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INTRODUCTION

BACKGROUND
There are no defined guidelines or industry standards as to how often Hematoxylin and Eosin (H&E)
staining reagents need to be changed to maintain staining quality. Reagent replacement/rotation
schedules will vary between labs due to different work volumes, quality of reagents, and method of
staining (automatic or manual).1 With increased adoption of digital pathology and image analysis
solutions, staining quality and reproducibility are factors essential to quantify and track.2

PURPOSE
The purpose of this study was to utilize a custom image analysis algorithm that could calculate the

optical density (OD) of both the nuclear and cytoplasmic components of the H&E stain to determine

when overuse of reagents would impact hematoxylin and eosin staining quality.

1. NSH Guidelines for Hematoxylin & Eosin Staining. http://nsh.org/sites/default/files/Guidelines_For_Hematoxylin_and_Eosin_Staining.pdf

2. Martina JD, Simmons C, Jukic DM. High-definition hematoxylin and eosin staining in a transition to digital pathology. J Pathol Inform 2011;2:45

3. Immunohistochemical Staining Methods. 6th edition. Clive R. Taylor and Lars Rudbeck. Ch 2. pages 25-26.

MATERIALS AND METHODS

TISSUES AND SLIDES
A variety of formalin fixed, routinely processed, paraffin embedded (FFPE) human and animals tissues (12 in total) were
selected to represent a range of anticipated staining intensities. The tissue cores were created from previously prepared blocks
with a 6 mm biopsy punch and were embedded as four (4) identical multi-tissue blocks. Serial sections from each of the blocks
were cut at 4µm on the same microtome by two technologists. Slides were air dried and baked at 60⁰C prior to staining.

HEMATOXYLIN AND EOSIN STAINING
All slides were stained on a Sakura Tissue-Tek® Prisma™ Automated Slide Stainer and coverslipped with a Sakura Tissue-Tek®
Glas™ coverslipper. The following commercial reagents; Anatech Hematoxylin-Normal Strength and Eosin Y, Alcoholic were used
for all staining runs, while the 5% aqueous glacial acetic acid and 0.5% aqueous ammonium hydroxide solutions were made in
house, the same lot numbers were used through the course of the study. New H&E staining solutions (800mls in each
container, filled to maximum fill line) were placed in the Sakura Tissue-Tek® Prisma™ Automated Slide Stainer prior to staining
slides for this study.

One section from the multi-tissue blocks was placed within each rack of 20 slides stained, over the course of one week 5400

slides were stained, yielding 270 multi-tissue slides for analysis. Multi-tissue slides 1-154 were made from block 1 and slides

155-270 were made from block 2. 4000 slides were stained with the all of the original reagents, and then all reagents except

the hematoxylin and eosin were changed and an additional 1400 slides were stained. Slides made from multi-tissue blocks 3

and 4 as well as a variety of human and animal tissue slides were used as filler slides to be placed in slide racks around the 270

multi-tissue slides from blocks 1 and 2.

IMAGE AND MANUAL ANALYSIS
The multi-tissue slides were scanned at 20X using the Aperio ScanScope XT imaging system and ImageScope software over
several days. Each tissue core (12 per slide) was analyzed separately. Average optical density of the hematoxylin and eosin
stains was determined by a customized algorithm generated in Indica Labs HALO™ Image Analysis solution by utilizing the Area
Quantification module. A representative portion of the filler slides were also examined for signs of incomplete deparaffinization
such as incomplete/blurry nuclear and decreased or absent eosin staining.

STATISTICAL ANALYSIS
Nested variance component models were run on JMP statistical software (SAS Institute, Cary NC) and used to investigate the
overuse of reagents on the optical density of the H&E staining components.

CONCLUSIONS 

RESULTS
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Optical density of both staining components varied based upon tissue type. Tissues
containing more densely populated nuclei such as lymphatic tissue demonstrated higher
hematoxylin optical densities.

The hematoxylin and eosin stain appears to be extremely robust, even after 5400 slides
were stained the staining quality did not appear poor and the slides would be considered
acceptable even with overall visible decreases in eosin staining intensity at slide 270 (Figure
3).

It is important to note that only one vendors hematoxylin and eosin staining reagents was
tested. In the absence of defined industry guidelines governing schedules for replacing
H&E staining reagents quality control parameters for H&E solution changes should be
determined by each laboratory on a case by case basis.

