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Eosinophilic granulocytes are major effector cells in in-
flammation. Extracellular deposition of toxic eosinophilic
granule proteins (EGPs), but not the presence of intact
eosinophils, is crucial for their functional effectin situ. As
even recent morphometric approaches to quantify the in-
volvement of eosinophils in inflammation have been only
based on cell counting, we developed a new method for the
cell-independent quantification of EGPs by image analysis of
immunostaining. Highly sensitive, automated immunohisto-
chemistry was done on paraffin sections of inflammatory skin
diseases with 4 different primary antibodies against EGPs.
Image analysis of immunostaining was performed by colour
translation, linear combination and automated thresholding.
Using strictly standardized protocols, the assay was proven
to be specific and accurate concerning segmentation in 8916
fields of 520 sections, well reproducible in repeated mea-
surements and reliable over 16 weeks observation time. The
method may be valuable for the cell-independent segmenta-
tion of immunostaining in other applications as well.
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1. Introduction

Eosinophilic granulocytes are major effector cells
in many diseases, but especially in allergic inflam-
mation [8,24]. Many recent studies substantially in-
creased our knowledge of eosinophil activation and the
regulation of eosinophilia by cytokines, chemokines
and other inflammatory mediators like IL-5, GM-
CSF, C5a, RANTES, Eotaxin and 5-oxo-eicosanoids
[7,13]. Accordingly, the important involvement of
eosinophils, especially in T-helper-cell type 2 reac-
tions (Th2), e.g., in atopic dermatitis and allergic
bronchial asthma, is well established. The participa-
tion of eosinophils in allergic inflammation is com-
plex, but release of reactive oxygen species and toxic
eosinophilic granule proteins (EGPs) followed by lo-
cal propagation of inflammation and tissue damage
is most important. This extracellular tissue deposi-
tion of EGPs, expressing complete cellular activation
and degranulation, but not only the presence of intact
eosinophils is crucial for their functional effectin situ.

Due to easy accessibility, tissue deposition of EGPs
has been mainly studied in skin biopsies. It has been
shown that cytolysis is likely the usual mechanism of
eosinophilic granule protein release [6]. In tissue sec-
tions, eosinophils are characterized and identified by
the staining properties of their specific granules. Con-
sequently, eosinophils are usually no longer identifi-
able in tissue after complete activation and degranula-
tion, and conversely, visible eosinophils are not likely
to be completely activated. Thus, eosinophil involve-
ment in inflammation can not be judged by the num-
ber of intact eosinophils. As has been shown by im-
munofluorescence studies, at least in many inflamma-
tory skin diseases, the deposition of granule proteins is
vastly out of proportion to the number of identifiable
cells [14].
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In contrast to these findings, almost all morphome-
tric approaches to quantify eosinophilia in tissue are
based on cell counting, even very recent ones using im-
age analysis [3,9,18]. To get a parameter for the in-
volvement of eosinophils in inflammation that gives
more evidence than cell counting, we intended to de-
velop a method for the cell-independent quantification
and localization of EGPs in skin biopsies by image
analysis of immunostaining.

2. Material and methods

2.1. Material

Skin punch-biopsies (3–4mm∅) were taken with in-
formed consent of patients suffering from atopic der-
matitis (n = 25) or psoriasis (n = 26) during of a clin-
icopathological study on involvement of eosinophils
in the inflammatory skin reaction (detailed data in
preparation). After immediate fixation in 4% neutral
buffered formalin the material was processed to routine
paraffin embedding using automated devices (Pathcen-
tre and Histocentre 640CX51 Shandon, Astmoor, UK).
Serial sections with a thickness of 3µm were fur-
ther processed for immunostaining and image analy-
sis. Biopsies of inflammatory skin diseases with many
eosinophils visible in most high power fields (40× ob-
jective) of hematoxylin and eosin sections were used
as positive controls (e.g., arthropod reactions, bullous
pemphigoid).

