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ABSTRACT: Airway pathology is increasingly considered to be a major outcome
in asthma research. The aim of this study was to examine the intra-observer, with-
in-section and between-biopsy repeatability, together with the implications for sta-
tistical power of a computerized quantitative analysis of inflammatory cell numbers
in the lamina propria in bronchial biopsy specimens from atopic asthmatic subjects.

Thirty six atopic adults (aged 19–40 yrs) with mild to moderate asthma (base-
line forced expiratory volume in one second (FEV1) ≥50% of predicted value,
methacholine (PC20) range 0.02–18.2 mg·mL-1) at various levels of treatment (25
subjects on inhaled steroids) entered the study. Biopsies were taken from the (sub)seg-
mental carinae of the right lower and middle lobe and from the main carina.
Specimens were snap-frozen and immunohistochemical staining was performed on
cryostat sections with monoclonal antibodies against: (secreted) eosinophil cation-
ic protein (EG1, EG2), mast cell tryptase (AA1), CD45, CD22, CD4, CD8, CD25,
and CD45RO. Using a computerized system, the number of positively stained cells
in the lamina propria was counted.

When considering all cell types together, satisfactory intraclass correlation coef-
ficients (ICC) values were obtained for intra-observer, within-section and between-
biopsy repeatability, being 0.90, 0.80 and 0.81, respectively. The analysis of repeatability
for individual cell types revealed ICC values ranging 0.47–0.82 for intra-observer,
0.44–0.76 for within-section and 0.37–0.67 for between-biopsy repeatability. The
results imply that a sample-size between eight and 25 subjects is needed to detect
at least one doubling difference in cell number per 0.1 mm2 for a particular inflam-
matory cell type in a study, using a within-group design with α=0.05 and power
of 0.80. A sample-size of 13–48 subjects per group is required to detect the same
difference between the groups in a parallel design.
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Asthma is considered a chronic inflammatory disor-
der of the airways, characterized by a specific infiltrate
of mast cells, eosinophils and lymphocytes in the air-
way epithelium, and lamina propria [1]. The relation-
ship of inflammatory cells in the airways to specific
clinical patterns, prognosis or response to treatment has
not yet been clarified [2–4].

During the last few years, fibreoptic bronchoscopy
has become widely available as a research tool for stud-
ies on the pathology of asthma. The inflammatory cell
infiltrate in bronchial biopsy specimens of patients with
asthma is generally assessed within the lamina propria
and/or the bronchial epithelium by a computerized method
and expressed as cell number per unit area [5]. How-
ever, infiltration of inflammatory cells can be a focal phen-
omenon, which is difficult to quantify [6], occasionally
requiring semi-quantitative scoring methods [6, 7].

There is only sparse information on the variability of
inflammatory cell numbers between biopsies of differ-
ent sites and within-sections [8]. Such data would have
implications for the statistical power of intervention stud-
ies with outcome measures obtained from biopsy spec-
imens. In particular, studies with a parallel group design

might require relatively large sample-sizes as compared
to studies with a within-group design [9].

Therefore, the aim of this study was to examine the
intra-observer, within-section and between-biopsy repeata-
bility of measurement of the cellular infiltrate in biop-
sy specimens taken at (sub)segmental and central sites
during one single bronchoscopy from atopic asthmatic
subjects who enrolled in a long-term parallel trial. To
that end, we determined the number of inflammatory
cells per unit area in the lamina propria in biopsy spec-
imens by a quantitative video assisted computerized
method. Finally, the statistical power in parallel and with-
in-group study designs were calculated.

