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Abstract

Colour is central to the practice of pathology because of the use of coloured
histochemical and immunohistochemical stains to visualise tissue features. Our
reliance on histochemical stains and light microscopy has evolved alongside a wide
variation in slide colour with little investigation into the implications of colour variation.
However, the introduction of the digital microscope and whole slide imaging has
highlighted the need for further understanding and control of colour. This is because
the digitisation process itself introduces further colour variation which may affect
diagnosis, and image analysis algorithms often use colour or intensity measures to
detect or measure tissue features. The US Food and Drug Administration have
released recent guidance stating the need to develop a method of controlling colour
reproduction throughout the digitisation process in whole slide imaging for primary
diagnostic use.

This comprehensive review introduces applied basic colour physics and colour
interpretation by the human visual system, before discussing the importance of colour
in pathology. The process of colour calibration and its application to pathology are also
included as well as a summary of the current guidelines and recommendations

regarding colour in digital pathology.

Introduction

Colour is central and integral to the practice of pathology; pathologists use coloured
histochemical and immunohistochemical stains to identify structures and reach
diagnoses. Given the magnitude of these diagnoses to patient management and
outcome, it is imperative that pathologists are able to make accurate and reliable
assertions.
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Over recent years, new technology has emerged to enable pathologists to carry out
their diagnostic work digitally, rather than with the analogue optical microscope. This
technology is often referred to as a ‘digital microscope’ in which whole slide images
(WSis) of tissue slides are scanned, transmitted and displayed on a computer monitor.
Whilst the method of making diagnoses may be gradually evolving, the need for
diagnostic reliability remains a constant. Concerns that WSI may not be an accurate
representation of the pathology, may, in part explain why digital pathology has not yet
become part of routine clinical practice. To try to resolve these issues, there has been
a recent surge in research in the field of WSI validation (1), however the impact of

color remains unknown.

The aim of this review is to provide a summary of the issues surrounding colour control
in digital microscopy for pathologists. This necessitates an initial brief introduction to
the physics of colour and its interpretation by the human visual system, but much of

the vast field of colour science is beyond the scope of this work.

Colour Basics

Colour is ‘an attribute of things that results from the light they reflect, transmit, or emit
in so far as this light causes a visual sensation that depends on its wavelengths’ (2),
in that light with different wavelengths are perceived as different colours. Those
colours that are formed by a single wavelength of light, are termed ‘monochromatic
colours’ (e.g. red, orange, violet, green, blue, yellow). These make up our colour

spectrum including wavelengths from 390nm to 700nm. Light with wavelengths
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outside of this spectrum are not visible to humans and therefore do not form part of
our colour spectrum. These include infrared with wavelengths greater than 1000 nm

and ultraviolet with wavelengths less than 300nm.

[Figure 1 should go approximately here]

The colour of an object is the result of our interpretation of the object’s surface,
transmission and emission properties. There are three main ways in which objects can
affect light. Firstly, opaque objects reflect light; they can do so ‘specularly’ like a mirror,
or ‘scattered’ with diffuse scattering, which eludes to a ‘roughened’ surface. Secondly,
objects that transmit light appear transparent (no scattering) or translucent (with
scattering). Thirdly, those that emit light have excited electrons secondary to a
chemical reaction (chemoilluminescence), an elevated temperature (incandescence),
or from absorbing light at other frequencies (fluorescence) (3,4). Pathology tissue
slides are translucent when being viewed using light microscopy — in other words, the

colours they exhibit are due to transmission of light with scattering.

In 1730, Newton demonstrated that white light, for example from the sun, can be
dispersed with a prism into all visible wavelengths. This is a perfect demonstration of
additive colour mixing; colours can be added together to make white. Additive colours
are produced by objects which themselves create light; for example, computer
monitors, rainbows, fireworks. By contrast, subtractive colours combine to make black
and are produced by objects that do not emit light, e.g. colour printing, photographs or
fine art. It therefore follows that glass microscope slides are comprised of subtractive

colours, whereas the digital microscope displays additive colours. It is important to
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ensure that diagnostic information contained within the specimen is unaffected by the

conversion from a subtractive colour system to an additive colour system (5).

