on
the same day of receiving the sample.

DNA amplification :

A) First amplification :

Master Mix I was prepared, so that for each specimen
the master mix I contained Amplification Premix I8.2 µl,
Gene Hotstart Taq DNA Polymerase 0.33 µl and uracil DNA
glycolase (UDG) 0.5 µl.  To each 0.2ml PCR tube 9 µl of
Master Mix-I was taken and 3 µl of extracted DNA was
added.  Positive and Negative controls were also included.
DNA amplification was carried using the thermal cycler
MJ Research using the calculated mode as suggested by
the manufacturer.  The first amplification profile was as
follows : Step-1 was 22°C for 10 minutes and initial
denaturation at 94°C for 5 minutes (No. of cycles -1).  Step-
2 was denaturation at 94°C for 30 second, annealing at
68°C for 1 minute and extension at 72°C for 1 minute (No.
of cycles - 20).  Step-3 was final extension at 72°C for 1
minute and storage at 4°C   (No. of cycles – 1).

B) Nested or Second Amplification:

For each specimen Master Mix-II contained
Amplification premix-II 14.7 µl and Genei Hot Start Taq
DNA polymerase 0.33 µl.  Fifteen µl of the Master Mix-II
thus prepared was added to the same PCR tubes used in
the first amplification.  Nested Amplification was performed
using the following profile : Step-1 was initial denaturation
at 94°C for 5 minutes (No.of cycles-1).  Step-2 was
denaturation at 94°C for 30 seconds, annealing at 68°C for
30 seconds and extension at 72°C for 30 seconds (No.of
cycles 30).  Step-3 was final extension at 72°C for 7 minutes
and storage at 4°C (No.of cycles 1).

Analysis of amplified product:

Analysis of the amplified product was done using
submarine electrophoresis using 2.5% agarose gel containing
10 µl of 10 mg per ml ethidium bromide dye solution for
100 ml gel. The gel was visualized under UV
Transilluminator. An amplification product of size 123 bp
was indicative of infection with M. tuberculosis complex.
The amplification product of internal control DNA was 340
bp (Fig. 1).
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PCR was also carried out on MOTT (Mycobacteria
Other Than Tubercle) strains namely M.chelonei, M.szulgai,
M.phlei, M.avium and M.intracellulare and also M.
tuberculosis H37Rv obtained from Department of
Microbiology, MGIM’s Sewagram, district Wardha,
Maharashtra, India, to check the specificity of the primers.

Sensitivity, Specificity, Positive predictive value and
Negative Predictive value were calculated as per Parks text
book of Preventive and social medicine21.

Results

We have analyzed 50 pulmonary specimens obtained
from patients of suspected pulmonary tuberculosis. Ziehl-
Neelsen staining for AFB was positive in 19 (38%)
specimens and culture was positive in 24 (48%) of the
specimens.  All culture isolates were identified as M.
tuberculosis.  PCR gave a positive amplification result in 35
(70%) of the specimens.. PCR was positive in all smear
and culture positive specimens. There were 16 (51.61%)
specimens which were PCR positive but smear negative.
PCR gave a positive amplification in 11 out of 26 culture
negative specimens (42.30%) (Table 1). As culture is the
gold standard, with respect to culture these 11 specimens
would be false positive. Therefore with respect to culture

Fig. 1
Agarose gel electrophoresis analysis for DNA amplification
products. Lanes :  L1 empty, L2 Molecular weight marker, L3
positive control ( 123 bp), L4 negative control. L5, L6, L7, L8
specimen positive for M.tuberculosis complex ( 123 bp). IC:

Internal control band (340 bp)
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the sensitivity (SN), specificity (SP), positive predictive
value (PPV) and negative predictive values (NPV) for PCR
are 100%, 57%, 68% and 100% respectively.