Methods

Subjects

Thirty six atopic adults visiting the outpatient clinic
of the Leiden University Hospital for their asthma who
enrolled in a long-term parallel trial (Asthma Manage-
ment Project University of Leiden (AMPUL)) partici-
pated in this study. They were all nonsmokers and covered
a wide range in asthma severity (table 1). All patients
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Table 1.  –  Patient characteristics

Patient Age Sex Steroid β2-agonists FEV1 Reversibility PEF variability PC20,meth
No. yrs usage puffs·week-1 % pred % pred % mg·mL-1

1 21 M Yes 14 51 38 18.0 0.45
2 23 M Yes 17 64 22 27.0 0.76
3 26 F Yes 5 66 17 15.7 0.27
4 40 M Yes 18 68 19 12.8 5.70
5 25 M No 0 68 22 21.5 0.02
6 33 M Yes 13 82 23 26.6 0.68
7 43 F No 3 82 8 4.5 1.72
8 40 M Yes 0 82 4 13.3 0.82
9 20 M Yes 2 82 15 5.7 0.11

10 23 M No 0 84 37 11.9 0.07
11 21 M Yes 0 86 1 6.3 0.43
12 22 M Yes 4 87 3 5.1 18.17
13 19 M No 5 87 11 2.4 0.68
14 21 M Yes 0 88 16 3.4 3.42
15 26 M No 0 90 8 6.3 0.36
16 20 M No 20 90 11 2.4 1.01
17 26 M Yes 0 91 19 2.1 2.01
18 21 M No 3 92 0 9.3 0.70
19 19 M Yes 0 92 8 6.3 0.26
20 29 M Yes 14 93 8 4.9 0.63
21 19 F No 0 93 7 5.4 1.03
22 26 M Yes 50 96 10 9.2 0.28
23 35 F Yes 2 96 17 9.7 0.38
24 24 M No 2 96 18 6.0 0.21
25 25 F Yes 2 97 5 2.6 3.86
26 19 F No 1 97 17 1.7 0.38
27 22 M Yes 14 98 8 7.0 0.46
28 32 F Yes 1 99 16 7.1 0.22
29 41 F Yes 0 99 4 6.0 1.63
30 34 F Yes 28 101 5 10.7 0.32
31 16 F No 1 102 15 3.3 0.04
32 45 F Yes 3 107 8 15.8 0.49
33 32 F Yes 5 110 0 5.0 7.61
34 26 F Yes 1 111 5 9.1 0.27
35 36 M Yes 6 113 6 8.8 3.16
36 26 M Yes 14 120 1 8.4 0.68

Mean 27.2 6.9 90.6 12.0 8.9 0.61
SD 7.8 10.3 14.5 9.2 6.4 1.99

Peak expiratory flow (PEF) variability is expressed as (highest value - lowest)/highest. Provocative concentration of methacholine
causing a 20% fall in FEV1 (PC20,.meth) is expressed as the geometric mean and SD, in doubling doses. FEV1: forced expiratory
volume in one second; % pred: percentage of predicted value; M: male; F: female.

had a history of episodic chest tightness and wheezing
on the chest in the previous year and were at various
levels of treatment (25 subjects on inhaled steroids).
Symptom severity, bronchodilator usage and peak flow
rates were recorded on diary cards [10]. Atopy, pre-
bronchodilator forced expiratory volume in one second
(FEV1) (>50% of predicted [11] and >1.5 L), post-bron-
chodilator FEV1 (400 µg salbutamol; >80% pred) and
the provocative concentration of methacholine causing
a 20% fall in FEV1 (PC20,meth geometric mean 0.61
mg·mL-1) were assessed according to recently published
methods [12]. Symptoms were additionally controlled
by on demand usage of short-acting beta-agonists that
were withheld for at least 8 h before the challenge test.
All subjects gave their informed consent, and the study
was approved by the local Ethics Committee.

Bronchoscopy

Fibreoptic bronchoscopy was carried out by an expe-
rienced investigator (LNAW), using a standardized pro-

tocol, according to recent recommendations [13, 14].
Each procedure involved detailed explanation, premed-
ication, local anaesthesia, bronchoscopy, and sampling
according to a recently published protocol [10]. Three
bronchial biopsies were taken at (sub)segmental level
from right lower lobe subsegments, the middle lobe and
the main carina using a pair of cup forceps (FB-21C;
Olympus, Tokyo, Japan).