[Figure 2 should go approximately here]

In order to describe, organise and categorise colours we can employ the use of a
colourspace. There are various colourspaces, with one of the commonest being the
HSV colour space (Figure 3) which comprises three qualities for each colour; hue,
saturation and value. Each colour will have a defined value in each of these three
qualities and therefore can be accurately measured and replicated. A colour’s ‘hue’ is
the main discernible attribute of a colour e.g. red. ‘Saturation’ is the intensity of a colour
and ‘value’ is the lightness of a colour. An alternative to the HSV colourspace, is the
RGB (Red, Green, Blue) colourspace (Figure 2). In this colourspace, instead of each
colour being defined by hue, value and saturation, each is given a value for red, green

and blue (normally from 0 to 256 in an 8 bit-display) (5).

[Figure 3 should go approximately here]

Colour and the Human Visual System

As previously highlighted, the colour of an object is significantly influenced by human
perception and interpretation; indeed, it is likely that individuals view and interpret
colour differently (6). As a consequence, the role of colour in medical image

interpretation is a very complex topic spanning physics, engineering, physiology and
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psychology (7,8). However, a brief summary of how the human visual system

interprets images is provided below.

The human eye can identify up to 10 million different colours (8), yet the sensitivity for
some hues and saturation is stronger than others. This was demonstrated by
MacAdam’s ellipses in the CIELAB colourspace back in 1942. His psycho-physical
experiments into Just Noticable Differences (JNDs) highlighted that the Human Visual
System (HVS) appears more sensitive to changes in purple than other colours (5,9).
It is therefore perhaps fortuitous (and perhaps no coincidence) that the most common

stain, haematoxylin and eosin, is purple and pink.

Whilst the HVS very sensitive to change to hue and saturation, it is very adaptive to
brightness. It can adapt to 14 decades (orders of magnitude) of brightness, making
use of two mechanisms; light adaption and dark adaption. Light adaption occurs when
entering a brightly lit environment from a dark one, and takes around 5 minutes to
lower sensitivity to illumination levels. Conversely, dark adaption takes around 30
minutes, increases visual sensitivity, and enables some degree of night vision. It is this
change in illumination sensitivity that results in a lit candle appearing to be much

brighter in a dark room than within a brightly lit environment.

The HVS is also capable of chromatic adaptation. This is the biological equivalence of
“automatic white balance”, whereby the surrounding illumination will have an effect on
the perceived colour (10). This can be observed by examining a white piece of paper

under many different illuminations e.g. in daylight, fluorescent and incandescent and
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observing the difference. This adaptation allows a phenomenon called ‘colour
constancy’ to occur — this is the way in which the brain adjusts perceived colours based
on their surroundings. For example, a banana looks yellow on a bright sunny day and
yellow during a candlelit meal, even though the illumination is significantly different
(11). Conversely, a famous example of this phenomenon is the controversy of the
‘black and blue dress’ photo, in which 30% of the population view the colour as white

and gold (Figure 4).

[Figure 4 should go approximately here]

This photograph accentuates the effect of the surroundings on the perceived colours
and so does not afford colour constancy. Instead, some people attribute the ‘blue’
within the dress as due to the surroundings and illumination of the photo, thereby
seeing white and gold, whereas others assign the ‘blue’ to the dress itself and therefore
see the dress as blue and black (12). Beyond artificial chromatic adaptation, a recent
study has provided evidence of this occurring in the natural setting. Perception of
colour changes with the seasons; during the summer when we are surrounded by
‘green’, we compensate for this by shifting our ‘unique yellow’ settings (13). It is
currently unknown how chromatic adaptation influences the perceived colour of whole
slide images, but in order to attempt to minimise variation of interpretation, it may be

advisable to standardise the illuminance of digital microscope scanners and displays.

Colour appearance is also affected by various visual cognitive mechanisms including,

‘memory colour’ (14). Memory colour is a phenomenon whereby people associate a
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particular colour with a recognizable object. However, interestingly, their ‘memory’ of
the colour is often not based in reality as people often remember colours as more
saturated than in actuality. This may have a bearing on pathologists’ ability to

accurately compare colours from glass slides with the colours of WSls.

The HVS also changes as part of the natural aging process, which acts to decrease
colour vision. The cones within the retina (the cells responsible for colour vision)
decline in sensitivity, rendering images less bright with reduced colour discrimination.
Most commonly, blue colours appear more ‘washed out’ than others (15), resulting in
the majority of colour defects in the elderly population being of blue-yellow type (16).
Whilst the effect of colour-blindness amongst pathologists has been evaluated in a
handful of studies (17,18), the effect of aging on interpreting slides is unknown, and is

likely to be more complex than simple physical visual changes.

So Does Colour Matter in Pathology?