As the culture results in the present study was very low
we studied each case on the parameters of clinical,
microbiological, radiological evidence and response to anti-
tubercular treatment to know whether the patients were
diseased or not. We thought this to be a better way of
evaluating the results. On this basis we found of the total
50 cases, 33 to be diseased and 17 not diseased (Table 2).
Specimens from all the 33 diseased were positive by PCR.
Microscopy culture detected 19 and 24 cases respectively.
Of the specimens from the 17 non diseased patients, 15
were negative by PCR  and 2 were positive ( false positive
sputum) specimens. For microscopy and culture there were
no false positives. After knowing the number of diseased
we did a final evaluation of results for the three tests.
Accordingly for microscopy the SN, SP, PPV & NPV were
57%, 100%, 100% and 54% respectively.  For culture the
values were 72%, 100%, 100% and 65% respectively. And
for  PCR the resulting values were 100%, 88%, 94% and

100% respectively (Table 3).  Maximum positivity for PCR
was observed in ICD, followed by sputum, pleural fluid
and BAL (Table 4). PCR gave a negative amplification result
for all the MOTT strains tested and a positive result for M.
tuberculosis H37Rv.

Discussion

In this study we explored the usefulness of PCR for
diagnosis of Tuberculosis.  Smear microscopy for acid
fast bacilli is an important test for diagnosis of tuberculosis.
In this study smear positivity was 38%.  Whereas culture
positivity in this study was 48% . There were no false
positives for smear and culture ascertaining the usefulness
of these tests. With respect to culture specificity of PCR
was low (57%) as there were 11 specimens  negative in
culture but  PCR positive. Of these 11, 2 specimens were
false positive after final evaluation as these patients
responded to routine antibiotic treatment. These were also
negative in microscopy. The 2 false positive PCR may be
because of contamination somewhere during sample
processing.  This must not be because of previous amplicon
transfer as we had used uracil DNA glycolase (UDG) and
dUTP instead of dTTP, which eliminates previous amplicon
transfer22,23.  This points towards the importance of good
laboratory practices. Of the remaining nine culture negative
specimens after final evaluation all proved to be diseased.
Out of these, 3 were microscopy positive of which 2 had
culture contamination and one was negative in culture.  This
culture negative specimen was from a patient who was
already on anti-TB drugs.  This is consistent with the fact
that patients can still harbor mycobacteria long after culture
for mycobacteria have become negative.  This may suggest
that DNA amplification method could detect mycobacteria
that are unable to grow in vitro24. Of the remaining six
specimens from patients proved to have disease, all were
microscopy negative and culture negative or contaminated.
PCR in the present study with respect to culture, as well as
after final evaluation  showed a 100% SN and NPV
confirming the usefulness of the technique.  After final
evaluation PCR had a specificity of 88% and PPV of 94%.
We found no difficulty in detecting M.tuberculosis in all
pulmonary specimens using this target, suggesting it to be
suitable for the diagnosis of tuberculosis . In this study
PCR gave a negative amplification result with the MOTT
bacteria indicating the specificity of the IS6110 target for
M.tuberculosis complex as was found by other workers5,23,25.
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Conclusion

In conclusion PCR was found to be efficient in the
diagnosis of pulmonary tuberculosis.  It not only correlated
well with conventional techniques but also proved to be
useful in the diagnosis of tuberculosis in specimens, where
conventional techniques failed.  The method is fast with
results available in 10-12 hours.  At the same time the
importance of microscopy and culture cannot be overlooked
from the findings of the present study and their low cost
and availability. Disadvantage of culture is delay in getting
results.  New media like TK might answer this delay.
Disadvantage of PCR is that if MOTT is present in the
specimen they will be missed by PCR using primers targeting
the M.tuberculosis complex. To conclude we find PCR
targeting IS6110 to be useful for the rapid diagnosis of
tuberculosis. For good results trained and dedicated staff
following good laboratory practices is a must.
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ABSTRACT 

   

Utility of Polymerase Chain Reaction (PCR) test for diagnosis of pulmonary and extrapulmonary 

specimens was evaluated in 91 clinically diagnosed cases of tuberculosis (50 pulmonary & 41 

extrapulmonary).  All samples were also processed for microscopy by Ziehl-Neelsen (ZN) staining and 

culture on Lowenstein-Jensen medium (LJ).  PCR was positive in all microscopy and culture positive 

specimens.  There were 11 samples positive by PCR but failed to grow in culture both in the pulmonary 

and extrapulmonary specimens.  With respect to culture the sensitivity (SN), specificity (SP), Positive 