Processing of endobronchial biopsies

Biopsy samples were immediately embedded in opti-
mal cutting temperature (OCT) medium (Miles Inc.
Diagnostics Division, Elkhart, USA), and snap-frozen
in isopentane cooled by dry ice. Samples were stored
at -70° C pending further processing. Six micrometre
cryostat sections were air dried for 1 h, and fixed in a
mixture of equal parts acetone:methanol for 2 min. Be-
sides haematoxylin-eosin, immunohistochemical stain-
ing was performed using an indirect immunoperoxidase
technique with the following monoclonal antibodies ag-
ainst: eosinophils staining for eosinophil cationic protein



(EG1) or the secreted form of eosinophil cationic pro-
tein (EG2) (both Pharmacia, Sweden); mast cell tryptase
(AA1, donated by R. Djukanovic, Southampton University
General Hospital, Southampton, UK); total leucocytes
(CD45); B-cells (CD22); T-lymphocytes (CD3); T-helper
cells (CD4); T-suppressor cells (CD8); activated T-cells
(CD25) (all Becton Dickinson, Mountain View, CA,
USA); and T-cells CD45RO (UCHL1) (DAKO, Glostrup,
Denmark). In short, the sections were incubated with
monoclonal antibodies at a dilution of 1:40 in 1%
bovine serum albumin (BSA)/phosphate buffered saline
(PBS) at 4°C for 1 h. After washing with PBS (3 × 5
min), the slides were incubated with rabbit-α-mouse-
peroxidase (rabbit antimouse (RAM)-horseradish per-
oxidase (HRP) 1:50 in 1% BSA/PBS + 20% normal
human serum; DAKO) for 30 min. The slides were
again washed and incubated with swine-α-rabbit-per-
oxidase (swine antirabbit (SWAR)-HRP 1:50 in 1%
BSA/PBS + 10% normal human serum (NHS); DAKO)
for another 30 min. After washing, the slides were rinsed
in acetate buffer 0.1 M (pH 5.0). The reaction was
revealed (7 min) using 5% 3-amino-9-erthylcarbazole
(AEC) in acetate buffer. The reaction was stopped with
aqua-dest and counterstained with Mayer-hematoxyline
for 30 s. The slides were then put under tapwater for 5
min, left to dry and mounted with Kaisers glycerine.

Quantification

All biopsy specimens were coded and sections were
examined by one investigator (JKS) in a blinded fash-
ion, by means of a video interactive display analysis
system (VIDAS II, Kontron Electronik GmbH, Munich,
Germany). Using the 200× magnification, the first av-
ailable area fulfilling criteria on well preserved tissue
structure and/or bronchus associated lymphoid tissue
(BALT; confirmed by B-cell (CD22) staining) was cho-
sen to serve as the basis for further computer-aided analy-
sis. Within the area filling the video screen (0.123 mm2)
we delineated the widest possible 125 µm deep zone
beneath the epithelial reticular basement membrane
excluding damaged tissue, mucus-secreting glands and
airway smooth muscle. This resulted in an average an-
alysed area of 35,000 µm2 per video screen (at least
10,000 µm2); two such areas were analysed per biopsy
section. Within the delineated area the number of pos-
itively stained nucleated inflammatory cells was count-
ed and expressed as the number of cells·0.1 mm-2.

Statistical analysis

Repeatability of cell counts was analysed for each
individual cell type separately, and for all cell types
together. Intra-observer repeatability was assessed by
counting the number of inflammatory cells per unit area
1 week apart using the biopsy specimens from the first
19 subjects. The biopsy specimens of the other 17 sub-
jects were used to assess within-section variability by
counting the inflammatory cells on a single occasion in
two different areas within the same biopsy section. The
average values of cells per area at the two occasions in
all subjects were used to assess variability between the
biopsies obtained from different sites in the same patient
(between-biopsy variability).