This question is hotly debated, primarily due to a lack of definitive evidence either way.
It is understandable that given our ability to adapt well to variations in colour, that some
conclude that colour does not matter in the field of digital pathology. However,
evidence of adaptation is not a reason against control of colour variation, since this
argument overlooks key points. Firstly, the implications of adaptation to colour
variation have not been evaluated, and so lack of colour standardisation may be a
hindrance to diagnostic process. Secondly, whilst we are certainly adept at dealing

with variation in colour, our ability to adapt has not been well studied or quantified and
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as such, we may only be able to compensate for colour variation to a certain degree

before it begins to impact diagnosis.

A further argument against the need for accurate colour representation in digital
pathology is the existence of colour blind pathologists. This idea is reinforced by a
recent small study by Campbell et al 2015 (19) indicating a 92.7% concordance
between whole slide images converted to grayscale and the original glass diagnoses
in breast biopsy cases. Whilst this may seem a logical argument, a study by Poole et
al 1997 (18) indicated that colour blind pathologists had a lower mean score (94% vs.
99%) as compared to their colleagues with normal colour vision when trying to identify
pathological features. This finding is supported — amusingly - by a recent paper
demonstrating that pigeons (Columba livia) had a reduced accuracy for detecting
breast cancer in using monochrome images as compared to full colour (20).
Furthermore, a survey of pathologists by Akman et al 2015 (17) reported that 61.3%
of pathologists interviewed felt that colour blind pathologists should not perform
pathology — thereby indicating that many pathologists do feel that colour interpretation

is important in the diagnostic process.

A further argument for the importance of colour in digital pathology, is the common
laboratory practice of re-cutting and re-staining referred or ‘foreign’ slides indicating
that, at the very least, pathologists prefer working with familiar colours and possibly
that this may impact on their ability, confidence or speed of diagnosis. This perceived
preference for certain colours amongst pathologists has also been demonstrated in

our experience with WSIs after a recent EQA raised concerns from pathologists that
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stain irregularities would compromise their diagnostic ability (21). Also, few

pathologists would argue that colour is non-essential in the realm of immunostains.

Regardless of this divide in professional opinion, in the field of colour science there is
agreement that colour control is a necessary step in digital imaging, and the US Food
and Drug Administration (FDA) (22) have released guidance stating that digital

microscope images should be displayed in a consistent and reliable fashion.

Colour Variation in Pathology

Unfortunately, colour variation is substantial in pathology; this has anecdotally been
acknowledged for some time, but has only recently been formally quantified.
Disparities in routine H&E staining was evaluated by Gray et al (23)(24), through
staining the same piece of tissue, scanning it into a digital slide scanner and
performing image deconvolution. Whilst there was high repeatability in H&E ratio when
staining on the same day (mean difference 0.47%), the H&E ratio varied considerably

when stained on different days (mean difference 8.32%).

[Figure 5 should go approximately here]

Unfortunately, even the advent of automated staining does not resolve the issue —
further work has demonstrated H&E ratio differences of over 100% between four
different automated staining instruments from the same manufacturer (24)(23).
Despite these known inconsistencies, anecdotally it seems pathologists are able to

make successful diagnoses from slides with a wide variety of staining variation and

Page 11 of 38



using a range of optical microscopes.

Colour consistency is much more of an issue with the introduction of the digital
microscope, since it does not enable the pathologist to view the tissue directly and so
colour variation is not confined to irregularities within the staining process. Therefore,
digitisation of the slide introduces further lack of colour control compounding the

variation already introduced through the slide staining process.

There are multiple stages involved in making a digital image, each of which may
substantially influence slide colour. These stages include; sample illumination,
magnification, image capture, compression, storage, transmission and finally
reproduction on the computer display (Figure 6). To the best our knowledge, the effect
on the slide colour from each of these individual steps in the digitisation process has
not been quantified. However, the overall effect of colour variation due to scanning the
slide was investigated by Gray et al (24), with a mean difference of 7% in H&E ratio
when scanning the same slide into the differing scanners on the same day. It should
be noted though, that this measurement does not take into account the effect of colour
variation due to the display, so the overall impact of digitisation on colour variation

from scanning to display is likely to be greater.

[Figure 6 should go approximately here]

Colour constancy in digital imaging is measured in a unit called Delta-E (dE)

introduced by the International Commission on lllumination (CIE). This is a number
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quantifying the change in visual perception between two colours. The smallest
perceptual change in colour is generally regarded as 1 dE, with 2-10 dE being
perceptible at a glance, 11-49 dE colours are more similar than opposite and 100 dE
representing exact opposite colours (25). A study by Shrestha et al 2014 (26),
indicated an average colour discrepancy of 10 dE in uncalibrated scanners alone, so
it is easy to imagine the wide variation in colours that are derived from inconsistencies

at every stage in digitisation of slides.