2.2. Immunohistochemistry

Highly sensitive immunohistochemistry was per-
formed with an automated immunostainer (Horizon,
DAKO A/S, Glostrup, Denmark) using an indirect
streptavidin-biotin method following the standardized
MSAPE-protocol of the provider (DAKO).

Four different primary antibodies against eosinophil
granule proteins were applied: EG1 against eosinophilic
cationic protein (1 : 300, Kabi Pharmacia, Piscataway,
NJ); EG2 against both, eosinophilic cationic protein
(ECP) and eosinophil-derived neurotoxin / eosinophil
protein X (1 : 300, Kabi Pharmacia); MBP against
major basic protein (clone BMK13, 1 : 10, Cymbus,
Southampton, UK) and EPO against eosinophil per-
oxidase (1 : 75, Calbiochem Novabiochem, San Diego,
CA). 2 sections were stained with each antibody in
each of the 51 cases.

Pretreatment for antigen retrieval was performed by
gentle cooking overnight at a temperature of 68◦C in
antigen retrieval solution (DAKO) and in addition with
proteinase K; for the EPO-reaction only proteinase K
was used. The positive controls were processed in ex-
actly the same way, negative controls were provided by
omission of the primary antibody. Since brown endo-
geneous pigments (melanin and sometimes siderin) are
found in every skin biopsy, brown diamino benzidine
(DAB), the usually applied chromogen in image analy-
sis, could not be used. Instead, staining with the bright
red newfuchsin was done. To facilitate image analysis,
no counterstaining was applied.

2.3. Image analysis

Image analysis of the immunostained sections was
performed with the software analySIS 3.0 pro, dual
monitor version (Soft imaging system, Münster, Ger-
many) and the following hardware components: BH2
microscope with SplanApo objectives (20×/0.7 or
40×/0.7) and 1.67× photoprojective in a 0.3× tube
(Olympus Optical Europe, Hamburg, Germany); high
resolution 3CCD colour video camera (DXC 950,
Sony Electronics, Japan); Meteor framegrabber (Ma-
trox Electronic Systems, Quebec, Canada) and a Pen-
tium-PC with Windows NT 4.0 workstation.

The immunopositive area fraction (IAF[%]) was se-
lected as main parameter for the assessment of EGP-
deposition. IAF was determined in two different ways:
one routine was performed for the evaluation in the to-
tal area (MeanIAF of all measured fields) and one for
the high power field with the focal maximum area frac-
tion (MaxIAF). IAF was found to be considerably in-
fluenced by sampling within the section in preceding
measurements. Thus, the following standardized sam-
pling strategies were applied. Concerning MeanIAF,
the device of serial field selection was chosen [22]. Af-
ter determination of the middle of the section at the
surface (stratum corneum) by image analytic measure-
ment, sequential images were grabbed using the 20×
objective moving along a central line from the stratum
corneum towards subcutis. Two fields on both sides of
the central line with a width of 632.55µm and a depth
of 464.24µm were measured in up to 10 levels of depth
(Fig. 1). The MeanIAF was calculated from the mea-
surements in all non-overlapping fields. For the deter-
mination of MaxIAF, a selective sampling strategy was
used by scanning the whole section with the 40× ob-
jective. Segmentation was as often performed as nec-
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Fig. 1. Sampling strategy. Determination of the mean immunoposi-
tive area fraction (MeanIAF) by serial field selection along a central
line from stratum corneum to subcutis. Two fields on both sides of
the central line with a width of 632.6µm and a depth of 464.2µm
were measured in each level of depth.

essary to find the field with the maximum immunore-
activity.

The following image analysis procedure based on
methods developed by Smolle [23] and Ruifrok [19]
was applied in every field:

1. Additive shading correction.
2. Dual translation of the true colour image to 8-bit

grey scale: one in the inverted red channel of the
red-green-blue colour space (Rinv) and the other
in the saturation channel of the hue-saturation-
intensity colour space (S).

3. Linear combination of Rinv and S according to:

GVres= (GVrinv + GVs)× 0.5

with GVrinv and GVs representing the grey val-
ues in the two translated grey scale pictures, re-
spectively, and GVres representing the resulting
grey value of a given pixel.

