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Abstract 
Around 85% of the cases of Tuberculosis (TB) are pulmonary in origin and the routine diagnosis 
usually depends on sputum microscopy. The conventional direct Ziehl-Nelson (ZN) staining 
technique has been found to have a low sensitivity. The main objective of the study was to verify 
whether the bleach concentration method increases the sensitivity of sputum smear microscopy 
for AFB or not and also to see whether the first single morning sample alone is sufficient and 
better than the three pooled samples after bleach concentration followed by ZN staining. A total 
of 365 samples were studied from 131 clinically suspected cases of pulmonary TB which in- 
cluded sputum (112), gastric aspirate (5), endotracheal tube washing (2), and bronchial lavage 
(12). All these samples were processed for conventional ZN staining and Bleach concentration 
method followed by ZN staining. An increase in positivity was observed in all the cases after 
using the bleach concentration method and the most significantly useful was that in the case of 
first morning sputum samples where it increased from 11.6% to 41.96%. Bleach concentra- 
tion is a simple, cheap and easily available method and also very safe because it kills the My- 
cobacteria in the process. Its positivity rate is better as compared to direct conventional ZN 
staining. 
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1. Introduction 
Tuberculosis (TB) is one of the leading chronic infectious diseases throughout the world accounting for about 
8.8 million incident cases in 2010 [1]. The latest estimates included in this report are that there were almost 9 
million new cases in 2011 and 1.4 million TB deaths (990,000 among HIV negative people and 430,000 HIV- 
associated TB deaths). This is despite the availability of treatment that will cure most cases of TB [2]. Its etio- 
logical agent Mycobacterium tuberculosis has accounted for more human deaths than any other pathogen [3]. 
Tuberculosis usually attacks the lungs but can also affect other parts of the body. It is spread through the air 
when people who have an active MTB infection cough, sneeze, or otherwise transmit their saliva through the air 
[4]. Though India is the second-most populous country in the world, India has more new TB cases annually than 
any other country. In 2009, out of the estimated global annual incidence of 9.4 million TB cases, 2 million were 
estimated to have occurred in India, thus contributing to a fifth of the global burden of TB. It is estimated that 
about 40% of Indian population is infected with TB bacillus. The incidence of TB in India is estimated based on 
findings of the nationwide [5]. 

Tuberculosis usually attacks the lungs but can also affect other parts of the body. It is spread through the air 
when people who have an active MTB infection cough, sneeze, or otherwise transmit their saliva through the air. 

Pulmonary TB is the most frequent cause of death by an infectious agent worldwide. The unchecked epidem- 
ics of Tuberculosis (TB) and HIV remain two of the greatest global challenges to medicine and public health. 
The diagnosis of TB remains clinically challenging and logistically difficult in resource-poor settings. Micro- 
scopy and culture methods are the main TB diagnostics used in resource-poor settings. Both require good spu- 
tum samples which are not always easy to obtain. Sputum is a heterogeneous sample and can be difficult to ma- 
nipulate and the excretion of TB bacilli varies by individual.  

Despite recent advances in Mycobacteriology, early laboratory diagnosis of TB still relies on examination of 
stained smears. But the technique’s sensitivity is not optimal, ranging from 9% - 46% when used in control pro- 
grams. In the last decade, many researchers have suggested that the performance of smear microscopy can be 
significantly improved if sputum is liquefied with one or another chemical reagent and there after concentrated 
with centrifugation prior to acid fast staining [6] [7]. There are various concentration methods for improving 
sensitivity of direct microscopy for detection of AFB of which the bleach (Sodium hypochlorite, NaOCl) con- 
centration method is the safest, inexpensive and easy to perform [8]. The bleach method can improve case de- 
tection of Pulmonary TB with a maintained specificity [9]-[11]. The bleach method improves detection of AFB 
in sputum specimen, thereby improving case finding of Pulmonary TB [2] [8] [12]-[16]. As potent disinfectant 
bleach, unlike other concentration methods, also kills mycobacteria and thus eliminates the risk of laboratory 
infection. The technique is safe, inexpensive and easy to perform [8]. Main disadvantage is bleach treated spe- 
cimens cannot be used for mycobacterial cultures since it kills M. Tuberculosis [17] [18]. An increase in positiv- 
ity using the bleach concentration has been observed by many workers [15] [19] [20]. Increased positivity by 
bleach concentration have also suggested that it could be possible to do a diagnosis of TB using a single sample 
instead of three day successive samples as has been conventionally done [14] [17] [19]. It is already known that 
the increase in detection with the third sputum sample is only 2% - 5%, meaning that the collection of three 
samples is unnecessary. This would mean that if only a single sample is used it would considerably reduce the 
workload in busy laboratories. Collection of a single sample may improve patient compliance and reduce cost. 
None of these studies have compared the increased positivity after bleach concentration using 3-day pooled 
samples and a single first morning sample. Based on the above literature we have used the bleach concentration 
method in pulmonary specimens in the present study. 