Although nonparametric analysis is frequently used
in biopsy studies [5, 6], we applied parametric analysis
because sample-size estimation within the nonpara-
metric framework is still under development and the
parametric technique has the advantage of providing a
detectable difference in the unit of measurement. There-
fore, we examined in detail whether the distribution of
the (differences in) cell counts fulfilled the assumptions
underlying parametric analysis. Whether the differences
between counts were proportional to their mean was
checked by linear regression with the absolute value of
the differences in cell number between two occasions
as the dependent variable and their average value as the
independent variable. Because this appeared to be the
case for all cell types, the number of cells·0.1 mm-2 was
log transformed, after addition of 1 to allow for trans-
formation of zero values [15]. The differences in mean
cell numbers between the three biopsy sites were test-
ed by repeated measures analysis of variance (ANOVA).
The intra-observer, within-section and between-biopsy
repeatability was assessed by both the coefficient of
variation [15] and by the intra-class correlation coeffi-
cient (ICC) [16] for the overall assessments of cell
counts as well separately as for the individual cell types.

Sample-size estimations were performed to detect at
least one halving or doubling in cell number for a with-
in-group and a parallel study design with α=0.05 (two-
sided) and β=0.20 (power = 1β = 0.80, one-sided), and
were based on the SD of the differences between the
biopsy specimens as assessed from a repeated measures
ANOVA [17]. Power-curves were constructed for a study
with a parallel group design to detect at least one halv-
ing or doubling in cell number between the study-
groups for sample sizes ranging n = 10–30 per group
(α=0.05, two-sided).

Results

A total of 86 (80%) evaluable biopsy specimens for
light microscopic examination were obtained from the
36 subjects. The geometric mean number (SD) of (sub)pop-
ulations of leucocytes per unit area (cells·0.1 mm-2, SD

in doubling cell numbers) in the lamina propria of biop-
sies at the subsegmental level of the right lower lobe,
segmental level of the middle lobe and central level of
the main carina are shown in table 2. CD25 and CD22

J.K. SONT ET AL.2604

Table 2.  –  Numbers of cells per unit area in lamina
propria at (sub)segmental and central level in 36 atopic
asthmatic subjects

Right lower lobe Middle lobe Main carina 
(n=35) (n=29) (n=28)

Cell type Mean SD Mean SD Mean SD

CD45+ 155 0.9 146 1.0 150 1.0
EG1+ 8.8 1.7 7.5 1.9 7.0 1.6
EG2+ 7.6 1.9 6.0 2.0 6.2 1.8
AA1+ 15 1.1 15 1.1 19 1.1
CD3+ 121 1.1 126 0.9 136 1.1
CD4+ 68 1.1 82 1.1 65 1.3
CD8+ 65 1.0 71 0.9 63 1.1
CD45RO+ 172 0.9 159 1.0 159 1.0

Values are geometric means and standard deviations (doubling
cell numbers), in units of cells·0.1 mm-2.
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Fig. 1.  –  Identity plots of all counts of inflammatory infiltrate in the lamina propria of bronchial biopsy specimens in 36 asthmatic subjects:
a) intra-observer (intraclass correlation coefficient (ICC)=0.90); within-section (ICC=0.80); and c) between-biopsy repeatability (ICC=0.81). The
lines of identity have been drawn. *: CD45; ▲: CD43; ∆: CD8;   : CD4: ▼: CD45RO; ■: EG1;    : EG2; ●: AA1. 
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Table 3.  –  Repeatability of inflammatory cell number per 0.1 mm2 of lamina propria and sample-size estimation