4. Segmentation of the immunopositive particles
in the resulting grey scale picture (Res) by au-
tomated thresholding; a module for automated
thresholding is implemented in the software, uses
t-test statistics and is based on the method of
Otsu [17].

5. Automatic calculation of the immunopositive
area fraction (MeanIAF or MaxIAF) by the soft-
ware.

6. Automatic calculation of a set of grey value pa-
rameters with arbitrary units (0–255) for charac-
terization of the resulting grey scale picture.

For the determination of Mean- and of MaxIAF re-
spectively, we developed two sets of macros to stan-
dardize the whole measurement process including: cal-
ibration of microscope and camera; presets of image
and data handling; determination of the middle of the
biopsy; image analysis in every field following steps
1 to 6 as listed above; generation of a table of results
and storage of this table together with the original true
colour images of all measured fields in a data bank.

Mainly for quality control purposes, the following
two grey scale parameters, that were calculated auto-
matically by the software, were further evaluated in
addition: total mean grey value (MGROI) and mean
grey value of the immunopositive particles that were
detected by segmentation (MGIP). For the evalua-
tion of the total area sampling, the following val-
ues were calculated out of the field measurements:
mean immunopositive area fraction (MeanIAF), to-
tal mean grey value (MGROI) and mean grey value
of the immunopositive particles (MGIP). Similarly,
the following parameters were measured for the as-
sessment of the focal maximum immunoreactivity in
high power field (HPF): Immunopositive area frac-
tion (MaxIAF), total mean grey value (MaxMGROI)
and mean grey value of the immunopositive particles
(MaxMGIP).

2.4. Evaluation of the method

Specificity and accuracy of the segmentation in the
resulting grey scale picture (Res) of every field were
controlled by visual comparison with the immuno-
staining in the original true colour image. This proce-
dure was included in the macro routines and was facil-
itated by the dual monitor system, that gives the oppor-
tunity to inspect both pictures simultaneously (Fig. 2).
Including 51 cases and positive controls in addition,
image analysis was performed and evaluated for speci-
ficity and accuracy on 6576 fields with the 20× ob-
jective and on 2340 high power fields in 520 sections
altogether.

Reproducibility of the results was evaluated by the
following experiments using sections of the positive
controls:

(1) Repeated measurements of the same immuno-
stained section on different days (REPIMAGE). To
look for the variability of sampling within the section
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Fig. 2. Specificity and accuracy of the segmentation. Two examples with original true colour pictures showing red immunostained particles
(A and C) and the result of cell-independent segmentation in the grey scale picture after colour translation, linear combination and automated
thresholding marked by red overlay colour (B and D). Note that unwanted detection of faint background staining (x in A) and brown endogeneous
melanin pigment (↑ in C) could be avoided.

and of image analysis, 6 immunostained sections (2×
EG1, 2× EG2, 1× MBP and 1× EPO) were repeat-
edly measured. Each section was analyzed 10 times
with the routine for the assessment of the total area (pa-
rameter MGROI, MGIP and MeanIAF) and 10 times
with the routine for the evaluation of focal maximum
immunoreactivity (parameter MaxMGROI, MaxMGIP
and MaxIAF, see Section 2.3).

(2) Interobserver variability. Pairwise independent
measurements of the same immunostained section
were performed by two of the authors (K.F. and P.K.)
with the routine for the assessment of the total area
(parameter MGROI, MGIP and MeanIAF).

