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CHAPTER 3

QUANTIFICATION OF AREA PERCENTAGE OF
(IMMUNOHISTOCHEMICAL) STAINING BY TRUE COLOR IMAGE

ANALYSIS WITH APPLICATION OF FIXED THRESHOLDS

F. Willemse, M. Nap, S.C. Henzen-Logmans, H.F. Eggink
Anal Quant Cytol Histol; 16:357-364,1994
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Abstract
Most image analysis systems (IASs) use black-and-white (B&W) cameras. However,
true color IASs are considered to be useful for quantification of
(immuno)histologically stained structures. Using a true color IAS, we evaluated two
methods of segmentation for quantification of area percentage of staining: one using
fixed, preset thresholds and one using thresholds interactively set per image.
Furthermore, the effect of shading correction was evaluated and measurements in
both color and B&W mode were compared. The results of segmentation with fixed
thresholds did not differ significantly from those of control percentages, established
by interactive morphometry using a grid, which served as reference. Interactive
segmentation was significantly different from the reference (t-test, p=0.0001). The
effect of shading correction was negligible. Measurements with and without this
procedure correlated highly (r=0.99, p<0.001). Comparison of the results obtained in
color and B&W mode showed a significant difference of the latter from the reference
(t-test, p=0.005). We conclude that it is possible to quantify, in a reliable way, area
percentage of positive staining using a true color IAS with application of a
segmentation method with fixed thresholds.
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Introduction
Immunohistochemistry provides a useful tool for the evaluation of cell constituents
and may carry therapeutic and prognostic implications. For many of these
constituents, quantitative information is important. This information can be obtained
objectively and reproducibly by biochemical assays and flow cytometry 6,109,118,123,124.
A disadvantage of these techniques is loss of relation between morphology and the
presence of the cell substance. With (immuno)histochemical methods this
information is saved. The combination of immunohistochemistry and computer-assi-
sted image analysis introduces the possibility to quantify stained structures. The
majority of commercially available image analysis systems (IASs) use black-and-
white (B&W) cameras. However, true color IASs might be more useful with stained
histological material 11,15. The color images provided by these systems approach
more closely the regular visual information used by the pathologist for interpretation.

In this study, in which we used a commercially available true color IAS, we
compared two methods of segmentation -i.e., fixed, preset threshold levels for all
measurements versus threshold levels that were interactively set per image.
Furthermore, we evaluated the application of the time consuming procedure for
shading correction and compared data obtained with the system working in color
and B&W mode. The results of interactive morphometry (grid measurements) were
taken as reference for the various IAS quantifications.

Materials and methods
Tissue sections and staining
Fifty-nine tissue sections of formalin-fixed, paraffin-embedded breast carcinomas of
51 patients were used for quantification. The tissue sections were incubated with a
monoclonal antibody (Mab) directed against pS2, an estrogen-regulated protein with
prognostic importance 109,125. The immunohistochemical staining for pS2 was
performed on 4-µm-thick sections using the anti-pS2 Mab (BC4 anti-pS2, CIS-Bio
International, Gif sur Yvette, France) in combination with a streptavidin-biotin pe-
roxidase method. Slides were heated at 50°C overnight to obtain optimal fixation to
the object glass, then deparaffinized in xylene, rehydrated in graded alcohols, dried
for 15 minutes and washed in demineralized water. Endogenous peroxidase was
blocked in 0.3% hydrogen peroxide in methanol at room temperature (±20°C) for 20
minutes. After this the slides were rehydrated and washed in phosphate-buffered
saline (PBS) (2x5 minutes). The sections were preincubated in PBS with 1% bovine
serum albumin (BSA) for 30 minutes at 37°C. The PBS/1% BSA was decanted, and
the anti-pS2 antiserum was applied for 30 minutes at 37°C. After two washes in
PBS the slides were incubated with biotinylated rabbit anti-mouse immunoglobulin
(Dakopatts, Glostrup, Denmark) at a dilution of 1:500 for 30 minutes at room
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temperature. After another two washes in PBS, incubation with the streptavidin-
biotin complex (Dakopatts) took place for 30 minutes at room temperature. After
final rinses in PBS and water, the peroxidase label was developed with a 3-amino-
9-ethylcarbazole solution, in the presence of 0.3% hydrogen peroxide, for 10
minutes at room temperature. Then they were rinsed and dried at 50°C for 30
minutes. To avoid obscuring pS2 positivity, no counterstain was applied. Coverslips
were mounted with Kaizer’s glycerol gelatine (Merck, Darmstadt, Germany).