The effect of colour differences on human interpretation of digitised pathology images
has not been widely studied, however pathologists themselves have raised concerns
that colour variability may negatively impact on their diagnostic performance. This was
formally noted in feedback from two recent national external quality assurance
programmes (EQA) in the UK. In one EQA, 14 of 84 comments expressed discontent
with the WSI colour and 4 participants expressly mentioned concern that the variation
in colour may negatively impact their diagnostic performance (21). However, whether

subjective comments reflect diagnostic ability remains unknown (27).

Differences in slide colour may also have serious implications for the reproducibility of
image analysis algorithms. There are numerous papers suggesting algorithms for
digital analysis of immunostains (28-32), but only a handful consider the huge
implications for colour variation in WSI (33,34). Gavrielides et al (35) reported variation
in colour between three different WSI instruments from two manufacturers leading to
variation in performance of image analysis algorithm for HER2/neu. Approximately 20-

30% of cases scored as 2+ expression on one scanner were re-scored to a different
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class on another instrument.

Colour Calibration

Colour calibration is an imaging process which seeks to match colours between two
or more devices. End-to-end calibration describes the process of controlling colour
from source to output through each step of the imaging pathway. Colour calibration is
a routine process in the print and photography industry and has been adopted by most
digital systems. Even smart phones can be colour calibrated since the advent of the

SpyderGALLERY app from Datacolour (36).

Colour calibration works by comparing ‘known’ colours from a set of colour patches,
with the colours of those same patches when an image is taken of them with the
device. The differences between the ‘known’ colour values for each of the patches
and the colour values acquired through imaging the patches allow for numerical
identification of the deficiencies within that specific imaging system and allow for
necessary adjustments to be made. Compensation for those differences is afforded
with the use of an ICC (International Colour Consortium) colour profile, which can then

be used to calibrate subsequent images.

It is important that the coloured patches are representative of the colours encountered
by the device, otherwise colour calibration may not be accurate. Within photography,
digital photographs are often calibrated using a Macbeth colour checker (Figure 7)
(37), which includes ‘memory colours’. Memory colours are patches of critical colours
often encountered in photographs that would result in a very objectionable outcome if

incorrectly captured e.g. sky or grass.
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[Figure 7 should go approximately here]

Colour Calibration in Pathology

As previously mentioned, the creation of digital slides involves many stages (Figure
6), and so the process of colour calibration in digital pathology is broadly categorised
into two main areas: internal and external colour calibration. Internal colour calibration
involves standardisation and correction of the scanning process itself, whilst external
colour calibration is concerned with standardisation of the display, accounting for the

monitor’s effect on perceived colour as well as the viewing environment.

External colour calibration is more straightforward as a spectrophotometer or
colorimeter (Figure 8) is used to externally colour calibrate through measuring the
appearance of colours of the display, drawing comparisons with the original image and

making necessary adjustments with the use of a monitor ICC profile.

[Figure 8 should go approximately here]

Only a couple of studies have investigated the clinical impact of external colour
calibration and variation of the display characteristics on clinical performance in WSI.
Krupinski et al 2012 (40) compared a colour calibrated monitor with one that was
uncalibrated and demonstrated that whilst there was no benefit in colour calibration in
terms of diagnostic accuracy, there was a statistically significant improvement in time

to diagnosis (mean time to diagnosis calibrated = 4.895 seconds vs. uncalibrated =
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6.304 seconds, p = 0.0460). Similarly, a small series of experiments by a vendor (41)
has indicated that colour and luminance stability increases diagnostic accuracy and
inter-pathologist agreement, whilst decreasing reading time. However, Hanna et al
2015 (42) did not demonstrate an effect of display colour calibration on diagnostic

accuracy.

Internal colour calibration however presents more difficulties. A review of the issues
surrounding colour consistency in digital pathology was discussed at the Summit on
Colour in Medical Imaging in May 2013 (43), which highlighted the need for an
established ‘Gold Standard’ in slide colour. It was proposed that since the optical
microscope is the gold standard viewing modality, virtual slides should mimic the
colour of the glass slide as viewed down the microscope. Subsequently, the FDA have
recommended in their recent guidance (22) that ‘colour calibration should be calibrated
with a target slide. The test object should contain a set of measurable and
representative colour patches’, similar to the Macbeth colour chart used in

photography and ideally have similar spectral characteristics to stained tissue.