(3) Measurements of sequential sections of the same
biopsy stained with the same antibody on different oc-
casions (VARTOTAL). For each antibody, one biopsy
was selected, and sequential sections were cut. Im-

munostaining followed by image analysis of 3 sections
(one for each antibody) was performed about once per
week within a period of 16 weeks in total to look for
the total variation of the mean grey values MGROI
and MGIP and the mean immunopositive area frac-
tion IAF during a longer period of time. As multi-
ple sections out of one biopsy were evaluated, the re-
sults of this experiment are influenced by sampling
within the biopsy in addition to sampling within the
section (compare REPIMAGE-experiment). Immunos-
taining and image analysis contribute to the variabil-
ity of the results, but each showed different effects on
the measured parameters in pre-experiments. Mean to-
tal grey value (MGROI) is likely to be least of all in-
fluenced by sampling, and intensity of immunostain-
ing has minor effects, if the immunostained area frac-
tion is small. Thus, variation of MGROI can be espe-
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cially considered as a parameter for the overall per-
formance and stability of the image analytic system
and of background staining. In contrast, mean grey
value of the immunopositive particles (MGIP) may de-
pend to some degree on sampling, but is mostly influ-
enced by the intensity of immunostaining and, in ad-
dition, e.g., by threshold setting. Mean immunopos-
itive area fraction (MeanIAF) was found to be most
of all influenced by sampling due to inhomogeneous
distribution of the immunostained particles within tis-
sue.

3. Results

3.1. Specificity, accuracy and ergonomics

As shown in Fig. 2, a very accurate correspon-
dence between the immunostained particles in the true
colour pictures (Fig. 2(A, C)) and the particles detected
by image analysis (red overlay in Fig. 2(B, D) was
achieved. In 520 sections of inflammatory skin dis-
eases that were evaluated so far, the automatic segmen-
tation was found to be specific by visual comparison
between immunostaining and the result of segmenta-
tion in 8916 fields (6576 fields with the 20× objec-
tive and 2340 high power fields). Especially unwanted
detection of unspecific, but to some degree unavoid-
able background staining was not seen (Fig. 2(A, B)).
In addition, undesirable segmentation of brown endo-
geneous pigment (mostly melanin, sometimes siderin)
could be nearly completely avoided (Fig. 2(C, D)).
Only a few heavily pigmented melanin or dust parti-
cles sometimes had to be interactively. This correction
step was routinely included in the two sequences of
macros and was the only interactive one in the image
analytic procedure. Concerning ergonomics, the whole
image analytic process for one field than 10 seconds
on our system, including grabbing, shading correction,
image translations/-combination, automated threshold-
ing, particle detection and generation of the table of re-
sults. More time consuming was the standardized sam-
pling procedure within the section including orienta-
tion of the slice, determination of the starting point and
changing of fields, as well as elimination of artefacts
if necessary and storage in the data bank. However, a
measurement of a whole section with about 14 fields
can be done within 7 minutes by a trained person.

3.2. Reproducibility

3.2.1. Repeated measurements of the same
immunostained section on different days
(REPIMAGE)

120 measurements in total were performed on 6 im-
munostained sections. The results are summarized in
Table 1. Very little variability with CV values far be-
low 1% was found in these repeated measurements for
the mean grey values of the total area (MGROI) and of
the field with the maximum immunoreactivity (Max-
MGROI). As these parameters are least influenced by
sampling, this speaks in favour of a good overall per-
formance and stability of the image analytic system.
Moreover, the variability of the mean grey values of
the immunopositive particles (MGIP; MaxMGIP) and
of the area fraction parameters (MeanIAF; MaxIAF)
was very acceptable as well (CV6 5%).

3.2.2. Interobserver variability
On 12 sections, three for each of the four antibodies

(EG1, EG2, MBP and EPO), pairwise measurements in
72 fields in total were independently performed by two
observers. The results concerning the mean grey value
of the total area (MGROI) and of the immunopositive
particles (MGIP) as well as the mean immunopositive
area fraction (MeanIAF) are shown in Table 2. It can be
seen that the deviation of the two measurements from
the mean is small and below 5% for all measurements
and parameters. As in the REPIMAGE experiment, the
smallest variation was found for MGROI, this parame-
ter appears to be nearly free of observer bias. Regard-
ing MGIP and MeanIAF, the differences between the
observers are slightly greater, but the concordance is
still very satisfactory.

