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ABSTRACT: Airway inflammation in asthma consists of variably increased num-
bers of mononuclear and polymorphonuclear cells, and there is a growing body of
evidence to suggest a primary role for lymphocytes and eosinophils in the patho-
genesis of asthma. The aim of this study was to examine the distribution of lym-
phocytes and eosinophils in the bronchial tree of cases of mild and severe asthma.

In cases of fatal asthma (n=10), nonfatal asthma (sudden nonrespiratory death
with a history of asthma n=10), and control cases (sudden death with no history
of respiratory illness, n=10), lymphocytes and eosinophils were counted in trans-
verse sections of large and small airways stained with haematoxylin and eosin.

Cases of fatal asthma had longstanding severe asthma and nonfatal cases gen-
erally had mild asthma. Lymphocytes were increased in all airway size groups
both in fatal and nonfatal cases of asthma compared to control cases (p<0.001).
Eosinophils were increased (p<0.001) in all airway size groups in the cases of fatal
asthma compared to the nonfatal asthma and control groups, which were similar.
These differences between case groups were of similar magnitude, when only a
random single airway section from each case in each size group was examined.
The numbers of lymphocytes correlated with the number of eosinophils in the fatal
asthma group (r=0.60; p<0.0001), and to a lesser extent in the nonfatal (r=0.34;
p=0.001) and control groups (r=0.32; p=0.001).

These findings suggest that increased numbers of lymphocytes are uniformly
distributed in the large and small airways in cases of asthma, independently of
asthma severity, and that eosinophil recruitment may be related to asthma sever-
ity. Hence, biopsy specimens of the proximal airways are likely to be representa-
tive of the cellular infiltrate in large and small airways in mild and severe asthma.
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Increased numbers of polymorphonuclear cells (main-
ly eosinophils) and mononuclear cells (mainly lympho-
cytes) have been identified at autopsy in the airways
of patients dying of asthma [1-3] and in patients with
less severe asthma, by use of bronchoalveolar lavage
(BAL) [4-7] and biopsy of proximal airways [7-15].
Immunohistochemical techniques have identified the
CD4+ subset of T-lymphocytes in the airways of pati-
ents with asthma, and have demonstrated that these lym-
phocytes and eosinophils express markers of functional
activation to a greater extent than those from nonasth-
matic subjects [11, 12, 15, 16].

Little is known about the distribution of inflamma-
tion in the airways of patients with asthma. Postmortem
studies tend to be selective of grossly affected central
airways, fibreoptic biopsy samples only a few proximal
sites, and BAL is nonspecific and will include cells both
from proximal and distal airspaces.

Bronchial biopsy is being used with increasing fre-
quency in clinical studies of asthma. If biopsies are to
be used to relate pathological markers of asthma to
clinical severity or therapeutic efficacy, then the extent
to which proximal bronchial biopsies represent overall

airway inflammation needs to be examined. More speci-
fically, it is not clear whether differences in biopsy site
influence the variability of airway pathology observed
between cases or groups. Several studies have exam-
ined the variation in inflammatory cell numbers between
proximal sites in the bronchial tree, and have found no
differences in cell numbers between sites [12, 14, 17],
but we are not aware of any studies comparing inflam-
matory cell numbers in proximal and distal airways.

In this study, a stratified random sampling method
was used to systematically examine the distribution of
eosinophils and lymphocytes both in central and periph-
eral airways of cases of mild and severe asthma and to
compare them with cases without asthma.

Methods

Cases

The left or right lung of individuals coming to Coro-
ner's autopsy within the metropolitan area of Perth,
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Western Australia, was obtained if the cause of death
was asthma or if death occurred suddenly without chest
trauma or illness (other than asthma). The lungs were
inflated via the main bronchus with 10% buffered for-
malin to an initial pressure of 25 cmH,0. The main
bronchus was then tied and the whole lung immersed
in formalin for at least 48 h. In each case selected, the
Coroner's office sent a letter to the relatives of the de-
ceased informing them of the study and inviting them
to contact the chief investigator by telephone, or to re-
turn an enclosed questionnaire concerning the deceased.