Predictive Value (PPV) and Negative Predictive Value (NPV) of PCR  for the pulmonary specimens was 

100%, 57%, 68% and 100% respectively. Whereas the values for EPS were SN- 100%, SP- 65%, PPV- 

45% and NPV- 100%. The values for PCR on final evaluation taking into consideration clinical, 

radiological, microbiological evidence and response to antitubercular treatment were SN-100%, SP-88%, 

PPV-94% & NPV-100% for the PS and SN- 95%, SP- 100%, PPV- 100 & NPV- 95%  for the EPS.  PCR 

detects M. tuberculosis complex with greater sensitivity and should be useful for rapid diagnosis of 

tuberculosis. 

 

Key words: Mycobacterium tuberculosis, Polymerase Chain Reaction, IS 6110, Sensitivity, Specificity. 

 

INTRODUCTION 

Tuberculosis (TB) is an increasing 

public health problem in developing 

countries. India is the highest TB burden 

country accounting for fifth of global 

incidence. Reported global annual incidence 

of TB case estimate is 9.4 million cases, out 

of which it is estimated that 1.8 million 

cases are from India. 
[1]

 Studies involving 

immunocompetent adults have revealed that 

Extrapulmonary Tuberculosis (EPTB) 

constitutes about 15 to 20 percent of all 

cases of tuberculosis. With global rise of 

Human Immunodeficiency Virus infection 

EPTB accounts for more than 50 percent of 

all cases of TB among HIV positive patients. 
[2]

 Conventional methods available for 

diagnosis namely tuberculin test, 

radiological examination, smear microscopy 

and culture have their own limitations.  

Sputum smear microscopy requires more 

than 10,000 organisms per ml be present in 

the sample and has low sensitivity. 
[3-6]

 In 

case of EPTB microscopy is still less 

sensitive. Culture is more sensitive than 

microscopy and is still considered the “gold  

http://www.ijhsr.org/
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standard” being 100% specific. 
[3-5]

 But 

culture is time consuming requiring 3 to 8 

weeks for growth to appear. 
[3,6,7]

 Great 

progress have been made in reducing the 

time required for detecting the growth of 

mycobacteria using various culture systems 

like BACTEC, MGIT, MB/BACT etc, still 

however, on an average 2 to 3 weeks are 

needed to detect the growth. 
[3,6,7]

 Another 

recent approach to culture of M. tuberculosis 

is TK medium (Salubris, Inc.MA USA) with 

average time to detection of two weeks as 

compared to four weeks on LJ medium. It 

promises to be a practical, low cost, simple 

test. 
[8]

 A new test being introduced by 

WHO in national tuberculosis control 

programs is Xpert MTB / RIF which 

provides sensitive detection of M. 

tuberculosis and  rifampicin resistance 

detection in less than two hours. This is 

being implicated in a phased manner. 
[9]

 

      Recent advances in DNA 

amplification using Polymerase Chain 

Reaction has allowed great progress to be 

made in the rapid and accurate diagnosis of 

infections due to organisms that are not 

cultivable by in vitro means, that require 

complex media or cell cultures and 

prolonged incubation times, or for which 

culture is too insensitive. 
[10]

 Nested PCR 

(nPCR) for diagnosis of tuberculosis has 

been found to be useful in a number of 

studies. 
[6,10-12]

  This study reports the 

application of nPCR for the diagnosis of 

tuberculosis by amplification of IS6110, an 

IS-like element of M. tuberculosis complex.  

As the IS6110 sequence has been shown to 

be repetitively present in M. tuberculosis 

genome, it helps to increase the sensitivity 

of the test. 
[6, 11,13-15]

  This study evaluates 

nPCR for diagnosis of pulmonary and EPTB 

along with culture and microscopy.  This is 

the first comprehensive study comparing 

conventional methods with nPCR for the 

diagnosis of tuberculosis from region of 

Marathwada of Maharashtra State, India. 