To meet this need, Bautista et al 2014 (44) made a 9-patch colour calibration slide
made with plastic colour filters and demonstrated a statistically significant reduction in
CIELAB variation by 3.42 units between WSlIs produced from different scanners of the
same tissue slide. A further study by Wei et al. 2014 (45) presented an alternative
colour calibration slide for H&E stain only, with promising laboratory evaluation results.
Leica Biosystems (46) have adopted a different approach through creating an ICC
profile for use with their AT2 scanners using stain transmittance spectra from
published literature, without scanning a colour calibration target. The effect of this
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colour calibration profile can be activated or deactivated using their ‘colour

management’ button within ImageScope® (Figure 9).

[Figure 9 should go approximately here]

Building upon this work, our group developed a unique colour calibration test object
(Figure 10). By using histochemical stains and a tissue mimicking substrate, our target
is able to provide a more accurate colour representation than film based targets with
an estimated 60% reduction in colour error, and can be used with scanners from any
manufacturer. Pilot work evaluating its effectiveness in the clinical setting, has
indicated that colour calibration of virtual slides is preferred by pathologists and results

in improved diagnostic confidence (47-50).

[Figure 10 should go approximately here]

Guidance and Recommendations

In digital radiology, where most images are greyscale, the need for image
standardization is recognized as essential to ensure diagnostic consistency and has
become a standard part of all radiology imaging workflows. There are clear guidelines
regarding calibration requirements and minimum technical standards of displays used
for diagnosis (51-53). The method used for radiological display calibration is the
Digital Imaging and Communications in Medicine (DICOM) Part 14 Grey Scale Display
Function (GSDF) (54). This method ensures that each shade grey in the transition

from white to grey is perceptually linear by taking into account the ability of the human
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visual system for light, dark and chromatic adaption, preventing two shades of grey
from being too close together perceptually. Studies have indicated that calibration
using DICOM Part 14 GSDF for radiology displays results in better observer
performance (55,56) and much of the research in digital radiology is based around

compliance to these standards (57).

As previously stated, the FDA have produced guidance stating that it is essential to
control colour in digital pathology, and have recommended the use of a target slide
ideally with similar spectral characteristics to stained tissue (22). Furthermore
guidance from the ICC White Paper 44 (58) regarding displays for diagnostic digital
pathology, indicates that all medical grade displays should be colour calibrated and
the display should be checked for compliance every 50 days, as the displays can
change over time. They also state that ambient light must be stable, as calibration of
the display takes into account the ambient lighting. Unfortunately, only a few studies
have addressed this topic in digital pathology (40,41), and so a lack of primary
research has prevented the production of guidance concerning minimum display

requirements for diagnostic digital pathology to date.

The Future of Colour in Digital Patholoqy

It is clear that an integral part of digital pathology that has yet to be solved is colour
standardisation; in order to do so, further work is needed focussing on fine tuning
colour calibration methods in relation to the effect on diagnosis. Looking to the future,
we envisage several ways in which colour accuracy in pathology may be used to

improve healthcare:

Page 18 of 38



1. Once a global baseline for colour has been established, this will optimise
diagnostic accuracy/ reliability as well as facilitating worldwide collaboration. As
pathologists get better at using WSIs for routine work, they will re-adjust to the
appearance of the calibrated slides, but they will still likely adapt these colours to

best suit themselves and the tissue, activating personal colour profiles.

2. Secondly, digital image analysis algorithms for immunostaining will supersede
human semi-quantitative analysis. This will be due to improvements in algorithm
reliability, facilitated by colour calibration. This might be used alongside colour

normalisation techniques to account for pre-processing variation in staining.

3. Given that tissue staining is a shackle of light microscopy, digital pathology
opens new doors with regards to pseudostaining. This involves digital
superposition of colour to the WSI as opposed to staining the actual tissue. Some
work has already been undertaken in this field, including an interesting paper by
Kather et al 2015(59), which presented altered colours for histology based upon
manipulation of colour maps to enhance perceptual contrast. Further work is
needed to establish if and how such approaches might improve diagnostic

quality.