The questionnaire contained questions concerning: any
past illness, asthma, chest illness, wheeze or hay fever;
frequency of wheeze/asthma; medications and their fre-
quency of use; time away from school or work due to
asthma; admissions to hospital due to asthma; and smok-
ing habits. Using the name and age of each subject,
any available hospital records were obtained. In Perth,
the four main teaching hospitals have common hospital
file numbers and the records of any visits to these hospi-
tals (including the emergency department) were exam-
ined to obtain information regarding previous medical
history, especially asthma (or lack of it), medications,
smoking history and lung function testing. Lung func-
tion was recorded as the postbronchodilator forced ex-
pired volume in one second (FEV1) measured most
recently, but remote from the events leading to death.
From hospital or Coroner's files, the deceased's usual
medical practitioner was identified and contacted by
the chief investigators, and invited to complete a ques-
tionnaire regarding the deceased's medical history. This
questionnaire was similar to that sent to relatives but
also enquired about measurements of lung function.

From the information obtained, cases were categori-
zed as: 1) control, no history of asthma, wheeze, use of
asthma medications or other lung disease (n=10); 2)
nonfatal asthma, died suddenly of nonrespiratory caus-
es but subsequently found to have a definite history of
asthma from relatives, usual medical practitioner or
hospital files (n=10) (for this study, cases were classi-
fied as having had asthma if there was a positive ques-
tionnaire response to a history of asthma ever, and where
there was no history of other pulmonary or cardiac dis-
ease); 3) fatal asthma, where asthma was given as the
cause of death at autopsy, where the report of events
prior to death was consistent with asthma, where cardio-
vascular and cerebral causes of death were excluded as
a cause of death, and where a history of asthma (as
above) was obtained from relatives, medical practitio-
ner or hospital files (n=10). Cases were excluded from
the study if details of their medical history could not be
obtained.

Tissue sampling and processing

Following fixation, blocks of all large and small car-
tilaginous airways, which could be cut in transverse sec-
tion and which were free from branching, were obtained
from each case using a stratified random sampling tech-
nique. Membranous airways were sampled by cutting
six 3x2x1 cm parenchymal sections at random from the
midsaggital slice of the lung. All sections were process-
ed through a series of graded alcohols and embedded

in paraffin wax, sectioned (5 pm) and stained with
haematoxylin and eosin. A smaller sample of serial sec-
tions obtained from the same tissue blocks were stained
using the immunoperoxidase technique, with monoclonal
antibodies directed against the leucocyte common anti-
gen (Dako-CD45RB), "primed" T-cells (Dako-CD450,
UCHL1), and B-cells (Dako-L26).

Measurements

Using a light microscope, camera lucida, and digitiz-
ing tablet connected to a mini computer, measurements
were made on airways that were cut in transverse sec-
tion, defined by even thickness of mucosa and submu-
cosa. The internal area (Ai) and perimeter (Pi) defined
by the luminal border of the airway epithelium; the area
(Abm) and perimeter (Pbm) defined by the basement mem-
brane; the area (Am) and perimeter (Pm) defined by the
outer border of the airway smooth muscle; and the total
area (Ao) and perimeter (Po) defined by the adventitial
surface of the airway were measured. Where the airway
was too large to be viewed entirely using a x4 objec-
tive lens on the microscope, the slide was enlarged using
a Nikon Profile Projector (Model 6C; Nippon Kogaku,
Japan) and the image was traced onto transparent plas-
tic sheets for measurement on the digitizing tablet.

Cell counts

Using a light microscope with a calibrated graticule
eyepiece, the total number of eosinophils were count-
ed in contiguous high power fields from the basement
membrane to the outer border of the airway smooth
muscle (i.e. inner wall area) around the entire circum-
ference of the airway. Cells were not counted if they
were in mucous glands or blood vessels and numbers
were expressed as cells per millimetre of the measured
Pbm. Eosinophils were identified using morphological
criteria: cells with prominent granular eosinophilic cyto-
plasm and with two nuclear lobules. Cells with more
than two nuclear lobules were categorized as neutro-
phils. These were observed only occasionally in the air-
way wall.