3.2.3. Measurements of sequential sections of the
same biopsy on different occasions
(VARTOTAL)

44 sequential sections out of 3 different biopsies
were immunostained with the antibodies EG1 (n =
15), EG2 (n = 15) or MBP (n = 14) and eval-
uated within a 16-weeks period by image analysis
(554 fields). As can be seen in Fig. 3, the variability
of the mean grey values of the total area (MGROI)
was very low for immunostaining with each of the
three antibodies and not exceeding CV values of 2.1%.
More, but overall very acceptable variability regard-
ing a 16 weeks period was found for the mean grey
values of the immunopositive particles (MGIP) with
CVs of about 6% (Fig. 3). Most variation was found
for the immunopositive area fraction (IAF) in this as-
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Table 1

REPIMAGE: Repeated measurements of the same immunostained section of different days

Antibody Total area High power field

(n = 60) with maximum immunoreactivity

(n = 60)

MGROI MGIP MeanIAF MaxMGROI MaxMGIP MaxIAF

Mean± SD Mean± SD Mean± SD Mean± SD Mean± SD Mean± SD

CV CV CV CV CV CV

EG1-I 68.04± 0.27 160.83± 5.84 0.52± 0.01 72.21± 0.29 127.57± 1.87 2.63± 0.08

0.4% 3.6% 2.0% 0.4% 1.5% 3.1%

EG1-II 71.98± 0.13 154.45± 1.67 1.54± 0.02 75.29± 0.31 118.99± 1.46 4.25± 0.16

0.2% 1.1% 1.5% 0.4% 1.2% 3.7%

EG2-I 69.63± 0.12 175.19± 2.58 1.13± 0.01 74.93± 0.56 123.20± 2.56 4.91± 0.19

0.2% 1.5% 0.9% 0.8% 2.1% 3.9%

EG2-II 71.78± 0.44 171.29± 5.76 1.81± 0.07 75.52± 0.42 120.18± 1.58 5.34± 0.22

0.6% 3.4% 3.9% 0.6% 1.3% 4.1%

MBP 70.11± 0.34 144.78± 4.45 0.69± 0.03 74.40± 0.31 113.62± 1.39 3.05± 0.13

0.5% 3.1% 5.0% 0.4% 1.2% 4.2%

EPO 67.38± 0.07 149.32± 1.64 0.11± 0.005 68.37± 0.12 131.10± 1.80 0.69± 0.01

0.1% 1.1% 4.5% 0.2% 1.4% 2.0%

MGROI: mean grey value of the field(s) [arbitrary units, 0–255].

MGIP: mean grey value of all immunopositive particles [arbitrary units, 0–255].

IAF: immunopositive area fraction in the field(s) [%]. CV= coefficient of variation= SD/Mean∗ 100 [%].

Table 2

Interobserver variability

Antibody MGROI MGIP MeanIAF

Observer 1 Observer 2 Deviation Observer 1 Observer 2 Deviation Observer 1 Observer 2 Deviation

from mean from mean from mean

EG1-I 74.91 75.09 0.1% 115.82 116.89 0.5% 3.51 3.67 2.2%

EG1-II 73.27 73.09 0.1% 121.36 122.86 0.6% 3.63 3.53 1.4%

EG1-III 73.69 73.31 0.3% 120.66 121.78 0.5% 3.77 3.64 1.8%

EG2-I 65.83 65.52 0.2% 164.91 155.49 2.9% 0.31 0.29 3.8%

EG2-II 65.62 65.46 0.1% 176.23 166.81 2.7% 0.43 0.42 1.5%

EG2-III 65.55 65.39 0.1% 170.76 162.36 2.5% 0.35 0.34 1.7%

MBP-I 68.13 67.94 0.1% 129.17 124.37 1.9% 0.21 0.22 1.8%

MBP-II 67.41 67.16 0.2% 134.77 130.06 1.8% 0.34 0.35 1.3%

MBP-III 65.33 65.21 0.1% 147.90 140.41 2.6% 0.20 0.21 2.5%

EPO-I 65.76 65.48 0.2% 138.11 134.32 1.4% 0.12 0.11 4.3%

EPO-II 66.54 66.18 0.3% 155.77 144.20 3.9% 0.25 0.24 2.2%

EPO-III 67.40 67.02 0.3% 138.40 135.09 1.2% 0.35 0.34 2.0%

MGROI: mean grey value of the field(s) [arbitrary units, 0–255].