MATERIALS AND METHODS 

Clinical specimens and conventional 

methods: 

A total of 50 pulmonary specimens 

(sputum 32, pleural fluid 14, 

bronchoalveolar lavage (BAL) 2, intercostal 

drain (ICD) 2 ) and 41 extrapulmonary 

specimens (ascetic fluid11, pus 12, blood 5, 

tissue biopsy 4, aspirates 3, CSF 3) were 

obtained from patients clinically suspected 

to have tuberculosis. Microscopic 

examination of the specimens was done by 

Ziehl-Nelsen staining and if negative 

staining was repeated on the specimens after 

concentration and decontamination using 

4% sodium hydroxide (Except: CSF, blood 

and tissue). The decontaminated material 

was also used for culture on Lowenstein 

Jensen’s medium in duplicate. The cultures 

were incubated at 37
0
C for 8 weeks. All 

isolates of acid fast bacilli on LJ medium 

were further identified to species level by 

colony characteristics including the speed of 

growth and pigmentation and a battery of 

biochemical tests (niacin, nitrate reduction, 

catalase and growth on medium containing 

p-nitrobenzoic acid).  

nPCR Assay: 

  nPCR assay was carried  out  using  

Genei 
TM

   Amplification Reagent  Set  

MTB-25  for M. tuberculosis, manufactured 

by Bangalore Genei Bangalore, India.  This 

test is based on the principle of single tube 

nested PCR method.  The assay is a two-step 

sequential assay.  In the first step in the IS 

region of M. tuberculosis complex DNA 

sequence, a 220 bp is amplified by specific 

external primers.  In the second step, the 

nested primers are added to further amplify 

a 123 bp amplification product. A band of 

123 bp was indicative of infection with M. 

tuberculosis complex. In this test false 

positive reactions that may be caused by 

previous amplicon contamination are 

prevented by the use of uracil DNA 

glycolase (UDG) and dUTP instead of 
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dTTP. DNA extraction was carried using 

Proteinase K according to the 

manufacturer’s instructions.  DNA 

extraction was done in a separate room.  

DNA amplification was carried out on the 

same day of receiving the sample. PCR 

inhibition was identified using an 

amplification internal control. Amplification 

product of 340 bp was indicative of 

successful amplification and DNA 

extraction. Its absence indicated inhibition 

of amplification or DNA amplification 

failed. (Figure-1) 

 

 
Figure - 1: Agarose gel electrophoresis analysis for DNA 

amplification products. 

Lanes :  L1 empty, L2 Molecular weight marker, L3 positive 
control ( 123 bp),  

              L4 negative control. 

              L5, L6, L7, L8 specimen positive for M.tuberculosis 
complex ( 123 bp). 

              IC: Internal control band (340 bp). 

  

DNA Amplification: 

A) First amplification: 

Master Mix I was prepared, so that 

for each specimen the master mix I 

contained Amplification Premix I8.2 µl, 

Gene Hotstart Taq DNA Polymerase 0.33 µl 

and uracil DNA glycolase (UDG) 0.5 µl.  To 

each 0.2ml PCR tube 9 µl of Master Mix-I 

was taken and 3 µl of extracted DNA was 

added.  Positive and Negative controls were 

also included.  DNA amplification was 

carried using the thermal cycler MJ 

Research using the calculated mode as 

suggested by the manufacturer.  The first 

amplification profile was as follows: Step-1 

was 22
0
C for 10 minutes and initial 

denaturation at 94
0
C for 5 minutes (No. of 

cycles -1).  Step-2 was denaturation at 94
0
C 

for 30 second, annealing at 68
0
C for 1 

minute and extension at 72
0
C for 1 minute 

(No. of cycles - 20).  Step-3 was final 

extension at 72
0
C for 1 minute and storage 

at 4
0
C   (No. of cycles – 1). 

B) Nested or Second Amplification: 

For each specimen Master Mix-II 

contained Amplification premix-II 14.7 µl 

and Genei Hot Start Taq DNA polymerase 

0.33 µl.  Fifteen µl of the Master Mix-II thus 

prepared was added to the same PCR tubes 

used in the first amplification.  Nested 

Amplification was performed using the 

following profile: Step-1 was initial 

denaturation at 94
0
C for 5 minutes (No. of 

cycles-1).  Step-2 was denaturation at 94
0
C 

for 30 seconds, annealing at 68
0
C for 30 

seconds and extension at 72
0
C for 30 

seconds (No. of cycles 30).  Step-3 was final 

extension at 72
0
C for 7 minutes and storage 

at 4
0
C (No. of cycles 1). 