All lymphocytes were counted in membranous air-
ways, and the cell numbers were expressed per milli-
metre of Pbm. In large and small cartilaginous airways,
the numbers of lymphocytes between the basement mem-
brane and the outer border of the airway smooth mus-
cle were counted in at least eight randomly chosen high
power fields (hpf) using a calibrated graticule eyepiece.
The area of tissue in which lymphocytes were counted
was measured for each hpf and the mean number of
cells per millimetre squared was calculated. Preliminary
work had shown that the cumulative mean cell count
varied by less than 5% after measurement of eight ran-
dom fields. The mean lymphocyte number per milli-
metre squared was then multiplied by the total inner
wall area to calculate the total number of lymphocytes,
and this number was then divided by the Pbm to yield
cells per millimetre Pbm. Cells were identified as lympho-
cytes using morphological criteria: dark, even-staining
small nuclei with scanty cytoplasm. Identification of
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Fig. 1. — a) A high power field of the submucosa from a transverse
cartilaginous airway stained with the T-cell marker, UCHL 1, from
a case of fatal asthma; and b) a contiguous serial section from the
same airway stained with the B-cell marker, L26. Note the intensive
positive staining for T-cells and the relative absence of B-cells. (Scale
bar = 50 pm).

lymphocytes was confirmed with preliminary studies
using the leucocyte common antigen (LCA) monoclo-
nal antibody as a pan leucocyte marker, the UCHLI1
antibody as a "primed" T-cell marker (fig. 1a), and L26
as a specific B-cell marker. Very few B-cells were seen
(fig. 1b).

Additional confirmation using morphological criteria
was obtained by interobserver comparisons with patho-
logists and cytologists experienced in observation of
pulmonary tissue. The inclusion of immature monocytes
in the counts cannot be excluded, although it was clear
that using specific markers, T-cells accounted for the
vast majority of cells meeting our morphological crite-
ria. Aggregates of lymphocytes identified on low power
were not included in the counting.

Data analysis

The distribution of cell counts was normalized by log-
arithmic transformation. For each case, the mean eosi-
nophil and lymphocyte counts per millimetre Pbm were
calculated for arbitrary airway size groups: corresponding
to membranous airways (Pbm <6 mm); small cartilagin-
ous airways (Pbm 6—-16 mm); and large cartilaginous

airways (Pbm >16 mm). These airway size groups cor-
respond to airway diameters of <2, 2-5 and >5 mm,
respectively. The mean cell counts from each case with-
in each size group were combined, and the grand mean
(£sp) for that size group was calculated for case groups.

Comparisons between case groups (control, nonfatal,
fatal) were made using a one-way analysis of variance
(ANOVA). When a significant p-value was found (p<
0.05) a Tukey-Kramer multiple comparison post hoc
test was performed to determine which groups were dif-
ferent. Differences between groups with and without
hay fever/allergies and according to treatment were test-
ed using a Student's unpaired t-test or a Mann-Whitney
U-test, depending on the normality of the distributions
of cell counts. To investigate the degree to which a sin-
gle airway specimen represents the overall distribution
of inflammatory cells throughout the bronchial tree, the
analysis was repeated by selecting at random, from each
case, one airway with a Pbm close to the overall mean
for each size group.

Results

Subjects

There were 10 cases in each group, with similar age
and sex distributions in the fatal and nonfatal asthma
groups. There were more males in the control group
(table 1). All cases of fatal asthma were using inhaled
corticosteroids and bronchodilators, and 70% were using
oral corticosteroids. Seventy percent of the fatal asth-
ma cases had missed work and had previously been
admitted to a hospital because of asthma. Eight of the
nine subjects with a recent value of FEV1 had airflow
obstruction: FEV1 <65% of the predicted value. The
cases of nonfatal asthma in general had mild asthma.
They all used inhaled bronchodilators but only two
were using inhaled corticosteroids, and only half had
ever taken time off work because of asthma. Results of
lung function tests were not available for any of this
group. Causes of death were: cardiac disease (n=3); car-
bon monoxide poisoning (n=2); hanging (n=2); motor
vehicle accidents (n=2); and gunshot wound (n=1). For
control cases, the causes of death were: carbon mon-
oxide poisoning (n=3); hanging (n=2); motor vehicle
accident (n=1); asphyxiation (n=1); coronary heart dis-
ease (n=1); intracranial haemorrhage (n=1); and liver
disease (n=1).

