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Abstract 
      For definitive diagnosis of pulmonary tuberculosis, Mycobacterium tuberculosis must be isolated 
and identified from patient sample.  
     The objective of the research is to describe the usefulness of LJ medium containing PNB to 
identify Mycobacterial tuberculosis in a resource-limited setting.  
     A prospective study was done in a Teaching hospital, Chevella District, from Dec 2017 to 2019. 
Overall, 468 samples were referred to central laboratory from various departments in those cases 
suspecting TB. For sputum, 3 to 5ml three samples were collected, first day spot, on second day 
and third day early morning sputum samples. In case of swollen superficial lymph node specimen, 
FNAC investigation was done with a sterile 21-gauge needle carrying syringe. FNA cytology by 
Haematoxylin and eosin stain and Ziehl-Neelsen stain were performed with aspirates. Lowenstein-
Jensen (LJ) medium was used for culturing of smear positive samples.  
     Out of total 468 samples, 162 (34.62%) samples showed AFB on Ziehl-Neelsen staining. Among 
162 AFB positive samples, culture positive were 93.21%, 3.09% culture negative and 3.70% were 
contaminated. The isolates which showed no growth on LJ medium without PNB doesn’t show 
growth on LJ medium with PNB.  
     For the control of TB, early diagnosis, efficient treatment are required which will minimising the 
burden of disease. 
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 Introduction 
 
 Tuberculosis (TB) is one of the public 
health issue globally, causing illness in millions of 
people every year, predominantly in low- and 
middle-income countries with the highest 
mortality rates. 1, 2 Nearly 1/3rd world population 
was effected by TB. 3 The WHO's End TB 
Strategy has set lofty targets for 2020–2035, 
including a 35% decrease in total TB mortality 
and a 20% drop in TB incidence by 2020 
compared to 2015. 4 Mycobacterium tuberculosis 

is an acid-fast, non-motile, non-spore forming, 
obligate aerobe bacillus that primarily affects the 
apex of the lungs, causing pulmonary 
tuberculosis (PTB). A single cough or sneeze can 
produce a large number of infectious droplets, 
with as few as 10 bacilli causing infection. 5, 6, 7 
Mycobacterioses are infections caused by non-
tuberculosis Mycobacteria (NTM), which are 
becoming more common as the prevalence of 
immunocompromised hosts such as AIDS rises. 
As a result, distinguishing non-tuberculosis 
Mycobacteria (NTM) from Mycobacterium 
tuberculosis is critical. 3 Tuberculosis is a 
poverty-related illness, which explains why it 
affects different populations in different ways. 
Bad accommodation, nutritional insecurity, 
financial problems, illiteracy, and unfavourable 
psycho-social circumstances are among the main 
determinants of tuberculosis (TB) and, as a result, 
impair sick people's ability to access healthcare 
services. 4 Vulnerable groups include HIV-
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positive individuals, inmates, homeless people, 
migrants/refugees, and drug or heavy alcohol 
users. 4 Diabetes, suffocation, being overweight 
or obese are all risk factors for tuberculosis 
infection. Healthcare staff are at a high risk of 
contracting tuberculosis. People infected with 
HIV/AIDS (PLHIV) are at an extremely high risk 
of contracting tuberculosis (TB). Those who live 
in the same house are at a higher risk than those 
who have only casual contact. Contact tracing 
has gained importance in recent years, and it is 
now included in the Government of India's 
Revised National Tuberculosis Control 
Programme (RNTCP). 8, 9 According to 
recommended joint TB/HIV therapies, all newly 
diagnosed TB patients should be aware of their 
HIV status. 4, 10 To establish a conclusive 
diagnosis of pulmonary tuberculosis (TB), 
Mycobacterium tuberculosis must be isolated and 
identified from respiratory specimens, most often 
expectorated or induced sputa. 11 Despite the 
availability of new technology for tuberculosis 
diagnosis, AFB microscopy and culture remain 
the gold standard for tuberculosis diagnosis. 12 

Culturing mycobacterium tuberculosis remains 
the gold standard for the laboratory diagnosis of 
pulmonary tuberculosis, with 9 million new cases 
and 1.5 million deaths mainly in developing 
countries. 13 Many clinical laboratories use 
Lowenstein-Jensen (L-J) medium, a solid 
medium, to detect the presence of 
Mycobacterium tuberculosis. 14 The most 
effective approaches for preventing TB 
transmission and reducing its occurrence are 
rapid case detection and early treatment. 
Screening high-risk groups to detect tuberculosis 
early has been shown to be successful in 
reducing the global TB epidemic. 15 Isolation of 
Mycobacterium tuberculosis from a sputum 
culture is still recommended to confirm the 
diagnosis of pulmonary tuberculosis, according to 
existing treatment recommendations. 16 In 1997, 
India implemented the World Health 
Organization-recommended Directly Observed 
Treatment, Short Course (DOTS) as part of its 
Revised National Tuberculosis Control Program 
(RNTCP). 17 One of the most important aspects 
of tuberculosis prevention is identifying infectious 
patients. This is due to the fact that each person 
with untreated tuberculosis infects 10-15 people 
each year. DOTS, the global tuberculosis control 
technique, relies solely on AFB microscopy to 
identify outbreaks, rather than a more precise 

