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Summary : Under the National Tuberculosis 
Programme, Ziehl-Neelsen method (ZN method) 
is the recommended procedure for AFB staining. 
However, at the Peripheral Health Institutions 
(PHI), the applicability of this procedure 
appears to be adversely affected due to non-
availability of alcohol for heat fixing, heating 
and decolourisation steps. Hence, it has become 
necessary to look for procedures where the use 
of alcohol could be avoided completely. In this 
study, three different methods of cold staining, 
wherein the use of alcohol is avoided, have been 
tried in 489 sputum specimens. One set of 
smears was fixed with acetone (CSB method), 
the second set with candle flame (CSD) and the 
third set was not fixed (CSC). All were stained 
by a modified cold staining procedure. The (a) 
sensitivity (b) specificity (c) degree of agreement 
with culture and the standard ZN method and 
also (d) applicability of these methods were 
studied. ZN method was significantly superior to 
other methods. As far as the agreement with 
culture is concerned, ZN method was found to be 
superior to CSB method by 29.26%, to CSC 
method by 24.3% and to CSD method by 31.7%. 
 
The sensitivity and specificity of various 
methods were: ZN - 76.1%, 98.4%; CSB - 72%, 
96.6%; CSC- 72.6%, 96.9% and CSD - 72.67%, 
95.99% respectively. 
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Introduction 
 

Demonstration of AFB in sputum is the most 
reliable and widely applicable diagnostic test for 
pulmonary tuberculosis, under the existing situation. 
This is usually done by Ziehl-Neelsen (ZN) 
procedure. The operational difficulty in this  
method, as expressed by the microscopists of PHIs,  

 
is the non-availability of alcohol for fixing and 
heating the smears and also for decolourisation. 
Cold staining procedure using Gabett’s methylene 
blue has been used as a good alternative to ZN 
procedure in many countries.1 There have been 
reports about the utility of this method from our 
country also.2,3,4 However, an alcohol lamp is 
required to heat fix the smears with the above 
mentioned methods and there is also need for 
alcohol for the decolourising solution. Hence, a 
study was conducted to see whether by using 
different methods for fixing and staining, thereby 
avoiding the use of alcohol completely, a reliable 
cold staining method could be developed. 
 
Objectives 
 

The objectives of the study were to find out 
the following aspects of three different cold 
staining procedures: 
 

1. sensitivity and specificity 
 
2. agreement with culture and ZN staining 

 
Material and Methods 
 
     A total of 489 sputum specimens received at 
the National Tuberculosis Institute, Bangalore 
were used for the study. Only those specimens that 
had more than 5-6 ml quantity were taken up 
because four smears had to be prepared and 
culture also had to be put up from the same 
specimen. The slides were labelled A, B, C and D 
after writing the laboratory number. The smears 
were prepared as per routine. All ‘A’ smears were 
stained by ZN method,5 ‘B’ smears were fixed by 
pouring a few drops of acetone to cover the 
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smear and allowing it to evaporate (CSB), ‘C’ 
smears were not heat fixed (CSC) and ‘D’ smears 
were fixed by passing the slide over candle flame 
five times and cleaning the soot from underneath 
with a cotton swab (CSD). All the three sets of 
smears were stained as follows: 
 

1. ZN carbol-fuchsin was poured and allowed 
to act for 15 minutes. No heating was done. 

 
2. Decolourisation with 25% sulphuric acid 

was done for 5 minutes (2½ + 2½ minutes). 
 

3. Counter staining was done with methylene 
blue (0.1%) for 10 seconds. 

 
     The smears were coded and examined by 2 
different technicians who had no knowledge of the 
above mentioned procedures. Microscopy 
examination was done under oil immersion and 
grading was done as per District Tuberculosis 
Programme (DTP) procedure.5 
 

All the specimens were subjected to culture for 
mycobacteria using modified Petroff’s method.6 
The deposits, after treatment with 4% sodium 
hydroxide, were inoculated on to 4 slopes of LJ 
medium. Two slopes were incubated at 37°C and 
the other two were incubated with 10% carbon 
dioxide at 37°C. Cultures were read at 4th and 8th 
weeks. Positive cultures were subjected to 
identification tests for M. tuberculosis.6 
 

McNemar’s test for matched pairs was used for 
statistical analysis.7 
 
Results 
 
     Out of the 489 specimens that were examined, 
151 (31%) were positive by culture for M. 
tuberculosis, 324 (66%) were negative and 14 (3%) 
were contaminated (not shown in Table 1). 
 

The results of the various microscopy 
techniques used in this study were compared with 
culture results (Table 1). 
 
     Sensitivity of the four methods varied from 
72.0% to 76.1%, specificity from 95.9% to 98.4% 
and the efficiency from 98.6% to 91.4% (Table 2). 

Further analysis, considering together the results of 
culture, ZN and the methods under study, revealed 
that ZN method was superior to CSB, CSC and 
CSD (X2=6.72, 4.50 and 6.85 respectively with P < 
0.05). The relative difference between ZN and CSB 
was 29.26% which means that out of every 100 
specimens that 
 

Table 1. Comparison of Culture with different 
Microscopy procedures 

 
* Percentage of 151 

** Percentage of 324 
 

Table 2. Sensitivity,Specificity and Efficiency of 
different methods used in the study 

*Expressed as percentages 
 

fail to agree with culture using CSB method, 
29.26% would be expected to agree using ZN 
method. Similarly, the relative difference between 
ZN and CSC was 24.39% and that between ZN and 
CSD was 31.7% (Table 3). 
 