Airway sampling

Each subject had cells counted in at least three large
cartilaginous airways, three small cartilaginous airways,
and at least four membranous airways. The numbers of
airways examined and the distribution of airway sizes
(Pbm) were similar in each case group (table 2).

Lymphocytes

The lymphocyte counts per millimetre Pbm for each
case group in the three airway size groups are shown
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Table 1. — Subject characteristics
Fatal Nonfatal Control
(n=10) (n=10) (n=10)
Age? yrs 41 32 38
(18-64) (18-58) (17-65)
Sex M/F 5/5 6/4 8/2
Duration of asthma yrs 28 15 0
(2-65) (2-28) 0
Treatment %
Oral corticosteroids 70 0 0
Inhaled corticosteroids 100 20 0
Theophylline 90 20 0
Beta-agonist 100 100 0
Hospitalization due to asthma % 70 12 0
Frequency of symptoms %
Daily 90 33 (n=9) 0
Occasional (<1 event-week-!) 10 67 0

#: mean, and range in parenthesis. M: male; F: female.

Table 2. — Basement membrane perimeters (mm) of
airways sampled from three levels of the bronchial tree

Basement membrane perimeter mm

Fatal Nonfatal Control
Large 18.2 (2.2) 18.1 (1.7) 18.1 (1.5)
cartilaginous n=26 n=30 n=24
Small 11.6 (0.8) 11.4 (0.8) 11.1 (0.8)
cartilaginous n=48 n=56 n=43
Membranous 2.7 (0.8) 2.5 (0.7) 2.8 (0.8)
airways n=58 n=60 n=53

Values are presented as mean, and sD in parenthesis.

in figure 2. In large cartilaginous airways (Pbm >16 mm)
the number of lymphocytes in control cases (meantsp)
was 108161 cells-mm-! Pbm, which was significantly low-
er than in cases of fatal asthma (259+167 cells-mm-!
Pbm; p<0.05), but not significantly different from cases
of nonfatal asthma (224+113 cells-mm-! Pbm; p=0.056).
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Fig. 2. — Lymphocyte numbers-mm-! Pbm in cases of fatal asthma

(B8 ), nonfatal asthma (" ), and control cases ([J ) in membra-
nous airways (<6 mm), small cartilaginous airways (6—16 mm), and
large cartilaginous airways (>16 mm). Values are presented as meantsp.
Pbm: basement membrane perimeter. *: p<0.05, compared to control
cases.

In small cartilaginous airways (Pbm=6—16 mm), the num-
ber of lymphocytes in control cases (62+38 cells-mm-!
Pbm) was significantly lower than in cases of fatal
asthma (178140 cells:mm-! Pbm; p<0.05) and nonfatal
asthma (182+112 cells:mm-! Pbm; p<0.05). In membra-
nous airways (Pbm <6 mm), the number of lymphocy-
tes in control cases was 73 cellss-mm-! Pbm, which was
significantly lower than cases of nonfatal asthma (15+8
cellssmm! Pbm; p<0.05) but not significantly different
from cases of fatal asthma (13%5 cells-mm-! Pbm; p=
0.058). It can be seen that lymphocyte numbers per mil-
limetre Pbm increased with increasing airway size. The
same trend was seen if lymphocyte numbers were cor-
rected for airway wall area, i.e. lymphocyte density
increased with airway size.

