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CHAPTER 4

MEASUREMENT OF RELATIVE AREA OF STAINING IN LOW-
CONTRAST IMAGES

COMPARISON OF A TRUE COLOR AND A BLACK-AND-WHITE IMAGING
SYSTEM

F. Willemse, J.A.M. Beliën, M. Nap, J.P.A. Baak
Submitted
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CHAPTER 4

Abstract
When measurements using an image analysis system (IAS) in quantitative
pathology are concerned, mostly black-and-white (B&W) systems are used.
Comparison of quantification of area percentage (AREA%) of positive immuno-
histochemical staining in corresponding true color and B&W images using the same
IAS in a previous study, showed a significant difference between the results
obtained by both methods. It was assumed that this was the result of a lower reso-
lution in the color mode in combination with an increased uptake of background in
the B&W mode. This was evaluated in the present study using separate systems:
VIDAS, capable of processing true color images and PIPE, an IAS specifically
dedicated to B&W image processing. Ten randomly selected tissue sections out of a
set of 58 of a previous study were used for the evaluation. Both the true color-
(COL-) and B&W-AREA% obtained in the present study did not differ significantly
from each other or from the previously obtained COL-AREA%s (Kruskal-Wallis test,
p=0.44). The discrepancy in the COL- and B&W-AREA% comparisons of both the
previous and the present study reduces the importance of the resolution of the
system. It enhances, on the other hand, the effect of the choice of the monochro-
matic filter, used for the identification of the area of interest in the B&W-mode.
Although both systems provide comparable results when simple quantification
procedures are concerned, the COL-IAS has the advantage of ease of visual
evaluation and of quantification of AREA% in more complex color images.
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Introduction
True color image analysis may be useful for the study of histological material 15.
Systems capable of measurement in color images are suitable for relatively simple
measurement procedures, such as quantification of relative area of staining 42,43. An
advantage over measurements with a black-and-white (B&W) system is that images
are provided that contain the spectral information the pathologist is used to work
with. This may be especially useful in a semiautomatic approach where visual
selection of the measurement area is important. Also, with a true color image
analysis system (COL-IAS) several routine practice (immuno)histochemical staining
procedures can be applied. Comparison of quantification in corresponding color and
B&W images, described in a previous study, showed that the results of the latter
differed significantly from those of the former as well as from values obtained by
point counting, which have been shown to provide a golden standard for IAS
quantification procedures 6,42,128,130. It concerned measurement of relative area of
staining in immunohistochemically stained tissue sections providing relatively low-
contrast images. However, for both quantification procedures the same true color
IAS set-up was used, working either in color or in B&W mode on the same images.
The assumption was made that the discrepancy found was a result of a difference
in resolution between color and B&W mode 42. It is the aim of the present study to
evaluate this by comparing the quantification results of the COL-IAS with those of
an IAS specifically dedicated to B&W image processing.

Materials and methods
Out of a set of 58 tissue sections of formalin-fixed, paraffin-embedded breast
carcinoma samples 10 were selected based on the area percentage of positive
staining for pS2 (AREA%), obtained in a previous study (range 0.09-31.02%) 43. To
prevent clustering resulting from selection of tissue sections with comparable
AREA%, a stratified randomized selection was applied 131. For this, first a
breakdown of the set into 10 strata of comparable sizes was performed as
displayed in Table 4.I. From each stratum one tissue section was chosen using a
random numbers table.

The tissue section had been immunohistochemically stained for pS2 (Mab BC4
anti-pS2, Cis-Bio International, Gif-sur-Yvette, France) as described previously 42,43.
In brief: the IH staining for pS2 was performed on 4 µm thick sections using a strep-
tavidin-biotin peroxidase method and 3-amino-9-ethylcarbazole. To avoid obscuring
pS2 positivity, no counterstain was applied. Coverslips were mounted with Kaizer’s
glycerol gelatine (Merck, Darmstadt, Germany).
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Table 4.I. Display of the ten strata with
corresponding area percentages of
immunohistochemical staining for pS2
(AREA%), used for selection by stratified
randomisation

Stratum AREA%
(range 0.09-31.02%)