approach such as culture determination. 18 Early 
diagnosis and initiation of therapy are also 
affected by delay of patient and health system 
delays. Patient and health-care system delays 
also hinder early diagnosis and treatment 
initiation. Patient delay has been linked to 
poverty, drug abuse, rural living, limited access to 
health care, and a lack of awareness about 
tuberculosis. 19 Tuberculosis (TB) has a well-
known causative agent, pathogenesis, and 
treatment, and it is currently treatable. However, 
because of the high mortality rate associated with 
this disease, tuberculosis remains a major public 
health concern worldwide. 20 Breaking the chain 
of infection and preventing the spread of disease 
would be aided by timely and prompt laboratory 
results. To effectively regulate tuberculosis, the 
primary form of infection, pulmonary tuberculosis, 
must be diagnosed early and treated effectively. 
21 According to recommended joint TB/HIV 
treatments, all newly diagnosed TB patients 
should be aware of their HIV status. 4 The 
objectives to end the global tuberculosis 
epidemic were mentioned in (Table-1).The aim of 
the present research is to describe the 
usefulness of LJ medium containing PNB to 
identify mycobacterial tuberculosis in a resource-
limited setting. 
 

 
Table 1. Goals to end the global 
tuberculosis epidemic. 
   

Materials and methods 
 
This is a prospective study conducted in 

Teaching hospital, Chevella District, from 
December 2017 to December 2019. In this study, 
a total of 468 samples were collected from 
patients referred to central laboratory from 
various departments in those cases suspecting 
TB. The samples were taken with the patients' 
permission. Sputum samples were obtained 
three times: on the first day, on the second day, 
and on the third day, early morning sputum 
samples. Sputum that was mucopurulent or 
blood stained was obtained in amounts of 3–5 ml. 
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Sputum samples were obtained and analysed 
according to World Health Organization (WHO) 
guidelines. 3 When the sputum specimen was 
mainly saliva, it was deemed "unsuitable" for 
microbiological analysis, and a new specimen 
was demanded. 4 All sputum specimens were 
decontaminated and concentrated prior to 
examination by using the N-acetyl-L-cysteine–
sodium hydroxide procedure recommended by 
the Centers for Disease Control and Prevention. 
1  

Centrifugation was used to concentrate 
body fluids, lowering the volume to around 20 ml. 
21 Smears on double slides were then prepared. 
22 A sterile 21-gauge needle with an attached 
syringe was used to conduct FNA on a swollen 
superficial lymph node. 70% alcohol was used to 
clean the overlying area. The node was then 
punctured using a syringe with a negative 
pressure. The needle made several (on average 
six) in and out passes without leaving the node. 
Drops of aspirate were put on two clean slides 
after the needle was removed for FNA cytology 
using Haematoxylin and eosin stain and ZN stain. 
The remainder of the sample was cultured in a 
falcon tube containing sterile natural saline. 23 A 
drop of aspirate was put on a clean slide and a 
smear was prepared immediately after the 
specimen was collected. 23 Following WHO 
guidelines, the smears were stained with ZN and 
observed under oil immersion for AFB in a 
traditional microscope. All smears with ≥ 1 
AFB/100 high power fields (HPF) were 
considered positives. At least 100 microscopic 
fields were examined to declare a slide negative. 
Positive AFB stains were quantified as 1+ to 4+ 
(1+, 1–9 AFB/100 fields: 2+, 1–9 AFB/10 fields: 
3+, 1–9 AFB/field: 4+, 9 AFB/field) [16]. Only 
smear positive samples were cultured on LJ 
media. 

Lymph node Mycobacterial culture    
The aspirated material was digested, 

decontaminated, and concentrated before being 
used for culture. For digestion and 
decontamination, the N-acetyl-l-cysteine and 
sodium hydroxide process (NALC/NaOH) was 
used. Following that, the specimens were 
centrifuged at 3500g for 15 minutes and 
suspended in 2 mL of sterile phosphate buffer 
saline (PBS) (pH 6.8). After that, the specimen is 
inoculated onto a Lowenstein–Jensen (LJ) slant. 
23 After eight weeks, all specimens inoculated on 
LJ slants were incubated at 37°C until growth 

was observed or they were discarded as 
negative. Visual inspection of colony morphology 
and microscopic analysis of colonies for acid 
quick bacilli (AFB) were used to confirm 
mycobacteria growth, which was then 
biochemically checked 3. Following standard 
procedure, samples positive for AFB by LJ 
culture were subjected to a para-nitrobenzoic 
acid (PNB) test to rule out non-tuberculosis 
mycobacteria (NTM) (PNB resistant). 20 