Using only one airway per size group from each case,
the lymphocyte counts showed a similar relationship
between case groups (fig. 3) as that seen when all air-
ways were included. In large cartilaginous airways, the
number of lymphocytes was 110140 cells-mm-! Pbm in
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Fig. 3. — Lymphocyte numbers-mm-! Pbm from a single airway in

cases of fatal asthma (=3 ), nonfatal asthma (FA ), and control cases
([J) in membranous airways (<6 mm), small cartilaginous airways
(6-16 mm), and large cartilaginous airways (>16 mm). Values are
presented as meantsp. Pbm: basement membrane perimeter. *: p<0.05,
compared to control cases.
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control cases, 2561210 cells-mm-! Pbm in cases of fa-
tal asthma (p=0.059, compared to controls) and 206+
112 cells:mm-! Pbm in nonfatal asthma cases (p=0.061,
compared to controls). In small cartilaginous airways,
the number of lymphocytes was 58+62 cells-mm-! Pbm
in control cases, 2724212 cells-mm-! Pbm in cases of
fatal asthma (p<0.05, compared to controls) and 182491
cells\mm-! Pbm in nonfatal asthma cases (p<0.05, compa-
red to control). In membranous airways, the number of
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Fig. 4. — Lymphocyte numbers:-mm-! Pbm in large cartilaginous,

small cartilaginous and membranous airways in: a) fatal; b) nonfatal;
and c) control cases. Open circles represent the cell count from one
airway. Numbers 1-10 represent individual cases. Pbm: basement
membrane perimeter.

lymphocytes was 5+2 cells-mm! Pbm in control cases,
1448 cells'mm-! Pbm in cases of nonfatal asthma (p<
0.05, compared to control cases), and 105 cells-mm-!
Pbm in cases of fatal asthma (p=0.058, compared to con-
trol cases).

Figure 4 shows the distribution of lymphocyte counts
between cases in each group. There was a seven fold
variation in the range of mean lymphocyte counts be-
tween cases of fatal asthma, eight fold variation in non-
fatal cases, and a three fold variation in control cases.
Although there was a great deal of overlap, 60% of non-
fatal and fatal cases had more than one airway with
more than 300 lymphocytes per millimetre Pbm, whilst
only 10% of control cases had more than one airway
with more than 300 lymphocytes per millimetre Pbm.

Eosinophils

Eosinophils per millimetre Pbm for each case group
in the three airway size groups are shown in figure 5.
In large cartilaginous airways, the number of eosino-
phils in control cases was 1.5£0.5 cells:mm-! Pbm, in
cases of nonfatal asthma 1.840.4 cellssmm-! Pbm, and
in cases of fatal asthma 1111 cells-mm-! Pbm (p<0.05,
compared to control and nonfatal asthma cases). In
small cartilaginous airways, the number of eosinophils
in control cases was 1.8+0.5 cells-mm-! Pbm, in cases
of nonfatal asthma 2.140.7 cells-mm-! Pbm, and in cases
of fatal asthma 11£12 cellss-mm-! Pbm (p<0.05, compa-
red to control and nonfatal asthma cases). In membran-
ous airways, the number of eosinophils in control cases
was 1.8+0.7 cells-mm-! Pbm, in cases of nonfatal asthma
1.5+0.4 cellssmm-! Pbm, and in cases of fatal asthma
3.0£1.5 cellssmm-! Pbm (p<0.05, compared to control
and nonfatal asthma cases).

Using only one airway per size group from each
case, the eosinophil counts showed a similar relation-
ship between case groups (fig. 6) as that seen when
all airways were included. In large cartilaginous air-
ways, the number of eosinophils in control cases was
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Fig. 5. — Eosinophil numbers-mm-! Pbm in cases of fatal asthma

(E=# ), nonfatal asthma ([ ), and control cases ([J ) in membran-
ous airways (<6 mm), small cartilaginous airways (6—16 mm), and
large cartilaginous airways (>16 mm). Values are presented as meanzsp.
Pbm: basement membrane perimeter. *: p<0.05, compared to control
cases.
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([J) in membranous airways (<6 mm), small cartilaginous airways
(6-16 mm), and large cartilaginous airways (>16 mm). Values are
presented as meantsp. Pbm: basement membrane perimeter. *: p<0.05,
compared to control cases.