Each staining round was accompanied by a control of normal gastric mucosa in
which pS2 is normally present in high amounts 126.

To allow easier visual evaluation of the respective tissue sections, we also
performed a standard haematoxylin-eosin staining.

IAS
The hardware consists of an Axioplan microscope with halogen illuminator (Carl
Zeiss, Oberkochen, Germany) fed by a stabilized power source, a single chip
charge coupled device (CCD) color camera (Panasonic WV-CD130, Matshushita
Communication Co. Ltd., Yokohama, Japan), and a personal computer with a 286
AT processor, equipped with a frame grabber and expanded with a 287 mathematic
coprocessor. The software used for quantification is VIDAS 2.0 (Kontron Elektronik,
Eching, Germany), capable of processing true color images.

Prior to each measurement session the camera was allowed to warm up for at
least two hours because due to rise in the temperature of the camera, within this
period measurements proved to be unreliable 63.

Illumination was kept as constant as possible and was checked regularly during
the measurement. Since VIDAS is not capable of real-time display of the strength of
illumination, a reference microscopic field with known area percentage (AREA%) of
positive staining was used to objectify this. In this field the positive staining AREA%
was measured. This control procedure was performed between measurements of
tissue sections. If adjustments had to be made, this procedure was repeated.
Images were recorded using an oil immersion 16 objective (numerical
aperture=0.50)

Quantification procedures
To evaluate if it is possible to discriminate the area of interest by using fixed, preset
thresholds, we compared this method with one in which threshold levels were set
interactively per image.

In the first method, presetting the threshold levels was accomplished on one of
the control slides with gastric mucosa. This was done by pointing the desired hues
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of the positive, red staining parts in a full-color image. The program then calculated
the subsequent threshold levels in the respective red, green and blue (RGB) image
partitions that form the full-color image. We chose the situation where visually best
discrimination between staining and background was accomplished.

In the second method the threshold levels were derived per image by visual
evaluation of the "gray" level frequency distribution histograms of the respective
RGB image partitions. The minimum or shoulder between two peaks in the
histograms was selected for the threshold levels in a similar way as described for
B&W systems 60,127. In both methods the AREA%s were calculated by the computer
in a binary image which resulted after application of the RGB-discrimination step, in
which the area of interest is derived by the thresholding procedure performed
subsequently in the three image partitions. Other than this procedure, no image
processing steps were performed. The AREA%s of both methods in one hundred
different images were compared. The measurements were not densitometric.

To facilitate evaluation of both thresholding techniques, we measured the AREA%
also by interactive morphometry 128. This was done by placing a regular grid with a
total of 256 points in an overlay over the same image fields as were used for the
IAS quantification. Without knowing the AREA%s calculated by the IAS, points
overlying positive staining parts were counted manually. The AREA% was obtained
by multiplying the ratio of counted and total points by 100% and was used as
reference for the IAS quantifications.

Next we evaluated the necessity of application of shading correction in our
setting. The AREA%s of all 59 tissue sections were obtained by IAS quantification
using fixed thresholds in the RGB-discrimination step, and was performed with and
without the shading-correction procedure. For each tissue section, 10 images were
measured in an area representative of tumor and staining. The 10 image fields
correlated with a total measured surface of 1.2 mm2 on the specimen level. The
mean of the ten AREA%s thus obtained was used as the value for comparison. To
facilitate the evaluation of these results the AREA% of each specimen was
measured via interactive morphometry as described above; it was performed on all
fields selected for IAS quantification. Again, the mean AREA% over 10 image fields
was representative of the tissue section.