MeanIAF: mean immunopositive area fraction in the field(s) [%].

MGIP: mean grey value of all immunopositive particles [arbitrary units, 0–255].

say of multiple sequential sections (Fig. 4). For a
biopsy with rather large content of eosinophilic gran-
ule proteins (biopsy immunostained with EG1), this
was less remarkable with a CV of about 8%, and
by calculation of a running mean (RM) very accept-

able variation could be achieved (mean CV of RM
in all measurements 2.7%, see Fig. 4; maximum CV
of RM in any of the measurements 2.8%, data not
shown). However, in the two biopsies with rather low
total content of eosinophilic granule protein, immunos-
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Fig. 3. VARTOTAL-MG: Mean grey values (MG) in 44 sequential
sections immunostained with the antibodies EG1 (n = 15), EG2
(n = 15) or MBP (n = 14) within a 16-week period. (MGIP: MG of
the immunopositive particles; MGROI: MG of the total area. Values
in the legend: Mean of all measurements± SD, CV= coefficient of
variation).

tained with EG2 and MBP, more relative variation
of IAF was seen. (CV-EG2: 39.4%; CV-MBP: 32%.
Mean/maximum CV of RM for EG2: 9.1%/10.7% and
for MBP: 14.8%/14.2%, respectively; see Fig. 4.) This
is not astonishing if the very low absolute values are
taken into account (MeanIAF-EG2 0.33%, MeanIAF-
MBP 0.34%). Moreover, as could be assessed by ad-
ditional visual comparison of the sequential sections,
this variation was mainly due to inhomogeneous distri-
bution of the overall small amount of granule proteins
between the sections.

4. Discussion

Extracellular tissue deposition of reactive oxygen
species and eosinophilic granule proteins (EGPs) is the
most important local effector function of eosinophilic
granulocytes [7,13,24]. However, a quantitative mor-
phometric approach for the cell-independent assess-
ment of EGPs in situ is lacking to date. Even re-
cent assays using image analysis for cell counting of
eosinophils [3,9,18] do no consider that eosinophils
are no longer identifiable in tissue after complete
activation and degranulation, with the consequence

Fig. 4. VARTOTAL-IAF: Mean immunopositive area fraction
(MeanIAF) in 44 sequential sections immunostained with the anti-
bodies EG1 (n = 15), EG2 (n = 15) or MBP (n = 14) within a
16-weeks period. (Values in the legend: Mean of all measurements
± SD; CV= coefficient of variation; RM= running mean.)

that eosinophil involvement in inflammation cannot
be judged by the number of intact eosinophils. This
has been clearly shown by immunofluorescence stud-
ies, especially of inflammatory skin diseases [14,15].
However, these immunofluorescence studies are semi-
quantitative at best, scoring visual analogue grades,
that are a complex composition of intensity and dis-
tribution of immunofluorescence [6]. Ordinal scales of
that kind are likely to be less reproducible and objec-
tive than quantitative morphometry [2,25] and proba-
bly as a consequence, results of such immunofluores-
cence studies have not been published by many differ-
ent groups.

Quantitative immunohistochemistry using image
analysis is increasingly applied in pathology, e.g., for
the assessment of tumour cell proliferation or the es-
timation of hormone receptor expression in oncol-
ogy [4]. Most publications concerning the quantita-
tive evaluation of immunostaining have found good
correlation with biochemical results, where careful
standardization of the assays was performed, e.g., in
molecular markers of breast cancer [5]. Moreover,
in contrast to biochemical analyses or immunoassays
for the determination of ECP [26], quantitative im-
munohistochemistry allows studying the local organi-
zation of inflammation and their regulation, even in
small samples of tissue. This is a prerequisite for pat-
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tern analysis, which represents the basis for derma-
tohistopathological analysis of inflammatory skin dis-
eases [1]. Thus, we intended to develop a method for
the cell-independent quantification and localization of
eosinophilic granule proteins based on automated im-
age analysis of highly sensitive immunostaining, that
gives more evidence for the involvement of eosinophils
in inflammation than cell counting, is more repro-
ducible and objective than immunofluorescence and al-
lows one, in contrast, e.g., to biochemical assays and
flow cytometry to analyse the local organization and
regulation of inflammation in skin and other tissues.