0.740.6 cells-mm-! Pbm, in cases of fatal asthma 7.6+7.3
cellss-mm-! Pbm (p<0.05, compared to controls), and in non-
fatal asthma cases 1.00.5 cells-mm-! Pbm. In small car-
tilaginous airways, the number of eosinophils in control
cases was 0.720.4 cells-mm-! Pbm, in cases of fatal asth-
ma 7.618.0 cellssmm-! Pbm (p<0.05 compared to con-
trols) and in nonfatal asthma cases 1.1£0.8 cells-mm-!
Pom. In membranous airways, the number of eosinophils
in control cases was 0.2+0.2 cells-mm-! Pbm, in cases
of nonfatal asthma 0.2+0.2 cells-mm-! Pbm, and in cases
of fatal asthma 0.410.4 cells-mm-! Pbm. Eosinophil counts
and density (cells per area) were greater in cartilaginous
airways compared to membranous airways in fatal cases,
but were not related to airway size in control and non-
fatal cases, when all airways were included in the analy-
sis.

Figure 7 shows the variability of eosinophil counts bet-
ween cases in each group. There was a 23 fold variation
in the range of mean eosinophil counts in cases of fatal
asthma, nine fold variation in nonfatal cases, and an 11
fold variation in control cases. Only 20% of nonfatal
cases had any airways (1 each) with >5 eosinophils-mm-!
Pbm, compared to 100% of fatal cases. No control cases
had any airways with >5 eosinophils-mm-! Pbm, the hig-
hest being 3.8 eosinophils-mm-! Pbm.

The number of lymphocytes correlated more closely
with the number of eosinophils in the fatal asthma cases
(r=0.60; p<0.0001) than in the nonfatal asthma cases
(r=0.34; p=0.001) or control cases (r=0.32; p=0.001)
(fig. 8). There was no significant difference in eosino-
phil or lymphocyte numbers between cases with or
without a history of allergy or hay fever, or in relation
to treatment.

Discussion
In this study, increased numbers of lymphocytes were

found in cases both of fatal and nonfatal asthma, and in-
creased numbers of eosinophils in cases of fatal asthma,
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Fig. 7. — Eosinophil numbers-mm-! Pbm in large cartilaginous, small
cartilaginous and membranous airways in: a) fatal; b) nonfatal; and
¢) control cases. Open circles represent the cell count from one air-
way. Numbers 1-10 represent individual cases. Pbm: basement mem-
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compared to control cases. The variability of eosinophil
numbers was greater than for lymphocytes both within
and between cases. Numbers of eosinophils were related
to the numbers of lymphocytes. Differences between case
groups were similar in large and small airways, and
when only single sections from each case in each air-
way size group were examined. These findings suggest
that asthma is best characterized by increased numbers
of lymphocytes which are evenly distributed throughout



298 N. CARROLL ET AL.

2_
— u "
> ] [
é)/
£ 4
18 .
€ ]
£ n ] '.
2 1.04 - mn "
8 A A = mE .l - .
w | |
= ]
g 0.57 ) IO Re 4 AA OA& AA A
8 | | - ..A A
wm %O.mﬁog% st
0- ooo o — ék% OROMA o

0 05 10 15 20 25 30 35
Lymphocytes cells:-mm™! Pom (log)
Fig. 8. — Lymphocyte numbers-mm! Pbm (log) versus eosinophil
numbers-mm-! Pbm (log) in all airways from cases of fatal asthma
(m), nonfatal asthma cases (A ), and control cases (O). Pbm: basement
membrane perimeter.

the bronchial tree, and that other factors may influence
eosinophil numbers. The results indicate that bronchial
biopsies of the proximal bronchial tree will reliably char-
acterize the pattern of inflammation in the airways of
different cases. Comparisons of airway samples need to
allow for the possible effects of airway size on the ab-
solute number of cells present.

In terms of treatment requirements, frequency of symp-
toms, and time away from work or school due to asth-
ma, the nonfatal cases of asthma could be considered
as mild and the fatal cases of asthma as severe. There-
fore, the differences observed between these case groups
may only be related to severity rather than to factors
related to death from asthma. Studies of cases of severe
nonfatal asthma are needed to resolve these issues. In
this study, we found no correlation between inflam-
matory cell numbers and the presence of allergy/hay
fever or between inflammatory cell numbers and the use
of medications for asthma. This finding may be due to
the small number of cases with complete histories re-
garding details of treatment, or because information
regarding the presence or absence of atopy defined by
positive skin-prick tests or measurements of serum im-
munoglobulin (IgE) were not always available.