Comparison of AREA%s in 35 different images obtained in either the color or
B&W mode was performed by re-recording the same image in the respective
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Figure 3.1. Results of quantification using the IAS (IAS-AREA%), comparing a
method with fixed, preset thresholds ( ) and a method with interactively set
thresholds per image ( ) with data obtained by interactive morphometry (INT-
MORPH AREA%).

Table 3.I. Minima, maxima, means and standard deviations for
interactive morphometry and IAS quantification with two different
methods of segmentation.

INT-MORPH FIXED HISTO

minimum 0.0 0.1 0.0

maximum 66.0 65.0 16.8

mean 6.3 6.0 2.1

standard dev. 8.4 7.6 3.6

INT-MORPH = interactive morphometry

FIXED = IAS quantification using fixed, preset threshold

levels for all measurements

HISTO = IAS quantification with per image interactively

chosen threshold levels
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modes. Image intake in the B&W mode was performed with the use of a green filter
to obtain maximum contrast of the positive, red staining parts of the tumors. In both
modes we used fixed thresholds and no shading correction. In the color mode the
AREA% was obtained by using the RGB-discrimination step on the three image
partitions, which form the full color image, as described above. In the B&W mode,
thresholding was performed on the gray value image. For both modes we used the
same CCD camera. Again, we also quantified the AREA% by interactive
morphometry, as described above, by placing the grid in the overlay over the full-
color image to obtain reference values.

Results
pS2 Immunoreactivity was uniformly cytoplasmatic in tumor cells, and the intensity
of staining was variable from one cell to another, as reported by other
investigators 122,129. Most tumors showed some heterogeneity in staining results
within different parts of the tumor. Therefore, in the quantification procedures,
measurements were started in the most positive staining part of the tumor.
Sometimes there was some background staining, mainly restricted to the borders of
the specimen. These areas were not used for quantification. Although we used no
counterstain, even the parts negative for pS2 were recognizible due to refractional
differences in the tissue components.

Figure 3.1 shows the results of the comparison of quantification with fixed and per
image interactively set thresholds. The values of both methods are displayed on the
Y axis (IAS-AREA%), while the X axis shows the values of the reference obtained in
corresponding images by interactive morphometry (INT-MORPH AREA%). The
minimum, maximum, mean AREA%s and standard deviation of the respective
methods are displayed in Table 3.I. Although the values of the method with the fixed
threshold are higher, in general, than those obtained with varying thresholds, they
show a high correlation (r=0.90, p<0.001). However, when compared with the
results of interactive morphometry the method with application of fixed thresholds
shows no significant difference (t-test, p=0.77) from the reference, whereas the IAS
method, with varying thresholds appeared to be significantly different (t-test,
p=0.0001) from it.

A summary of the results of the experiment in which measurements with and
without shading correction were compared is shown in Table 3.II and Figure 3.2.
Figure 3.2 shows that the results of both types of measurements are more or less
the same; consequently they show a high correlation (r=0.99, p<0.001). Also, the
IAS method without shading correction as the one including this procedure show a
strong correlation when compared with the results of
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Figure 3.2. Results of IAS quantification (IAS-AREA%) without ( ) and with ( )
application of shading correction in comparison to results obtained by interactive
morphometry (INT-MORPH AREA%).

Table 3.II. Minima, maxima, means and standard deviations for
interactive morphometry and IAS quantification without and with
shading correction.

