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Background:
follow up of Pulmonary Tuberculosis (PTB) in high burden countries like India. 
Aim of the study:
Neelsen (ZN) and Fluorescent Auramine O (AO) staining for the detection of 
tuberculosis 
Material and Methods:
included in the study. S
decontamination by NaLC
Result: 
96% after decontamination. However, AO staining sensitivity was 100% both before and after 
decontamination.
Conclusion: 
even in direct sputum smears. Sputum decontamination improves the diagnostic efficacy of sputum 
smears.
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INTRODUCTION 
 

Despite recent advances, the smear microscopy remains the 
cornerstone for the diagnosis of PTB (Pulmonary 
Tuberculosis) in high burden countries like India
2015). WHO also recommends sputum microscopy 
examination in the diagnosis of PTB (WHO
sputum positive patient can infect 10–15 persons in a year if 
left untreated (TB India, 2008). Early detection and initiation 
of treatment is necessary to prevent its spread. Longer culture 
period demands good and preliminary laboratory technique 
which at present is “Staining”. Staining which is highly 
sensitive, quantitative, low cost, user friendly can be conducted 
in large scale, even in field conditions is the need of hour for 
this bacilli. 
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ABSTRACT 

Background: Smear microscopy remains the cornerstone for the diagnosis, treatment initiation; 
follow up of Pulmonary Tuberculosis (PTB) in high burden countries like India. 
Aim of the study: The objective of this study was to compare the diagnostic efficacy of Ziehl 
Neelsen (ZN) and Fluorescent Auramine O (AO) staining for the detection of 
tuberculosis before and after sputum decontamination. 
Material and Methods: Fifty cases (n=50) of clinically diagnosed pulmonary tuberculosis were 
included in the study. Sputum smears were stained by ZN and AO stain both before and after 
decontamination by NaLC-NaOH method. 

esult: Smear positivity rate was 76% by ZN staining before decontamination and it increased to 
96% after decontamination. However, AO staining sensitivity was 100% both before and after 
decontamination. 
Conclusion: AO staining is highly sensitive than ZN staining in detecting even paucibacilliary cases 
even in direct sputum smears. Sputum decontamination improves the diagnostic efficacy of sputum 
smears. 

is an open access article distributed under the Creative Commons Attribution License, which 
use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Despite recent advances, the smear microscopy remains the 
cornerstone for the diagnosis of PTB (Pulmonary 
Tuberculosis) in high burden countries like India (Tiwari, 

WHO also recommends sputum microscopy 
WHO, 2009). One 

15 persons in a year if 
Early detection and initiation 
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in large scale, even in field conditions is the need of hour for 
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Thus, direct microscopic examination of acid fast bacilli 
(AFB) is the microbiological method used for diagnosis and 
preliminary confirmation of tuberculosis (TB) and also defi
the more infectious cases in positive smears in grading 
(quantitation scale) (Masood, 2008). 
 
Under RNTCP, sputum smear examinations play an important 
role in treatment initiation, follow up and treatment 
completion. Nowadays, fluorescent microscopy h
introduced at the microscopy centres for diagnosis thus 
increasing the detection rates. Presence of mycolic acids in the 
mycobacterial cell wall necessitates the need for special stains 
and techniques. Ziehl Neelsen (ZN) and Auramine O (AO) 
staining were done on the sputum smears in this study and 
their diagnostic efficacy for the detection of 
tuberculosis before and after sputum decontamination was 
compared.  
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follow up of Pulmonary Tuberculosis (PTB) in high burden countries like India.  
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Neelsen (ZN) and Fluorescent Auramine O (AO) staining for the detection of Mycobacterium 
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MATERIALS AND METHODS 
 
This study was carried out in the Department of Microbiology; 
Department of Pulmonary Medicine from 2009-2010. Ethical 
committee approval was taken prior to commencing the study. 
Fifty cases (n=50) of clinically diagnosed pulmonary 
tuberculosis attending chest clinic were included in the study. 
Morning sputum samples were collected preferably early 
morning in wide mouthed, sterile, labelled plastic container. 
New, clean and unscratched slides were used for making 
smears. Using a sterile bacteriological loop two sputum smears 
were prepared before and after decontamination. Before 
decontamination, smears were preferably made from the 
cheesy, necrotic, blood tinged (if present) part of the sputum. 
The loop was sterilized in Bunsen burner after making every 
smear. The material was spread over approximately 1 x 2 cm 
area of clean grease free glass slide, air dried and heat fixed by 
passing through the flame three or four times. Adequate fixing 
was tested by feeling the slide on the back of the palm. With 
both the staining procedures, known positive and negative 
smears were also stained on the same slide for the quality 
control. Both staining procedures were done according to the 
standard protocol. In ZN staining, at least 300 fields under oil-
immersion objective were observed before declaring the slide 
as negative. The bacilli appeared red, slender and beaded rods 
(Figure 1). Smears stained with Auramine ‘O’ fluorescent stain 
showed bacilli as slender bright yellow fluorescent rods, 
standing out clearly against a dark background (Figure 2).  
 