The results of the three methods CSB, CSC and 
CSD were compared with that of ZN method 92% 
and 97% among ZN negatives. The overall 
agreement (negative + positive), of the three 
methods was of the order of 96%. The three 
methods performed almost similarly. 

 
Culture 

Microscopy 

 

 
Result 

 
No. Positive 

(151) 

 
No.Negative 

(324) 

ZN  Positive 115 (76.1%)*          5 

 Negative     36 319 (98.4%)** 

CSB  Positive 109 (72.0%)*         11 

  Negative     42 313 (96.6%)** 

CSC  Positive 110 (72.6%)*         10 

  Negative     41      314 (96.9)** 
CSD  Positive  110(72.7%)        13 

 Negative     41       311 (95.9%)** 

 Method  Measure of 
the technique* ZN CSB CSC CSD 

Sensitivity 76.1 72.00 72.67 72.67 

Specificity 98.4 96.60 96.91 95.90 

Efficiency 91.4    88.8    89.3     88.6 
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Table 3. Analysis of different staining methods with regard to agreement with Culture 
 

 
P < 0.05 in all cases 
 
*Yes Agreement with culture present i.e. the columns and rows contain the number of smears which were 

positive when culture was also positive plus the number of smears which were negative when the 
culture was also negative. 

 
**No No agreement with culture results i.e. the number of smears which were negative when culture was 

positive plus the number of smears which were positive when culture was negative. 
 
Note: Comparison of method with respect to agreement with culture is tantamount to comparing the 

methods giving higher weightage to sensitivity whenever prevalence is high and higher weightage to 
specificity when prevalence is low. 

 [Proportion of agreement with culture = Prevalence x sensitivity + (1 - prevalence) x specificity] 
 

It was reported by the technicians who 
participated in the study that (a) the cold staining 
procedures were easier to perform but (b) the bacilli 
looked thinner and fainter compared with ZN 
method. 
 

Table 4. Comparison of the three Cold Staining 
Methods with Ziehl-Neelsen Method 

 
 ZN method  Method 

Positive  Negative Total 
 Positive 111 (92%)       9 120 

CSB Negative      9 360 (98%) 369 
 Total  120   369 489 
 Positive 110 (92%)       9 119 

CSC Negative    10 360(98%) 370 
 Total  120   369 489 

 Positive  111 
(92%)     12 123 

CSD Negative      9 357 (97%) 366 
 Total  120   369 489 

 
   

 
Discussion 

 
Non-availability of alcohol for various steps in 

ZN staining has been one of the many difficulties 
faced by microscopists of PHIs in performing case-
finding activity under the DTP. In fact, shortfall in 
case-finding is attributed mainly to the poor 
performance of PHIs. In order to overcome this 
problem an attempt was made in this study to 
completely avoid the use of alcohol at various steps 
of microscopy. 

 
i. Alcohol lamp was not used to fix the 

smears. Instead, candle flame and acetone 
were used. 

 
ii. ZN carbol-fuchsin was used without 

changing the concentration, but the staining 
time was increased from 5 to 15 minutes to 
compensate for the omission of heating. 

 
iii. Alcohol was not used for decolourisation, 

nor was it included in the counterstain. 
 

 Agreement with Culture results 
ZN method 

 Method 

 Yes* No** Total 

X1
2 Relative 

difference 
of ZN over 
CS method 

Standard 
error of 
relative 

difference 
 Yes* 419  3 422    

CSB     6.72 29.26% 11.70% 
 No**   15 38   53    
 Yes* 420  4 424    

CSC     4.50 24.39% 11.54% 
 No**  14 37  51    
 Yes* 417  4 421    

CSD     6.85 31.70% 12.83% 
 No**   17 37  54    
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The superiority and reliability of ZN method 

over other methods, in this situation, was proved 
when agreement with culture was considered as as 
yard-stick. It is difficult to determine which factor 
contributed to the superiority of ZN method. In this 
regard, a detailed study has been planned and is 
under way to see the effect of variations in each step 
of staining for AFB. 
 

If agreement with microscopy is considered, the 
differences between the three staining methods and 
ZN method do not appear to be significant (Table 
4). This is similar to reports wherein cold staining 
methods were employed.3,4 However, comparison 
with culture is the acid test for any diagnostic 
method and false positives cannot be detected if this 
is not done.4 
 
     Among the three methods that have been used in 
this study, there was no significant variation. Even 
though inferior to ZN, they were simple and easy to 
perform. They could be acceptable to the PHI 
microscopists because: 
 

i. the problem of alcohol non-
availability is overcome and 

 
ii. the same ZN stain that has already 

been supplied by the District TB 
Centre could be used. 

 
In places where non-availability of alcohol is 

the only problem affecting the case-finding activity, 
one of these cold staining methods could be used 
temporarily, provided the clinicians are prepared to 
accept the above discussed limitations (Table 3). 
 
     However, the technical superiority of ZN method 
appears well founded and this must continue in 
places where alcohol availability is not a problem. 
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