INT-MORPH MIN-SHAD PLUS-SHAD

minimum 0.0 0.1 0.2

maximum 26.1 31.3 31.4

mean 5.7 7.6 7.8

standard dev. 6.4 6.6 6.6

INT-MORPH = interactive morphometry

MIN-SHAD = IAS quantification without application of shading correction

PLUS-SHAD = IAS quantification including shading correction
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interactive morphometry (respectively, r=0.90 and p<0.001 and r=0.91 and
p<0.001). The results of both IAS methods do not differ significantly from the results
of interactive morphometry (t-test; respectively, p=0.11 and p=0.10).

The results of comparison of measurements in color and B&W mode are
displayed in Table 3.III and Figure 3.3. Figure 3.3 shows that below an INT-MORPH
AREA% of 7%, the values of IAS quantification in B&W mode are slightly higher
than those obtained in color mode, whereas above this level they are lower. Visual
evaluation of the binary images resulting from the thresholding procedures shows
that in the B&W mode some background is picked up; it is most probably
responsible for the higher AREA%s in the values <7% INT-MORPH AREA%. An
additional experiment showed that the picking up of background was not a
consequence of omission of the shading correction step. In images with higher INT-
MORPH AREA%s the areas of positive staining in the B&W mode are displayed
more or less in pixels, while in the color mode these areas are composed of solid
clumps of pixels (Figure 3.4), thus resulting in lower AREA%s in the B&W mode.
The results of the quantifications in either color or B&W mode highly correlated with
those of interactive morphometry (for color and B&W mode respectively, r=0.98 and
p<0.001 and r=0.96 and p<0.001), whereas the color mode results were not
significantly different from those of interactive morphometry (t-test, p=0.72) and
those of the B&W mode were significantly different (t-test, p=0.005).

Discussion
Application of IASs for quantification of (immuno)histochemical staining has the
advantage over, for instance, biochemical assays and flow cytometry in that
information concerning the relation between morphology and the presence of the
cell constituent of interest is saved. Besides, IAS quantification is more objective
than visual estimations 116,117 and more rapid and less laborious than interactive
morphometry using grids.

The preferred method of segmentation, which is the image processing procedure
to identify the item of interest, is on basis of variable threshold levels that are
automatically generated by the computer from data provided by an image. Although
the literature in which this is advocated concerns cell identification and DNA
cytometry with B&W cameras, methods using interactive segmentation in which the
observer has to set the thresholds "manually" are not advocated, whereas fixed
thresholds are considered even worse 6,60.

Because VIDAS 2.0 does not provide the possibility of calculating threshold levels
automatically, we compared segmentation using fixed, preset thresholds with
interactive segmentation. The values obtained by these methods were
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Figure 3.3. Results of IAS quantification (IAS-AREA%) in color ( ) and B&W mode
( ) in comparison to results obtained by interactive morphometry (INT-MORPH
AREA%).

Table 3.III. Minima, maxima, means and standard deviations
for interactive morphometry and IAS quantification in color
and B&W mode.

INT-MORPH RGB B&W

minimum 0.4 0.1 2.1

maximum 38.0 40.5 17.7

mean 11.8 12.6 7.5

standard dev. 8.1 8.9 3.2

INT-MORPH = interactive morphometry

RGB = IAS quantification in color mode

B&W = IAS quantification in B&W mode
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compared to a reference obtained by interactive morphometry. Such measurements,
using point counting, have been shown to provide a good reference for comparable
IAS quantification procedures 6,128,130. Although the results of both methods of
segmentation show high correlation with the results of interactive morphometry, the
two methods show a more-or-less-systematic difference (Figure 3.1), and the
sensitivity of the method with fixed thresholds is better than the interactive
segmentation. However, this conclusion concerns only measurements of relative
area of staining; other parameters, such as densitometry, were not quantified. In our
opinion, the application of fixed thresholds is better suited to true color image
analysis than B&W systems. In B&W images different colors may have
corresponding gray values; that makes it more difficult to separate them, even when
special filters are used. The use of true color (RGB) images allows better separation
of these colors on basis of more different "gray" values. Although we did not use a
counterstain in this study, additional experiments have shown that when colors are
contrasting, the true color IAS can separate them relatively easily. This may
implicate that quantification of AREA% taken from cell constituents or elements can
be performed in tissue sections that are also used for routine diagnostic pathology
and, as a consequence, that additional, special staining techniques and/or the use
of special filters is not necessary.