Defined morphological criteria were used to identify
eosinophils and lymphocytes in airway tissue stained
with haematoxylin and eosin, and findings were com-
pared to those of experienced cytologists. The intra- and
interobserver error for cell counts on these tissues has
been shown to be less than 10% [18]. This method for
quantifying cell numbers may lead to an underestima-
tion of cell numbers if their morphology is disrupted
due to postmortem effects (e.g. autolysis), cell activa-
tion (e.g. degranulation), or if the cell structure is alter-
ed due to histological processing. Since these sources
of variability are likely to be similar in all the cases that
we observed, it is unlikely that the differences in cell
counts between the groups in this study would be arte-
factual.

A number of previous studies have shown increased
numbers of lymphocytes in the airways of cases of fatal

asthma [1-3, 19, 20], and in cases of mild asthma using
BAL and bronchial biopsy [11-13, 15, 17]. The lympho-
cytes are essentially all T-cells, and show increased acti-
vation compared to controls [11-13, 15]. In the present
study, we have demonstrated that lymphocyte numbers
are increased both in cartilaginous and membranous
airways although cell counts increase with airway size.
Interestingly, lymphocyte numbers were similar in the
fatal and nonfatal asthma groups, despite their clear
differences in severity. This is consistent with the hypo-
thesis that in asthmatic inflammation, the lymphocyte
is the principal regulating inflammatory cell, which may
determine the more variable concentrations of effector
cells, such as eosinophils.

The initiating stimulus for persistent airway inflam-
mation in asthma is not known. Possibilities include the
persistent interaction between a sensitized host and en-
vironmental stimuli interacting at the interface of the
conducting airways. The bronchial tree is richly supp-
lied with a systemic circulation and the epithelium con-
tains a rich network of immune surveillance cells [21].
Alternatively, altered host antigen (e.g. airway epithe-
lial cells) might be a source of chronic inflammatory
stimulus. The present study suggests a reasonably uni-
form distribution of lymphocytic inflammatory cell in-
filtration in large and small airways. This suggests a
widespread uniform deposition of an exogenous stimu-
lus, amplification or accumulation of focal areas of in-
flammation, or a widespread altered host antigen. The
variable numbers of eosinophils may, on the other hand,
represent a more transient response to intermittent exoge-
nous stimuli. CooksoN et al. [22] have shown that falls
in peripheral eosinophil counts parallel the late asthma-
tic response following allergen inhalation. WARDLAW ef
al. [5] found increased numbers of eosinophils in BAL
from 11 atopic asthmatics but not in the accompanying
bronchial biopsies from the same patients [17], and it
was suggested that this may be because eosinophils
detected in the airway lumen by BAL might gain access
from a site distal to that which can be sampled by bron-
choscopy. This would not explain the present results,
however, since all our samples were in the bronchial
wall, where the eosinophils present are presumably de-
rived from the local bronchial circulation. It is unlikely
that eosinophils migrate from the lumen into the bron-
chial wall.