Many different methods have been applied for the
immunohistochemical quantification of cellular prop-
erties based on nuclear, cytoplasmatic or membra-
nous staining, mainly intending to quantify the im-
munolabelled area fraction and/or the staining intensity
by densitometry [11]. However, applications for the
cell-independent evaluation of immunostaining, pos-
sibly suitable for the quantification of eosinophilic
granule proteins are rare. Most interesting was the
method successfully used by Furness et al. [10] for the
semi-automatic quantification of macrophages in re-
nal biopsies. Similar to this strategy, we selected the
immunopositive area fraction (IAF) as main parame-
ter for the assessment of EGP-deposition. The mean as
well as the focal maximum IAF were assessed in two
different routines. Concerning MeanIAF, the spatial
relationships of immunostaining are also of interest.
Consequently, we chose the device of serial field selec-
tion (see Fig. 1), which gives a cross-sectional repre-
sentation of the immunostaining distribution within the
section for sampling [22]. The main problem concern-
ing the specificity of segmentation was unwanted de-
tection of brown endogeneous pigment in skin (mostly
melanin, sometimes siderin). Thus, we found the use
of bright red newfuchsin instead of diamino benzi-
dine (DAB), which is the usually applied chromogen
in image analysis, to be a prerequisite for success-
ful discrimination between endogeneous pigment and
specific immunostaining. Counterstaining, an issue not
fully resolved in image analysis [11], is not neces-
sary for this cell-independent assay and could be omit-
ted. Using the analySIS 3.0 pro software, various at-
tempts were made to perform segmentation by inter-
active thresholding in true colour pictures of the red-
green-blue (RGB), as well as in the hue-saturation-
intensity (HSI) colour space. However, though it was
perfectly possible to perform specific segmentation of
the bright red immunostaining avoiding unwanted de-
tection of brown endogeneous pigments, the repro-

ducibility was not acceptable. This was mainly due to
bias of interactive thresholding, a well-known prob-
lem in image analysis [12,16,20]. Especially the occur-
rence of poorly outlined particles and fading of colour
at the edges of particles resulted in considerable differ-
ences in interactive threshold setting. The use of fixed
external thresholds may be a possible solution for this
problem [27], but automatic thresholding is the best
way to avoid observer bias [21]. Automatic threshold-
ing, based on the method of Otsu [17], is implemented
in the analySIS 3.0 pro software and is also available in
the widely used public domain image processing pro-
gram NIH-Image for the Macintosh workstation. How-
ever, it is only suitable for grey scale pictures. Conse-
quently, we adapted the methods of Ruifrok [19] and
Smolle [23] for our setting by translation of the true
colour pictures to grey scale in two different chan-
nels, followed by linear combination and finally au-
tomated thresholding in the resulting grey scale pic-
ture. Out of different approaches, the combination of
the inverted red channel of RGB and the saturation
channels of HSI was found to be best and highly spe-
cific in automatically discriminating between red im-
munostaining on the one hand and unwanted back-
ground as well as brown endogeneous pigment on the
other hand (Fig. 2). By visual comparison between im-
munostaining and the result of segmentation, the auto-
matic segmentation was found to be specific in nearly
9000 fields with low and high content of EGPs that
were have measured so far.

