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ABSTRACT

Introduction. Mycobacterium tuberculosis and Mycobacterium leprae are acid-fast organisms with lipid-rich 
cell walls that resist decolorization with acidified alcohol after application of a dye with heat. The Ziehl-Neelsen 
and Fite Faraco staining technique, which are diagnostic tools for identification of acid-fast bacilli (AFB) 
found in histopathologic samples, are based on this principle. A modification of the Ziehl-Neelsen technique 
is described as an alternative rapid and reliable method of diagnosis for prompt detection and treatment.

Methodology. One hundred and seven (107) archived tissue specimens from autopsy and dermatology cases 
interpreted as positive for M. tuberculosis and M. leprae were stained using the proposed modified acid-fast 
(MAF) technique compared with Fite Faraco (FF) staining method as reference standard. Each specimen 
was read by two independent evaluators. 

Results. The degree of diagnostic agreement of the MAF with FF was calculated. For autopsy (n=16) and 
dermatology (n=91) samples, the Cohen’s kappas are 0.765 (substantial) and 0.397 (fair), respectively. 
Overall, the Cohen’s kappa is 0.458 (moderate).

Conclusion. The proposed modified Acid-Fast staining method may be considered as an alternative to the 
conventional Ziehl-Neelsen method and the Fite Faraco method in identifying positive acid-fast bacilli in 
tissue samples taken from clinical cases of M. tuberculosis and M. leprae.
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INTRODUCTION

Tuberculosis and leprosy remain among the world’s top infectious 
diseases.1-3 It has been estimated that about one–third of  the 
world’s population is infected with tuberculosis. It has killed 
nearly two million people each year and is the second leading 
cause of  death worldwide among communicable diseases.4 In the 
Philippines, it is the sixth leading cause of  death and illness. In 
2011, the World Health Organization (WHO) estimated 260,000 
incident cases in the country, and that 28,000 people inflicted 
with the disease, die in a year.5 

Leprosy on the other hand, has a global registered prevalence of  
176,176 cases at the end of  the year 2015. In the same year, the 
number of  new cases reported was 211,973. The number of  new 
cases indicates the intensity of  the continued transmission of  the 
disease.6 In 2010, the Philippines had 2,041 new cases detected 
and 2,873 prevalent cases, while the Western Pacific Region 
registered 5,055 and 8,386 cases, respectively.7

Laboratory diagnosis of  Mycobacterium leprae is generally made 
by microscopic and histopathological examination of  slit skin 
smears. The Fite Faraco technique is the oldest method used 
to detect mycobacterium leprae in tissue specimens. This technique, 
however, has been shown to have low sensitivity ranging from 
40% to 70%,8 is more complex, and takes two and a half  
hours of  staining time from the principal investigator’s clinical 
experience.
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Mycobacterium tuberculosis is diagnosed using the Ziehl-Neelsen 
Stain/Acid-Fast Stain which differentiates acid-fast from non-
acid-fast bacilli. Although microbiological culture remains as 
the gold standard for this type of  Mycobacterial infection, it 
takes 1 hour and 15 minutes, and has a limited sensitivity and 
specificity.9 Histopathology remains an important method in 
diagnosis of  the disease. 

This study aims to determine the diagnostic agreement 
of  a Modified Acid-fast (MAF) staining technique in the 
histopathological diagnosis of  acid-fast bacilli (AFB) in tissue 
specimens, compared with the Fite Faraco (FF) staining method.

METHODOLOGY

The study was conducted at the Research Institute for Tropical 
Medicine (RITM). One hundred and seven (107) formalin-fixed 
paraffin-embedded archived tissue specimens from previous 
autopsy and dermatology cases from 2003–2016 were used. Out 
of  the 107 specimens, 16 were from excision during autopsy from 
different organs of  patients who expired from M. tuberculosis, and 91 
were obtained by punch biopsy from skin lesions of  patients seen 
at the Institute’s dermatology clinic with impression of  M. leprae.