The main objectives of this study are as follows: 
1) To evaluate and compare the possibility of using a single first morning sputum sample instead of three 

samples in light of the bleach concentration method; 
2) Application of the bleach method to improve smear microscopy for the diagnosis of pulmonary TB using 

different sample sources; 
3) To re-evaluate the sensitivity of the bleach method followed by ZN staining by comparing it with the con- 

ventional direct ZN staining. 

2. Materials and Methods 
A study of 131 cases of suspected tuberculosis was carried on samples that consisted of sputum (112), gastric 
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aspirates (5), endotracheal washing (2) and bronchial lavage (12). All samples were collected from the patients 
coming to Medicare Hospital as out or in patients. The sputum samples were grouped into two as pooled 3 day 
and a single first morning sample. Smears from both the groups were first directly stained by the conventional 
direct ZN staining method. Then samples from both groups were subjected to the bleach concentration method 
which was followed by ZN staining. To compare the increased positivity between smears a separate lot of 11 
sputum samples which were positive by direct staining were subjected to bleach concentration followed by 
staining. 

The bleach concentration method was performed using a slight modification of the original method [21]. Ste-
rile, disposable test tubes were used throughout the procedure. Approximately 1 - 2 ml of specimen was mixed 
with equal amount of commercially available 4% sodium hypochlorite (Merck). After thorough mixing, the 
mixture was incubated for 15 minutes at room temperature with frequent mixing at intervals (A prolonged ex- 
posure and a higher concentration of bleach solution reduces the possibility of detecting AFB [22]). An equal 
volume of commercially available distilled water was added and mixed thoroughly using a vortex mixer fol- 
lowed by centrifugation at 3000 rpm for 15 minutes. The supernatant was discarded and smears were prepared 
using one drop of the sediment, air dried, heat fixed and stained by ZN staining. The direct ZN stained smear 
and bleach processed ZN smears were then examined microscopically under 100× oil fields for the presence of 
AFB which is the standard procedure. As a control 2 ml of distilled water was centrifuged and the sediment was 
stained by ZN staining to rule out any error due to contamination while testing each specimen. The findings of 
all the above studies were then compared and correlated. 

3. Observations 
The cases used in this study covered a wide age group ranging from infants to adults and included both males 
and females. The total 365 samples studied consisted of sputum (n = 336 (112 × 3 samples each)), gastric aspi- 
rate (n = 15 (5 × 3 samples each)), endotracheal tube washing (n = 2) and bronchial lavage (n = 12). The details 
of different types of specimens that were collected and their findings are shown in Table 1. 

In the group of 112 three day pooled sputum samples 16 were positive by direct ZN staining and the positivity 
increased to 32 after bleach concentration. In the second group of single first morning samples the positivity in- 
creased from 13 to 47 when the direct and bleach processed morning samples were compared. 

All the 5 gastric aspirate samples were negative by direct ZN staining, but after bleach concentration 2 were 
positive for AFB. The 2 endotracheal tube washing samples were negative by direct staining, but after bleach 
concentration both were positive for AFB. Of the 12 bronchial lavage samples only one was positive by direct 
staining, but after bleach concentration 5 were positive for AFB. 

The positivity of AFB was also compared between the smears for direct staining and those processed by 
bleach concentration. All the 11 direct smear positive sputum samples which were in this study showed in- 
creased positivity with varying degrees depending on their initial positivity. Four samples showed scanty bacilli 
whose positivity rose to 1+ to 2+ after bleach concentration. Four were 1+ positive which became 2+ to 3+ after 
bleach concentration and three samples which were 2+ positive became 3+ after bleach concentration. Fourteen 
pooled sample smears which were negative by direct ZN staining gave a positivity ranging from scanty (n = 7),  
 
Table 1. Comparison of pulmonary samples treated by direct ZN staining and bleach concentration followed by ZN staining.   

Specimen Number Positive by conventional 
ZN staining 

Positive on bleach concentration 
method 

Pooled samples  16 (14.28%) 32 (28.57%) 

sputum 112   

Morning samples  13 (11.60%) 47 (41.96%) 

Gastric aspirate 5 0 2 (40%) 

E T Tube 2 0 2 (100%) 

Bronchial lavage (BAL) 12 1 (8.33%) 5 (41.66%) 

Total 131 patients 17 (16 + 1) 56 (47 + 2 + 2 + 5) 

Pooled and morning samples were treated by ZN staining and bleach concentration followed by ZN staining method. Out of total sample of 112, the 
number of positive samples by both methods has been shown, other samples were reported negative. 
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1+ (n = 4) and 2+ (n = 3) after bleach concentration. Twenty-seven first morning sample smears which were 
negative by direct ZN staining gave a positivity ranging from scanty (n = 18), 1+ (n = 5), 2+ (n = 4) after bleach 
concentration. 