Intra- Within-section Between-biopsy Sample-size
observer

CV ICC CV ICC CV ICC SDD nwithin nbetween
Cell type % % %

All 27 0.90 27 0.80 31 0.81 1.23 14 26

CD45+ 25 0.57 18 0.76 23 0.56 0.94 9 16

EG1+ 25 0.81 42 0.52 40 0.56 1.51 20 38

EG2+ 27 0.82 34 0.65 53 0.56 1.72 25 48

AA1+ 22 0.56 31 0.44 24 0.67 0.82 8 13

CD3+ 20 0.73 23 0.68 28 0.50 1.04 11 19

CD4+ 34 0.69 35 0.53 32 0.40 1.18 13 24

CD8+ 30 0.52 21 0.74 28 0.37 1.04 11 19

CD45RO+ 30 0.47 15 0.75 27 0.55 0.98 10 17

CV: coefficient of variation; ICC: intraclass correlation coefficient [16]; SDD: standard deviation of differences between two biop-
sies in doubling cell numbers; nwithin: total number of subjects needed to detect at least one doubling difference in cell number
in a within-group design with α=0.05 and β=0.20; nbetween:  total number of subjects needed to detect at least one doubling dif-



positive cells were rarely found and were, therefore, not
included in the statistical analysis. Except for an increased
number of mast cells at the main carina as compared to
the more peripheral sites (p=0.01), there were no sig-
nificant differences in cell numbers between the three
localizations for all cell types (Multivariate ANOVA;
p>0.28).

The repeatability data and sample-size estimations are
summarized in table 3. Identity plots for intra-observer,
within-section and between-biopsy repeatability are  dep-
icted in figure 1. When considering all cell types together,
satisfactory ICC values were obtained for intra-observer,
within-section and between-biopsy repeatability, the val-
ues being 0.90, 0.80 and 0.81, respectively. The analysis
of repeatability for individual cell types revealed rela-
tively lower ICC values, ranging 0.47–0.82 for intra-
observer, 0.44–0.76 for within-section and 0.37–0.67 for
between-biopsy repeatability (table 3).

Estimations of sample-sizes that are needed to detect
at least one doubling difference in cell number per 0.1
mm2 for a particular inflammatory cell type are given
in table 3 for a within-group and parallel study design
with α=0.05 and power of 0.80. The number of sub-
jects for a within-group design ranges 8–25 subjects for
AA1 and EG2 positive cells, respectively. For a paral-
lel study design these sample-sizes vary between 13 and
48 subjects per group for AA1 and EG2 positive cells,
respectively.

Figure 2 shows the power curves that were construct-
ed to detect at least a halving or doubling in number of
inflammatory cells per 0.1 mm2 with given standard de-
viations of differences between repeated measurements,
in a parallel group design for sample-sizes ranging
10–30 subjects per study arm. These power curves are
generally applicable for any given standard deviation
of differences expressed in doubling differences (SD of
log transformed data divided by log(2)).

Discussion

In the present study, we observed that quantitative
assessment of inflammatory cells per unit area of lam-

ina propria by a computerized method is reproducible with
respect to both intra-observer, within-section and between-
biopsy repeatability. Based on the observed between-
biopsy repeatability, intervention studies with feasible
sample-sizes will have sufficient power to detect at least
a halving or doubling difference in cell number in with-
in-group (8–25 subjects) as well as parallel group
designs (13–48 subjects per group).

This study aimed to evaluate the methodology of assess-
ment of airway pathology in bronchial biopsies of patients
with asthma and to examine the implications for the
sample-size of within-group and parallel trials. When
considering changes in inflammatory cells with time,
one should ideally obtain cell counts in biopsies from
two repeated bronchoscopies performed without inter-
vention. However, we estimated the repeatability of the
cell counts from two repeated bronchoscopies by analys-
ing distinct areas of bronchial biopsies taken during the
same bronchoscopy, thereby reducing the duration of
the intervention period to zero. We believe this is jus-
tifiable, because in studies with a parallel design it is
appropriate and common to test the difference in the
distribution of inflammatory cell counts between the
two arms at the end of the study. In order to do this, it
is sufficient to know the repeatability at a single time-
point. Valid sample-size estimations for repeated biop-
sies can be obtained from the present analysis when
time-dependent variability is smaller or as large as with-
in-subject variability. Otherwise, our sample-size esti-
mates can serve as lower bound proxies for all other
time-intervals. Furthermore, one has to consider that
sample-size estimations always need fine-tuning for
each individual study. Besides the time-interval, there
may be relevant differences with respect to the patient
selection and methods of measurement, which may
influence the repeatability.