The tissue samples were processed by standard paraffin wax 
techniques. Each tissue specimen was cut into three sections, 3-4 
micra (µ) in thickness. A 3-µ tissue thickness was utilized for big 
tissue specimens, such as autopsy and biopsy specimens, while a 
4-µ tissue thickness was utilized for small tissue specimens. One 
tissue section was utilized for the Fite Faraco Stain, and another 
section for the Modified Acid-fast Stain. The third section was 
intended to be used as a back-up sample, in the event that the 
tissue is sloughed off  and the process is to be repeated.
 
Fite Faraco Stain
The requirements for the FF stain were the following solutions: 
(1) xylene–peanut oil solution, which is 1 part peanut oil (local 
brand) and 2 parts xylene (Merck), (2) carbol fuchsin solution: 2.5 
ml melted phenol crystal (BDH), 5.0 ml absolute alcohol (Univar), 
0.5 gm basic fuchsin (Merck), and 50 ml distilled water, (3) 1% 
hydrochloric acid solution: 100 ml 70% alcohol (Univar) and 
1 ml concentrated hydrochloric acid (Merck), (4) methylene blue 
solution (Stock): 1.4 g methylene blue (Merck) and 100 ml 95% 
alcohol (Univar), (5) methylene blue solution (working): 10 ml 
methylene blue stock Solution and 90 ml distilled water.

The tissue sections were first deparaffinized through two changes 
of  xylene–peanut oil solution for 12 minutes each and hydrated 
with distilled water. After draining, the excess oil was blotted to 
capacity. Thereafter, it was stained in carbolfuchsin stain for 1 
hour at 25-35OC room temperature, and washed in tap water for 
3 minutes. The slides were then differentiated individually with 1% 
hydrochloric acid for one minute until sections were faint pink by 
visual inspection. It was again washed in tap water for 3 minutes, 
before counterstaining with working methylene blue solution until 
light blue color is achieved. Excess methylene blue was rinsed off  
using tap water. Slides were then dipped in xylene before mounting 
with a resinous mounting medium. The specimen slides were 
screened for acid-fast bacilli under the microscope. The acid-fast 
bacilli stain bright red, while nuclei and the background stain blue. 

Modified Acid-fast Stain
The solutions needed for the modified Ziehl-Neelsen stain (Z-N) 
were the following: (1) carbol fuchsin solution: 2.5 ml melted 

phenol crystals (BDH), 5.0 ml 100% alcohol (Univar), 0.5g basic 
fuchsin (Merck), 50 ml distilled water, (2) 0.3% acid alcohol 
(Univar), (3) methylene blue Solution (Stock): 1.4g methylene 
blue (Merck), 100 ml 95% alcohol (Univar), (4) Methylene Blue 
Solution (Working): 10 ml methylene blue Stock Solution, 90 ml 
distilled water.

The tissue sections were first deparaffinized, each dipped 3-4 
times in descending grade of  ethanol, and hydrated with distilled 
water. The tissue section was immersed in carbol fuchsin solution 
in a Coplin staining jar and heated for 30 minutes at 63 degrees 
Celsius in a constant temperature oven. The stain was washed 
off  with running water before decolorizing with 0.3% acid 
alcohol, 2-4 dips until a faint pink color was achieved, depending 
on the thickness of  the tissue. It was again washed in running 
water, with excess stain drained off, before counterstaining 
with methylene blue. Counterstaining was done in 5-6 dips, 
depending on the stain uptake of  the tissue. The tissue section 
was washed again with tap water and rinsed in distilled water to 
remove mineral deposits, contaminants and other impurities. It 
was then dehydrated in 95% ethanol for 2-3 dips. Slides were 
then dipped in two changes of  xylene for 5 minutes each before 
mounting with a resinous mounting medium. The acid-fast 
bacilli stain red to bright red, while non-acid-fast organisms are 
expected to stain blue. 