The incentives to digitize pathology workflow are significant; enhancing working

efficiency, global collaboration, teaching/ training benefits and improved quality and

patient safety. Inherent to the widespread introduction of digital pathology is

appropriate colour management of WSIs. However, colour management in this field is
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made difficult primarily due to the absence of a ‘Gold Standard’; future research should

focus on trying to solve this pivotal issue.
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Figure 1 — The spectrum of light

Source: https://upload.wikimedia.org/wikipedia/commons/2/22/Spectrum of light.png
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Figure 2 — Demonstration of additive and subtractive colour mixing. Representation
of additive colours are generally portrayed using the RGB colourspace.
Representation of subtractive colours are normally demonstrated using the CMYK

colourspace.

Source: https://commons.wikimedia.org/wiki/File:Subtractive-Additive-Colour-

Mixing.jpg
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Figure 3 — Graphical representation of the HSV colourspace. Assigning a value to

each of the qualities, enables accurate categorisation and replication of each colour.

Source:

https://upload.wikimedia.org/wikipedia/commons/0/0d/HSV color solid cylinder alp

ha lowgamma.png
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Figure 4 — The ‘black and blue’ dress photograph. It is seen by 30% population as

white and gold due to differences in interpretation by the Human Visual System.

Source: https://i.ytimg.com/vi/AEZO9wWQVHiYA/hqgdefault.jpg
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Figure 5 — A selection of slides from Gray et al 2015 (24) demonstrating routine wide
variation in staining. These four different slides of the same piece of appendix were
stained on different days. The wide range of different colour stains in routine practice

is clearly evident.
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Figure 6 — The stages required in capturing and displaying a digital slide. Each of the

stages shown have the capacity to substantially influence digital slide colour.

= = > 8
r ) 3 o g =)
g : g 2 3 2 3 P 38 .
= ﬁ 5 o ﬁ m 3 3 o T g El
frad & ! g —n - = w
§ 2 o 3 i g 3 ia » %
a @ ! z 3 v 3 " R t:
@ g H i = ® =2
L1 i
— 2
~ v . S
v "
Image capture module Display module

Page 34 of 38



Figure 7 — A Macbeth colour checker. This device is primarily used to colour calibrate
digital cameras. It includes patches for grayscale values, a range of different colour
hues (saturated and pastel) and a selection of important ‘memory colours’ such as the
colour of the sky.

Source:

http://www.xrite.com/ResourceRoom/category.aspx?CateqgorylD=16&PartlD=1257
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Figure 8 — Xrite i1Display Pro Colorimeter (A), a simple spectrophotometer in
(B). Colorimeters, like in A are small devices, which use red, green and blue filters to
measure the absorbance of different colours (38). The colorimeter is hung in front of
the screen, while colour patches are displayed on specialist software for use with the
colorimeter. The colorimeter measures the colour of the patch as it is displayed and
this is compared to the ‘known’ colour for that patch. By displaying numerous patches,
a colour profile for the display can be created, taking into account the deficiencies of
the display. Spectrophotometers (B) (39), operate slightly differently to colorimeters;
they have a self-contained light source used to measure the spectral data
(transmittance/ reflectance). They have a wide range of functions, including

colorimetery.
Source: https://www.flickr.com/photos/seeminglee/8287570888

https://upload.wikimedia.org/wikipedia/commons/0/0d/Spectrophotometer_small_for

8_samples-03.jpg
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Figure 9 —A & B are the same case of a tubulovillous adenoma with high grade
dysplasia and pseudoinvasion as part of the UK Bowel Cancer Screening
Programme using the same desktop display. A is viewed using ImageScope® from
Leica Biosystems (46) without colour management applied and B is with colour
management using Spectrum Webscope® also from Leica Biosystems (46). Some
participants were concerned that the images were ‘too dark’, ‘too blue’ or ‘too
intensely stained’, which suggests that they may not have been using colour
managed slides to complete the EQA.

Sources:

http://www.virtualpathology.leeds.ac.uk/eqga/specialist/nbcs/bcsp/bespeircs.php?circ=

N%20(b15a)
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Figure 10a — A prototype colour calibration slide produced in collaboration with the
University of Leeds and FFEI Limited, UK (47). The colour patches are created using
a histochemical stains and a biopolymer which uptakes stains like real tissue. Each of
the patches have a ‘known’ colour. When the colour calibration slide is scanned into a
virtual slide scanner, the resultant colour patches on the whole slide image can be
used to compare with the ‘known’ values in much the same way as a MacBeth colour

checker (Figure 7).

Figure 10b — The effect of our unique colour calibration test object on the appearance
of WSiIs. The first case is a Ziehl-Neelsen stain of a lung biopsy with mycobacterium
with and without calibration. The second is a normal duodenal biopsy stained with

H&E, again with and without colour calibration.
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