In the present study intra-observer repeatability was
determined by reassessing the same biopsy sections
with an interval of at least 1 week. Within-section repeata-
bility was assessed from two random areas within a sin-
gle biopsy assessed by the same observer on the same
occasion. Other investigators have previously reported

J.K. SONT ET AL.2606

Fig. 2.  –  Power-curves for the detectable difference of inflammatory cell number for: a) power=0.80, β=0.20 one-sided; and b) power=0.90,
β=0.10 one-sided. Curves are presented as doublings on the ordinate, based on the assumption of normality after log-transformation, with their
given standard deviations of differences (SDD) on the abscissa and as shown in table 3. A parallel group design was used (α=0.05, two-sided).
Values printed adjacent to each curve represent the number of patients per group.
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on two or three repeat measurements of inflammatory
cell numbers per area from single biopsy sections in
asthma. Performing a similar analysis of intra-observer
repeatability as in the present study, FRAENKEL et al. [18]
reported an ICC of 0.90 for inflammatory cell counts
in the submucosa of entire sections, omitting glandular
areas. BRADLEY et al. [19] and BENTLEY et al. [20] report-
ed coefficients of variation that ranged 4–11% for repeat
cell counts of CD45, CD3, CD4, CD8, and EG2 posi-
tive cells within a 115 µm deep zone beneath the retic-
ular basement membrane. The intra-observer coefficients
of variation that we observed were higher, ranging 22–
34% for EG1+ and CD4+ cells, respectively. Apparently,
the assessment of intra-observer repeatability, which
includes assessment of distinct areas within a single sec-
tion, demonstrates less repeatable inflammatory cell
counts. However, repeatability based on assessment of
distinct areas seems to be more realistic in sample-size
calculations for within-group or parallel study designs.
This interpretation is supported by the observation that
the values that we obtained for within-section and bet-
ween-biopsy coefficients of variation were within a sim-
ilar range as those for the intra-observer repeatability.
Furthermore, AZZAWI et al. [21] reported a coefficient of
variation of 22.6% for between-biopsy assessments of
CD45+ cells, which is in keeping with our finding of 23%.

Recently, three randomized double-blind placebo
controlled parallel group trials were published in which
the effect of 6 weeks treatment with low-dose oral theo-
phylline [22], 4 months treatment with inhaled corti-
costeroids [6] and 2 weeks treatment with oral prednisone
[23] were evaluated on the inflammatory infiltrate in
bronchial biopsies in patients with mild asthma. Using
the data presented in those studies one can estimate the
between-biopsy repeatability from repeated broncho-
scopies in the placebo groups. From the figures in those
reports it appeared that there was marked between-biop-
sy variability relative to the total variability for EG1,
EG2 and AA1 positive cells, resulting in estimated ICC
values in similar ranges to the present study: i.e. up to
0.84 for EG2+ cells in the study of BENTLEY et al. [23].
Relatively lower values can be obtained from the study
of TRIGG et al. [6]. This may be due to the longer time
interval between repeated bronchoscopies, pointing to
the increase in variability with the duration of the inter-
val. Furthermore, the standard deviation of differences
between two biopsies (expressed as doubling cell num-
bers) that can be obtained from the data presented in
those studies revealed similar values as in the present
study. This suggests that the sample-size estimations
that we reported for EG1, EG2 and AA1 positive cells
are in keeping with those studies. Furthermore, our results
extend those observations to power-calculations with
respect to other inflammatory cell types.