Slide Interpretation
The samples from each specimen were randomly numbered so 
that the examiners were blinded to the sample identities, thereby 
ruling out bias. Before the start of  the sample reading, inter-rater 
reliability was measured for the three independent evaluators 
using 20 pairs of  randomly selected slides, separate from the actual 
slides in the study. The actual inter-rater reliability was 75.7%, 
using the intra-class coefficient reliability function of  SPSS. 

Each of  the tissue specimen was read by two independent 
evaluators under oil immersion microscopy. Bacterial load 
was determined through quantitative microscopy of  the slides 
under 100X oil immersion lens. The entire area of  the section 
was examined at 100X magnification carefully. The sample 
is considered positive when one or more acid-fast bacteria is 
detected in at least one area of  the tissue sample. If  the bacilli 
were seen as purple or violet, the staining procedure was repeated 
with a back-up slide. If  there is a difference in the reading of  the 
two evaluators, a third evaluator read the specimen.

Data Analysis
The degree of  agreement of  the MAF staining method, compared 
with FF Staining method as the reference standard, was evaluated 
using Cohen’s kappa. This statistical method is useful for analyzing 
the agreement between two methods applied to the same sample, 
especially if  one is considered the reference standard and the 
other is an alternative method.10,11

Ethical Considerations
The study was reviewed by the RITM Institutional Research 
Board. The samples used in the study were de-identified, so as to 
protect the anonymity of  patients. Only the researchers were able 
to access the samples in the laboratory. 

RESULTS

Table 1 shows the crosstabulation of  the results of  the readings 
using the MAF compared to the FF method as the reference 
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standard, including a separate cross tabulation for autopsy and 
dermatology samples. Table 2 summarizes the measures and 
interpretation of  diagnostic agreement11 for the entire sample, 
and separately for the two different sample groups.

Results showed that the MAF staining method showed moderate 
overall diagnostic accuracy, compared with the Fite Faraco 
method. The autopsy and dermatology samples were separated 
to examine the high number of  false negative results in the 
over-all analysis. All the 11 false negative results were from the 
dermatology samples. As a result, the MAF staining method for 
autopsy samples had substantial diagnostic accuracy, compared 
with dermatology samples.

Figures 1 to 4 illustrate the staining results for the dermatology 
and autopsy samples using the Modified Acid-fast stain and the 
Fite Faraco stain.

After establishing the diagnostic accuracy of  the MAF staining 
method in randomly selected histopathology samples, the two 
staining methods were performed on 10 autopsy negative controls 
and 15 dermatology negative controls to identify false positive 
results that can be attributed to inappropriate reaction of  the 
staining procedure. These negative controls were collected from 
samples that did not have a M. tuberculosis or M. leprae clinical 
diagnosis. None of  these negative samples were found to be 
positive using the MAF and Fite Faraco staining methods.

DISCUSSION

The MAF staining method is a modification of  the Ziehl-Neelsen 
(Z-N) method which the primary investigator developed during 
her experience in the Histopathology Laboratory of  RITM. 
This modified method involved samples that are processed 

Table 2.  Diagnostic accuracy of MAF staining method using 
Fite Faraco staining method as reference standard

All samples Autopsy samples Dermatology samples
Cohen’s 
kappa

0.458 
(moderate)

0.765 
(substantial)

0.397 
(fair)

p-value 0.000 0.002 0.000

Table 1. Cross tabulation of results of the MAF staining method in relation with the Fite Faraco staining method (n=107)
Fite Faraco Staining

All samples (n=98) Autopsy samples (n=13) Dermatology samples (n=85)
+ - Total + - Total + - Total

Modified Acid Fast Staining + 87 2 89 13 1 14 74 1 75
- 11 7 18 0 2 2 11 5 16

Total 98 9 107 13 3 16 85 6 91

Figure 1. Dermatology sample stained using the Modified Acid-
fast procedure under oil immersion (100X).

Figure 2. Dermatology sample stained using the Fite Faraco 
procedure under oil immersion (100X).

Figure 3. Autopsy sample stained using the Modified Acid-fast 
procedure under oil immersion (100X).

