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• Understand the principle of 
acid-fastness

• Identify acid-fast bacilli and 
differentiate from non-acid-fast cells

• Recognize technical pitfalls affecting 
false results
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ZN stain is used to identify acid-fast bacilli (AFB), particularly
Mycobacterium species (e.g., M. tuberculosis, M. leprae)

• AFB possess lipid-rich cell walls containing mycolic acids,
making them resistant to decolorization.

• Carbol Fuchsin penetrates the waxy cell wall with the help
of heat and phenol.

• AFB retain the red/pink stain even after acid-alcohol
treatment , while non-acid fast cells are decolorized.

• Methylene blue counterstain stains non-acid fast cells
blue.
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Manual ZNBSS ZN

• Positive: Red/Pink
• Negative: Blue

• BSS (autostainer) ZN shows more uniform and consistent staining. 
• Manual ZN may show a variability in staining intensity.
• BSS ZN provides a faster, consistent and accurate results as compared to manual ZN.
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Dewax Slides

immerse slides 
with Carbol 
Fuchsin -15 mins

wash with tap water
Differentiate in 0.5% 
acid alcohol rinse 
until light pink

wash with tap water

Differentiate in 
70% alcohol

Counterstain in 1
% Acidified Methylene 
Blue - 10 Secs

Rinse with water

Dehydrate, 
clear and mount
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• Background staining
• Non-acid fast cells may have retained excess pink dye

Carbon Fuchsin Normal
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• Excess acid-alcohol removes stain even from acid-fast bacteria.
• Acid-fast bacilli may appear faint or blue.
• May lead to false negative results

NormalOverdecolorization
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• Non–acid-fast bacteria retain pink/red stain.
• Leads to false positive result. 

NormalUnderdecolorization
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• Proper removal of staining reagent may not occur
• Uneven staining and reduced contrast 
• Acid-fast bacilli may appear faint and more difficult to 

distinguish 

NormalNo 70% Alcohol
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• Excessive counterstain with methylene blue increase background 
intensity 

• Background becomes very dark blue.
• Acid-fast bacilli becomes less distinct due to strong counterstaining.

Normal30 mins of Methylene Blue
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• The Ziehl–Neelsen stain relies heavily on proper decolorization and 
correct staining time to differentiate acid-fast bacteria from non–acid-fast 
cells.

• Deviations from the standard Ziehl–Neelsen staining protocol can affect 
stain contrast and clarity, leading to misinterpretation and potential false 
positive or false negative results.

• Overall, accurate timing and proper differentiation steps are essential to 
ensure reliable identification of acid-fast bacilli in Ziehl–Neelsen staining.
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• Acid-fast organisms retain carbol fuchsin due to mycolic acids

• The decolorization step is crucial for accurate interpretation

• Both manual and autostainer-stained ZN are effective when timing and 
technique are correct
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• American Society for Microbiology – Acid-fast stain protocols
https://asm.org/asm/media/protocol-images/acid-fast-stain-protocols.pdf

• Bancroft JD etௗal. Theory and Practice of Histological Techniques
https://books.google.com/books/about/Theory_and_Practice_of_Histological_Tech.html?id=Dhn2KispfdQC

• CDC – Acid-Fast Direct Smear Microscopy (Ziehl–Neelsen)
https://stacks.cdc.gov/view/cdc/31282/cdc_31282_DS1.pdf

• Microbe Online – Ziehl–Neelsen staining technique
https://microbeonline.com/ziehl-neelsen-technique-principle-procedure-reporting/

• University of Utah WebPath – ZN stain manual
https://webpath.med.utah.edu/HISTHTML/MANUALS/AFB.PDF
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