Para nitro benzoic acid (PBB) test 
At a final concentration of 500 g/ml, para 

nitro benzoic acid was added to the LJ medium. 
This PNB concentration was chosen based on 
previous research. 24 In 0.5 mg/ml PNB 
containing LJ medium, one loopful of 4 mg/ml 
bacterial growth suspension was inoculated. 
Inoculating the suspension in PNB-free LJ 
medium served as a constructive control. All of 
the slants were incubated at 37°C for 4 weeks 
and some growth on the medium was observed. 
3 Biochemical tests identified the eugonic (rough, 
tough, and buff) colonies as M. tuberculosis. All 
isolates cultured in LJ without PNB and then 
transferred to LJ with PNB showed no growth. 3 

Quality controls were carried out in accordance 
with national guidelines. 15 Regardless of the 
sputum culture result, sputum smear positive 
pulmonary tuberculosis was described as having 
at least one sputum sample showing acid fast 
bacilli on direct smear microscopy. 
Culture-positive pulmonary tuberculosis was 
defined as having at least one sputum culture 
showing growth of M. tuberculosis, irrespective of 
sputum smear result. Anyone sputum sample 
showing acid-fast bacilli on direct smear 
microscopy and/or growth of M. tuberculosis 
considered a bacteriologically positive pulmonary 
tuberculosis. 18 In the presence of the following 
cytomorphological conditions, cytological 
analysis of FNA smears was considered a 
diagnostic method for TBLN: epithelioid cell 
aggregate with or without Langerhans giant cells 
and necrosis, epithelioid cell aggregate without 
necrosis, necrosis without epithelioid cell 
aggregate, necrosis without epithelioid cell 
aggregate, or polymorphocytes with necrosis. 23 

 
 
 
Results 

 
Out of 468 specimens, 324 (69.23%) 
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were from male and 144 (30.77%) were from 
female patients (Table 2). Among the 468 
specimens collected 71.79% specimens from 
respiratory source and 28.21% from non-
respiratory sources (Table 3). Table 4 showed 
the AFB grading based on Ziehl-Neelsen staining 
method. Out of total 468 samples, 162 (34.62%) 
samples showed AFB on Ziehl-Neelsen staining 
(Table 5). Among 162 AFB positive samples, 
culture positive were 93.21% and 3.09% were 
culture negative and 3.70% were contaminated 
(Table 6). Among the 151 culture positive 
samples, 117 (77.48%) were from male and 
34(22.51%) were from female. All the culture 
positive samples which gave growth on LJ media 
without PNB were further inoculated on LJ media 
containing PNB showed no growth (Table 7).  

 

 
Table 2. Gender-wise distribution of cases. 
 

 
Table 3.  Type of specimens. 
 

 
Table 4. AFB Grading based on Ziehl-
Neelsen staining. 
 

 
Table 5. Sputum AFB result. 
 

 
Table 6. Culture results. 
 

 
Table 7. Categorization of cases based on 
Gender-wise and culture results on LJ medium.  
 
 Discussion 
 

Identification of mycobacterium to the 
species level is critical because it offers a wealth 
of epidemiological knowledge and aids in the 
effective care of patients. Development 
characteristics (rough and cream colonies) and 
microscopic observation of cording formation on 
Ziehl-Neelsen (ZN) stain of a positive culture can 
be used to make a preliminary distinction 
between MTC and NTM. However, some NTM 
also manufacture cording, so this isn't a definite 
distinction. Conventional tests, such as the niacin 
test, nitrate reduction, or catalase synthesis, may 
provide conclusive MTC identification, but these 
procedures are time consuming. Urinary 
Lipoarabinomannan (LAM) is also used as a 
rapid diagnostic test for adult pulmonary 
Tuberculosis Annisa et al. (2021). 25 The present 
study is focussed on para-nitrobenzoic acid to 
differentiate mycobacterium tuberculosis from 
other mycobacteria.  

As per the recommendation, few colonies 
observed in some tubes were regarded as 
negative. 18 The eugonic (rough, tough and buff) 
colonies were confirmed as Mycobacterium 
tuberculosis by biochemical tests. All the isolates 
in LJ media without PNB which were further 
cultured on LJ with PNB showed no growth. 
Tuberculosis is caused by Mycobacterium 
tuberculosis as well as NTM; although clinically 
they produce a very similar disease. In the study 
done by Mahadev et al. used LJ media 
containing PNB for the identification of M. 
tuberculosis. 26 Tadesse et al. in his study used 
PNB to differentiate M. tuberculosis. 23 The 
importance of smear microscopy and 
conventional culture cannot be undermined 
despite the availability of latest diagnostic 
techniques. 
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 Conclusions 
 

The current “gold standard” for the 
diagnosis of tuberculosis is Mycobacterial culture. 
In resource-limited settings where tuberculosis is 
most prevalent, where facilities for molecular 
techniques are not readily available, simple, easy, 
reliable and low-cost test using growth inhibitor 
para nitrobenzoic acid could be incorporated in 
the culture media enabling identification and 
differentiation of M. tuberculosis from non-
tuberculosis mycobacteria. Timely laboratory 
results will contribute considerably to break the 
chain of infection and preventing the spread of 
disease. For the control of TB, it is necessary 
that pulmonary TB, which is the primary form of 
infection, must be diagnosed early and treated 
effectively thus reducing the burden of diseases. 
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