Figure 4. Autopsy sample stained using the Fite Faraco procedure 
under oil immersion (100X).
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for 30 minutes at 63o Celsius in a constant temperature oven, 
instead of  1 hour under ambient temperature. Instead of  using 
2% Sulfuric Acid as the decolorizing agent for one minute, 0.3% 
Hydrochloric Acid was used for 5 seconds. Lastly, counterstain 
and dehydration times were done for only five seconds, which are 
shorter by 40 seconds compared to the conventional method. 

Some samples positive for FF were negative in the MAF. This may 
be due either to the thickness of  the cut or low bacterial load 
(i.e., paucibacillary specimens). Initially, there were 11 cases cut 
at 3µ which were positive for FF but negative in the MAF. These 
tissues were recut at a thicker 6µ using the microtome. Thereafter, 
only 3 positive for FF were negative in the MAF, supporting the 
earlier hypothesis.

These findings can be related to the MAF being similar to 
the Z-N method, which is known to have high sensitivity and 
positive predictive value, but with lower specificity.12-14 The 
main goal of  the Z-N method is to differentiate an AFB from a 
non-AFB, though not all Mycobacterium species can be detected 
well with this method. M. tuberculosis and M. ulcerans are strongly 
acid-fast which Z-N technique can be best used. FF, on the other 
hand, is more appropriate for M. leprae, which is weakly acid-
fast.9,15-17 The Z-N method also requires a high bacterial load 
(5000 – 10000 AFB/ml) for detection, which may result to false 
negative results. Deparaffinization with peanut oil and xylene 
mixture with the Fite Faraco method protects the waxy coat of  
the bacilli which prevents shrinkage and disappearance during 
the process.16,18 Finally, the acid-fast property of  Mycobacteria 
can also be affected by the age of  the colonies, exposure to 
ultraviolet light and the heating process involved, and the 
medium where the bacteria were cultured.19

The shortened dyeing time with the carbol fuchsin from 1 hour 
to 30 minutes showed positive results because, regardless of  
the time, once stained, these microorganisms are resistant to 
destaining and cannot be decolorized easily with acid-alcohol 
solutions. Moreover, the added heat in the procedure enhanced 
the penetration of  the carbol fuchsin dye through the bacterial cell 
wall and into the cytoplasm.9,15,20,21

Using hydrochloric acid instead of  sulfuric acid as a decolorizing 
agent also showed to be effective. The Revised National 
Tuberculosis Programme recommends the use of  sulfuric 
acid as the decolorizing agent as it easily removes background 
material even from thick smears making identification of  AFB 
easier.22-24 On the other hand, the World Health Organization 
recommends the use of  hydrochloric acid in alcohol to provide 
clean smears and enhance smear positivity, instead of  sulfuric 
acid which was reported to produce unclean smears that can 
lower smear positivity for AFB.22,24 Various studies comparing 
the two agents showed that smears using hydrochloric acid 
as decolorizing agent have higher sensitivity and specificity 
compared with those using sulfuric acid.22-24 In other researches, 
hydrochloric acid is as good as sulfuric acid as a decolorizing 
agent.23,25 In addition, hydrochloric acid is more economical, 
less costly, easier and safer to dilute and use.24-26

A shorter period for counterstaining compared with the 
conventional Z-N method was also observed to be effective with 
the prevention of  masking and turning the bacilli purple.27

Several limitations were faced in this study, such as the use of  
archived tissues from past cases. An appropriate gold standard 

testing (e.g. PCR) was not done with the samples, which 
precluded the conduct of  tests for sensitivity and specificity of  
the modified acid-fast staining procedure. Future studies should 
utilize slide blocks cut at 6µ using the microtome to limit false 
negative results and compare the results of  the modified acid-
fast staining procedure with PCR of  the specimen. 

CONCLUSION

The Modified Acid-fast staining method showed potential as an 
alternative to the Fite Faraco method in detecting AFB in tissues. 
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