Analysis of amplified product: 

Analysis of the amplified product 

was done using submarine electrophoresis 

using 2.5% agarose gel containing 10 µl of 

10 mg per ml ethidium bromide dye solution 

for 100 ml gel.  The gel was visualized 

under UV Transilluminator. 

Nested PCR was also carried out on 

MOTT (Mycobacteria Other Than Tubercle) 

strains namely M.chelonei, M.szulgai, 

M.phlei, M.avium and M.intracellulare and 

also M. tuberculosis H37Rv obtained from 

Department of Microbiology, MGIM’s 

Sewagram, district Wardha Maharashtra, 

India, to check the specificity of the primers. 

Sensitivity, Specificity, Positive 

predictive value and Negative Predictive 

value were calculated as per Parks text book 

of Preventive and social medicine. 
[16]
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RESULTS 

We have analyzed 50 pulmonary and 

41 extrapulmonary specimens obtained from 

patients with suspected tuberculosis.  Ziehl-

Neelsen staining for AFB was positive in 19 

(38%) pulmonary and 8(19.51%) 

extrapulmonary specimens. Culture was 

positive in 24 (48%) pulmonary and 9 (22%) 

extrapulmonary specimens. This leaves 26 

specimens negative on culture in pulmonary 

group and 32 in extrapulmonary group. All 

culture isolates were identified as M. 

tuberculosis.  nPCR gave a positive 

amplification result in 35 (70%) of 

pulmonary and 20 (48.78%) extrapulmonary 

specimens. nPCR was positive in all smear 

and culture positive specimens. There were 

16 pulmonary and 12 extrapulmonary 

specimens which were nPCR positive but 

smear negative. nPCR gave a positive 

amplification in 11 out of 26 culture 

negative pulmonary specimens and 11 out of 

32 extrapulmonary specimens (Table-1). As 

culture is the gold standard, with respect to 

culture these specimens would be false 

positive. Therefore with respect to culture 

for nPCR in pulmonary specimens the 

sensitivity (SN), specificity (SP), positive 

predictive value (PPV) and negative 

predictive values (NPV) are 100%, 57%, 

68% and 100% respectively. Similarly for 

extrapulmonary specimens the values are 

SN- 100%, SP - 65%, PPV - 45%, and NPV 

-100%.  

 
Table 1: Correlation between smear, culture and nPCR 

 

 

 
 

 

 
 

 

 
n = Number of specimens 

 

As the culture results in the present 

study were low we did a final evaluation of 

results by studying each case on the 

parameters of clinical, microbiological, 

radiological evidence and response to anti-

tubercular treatment to prove the presence of 

disease. We thought this to be a better way 

of evaluating the results. On this basis we 

found of the total 50 pulmonary cases, 33 to 

be diseased and 17 not diseased (Table-2). 

All 33 diseased were positive by nPCR 

(True positive). Of the 17 non diseased 

patients 15 were negative for amplification 

(True negative) and 2 were amplification 

positive (False positive). Thus the final 

values for nPCR were SN-100%, SP-88%, 

PPV-94% and NPV-100%. For microscopy 

and culture there were no false positives, but 

there were 14 and 9 false negatives 

respectively. Accordingly for microscopy 

and culture the final SN, SP, PPV & NPV 

were 57%, 100%, 100%, 54% and 72%, 

100%, 100% and 65% respectively.    

  For the extrapulmonary specimens, 

of the total 41 specimens 21 proved to have 

disease. Out of these nPCR was positive in 

20 specimens (True positive) and negative in 

one specimen (False negative). For all the 20 

not diseased nPCR gave a negative 

amplification so there were no false 

positives (Table-2). For microscopy and 

culture there were no false positives.  The 

final results for the three tests were, for 

microscopy SN, SP, PPV, & NPV were 

40%, 100%, 100%, and 63% respectively. 