Ziehl-neelsen staining Method (Kent, 1985) 
 

Preparation of carbol fuchsin (0.3 gm of basic fuchsin was 
dissolved in 10 ml of 95% ethyl alcohol (solution A). 5gm of 
phenol crystals were dissolved in 100 ml of water by gentle 
heating (solution B). Solution A was mixed with 90 ml of 
solution B), Preparation of acid alcohol (3 ml concentrated 
hydrochloric acid (HCl) was added to 97ml of 95% ethyl 
alcohol and  mixed gently), Methylene blue was used as 
counterstain (0.3 gm of methylene blue was dissolved in 100 
ml distilled water).The carbol fuchsin was poured on the slide 
covering the smear. Undersurface of the slide was heated 
intermittently for 5 to 10 minutes with the help of spirit lamp, 
until steam arose. Care was taken to prevent drying and boiling 
out of stain by adding more carbol fuchsin over the smear. The 
slide was then washed with water and decolorized using acid 
alcohol. Slide was again washed with tap water. Smear was 
counterstained with methylene blue for 1-2 min and washed 
with tap water. It was then air dried and observed under oil 
immersion lens (1000X). Acid fast bacilli (AFB) were seen as 
red, beaded and slightly curved rod against a bluish 
background. The smears were then graded depending on the 
bacilli observed under 1000X magnification (None- no AFB 
seen, 1-2/300 fields  +, 1-9/100 fields - 1+, 1-9/10 fields - 2+, 
1-9/ field - 3+, > 9/ field - 4+).    
 
Fluorescent staining method 
 
Preparation of Auramine O (0.1 gm of auramine O was 
dissolved in 10 ml of 95% ethanol (Solution A).  3gm of 
phenol crystals were dissolved in 87 ml of distilled water 
(Solution B). Both solutions A and B were mixed together), 

Preparation of acid alcohol (Carefully 0.5 ml of concentrated 
hydrochloric acid (HCl) was added to 100 ml of distilled 
water), Preparation of counter stain (0.5 gm of potassium 
permanganate (KMnO4) was dissolved in 100 ml of distilled 
water). Auramine O was poured over the heat fixed smear and 
kept for 15 minutes and then washed with distilled water. 
Smear was decolorized with acid alcohol and allowed to 
destain for 2 minutes. And then washed. It was then 
counterstained with potassium permanganate for 2 minutes and 
was washed again and then air dried and examined under 
fluorescence microscope immediately. AO smears were 
observed by fluorescent microscope (blue filter, BG-12; 540-
590 nm wave length) using 40x objective lens. In case of doubt 
in morphology under fluorescent microscope, the same smear 
was over-stained by ZN technique for confirmation. The 
smears were graded as per WHO manual 3+ =more than 100 
AFB field after examination of 20 fields; 2+ =11-100 AFB per 
field after examination of 50 fields; 1+ =1-10 AFB per field 
after examination of 100 fields; doubtful = 1-3AFB per 100 
fields; Negative = No AFB per 100 fields. 
 
Digestion-Decontamination Method (N-Acetyl L-Cysteine-
Sodium Hydroxide (NALC-NaOH)  
 

The mucolytic agent, N-acetyl L-cysteine, used for rapid 
digestion of sputum, enables the decontaminating agent, 
sodium hydroxide, to be used at a lower final concentration (in 
sputum) of 1%. Since acetylcysteine loses activity rapidly in 
solution, the digestant was made fresh daily. Sodium citrate 
was included in the digestant mixture to bind the heavy metal 
ions that might be present in the specimen and could inactivate 
acetylcysteine. Both the sodium hydroxide and sodium citrate 
were mixed in amounts as shown in the table. To this N-acetyl 
L-cysteine in amounts (as shown in the Table 1) was added to 
make the required volume of digestant. 
 