4. Discussion 
The main aim of this study was to compare the improvement in positivity after bleach concentration on 3-day 
pooled and a single first morning sputum sample. On searching the literature till date it was observed that though 
the bleach concentration method for increased positivity has been used on pulmonary samples in the past but this 
is the first study where two groups of sputum samples (three day pooled and first morning) were compared re- 
spectively and with the direct ZN staining. 

In the present study in Group I 14.28% (n = 16) were positive by direct ZN staining which is more as compare 
to study by Iqbbal S. et al. [23], 2011 (12.20%) where the samples were tested and compared by ZN staining, LJ 
culture and PCR method Mutha A. et al. [9], 2005 (5.38%) and Angaw B. et al. [11], 2012 (12.5%) of AFB 
smears positive for Tuberculosis. However, the results of our study were lower than what reported by Negi S. S. 
et al. [24], 2005 where they had 33.79% positivity by ZN staining obtained from 156 patients for the evaluation 
of pulmonary and extrapulmonary TB and compared ZN staining, BACTEC culture and PCR. While in Group II 
11.60% (n = 13) were positive by direct ZN staining in only morning samples which can be only compared by 
the study done by Angaw B. et al. [11], 2012. In this 264 samples were collected and processed by ZN staining 
and bleach concentration method, Out of the three consecutive sputum specimens collected from the same pa- 
tient, the early morning sputum specimen showed a higher rate of positive smear results as compared to the two 
spot specimens (12.5%) by direct ZN staining which is more as compared to our study.  

With the use of Bleach concentration method in Group I, we were able to detect M. tuberculosis in 28.57% (n 
= 32) which is more as compared to the study by Mutha A. et al. [9], 2005 (9.09%), Mindloi P. B. et al. [25], 
2013 (23.14%) and Angaw B. et al. [11], 2012 (23.2%). However, the study by Makunde M. H. et al. [12], 2007 
and James A. et al. [26], 2013 reported (28.3% and 59.7%), positive by Bleach concentration method. While in 
Group II the positivity increased to 41.96% (n = 47) which is more as compared to the study Angaw B. et al. 
[11], 2012 in which the bleach concentration performed on morning sample showed (23.2%) positivity. 

In many pediatric and geriatric cases or whenever no expectoration was possible gastric aspirate, endotracheal 
tube washings or a bronchial lavage was used for analysis [5] [27]. An increase in positivity in all the three sam- 
ple types was observed by bleach concentration method. The increase being 40% in gastric aspirates, 100% in 
endotracheal tube washings and from 8.33% to 41.66% in bronchial lavages (Table 1). However, to best of my 
knowledge, this is the first study in which bleach concentration method is tried in gastric aspirates, endotracheal 
tube washings and bronchial lavage and the results shows improved detection of AFB. Although the more re- 
search work should be done in this field. 

The major advantage of the bleach-concentration method is the higher density of bacilli per microscope filed 
obtained and the reduction of debris present in the sputum with a potential to increase sensitivity. The limitation 
of this study was that the samples were not processed for culture. Even though the concentration technique is 
slightly more labor intensive compared to the direct method as it needs a centrifuge; it has a higher detection rate 
and a potentially lower risk of laboratory associated transmission. 

Statistical evaluation of the significant differences in the two types of sample groups used in sputum and in 
the overall study was done using the Z-test (Table 2). It can be clearly from this table that: 

1) There is no significant difference on direct ZN staining in the 3-day pooled and first morning sputum 
groups; 

2) On bleach concentration there is a significant difference between the 3-day pooled and first morning 
groups; 

3) The increase in positivity in the 3 day pooled samples group after bleach concentration highly significant; 
4) The increase in positivity in the first morning sample group after bleach concentration is highly significant; 
5) The increase in positivity in the overall study is highly significant after bleach concentration when com- 

pared with direct ZN staining. 

5. Conclusion 
By this study, it can be concluded that compared to pooled bleach sputum sample a single first morning speci- 
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Table 2. Statistical data analysis.                                                                            

S.N Group 1 N1 Group 2 N2 Z Test Value p Value Result 

1 POOLED ZN 16 MORNING ZN 13 0.59 p > 0.05 NOT SIG 

2 POOLED BLEACH 32 MORNING BLEACH 47 2.06 p < 0.05 SIG 

3 POOLED ZN 16 POOLED BLEACH 32 2.6 p < 0.01 H.SIG 

4 MORNING ZN 13 MORNING BLEACH 47 5.12 p < 0.01 H.SIG 

5 Total ZN 17 Total Bleach 56 5.37 p < 0.01 H.SIG 

The significant difference of two sample populations has been calculated by Z test. 
 
men is enough to give a conclusive diagnosis of pulmonary tuberculosis which would save a lot of time and 
early treatment could be initiated. And it can be said that the bleach concentration method, as is re-evident from 
this study, is a cost effective, sensitive versatile and safe procedure for the demonstration of AFB. It can be a 
valuable in using it as diagnostic tool regardless of the specimen type or source used. 
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