The reproducibility of the method was evaluated in
three different experiments. The first was done to look
mostly for variation caused by sampling within the sec-
tion and image analysis (REPIMAGE). In addition, we
examined interobserver variation in a series of pair-
wise measurements, and the most comprehensive ex-
periment (VARTOTAL) was performed to look for sta-
bility of the measurements within 16 weeks. Signifi-
cant variations of immunostaining and image analysis
are most likely to appear in practice during this rather
long of time period. However, as this latter experiment
was performed on sequential sections, the variations in
these results may not only be caused by the measure-
ment method, but in addition by a possible inhomoge-
neous distribution of granule protein deposition within
the biopsy. Immunopositive area fraction was used
as main target parameter for the evaluation of EGP-
deposition. Measurements of optical density were not
performed for this purpose. Densitometric evaluation
of immunohistochemical staining on slides is possible,
but there are many problems concerning standardiza-
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tion, e.g., the requirement of corrective factors for sec-
tion thickness to assure comparability [16]. Instead, we
used two different, simple grey value parameters, the
mean grey value of the total field area (MGROI) and
the mean grey value of the immunopositive particles
(MGIP) for quality control purposes. In all three ex-
periments very low variation was found for MGROI
(Tables 1, 2, Fig. 3). Concerning MGIP, the variation
was similarly acceptable in repeated measurements of
the same immunostained section (CV< 5%) and con-
cerning interobserver variability (Tables 1 and 2). This
speaks in favour of a good overall performance and sta-
bility of the automatic image analytic system includ-
ing thresholding. Similarly, acceptable stability was
found for the immunopositive area fraction (IAF) in the
REPIMAGE experiment (CV6 5%; Table 1) as well
as concerning interobserver variation (Table 2). Dif-
ferences between the observers regarding MGIP and
MeanIAF (Table 2) are most likely due to minor dif-
ferences in sampling and elimination of dust particles
or endogeneous pigment – the only interactive steps
in the routine. Taken together, the sampling strategy
within the section as well as the total image analytic
process appear to be standardized and precise enough
to get highly reproducible results throughout repeated
measurements.

In the most comprehensive experiment VARTOTAL,
the variation of MGROI was found to be very low
again (maximum CV 2.1%, Fig. 3). This speaks in
favour of a good standardization of the staining pro-
cedure, especially concerning unwanted background
staining, as well as a good overall performance and sta-
bility of the image analytic system over a longer time
period. The mean grey value of the immunostained
particles (MGIP) mostly reflects the intensity of im-
munostaining, even if this parameter is also influenced
by image analysis, especially thresholding. Variation
of MGIP was acceptable regarding the long observa-
tion period of this experiment (CV for MGIP about 6%
over 16 weeks, Fig. 3). In contrast to the mean grey
value parameters, the mean immunopositive area frac-
tion (IAF) was found to show more variation in this
VARTOTAL-experiment, especially in biopsies with
low total amount of granule protein deposition (Fig. 4).
As could be assessed by additional visual comparison
of the sequential sections, this higher variation was
mainly due to inhomogeneous distribution of the small
amount of total granule proteins between the sections.

In conclusion, a good accuracy, reproducibility and
reliability, even over a long observation period of 16
weeks, could be achieved for the total assay includ-

ing immunostaining and image analysis. However, in-
homogeneous distribution of eosinophilic granule pro-
teins within tissue has to be taken into account con-
cerning the evaluation of the immunopositive area frac-
tion (IAF), especially in cases with low total amount of
protein. As a consequence, sampling within the biop-
sies and within the sections has to be performed care-
fully. However, to be able to detect such distributional
variation is an advantage of quantitative immunohisto-
chemistry in contrast, e.g., to biochemical assays [5],
since it allows evaluating local mechanisms of regu-
lation, e.g., in inflammation, even in small samples of
tissue.

Standardized and detailed protocols for sampling,
immunostaining and image analysis, as far as possible
using automated devices including automated thresh-
olding were found to be crucial. Under these condi-
tions, image analysis of immunostaining using colour
translation, linear combination and automated thresh-
olding was found to be suitable for the specific detec-
tion and quantification of eosinophilic granule proteins
in skin biopsies.

The assay may be suitable for the cell-independent
evaluation of immunostaining in other applications as
well.
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