Table 1. Preparation of NaLC-NaOH 
 

Volume of 
digestant 
needed (ml) 

Mix  indicated 
amounts (ml) of 

4% NaOH 

Mix indicated amounts 
(ml) of 2.9% Na 

Citrate 2H2O 

Add  
NALC 
(grams) 

50 25 25 0.25 
100 50 50 0.50 
200 100 100 1.00 
500 250 250 2.50 
1000 500 500 5.00 

 
Preparation of 0.067 M Phosphate buffer, pH 6.8.-Stock 
Solution A (9.47 gm of anhydrous Na2HPO4 was dissolved in 
1 liter of distilled water), Stock Solution B- 9.07 gm of 
KH2PO4 was dissolved in 1 liter of distilled water. 50 ml of 
stock solution A was mixed with 50 ml of stock solution B and 
pH of the solution was checked with pH meter and is adjusted 
to 6.8. Solution A was added if pH of solution need to be 
increased to 6.8 and Solution B was added if pH needs to be 
reduced to reach up to 6.8. It was then sterilized by autoclaving 
and stored for use. 
 
Procedure-10 ml or less of sputum sample was taken in 50 ml 
plastic centrifuge tube. Equal volume of NALC-NaOH 
solution was added to this plastic centrifuge tube and cap of 
the plastic tube was then tightened. The plastic tube was then 
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rotated to mix the contents for about 5 to 20 seconds per tube 
so that NALC-NaOH solution contacts all inside surfaces of 
the tube and then left to stand for 15 minutes at room 
temperature for decontamination. After 15 minutes, sterile 
phosphate buffer, pH 6.8, was added up to 50 ml mark. The 
cap was closed tightly. This minimized the continuing action 
of NaOH and also reduced the specific gravity of the specimen 
before centrifugation. The tube was then centrifuged at 3000 g 
for 15 minutes and the supernatant was discarded into the 
splash proof discarding can containing the disinfectant and 
tube was recapped. The sediment was then resuspended in 
phosphate buffer. It was then used for inoculating Lowenstein 
Jensen (LJ) medium and for preparing two smears, one for ZN 
staining and other for fluorescent staining. 
 

RESULTS 
 

In the present study, 44 % were males and 56% were females 
(n=50) ranging from 12 years to 70 years and the mean age 
was 26.74 years. Patients from all the age groups were 
included in the study. Age group (10-24 years) contained the 
maximum number of cases (30%).  In the present study, the 
most common complaint was cough of more than three weeks 
duration seen in 49 (98%) cases, followed by fever in 45 (90%) 
cases, weight loss in 44 (88%) cases, anorexia in 42 (84%) 
cases, hemoptysis in 19 (38%) cases, breathlessness in 13 
(26%) cases and chest pain in 4 (8%) cases. In our study, 
family history of tuberculosis was found in 4% cases, while 
there was no family history of tuberculosis in 96 % cases. An 
induration measuring more than 10 millimeter was taken as 
positive for tuberculin reactivity. Mantoux showed negative 
tuberculin reactivity in 38% of cases and positive tuberculin 
reactivity in 62% of cases. X–ray chest was suggestive of 
pulmonary tuberculosis in 45 cases. However no significant 
abnormality was seen in 5 cases. However these 5 cases had 
positive sputum smear on examination. In the present study, 
the smear positivity rate was 76% by ZN staining before 
decontamination and it increased to 96% after decontamination 
(Table 2 and 3). Out of 24% samples (n= 12) which were 
negative by ZN staining before decontamination, 20% samples 
(n= 10) became positive by ZN staining after decontamination.  
 

 
 

However, 4% of the sputum samples (n= 2) remained negative 
by ZN staining even after decontamination. Two samples 
which were negative after decontamination by ZN staining 
were positive before decontamination. All the fifty samples 
were positive by fluorescent AO staining both before and after 
decontamination. Overall, all the fifty samples were positive 
by ZN staining either before decontamination or after 
decontamination. All the samples were positive by BaACTEC 
radiometric culture. 

 
 

 
 

Fig. 1. Ziehl Neelsen Staining showing Acid Fast Bacilli (1000X) 
 

 
 

Fig. 2.  Fluorescent staining of Acid Fast Bacilli by Auramine ‘O’ 
 

Using culture as the reference method, the sensitivity of direct 
staining was 76 % for ZN and 100 % for AO. Direct 
fluorescent microscopy detected 24 % paucibacillary sputum 
samples that were missed on ZN staining. After concentration, 
the sensitivity increased by 20 % for ZN. 
 