For culture the values were 45%, 100%, 

!00% & 65% respectively. For nPCR they 

were 95%, 100%, 100% & 95% 

nPCR Smear +ve 

(n=19) 

Smear -ve 

(n=31) 

Culture +ve 

(n = 24) 

Culture -ve 

(n = 26) 

Pulmonary [N = 50]     

nPCR +ve  (n=35) 19 16 24 11 

nPCR -ve  (n=15) 00 15 00 15 

Extrapulmonary [N = 41]     

nPCR +ve  (n=20) 8 12 9 11 

nPCR –ve  (n=21) 00 21 00 21 
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respectively. nPCR gave a negative 

amplification result for all the MOTT strains 

tested and a positive result for M. 

tuberculosis H37Rv. 

 
Table 2: Final results for various tests after correlation with evidence of disease and response to     treatment 

 Pulmonary [N=50] Extrapulmonary [N=41] 

Disease present Disease absent Disease present Disease absent 

Smear +ve 

Smear –ve 

19 (TP) 

14(FN) 

0 (FP) 

17 (TN) 

8 (TP) 

12 (FN) 

0 (FP) 

21(TN) 

Culture+ve 

Culture-ve 

24 (TP) 

09(FN) 

0 (FP) 

17 (TN) 

9 (TP) 

11 (FN) 

0 (FP) 

21(TN) 

nPCR+ve 

nPCR -ve 

33 (TP) 

0 (FN) 

02 (FP) 

15 (TN) 

20 (TP) 

1 (FN) 

0 (FP) 

20(TN) 

n = Number of specimens, TP = True Positive, FN= False Negative, FP = False Positive, 

TN= True Negative 

 

DISCUSSION 

In this study we explored the 

usefulness of nPCR for diagnosis of 

Tuberculosis. Smear microscopy for acid 

fast bacilli is an important test for diagnosis 

of tuberculosis.  In this study smear 

positivity was 38% for pulmonary 

tuberculosis and 19.51% for extrapulmonary 

pulmonary tuberculosis.  For pulmonary and 

extrapulmonary tuberculosis positivity of 

culture was 48% and 22% respectively. One 

reason for culture results to be low was 

slightly higher contamination rate of 8% and 

these specimens were considered as culture 

negative. It has been suggested that 

digestion and decontamination procedures 

should be as gentle as possible, with no 

more than an overall contamination rate of 

5%. 
[17]

 nPCR was positive in all smear and 

culture positive specimens.  In both 

pulmonary and extrapulmonary there were 

11 specimens which were culture negative 

but nPCR positive. After the final evaluation 

of the 11 culture negative but nPCR positive 

pulmonary specimens, 9 proved to have 

disease as they responded to anti-tubercular 

treatment and 2 specimens were false 

positive as these patients responded to 

routine antibiotic treatment (Table-3). These 

were also negative in microscopy. The 2 

false positive nPCR may be because of 

contamination somewhere during sample 

processing.  This must not be because of 

previous amplicon transfer as we had used 

uracil DNA glycolase (UDG) and dUTP 

instead of dTTP, which eliminates previous 

amplicon transfer. 
[18,19]

 Of the nine 

specimens from patients proved to have 

disease, microscopy was positive in 3 

specimens. Out of which 2 had culture 

contamination (thus considered culture 

negative) and one was negative in culture.  

This culture negative specimen was from a 

patient who was already on anti-TB drugs.  

This is consistent with the fact that patients 

can still harbor mycobacteria long after 

culture for mycobacteria have become 

negative.  This may suggest that DNA 

amplification method could detect 

mycobacteria that are unable to grow in 

vitro. 
[20]

  

In the extrapulmonary specimens 

after the final evaluation of the 11 nPCR 

positive but culture negative specimens all 

proved to have disease. Of these 2 were 

positive in smear. Of these 2 one was culture 

contaminated (thus considered culture 

negative) and other was negative in culture 

and was from a patient on anti-TB therapy, 

thus harboring dead bacilli picked up by 

microscopy and nPCR. There was 1 false 

negative result for nPCR (tissue specimen) 

also negative in smear and culture. This 

patient responded to anti-TB treatment. This 

may be because of very low no of bacteria in 

the specimen.  This is not because of 

inhibitors of nPCR as we had used 

amplification controls (IC) which can detect 
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inhibition and the DNA extraction did not 

fail. Obtaining a positive signal from the 

second target (IC) demonstrates successful 

amplification, there by validating the result 

for the primary target. Increased sensitivity 

is achieved because false negative result is 

avoided and because additional positive 

results are detected by retesting inhibitory 

specimens. When introduced into the 

unprocessed specimen, the IC can also 

monitor nucleic acid recovery during 

specimen preparation. 
[21] 