In quantitative microscopy, images are generally corrected for shading, resulting
from uneven illumination in the microscope and uneven recording effects in the
camera 15. With VIDAS, due to the structure of the program, with application of
shading correction measurements take almost twice as much time as without 63. The
usefulness of an IAS in routine practice will gain in value when time needed for
measurements is as short as possible. Apart from this, it has to be expected that
shading correction could be less important when CCD cameras are used 15,121.
Based on the results of comparison of measurements with and without shading
correction (Figure 3.2), we conclude that application of shading correction is not
necessary in our setting. However, since the low difference may reflect the
uniformity of the optics and illumination used, one has to acknowledge that when
image analysis techniques are generally applied to different microscopes,
illuminators and cameras shading correction should not be omitted. With the
introduction of faster processors in personal computers a considerable reduction in
time needed for this and other image processing procedures may be achieved.

Our results, comparing measurements in color and B&W mode, showed that
those of the former were similar to those of the reference obtained by interactive
morphometry. From the finding that in the B&W mode some background was
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picked up in the segmentation procedure and that areas of staining were
represented more or less in pixels follows that in this mode no reliable quantification
can be performed without additional image processing procedures -e.g., low pass
filtering, erosions, dilations and "fill holes". The difference in representation of areas
of staining is, most probably, a result of loss in spatial resolution occuring when
using the single-chip CCD camera in color mode. Due to the way the color image is
formed the bandwidth of each color channel is reduced four times (i.e. 1.1 Mhz
instead of 4.43 MHz). In the B&W mode, in contrast, images are derived from a
luminance signal that provides the full bandwidth of 4.43 MHz. Despite the loss in
resolution and, as a consequence, in image quality, the results presented in this
study show that use of a single-chip CCD camera is acceptable in the setting
described. However, this conclusion concerns only measurements of relative area of
staining. The single-chip CCD camera may be less well suited for other
quantification procedures, such as precision densitometry and morphometry of small
regions, as is assumed in general for true color image processing 11,15. When color
images of higher resolution and quality are required, a three-chip CCD camera may
be used. In these cameras the four time loss in resolution does not occur. As a
consequence, although we did not investigate this, it may be expected that after
segmentation areas of staining will be represented more or less in pixels,
comparable to what we saw in the B&W mode, again making additional image
processing steps necessary. Due to the fact that three-chip CCD cameras are far
more expensive than single-chip CCD cameras, the choice may be in favor of the
latter when relatively simple quantification procedures, for which low resolution
proves to be sufficient, are to be performed.

Figure 3.4. Video printouts of an image field with few (A) and one with many (D)
positive staining tumor cells (Mab BC4 anti-pS2, streptavidin-biotin peroxidase
method, 500). B and C represent the binary images resulting from segmentation of
image field A in color and B&W mode, respectively, whereas E and F represent
those of image field D. When comparing the binary images resulting from
segmentation in the color mode (B and E) with those in the B&W mode (C and F),
in B and E areas of positive staining are represented by more-or-less-solid clumps
of pixels, while in C and F these areas are displayed more as pixels. Apart from this
it is clear that in the B&W mode more nonstaining background is picked up, most
prominently in C. The AREA%s were: B=3.76%, C=4.07% and E=16.84%,
F=9.72%.

In conclusion, the results of this study show that it is possible to quantify AREA%
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of positive staining in a reliable way using a true-color IAS with a single chip CCD
camera by application of a segmentation method with fixed thresholds, which is
more objective than interactive segmentation.
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