DISCUSSION  
 

At present, TB is a notifiable disease. (Guidance for TB 
Notification in India, 2012) Being communicable and with the 
emergence of resistant strains, this disease demands much 
attention. This further necessitates the need for highly sensitive 
and specific test for early detection, initiation of treatment, 
regular follow up till treatment completion. Presence of 
mycolic acids in the mycobacterial cell wall necessitates the 
need for special stains and techniques. ZN staining is well 
known staining technique for this acid fast bacilli. Advantage 
of Auramine O technique is ease of screening slides at a lower 

Table 2: Comparison of ZN staining and AO staining before sputum decontamination. 

 

Staining method Ziehl Neelsen staining                               

(Before  decontamination) 

Total 

Positive Negative 

Auramine 

O staining 

Positive 38 (76%) 12 (24%) 50 (100%) 

Negative 0 0 0 

Total 38 (76%) 12 (24%) 50 (100%) 

 

Table 3: Comparison of ZN staining and AO staining after sputum decontamination. 

 

 Ziehl Neelsen staining                               

(After decontamination) 

Total 

Positive Negative 

Auramine 

O staining 

Positive 48 (96%) 02 (4%) 50 (100%) 

Negative 0 0 0 

Total 48 (96%) 02 (4%) 50 (100%) 
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magnification covering larger area per unit of time thus 
reducing the observers fatigue with better results even in 
paucibacilliary cases.  In this study, Fluorescent staining was 
found to be 100% sensitive than ZN staining even in direct 
sputum smears. This could be explained by the lesser sample 
size and specific population targeted for the study i.e. patients 
attending RNTCP clinic with typical signs and symptoms. 
Importantly, twelve paucibacilliary sputum samples which 
were missed on direct ZN staining were however detected by 
direct Auramine O staining technique. Missing even a single 
positive is injustice to the patient and our society. Fluorescent 
staining targeted at symptomatic individuals with 
paucibacilliary load is quite yielding. Results of fluorescent 
staining detected all the cases which were missed by ZN 
staining.  
 
The better case detection rates of AO over ZN were 
comparable to those found by several studies. Jain et al. 
reported that Auramine Rhodamine (AR) fluorescent staining is 
more sensitive than the conventional ZN staining for 
demonstration of AFB in various clinical. Samples with 
definite advantage of AR over ZN in paucibacillary cases (Jain, 
2002). Masood et al. also reported higher sensitivity and 
rapidity of the fluorochrome technique as compared to ZN 
staining. (Masood et al., 2008) Similar results were reported by 
Singh et al who found fluorescence microscopy (72.8%), to be 
more sensitive than conventional (55.6%) microscopy (Singh, 
1998) Similarly, Laifangbam et al. concluded AO to be 
superior to ZN and able to detect more pauci-bacillary cases 
than ZN with fewer (2.78%) false negative by AO staining 
which was in sharp contrast to that of ZN (40.27%) 
(Laifangbam, 2009). In another study by Hooja S et al, the 
sensitivity of direct staining with AO (71.85%) was found to be 
better than ZN (55.55%). After concentration, the sensitivity 
increased by 6.67% for ZN and 11.11% for AO. AO staining 
detected 9.3% paucibacillary sputum samples that were missed 
on ZN staining (Hooja, 2012).  
 

Interestingly, Shrihari Narayan et al concluded that AO 
staining (11.43%) was nearly as sensitive as ZN (12.32%) and 
fared better than AR (8.50%) (Shrihari, 2012). In another 
comparative study by Balakrishna et al, AO technique was 
found to have better sensitivity than ZN and Gabbet’s methods 
in the detection of AFB. (Balakrishna et al., 2013) Prasanthi            
et al. observed that the higher sensitivity of Fluorescent stain 
(45%) than that of ZN stain (29%) in detecting the 
paucibacilliary cases associated with HIV co-infection. 
(Prasanthi and Kumari, 2005) Similar results were found by 
Ziaeem et al., Cattamanachi et al., Steingart et al., (Ziaeem, 
2008; Cattamanachia et al., 2009; Steingart, 2006). 

   
Conclusion 
 
Fluorescent staining is highly sensitive than ZN staining in 
detecting even paucibacilliary cases even in direct sputum 
smears. Sputum decontamination improves the diagnostic 
efficacy of sputum smears. To conclude, need for better 
detection rates of mycobacteria, may demand fluorescent 
microscopy to replace the standard Ziehl Neelsen microscopy 
in near future so that 100% detection rates can be aimed at and 
achieved for pulmonary tuberculosis cases.  
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