 
Table 3: Comparison of culture and nPCR with TB 

 
 

 

 
 

 

 
 

 

 
 

n = Number of specimens, a = False positive specimens, 

b = False negative specimen 

 

              The comparison of nPCR and 

disease with specimens was interesting 

(Table-4). Of the 32 sputum specimens 

nPCR was positive in 24. Twenty four of 

these proved to have disease resulting in a 

SN & SP of 100% & 80% respectively. 

Pleural fluid, BAL & ICD also were good 

specimens for amplification with 100% SN 

& 100% SP for nPCR.  In extrapulmonary 

specimens the best results were for pus, 11 

out of 12 being positive for nPCR. All these 

were diseased resulting in SN & SP of 

100%. For tissue there was one false 

negative resulting in a SN of 0% and SP of 

100%. 

 
Table 4: Specimen wise results for the three tests. 

Pulmonary 

Specimen No Smear  
+ve 

Culture 
+ve 

nPCR  
+ve 

Disease 
present 

 Sputum 32 15 17 24 22a 

Pleural fluid 14 2 5 8 8 

BAL 2 1 1 1 1 

ICD 2 1 1 2 2 

Extrapulmonary  

Ascitic fluid 11 2 3 5 5 

Pus 12 5 5 11 11 

Aspirates 3 1 1 1 1 

Urine 3 0 0 1 1 

CSF 3 0 0 0 0 

Tissue 4 0 0 0 1b 

Blood 5 0 0 2 2 

n = Number of specimen, a = Two false positive 
b = One false negative 

 

nPCR in the present study with respect to 

culture showed a 100% SN and NPV 

confirming the usefulness of the technique.  

Specificity and PPV was less because a 

large number of specimens were culture 

negative but nPCR positive. After the final 

evaluation microscopy and culture had no 

false positive and showed 100% specificity.  

nPCR had two false positives because of 

contamination this pointing towards the 

importance of good laboratory practices. 

nPCR gave a sensitivity of 100% for 

Pulmonary 

N=[50] 

Culture +ve (n=24) Culture –ve (n=26) 

nPCR nPCR 

+ve -ve +ve -ve 

Disease present (n=33) 24 0 9 0 

Disease absent (n=17) 0 0 2a 15 

Extrapulmonary  [N=41] Culture +ve (n=9) Culture –ve (n=32) 

nPCR nPCR 

+ve -ve +ve -ve 

Disease present (n=21) 9 0 11 1b 

Disease absent (n=20) 0 0 0 20 
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pulmonary and 95% for extrapulmonary 

specimens which was much higher that the 

values for microscopy and culture, 

ascertaining the usefulness of nPCR in the 

diagnosis of tuberculosis.   

In this study nPCR gave a negative 

amplification result with the MOTT bacteria 

and a positive amplification with M. 

tuberculosis H37Rv indicating the 

specificity of the IS6110 target for 

M.tuberculosis complex as was found by 

other workers. 
[4,18,22]

  We found no 

difficulty in detecting M.tuberculosis using 

this target, and the nested format suggesting 

it to be suitable for the diagnosis of 

tuberculosis confirming the findings of other 

workers. 
[23-25]

 

 

CONCLUSION 

In conclusion, nPCR was found to be 

efficient in the diagnosis of tuberculosis. It 

correlates well with conventional techniques 

and is useful in the diagnosis of tuberculosis 

in specimens, where conventional 

techniques fail.  The method is fast with 

results available in 10-12 hours.  At the 

same time the importance of microscopy and 

culture can not be overlooked from the 

findings of the present study. Disadvantage 

of nPCR is that if MOTT is present in the 

specimen they will be missed by nPCR 

using primers targeting the M.tuberculosis 

complex. To conclude we find nested nPCR 

targeting IS6110 to be useful for the rapid 

diagnosis of tuberculosis. 
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