Very recently, a study by RICHMOND et al. [8], aimed
at the quantification of variability, showed that there is
indeed considerable within-subject variation of inflam-
matory cell counts between biopsy sites and with time
in patients with asthma. Reanalysing their between-site
data revealed ICC values of 0.80 when considering all
cell types together, and 0.25–0.80 for the individual cell
types, thereby demonstrating similar repeatability as in
the present study. However, the variability between dif-
ferent bronchoscopies was somewhat greater.

In the present study, we expressed the repeatability
either as coefficient of variation or as ICC. Appropriate
assessment of repeatability assumes both coefficients to
be independent of different mean values [15, 24]. Since
a coefficient of variation is calculated by dividing the
standard deviation by its mean value for each indivi-
dual separately, this assumption is fulfilled when the
variability is proportional to the mean value. Indeed, we
found that the difference between two counts was pos-
itively related to their mean for all of the inflammato-
ry cell types. Furthermore, when looking carefully at
the data of RICHMOND et al. [8], the variability also
increased with increasing mean cell counts. This implies
that there was heteroscedasticity, in other words, that
the variability increased with increasing severity of the
inflammatory cell infiltrate, which is to be avoided for
statistical analysis [9]. In a recent paper, we reported a
relationship between the cellular infiltrate in bronchial
biopsies and the severity of bronchial hyperresponsive-
ness (BHR) [10]. This suggests that the variability of
cell counts was increasing among subjects with mild,
moderate and severe bronchial asthma as defined by
BHR. A log transformation fulfills the assumption of
homoscedasticity of cell counts and, therefore, allows
valid calculation of ICC and statistical testing. Further-
more, a sample-size estimation based on such transfor-
mation seems to be appropriate in subjects with various
degrees of asthma severity.

A log transformation is the only transformation that
allows for a meaningful back-transformation of the
mean and standard deviation [15, 25, 26]. Hence, we
expressed the standard deviations of the differences
between the two log-transformed counts in doubling cell
numbers. The sample-size calculations were based on one
doubling or halving of cell numbers, because a change
from 20 to 10 cells·0.1 mm-2 is likely to be of similar clin-
ical relevance as a change from 10 to 5 cells·0.1 mm-2,
as opposed to a change from 10 to 0 cells·0.1 mm-2. There-
fore, the analysis was performed on log-transformed cell
counts for statistical as well as clinical reasons. We
believe this leads to more appropriate and statistically
more efficient sample size estimations with respect to
intervention studies.

It has been suggested that the value of the intra-class
correlation coefficient for a certain parameter should be
at least 0.6 to be a useful measurement [17]. This was
not fulfilled for each of the variables in the analysis of
intra-observer, within-section and between-biopsy rep-
eatability. This might be due to the selection of a study
group that was very homogeneous with respect to those
variables, which implicitly leads to relatively low between-
subject variation [17, 24]. Therefore, it should be rec-
ognized that an intra-class correlation coefficient has no
absolute meaning [27]. On the other hand, these results
may indicate that for those cell types showing relative-
ly low intra-class correlation coefficients, there is con-
siderable variability between two areas within one biopsy
section, and/or between two biopsy specimens. This illus-
trates that even within the lamina propria the infiltra-
tion of inflammatory cells might indeed be a patchy
focal phenomenon, sometimes in clusters of indefinable
numbers [6]. It can be argued that this stresses the
importance of counting the largest possible area within
a biopsy and/or averaging data obtained from multiple



sections and/or biopsies. Alternatively, this clustering
might provide specific information about the inflamma-
tory process, sometimes requiring a semi-quantitative
scoring method [7]. Such scoring methods seem to pro-
vide satisfactory reproducibility and good agreement with
computerized video interactive quantification of inflam-
matory cells in bronchial biopsies [28]. Obviously, fur-
ther research is needed to optimize the quantification of
the cellular infiltrate, because bronchial biopsy speci-
mens will remain the gold standard for assessing air-
way inflammation in asthma [29].
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