In the present study, eosinophil counts were increased
in all airway sizes in fatal cases of asthma, although
their variability was greater than for lymphocytes. Nume-
rous studies have described increased eosinophil num-
bers in cases of fatal asthma [1-3, 19, 20, 23-25]. In
the nonfatal cases, we found that eosinophil densities
were no different from control cases. This observation
has been made previously [8, 17], but is at odds with
numerous biopsy and BAL studies [4-7, 9—15, 17, 26].
These differences may be due to a number of factors,
including differences in the severity and treatment of
asthma in the sample population, differences in stain-
ing procedures, and differences in atopic status in the
cases examined. Patients with asthma who become symp-
tomatic following steroid withdrawal have increased
numbers of eosinophils [27]; LAURSEN et al. [28] were
unable to find any eosinophils in bronchial biopsies ob-
tained from 10 steroid-dependent asthmatics undergoing
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long-term treatment with high daily doses of inhaled
budesonide. In the present study, cases of nonfatal ast-
hma were included if there was a history of asthma
ever in their medical records, and there was no infor-
mation as to whether they were symptomatic or not at
the time of death. As in the present study, previous stud-
ies [8, 17] that did not show a difference between
eosinophil numbers in mild asthmatics and nonasth-
matics did not use the EG2 monoclonal antibody, a
marker of eosinophil activation, to enumerate eosino-
phils. Once activated, eosinophils may degranulate and
lose their usual morphological structure, thus making
them difficult to identify in tissue stained with haema-
toxylin and eosin. Eosinophil activation has been demon-
strated in milder cases of asthma [12, 15, 29] using the
EG2 monoclonal antibody, which recognizes the cleav-
ed form of eosinophilic cationic protein. Therefore, eosi-
nophil numbers may have been underestimated in the
present study. Bronchial biopsy studies [29-31] have
shown increased numbers of submucosal eosinophils in
atopic non-asthmatics compared to nonatopic nonasth-
matics, and LAITINEN et al. [14] found that the presence
or absence of atopy correlated with the number of
eosinophils in the epithelium, but not in the lamina pro-
pria, of subjects with mild asthma. In the present study,
since it was not possible to fully characterize atopic sta-
tus in all of the cases of asthma or in any of the con-
trol cases, atopy cannot be excluded as a confounder of
these results.

In the present study, we have shown that, although
more variable than lymphocytes, eosinophil numbers
were related to severity of, or death from asthma, and
differences between groups were similar in large and
small airways. In cases of fatal asthma, the numbers of
eosinophils were more closely related to the number of
lymphocytes than in the nonfatal asthma and control
cases. Numerous studies [3, 12, 15, 16, 19, 20, 24, 32—
34] have shown increased numbers both of lymphocy-
tes and eosinophils in asthmatic airways, although not
over the range of asthma severity and airway sizes samp-
led in this study. It has been suggested that cell/ endothe-
lial adhesion mechanisms and chemoattractant cytokines
[35-38] may provide a common pathway of extravasa-
tion for lymphocytes and eosinophils at sites of inflam-
mation. It is possible that the increased numbers of
eosinophils in the cases of fatal asthma is due to fac-
tors related not only to severity but also to a final episode
of asthma. Sur et al. [20] have shown that cell profiles
in the airway wall may be temporally related to a fatal
attack of asthma, and we have recently confirmed these
findings [39]. In both studies, neutrophils were observ-
ed in much smaller numbers than lymphocytes and eosi-
nophils in cases of fatal asthma, and may be important
in the pathogenesis of a fatal attack of asthma.

We found that the density of lymphocytes and, to a
lesser extent, eosinophils increased with airway size,
and that the pattern of distribution of cell density was
similar between case groups even when single airway
sections were chosen at random for comparison. This
suggests that if a bronchial wall biopsy is representa-
tive of the inflammatory infiltrate within an airway, then
biopsy of proximal airways will be representative of the
inflammatory process throughout the bronchial tree in
cases of asthma. The present study also confirms that

the site of airway inflammation both in mild and severe
asthma is in the large and small conducting airways.
We have previously shown that altered airway struc-
ture, including thickening of the airway wall, is present
both in the large and small airways in severe (fatal)
cases of asthma, but only in the small airways of mild
cases [40]. The relationship between airway inflamma-
tion and structural change is of interest in asthma. Long-
standing asthma is related to fixed airway narrowing
[41], and the rapidity of death from an attack of asth-
ma is related not only to inflammatory cell profiles but
also to the size of mucous glands [39]. It is assumed
that chronic airway inflammation results in structural
change. The results of the present study suggest that
airway inflammation, characterized by lymphocytic in-
filtration, is quite uniform in asthma compared to the
variation seen in structure [40]. The factors which deter-
mine increased airway eosinophils and marked struc-
tural change, and therefore "severity" in asthma, need
to be determined.
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