1 < 0.58

2 0.59 - 1.17

3 1.18 - 4.00

4 4.01 - 5.10

5 5.11 - 7.00

6 7.01 - 7.90

7 7.91 - 12.00

8 12.01 - 15.00

9 15.01 - 22.00

10 >22.01

True color image quantification
Previously obtained AREA%s quantified on color images (COL-AREA%) were used
as reference for the AREA%s obtained by B&W-IAS quantification (B&W-AREA%).
The quantification of COL-AREA% was described in detail elsewhere 43. In brief:
quantification on the true color images was performed using the VIDAS IAS. The
hardware of this system consists of an Axioplan microscope with a halogen illu-
minator (Carl Zeiss, Oberkochen, Germany) fed by a stabilized power source, a low
cost, single chip charge coupled device (CCD) color camera (WV-CD130, Panaso-
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nic, Matshushita Communication Co. Ltd., Yokohama, Japan), and a personal
computer based on a 286 AT processor equipped with a frame grabber and
expanded with a 287 mathematic coprocessor (Kontron Elektronik, Eching,
Germany). The software used for quantification is VIDAS 2.0, capable of processing
true color images, which are formed by a red, green and blue (RGB) image partition
of 512x512 pixels respectively. Quantification of COL-AREA% was performed
without shading correction and by application of fixed threshold levels for
segmentation 42. For the quantification procedure a macro was used of which a
schematic display is shown in Figure 4.1. Images for quantification of IH staining
were recorded using an oil immersion 16 objective (numerical aperture=0.50). In
the, visually identified, area of maximum staining COL-AREA% of 10 image fields
was measured. This correlated to a total measured surface of 1.2 mm2 on specimen
level. The mean value of the 10 COL-AREA%s of one tissue section was used.

Because quantification using the procedure described above has limited
reproducibility 43, we used the results of three successive measurement sessions. In
this way a range of values per tissue section instead of one value could serve as
reference for the B&W-AREA%s.

Since the initial results were obtained more than two years ago and reagent
fading may occur 25, we repeated quantification of COL-AREA% on the ten selected
specimens. For this "control-quantification" exactly the same procedure as described
above was used without changing settings or threshold values.

B&W image quantification
Quantification of B&W-AREA% was performed in a way comparable to quantification
of COL-AREA% using the Pathology Image Processing Environment (PIPE). PIPE
consists of an Axioplan microscope (Carl Zeiss, Oberkochen, Germany), a standard
B&W camera (XC-77-CE CCD, Sony, Germany) and a Sparc 10 model 30 micro-
computer (SUN Microsystems Inc., Mountain View, USA) running under the UNIX
operating system. Measurements in PIPE are based upon the multi-level interactive
image processing environment SCIL-image (DIFA measuring systems, Breda, the
Netherlands). Quantification of B&W-AREA% was also performed without shading
correction and by application of a fixed threshold level. This fixed threshold was
based on the modus of the background peak of an empty, optimal lit reference
image and was set at two times the standard deviation of this modus. The PIPE
quantification procedure followed the macro, schematically displayed in Figure 4.1.
The specimens were illuminated with a halogen light source and filtered with a
monochrome narrow bandpass filter at the wavelength most optimal for the pS2
positive stain
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1. DECLARATION OF PARAMETERS

2. CREATION AND OPENING OF DATABASE

3. START LOOP

4. INPUT IMAGE TO BE MEASURED

5. SEGMENTATION (THRESHOLDING) ^
^
^
^

6. MEASUREMENT OF AREA%

7. WRITING VALUE TO DATABASE

8. END LOOP

9. CLOSE DATABASE

Figure 4.1. A schematic display of the macro as it was used in the quantification of
the COL- and B&W-AREA% of positive staining in the color and B&W images
respectively. In the measurements of COL-AREA% =10, whereas for quantification
of B&W-AREA% =15.
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( =550 nm, =10 nm). Images for quantification were recorded using a 20
objective (numerical aperture=0.60). Herewith the pixel-to-pixel distance at speci-
men level was 0.55 µm. The recording of 15 images resulted in a total measured
area, comparable to the area of 1.2 mm2 measured by the COL-IAS. The mean
value of these 15 B&W-AREA%s of one tissue section was used for comparison
with the COL-AREA% values.

Quantification of COL-AREA% and B&W-AREA% were performed by different,
well trained, operators (FW and JAMB respectively).

Statistical analysis
The null-hypothesis that there was no difference between COL-AREA% and B&W-
AREA%, was tested using the Kruskal-Wallis test of the SYSTAT version 5.0
statistical software package.

Results
The results of the various measurements are summarized in Table 4.II and
displayed in Figure 4.2. The values of the "control-quantification" of COL-AREA%
did not differ significantly from those of the previously obtained reference COL-
AREA%s. Therefore, taking into consideration that the measurement procedures
and settings were identical, it could be concluded that the possible effect of reagent
fading did not occur. Also, the B&W-AREA%s obtained with the IAS specifically
dedicated to B&W image processing were comparable with the reference values as
well as with the values of the "control-quantification". This was statistically confirmed
(Kruskal-Wallis test, p=0.44). Thus, the results also give an indication that selection
of the area used for measurement was reproducible within and between observers
with the material used.