Quantitative image analysis of digital slide scans is highly sensitive to minor variations in
staining intensity that are too subtle to detect by eye.

Figure 1. H&E, 0.5x Block 1

Top row from left to right, tissue samples 1 through 6 –
thyroid, porcine skin, liver, brain, lung, and GIST. 

Bottom row from left to right,  tissue samples 7 through 
12 – human skin, adenocarcinoma, spleen, pancreas, 
placenta, and uterus

Figure 2. H&E, 0.5x Block 2

Top row from left to right, tissue samples 1 through 6 –
thyroid, porcine skin, liver, brain, lung, and GIST. 

Bottom row from left to right,  tissue samples 7 through 
12 – human skin, adenocarcinoma, spleen, pancreas, 
placenta, and uterus

Figure 3. Representative 
Images of H&E Staining 

Over Time

Images of each of the twelve tissues
at four time points; slide 1, slide 100,
slide 200, and slide 270.

Note the consistent hematoxylin
staining intensity through time points.

Variation in the eosin staining
intensities over time. The subtle
increase in eosin staining intensity at
slide 200 is visible along with a
decrease in eosin staining intensity
which is evident at slide 270.

The average optical density of the hematoxylin remained fairly consistent for each of the 12
tissues throughout the experiment (Figures 3, 4 & 6).

The average optical density of the eosin also remained fairly consistent for some tissues,
although a decrease in eosin optical density was more noticeable for some tissue types, such
as porcine skin, human liver and thyroid, and overall there was both a visible and OD
decrease in eosin staining intensity by slide 270 (Figures 3, 4 & 5).

There was no evidence upon manual review of a representative set of slides that incomplete
deparaffinization occurred despite the industry standard that xylene should be changed
every 1 slide/ml of xylene3 along with the overall appearance of the reagents after staining
4000 slides (Figure 7).

Block 1 multi-tissue sections represent slides 1-154 and block 2 multi-tissue sections
represent slides 155-270. When staining of block 1 ends and staining of block 2 begins
(Figures 4, 5 & 6) the eosin optical density slightly increases while the hematoxylin optical
density remains constant for each tissue type. This could be due to variation in section
thickness or tissue components between the two blocks.

After 200 slides were stained, changing all reagents except the Hematoxylin and Eosin
resulted in slight decreases in the optical density of eosin while not noticeably effecting
hematoxylin optical density (Figures 4, 5 &6) via image analysis. Visually, the changes were
subtle.
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Figure 4. Eosin Average Positive OD & Hematoxylin Average Positive OD vs. slides over time. Above the change in average optical density of Eosin & Hematoxylin is shown for each of the 12 tissues over time. The vertical blue dashed line at slide number 154 in each chart
represents the point where staining of block 1 ends and staining of block 2 begins. The vertical blue dashed line at slide 200 represents the point at which all staining reagents except Hematoxylin and Eosin were replaced. Each dot represents one tissue/OD
measurement.

Figure 5. Eosin Average Positive OD over time. Above the change in Eosin optical
density over time for each of the 12 tissues (represented as different colored
lines) is shown. The grey region on the right side of the chart represents the
point at slide number 200 where all staining reagents except Hematoxylin and
Eosin were replaced. Overall the Eosin optical density decreases over time as the
number of slides stained increases.

Figure 6. Hematoxylin Average Positive OD over time. Above the change in
Hematoxylin optical density over time for each of the 12 tissues (represented as
different colored lines, with each dot representing a tissue sample analyzed) is
shown. The grey region on the right side of the chart represents the point at slide
number 200 where all staining reagents except Hematoxylin and Eosin were
replaced. Overall the hematoxylin OD remains relatively consistent over the course of
the study.

Figure 7. Hematoxylin and Eosin Staining Reagents. Above is a picture of the H&E staining
reagents after 4000 slides had been stained. Notice the decreased volume of
deparaffinization xylene and alcohols in the top row. The increased volume of the
Hematoxylin, acid water, ammonium water and 95% alcohol prior to eosin in the second
row which is likely due to water wash carry over. The decreased volume of eosin and post
eosin alcohols and xylenes in the 2nd and 3rd rows, along with extensive carry over of eosin
all the way through to the first xylene (third container from the lower left).
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