Discussion
Comparison of quantification of AREA% of positive immunohistochemical staining in
COL- and B&W-images, as it was performed in a previous study, provided
significant differences 42. In that study measurements were performed in 35 corres-
ponding images using the true color IAS in color and B&W mode respectively. In
both, fixed threshold levels for segmentation were applied, with which it is possible,
although not advocated in the literature 6,60, to quantify AREA% reliably 42. Due to
the use of a low cost single chip CCD camera the resolution in the color images is
reduced four times when compared to the B&W images 16. During the segmentation
procedure in the B&W mode some background was picked up and areas of positive
staining were represented more or
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Table 4.II. Quantifications of area percentage of
immunohistochemical staining for pS2 using a true
color (COL-AREA%) and a black-and-white (B&W-
AREA%) image analysis system

COL1- COL2- COL3- COL4- B&W-

AREA%

minimum 0,21 0,25 0,14 0,36 0,15

maximum 19,44 16,45 21,83 19,74 24,71

mean 7,86 7,60 7,36 8,45 8,99

standard dev. 6,44 5,49 6,92 5,87 7,97

COL1,2 and 3-AREA% represent values of quantification sessions

performed in a previous study 43

COL4-AREA% represents the results of a "control-quantification"

session to evaluate possible effects of reagent fading.

less in pixels, whereas in the color mode these areas were composed of solid
clumps of pixels. This is a result of the difference in resolution. Thus, it was
assumed that the loss in resolution worked as a relative advantage for
measurements in color images.

The results of the present study, however, in which the true color IAS
measurements were compared with those of an IAS specifically dedicated to B&W
image processing, show that quantification of COL- and B&W-AREA% did not differ
significantly. The lower resolution in the color images, therefore, does not explain
the discrepancy found in the previous study. Although the measurements in the
color and B&W images were performed in a comparable way there were,
nevertheless, two differences in the methodology.
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Firstly, in the B&W images of the previous study the threshold levels were
determined by an interactive procedure based on visual evaluation using a stained
control tissue section. In the B&W images of the present study, on the other hand,
the levels were based on the modus of the background of an empty image resulting
in an optimal segmentation of the areas positive for PS2 and in almost no inclusion
of background. The extent to which this may contribute to the misestimation of the
previous study is difficult to determine.

Secondly, in the previous study a broad-bandpass green filter ( =490-600 nm)
was applied to enhance contrast of the pS2 positive staining parts, whereas in the
present study a narrow-bandpass filter ( =550 nm, =10 nm) was used with
optimal absorption for the immunohistochemical peroxidase reaction. By using a
narrow-bandpass filter contrast enhancement will take place almost exclusively for
those structures that are wanted for quantification. On the other hand, the general
purpose green filter will be less selective. This may explain the uptake of back-
ground pixels of the previous study.

Figure 4.2. Results of IAS quantification of AREA% of positive staining in color and
B&W images. The symbols , and represent the results of the respective
measurement sessions with the true color IAS of the previous study 43, whereas,
represents the results of the "control-quantification". The results of the
measurements with the B&W-IAS are symbolized by .
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Based on the results of this study one may conclude that the use of a COL- and
B&W-IAS is equivalent when measurement of relative area of staining is concerned.
However, the COL-IAS allows segmentation in more complex colored images provi-
ded by a variety of routinely used staining procedures also 43,44. Herewith it is not
necessary to apply filters for contrast enhancement, which may neutralize the
increased time needed for processing the RGB image partitions 16. Whether or not
segmentation in these more complex images can also be performed with a B&W-
IAS by using narrow-bandpass monochromatic filters is uncertain. This will, howe-
ver, make the quantification procedure more complex, vulnerable, tedious and time
consuming.

Reproducibility, of importance in quantitative pathology in general, may be
affected by effects of field selection in measurement procedures concerning
quantification of immunohistochemical staining 43,132. For the ten samples selected in
the present study, the results show that after simple but strict agreement on how
and what to quantify, no significant differences were present between results of two
well trained observers. Nevertheless, although field selection may appear
reproducible for the group, Figure 4.2 shows that within cases there may be a
considerable variation in AREA%. This observation underscores the relativity of this
type of measurement when it is to be applied to individual cases. This type of
problem might be overcome by measuring with application of a method using a
sample protocol like systematic random point sampling 6. Reproducibility may also
be affected by reagent fading. Wells et al. observed that fading of counterstain and
reagent, and hence subsequent changes in their gray values, can markedly alter
image segmentation 25. We did not find such an effect, no reagent fading occurred
in our material. When it occurs it may be a result of prolonged exposure to light, as
well as use of water soluble reagentia in combination with water-based mounting
media.

In conclusion, the results of this study show that, if a simple but strict
measurement protocol is used, a "low-resolution" COL-IAS and an IAS specifically
dedicated to measurements in B&W-images are comparable when quantification of
AREA% of staining on relatively low contrast non-counterstained images is concer-
ned. However, when more complex stained material is used, ease of visual evaluati-
on and the possibility to use material stained by routine (immuno)histochemical
procedures are advantages in favor of true color image analysis quantification.
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