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Background: The effective management and development of new treatments for children with difficult
asthma requires investigation of the underlying airway pathology and its relationships with persistent
symptoms and airflow limitation.
Methods: The density of immunologically distinct inflammatory cells and cells expressing interleukin (IL)-4,
IL-5, and RANTES was determined in paraffin-embedded endobronchial biopsy specimens from 27
children with difficult asthma (6–16 years) following treatment with systemic corticosteroids. Eleven nonasthmatic children (7–16 years) acted as controls. Reticular basement membrane (RBM) thickness was also
recorded and forced expiratory volume in 1 second (FEV1) and exhaled nitric oxide (FENO) measured, the
latter in asthmatic children only.
Results: RBM thickness was greater in the asthmatic than the control group (median (range) 7.4 (3.1–11.1)
v 5.1 (3.5–7.5) mm, p = 0.02). No other significant tissue difference was seen, nor was there a difference
between asthmatic subjects with daily symptoms after systemic corticosteroids and those who became
asymptomatic. CD4+ T lymphocyte density was higher in asthmatic subjects with persistent airflow
limitation (post-bronchodilator FEV1,80% predicted) than in those without (9.1 (5.5–13.6) v 3.5 (0.6–
34.9)%, p = 0.027). Analysing all asthmatic subjects together, there were negative correlations between
CD4+ T lymphocytes and both pre-bronchodilator FEV1 (r = 20.57 (95% CI 20.79 to 20.23), p = 0.002)
and post-bronchodilator FEV1 (r = 20.61 (95% CI 20.81 to 20.29), p,0.001). There were no
significant correlations between FENO and inflammatory cells of any type.
Conclusion: In children with difficult asthma treated with systemic corticosteroids, persistent airflow
limitation is associated with a greater density of CD4+ T lymphocytes in endobronchial biopsy specimens.

hildren with difficult asthma experience continuing
symptoms despite maximal conventional treatment.1
Their lives are severely disrupted with frequent hospital
visits, school absence, and limitation of normal activities.
Persistent airflow limitation is present in a proportion of
these patients.2 Although they probably account for less than
5% of all children with asthma, their contribution to
morbidity and use of health service resources is disproportionately large.
The management of this group of children is complex, with
little evidence to guide the choice of further treatment for
those who remain symptomatic even after the use of regular
systemic corticosteroids. A number of other treatments have
been tried, including cyclosporin, methotrexate, and intravenous immunoglobulin.1 However, there is no guarantee of
success with any of these, and all have the potential to cause
serious adverse effects. The development of effective treatment for children with difficult asthma requires investigation
of the underlying immunopathology in order to understand
better the relationships with lung function and symptoms, to
optimise the use of current treatments, and to identify
potential targets for new treatments.
A case series of six children with oral corticosteroid
dependent asthma reported thickening of the reticular
basement membrane (RBM) and minimal cellular inflammation in endobronchial biopsy specimens, with normal lung
function in the majority of cases.3 de Blic and colleagues
examined the airway pathology in a group of asthmatic
children with persistent airflow limitation (forced expiratory
volume in 1 second (FEV1) ,80% predicted) despite high
dose inhaled corticosteroids and long acting b2 agonist.4
Greater numbers of intraepithelial eosinophils and neutrophils were seen in endobronchial biopsy specimens from the
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subgroup with persistent symptoms than in those with few
symptoms. No differences were reported between the
subgroups with respect to subepithelial inflammatory cells.4
Our group has also reported the absence of a relationship
between subepithelial eosinophilia and symptoms in a group
of children with difficult asthma following treatment with
oral prednisolone.5 RBM thickening is a consistent finding in
all studies of difficult asthma in children.3 4 6 Levels of
interleukin (IL)-4, IL-5, and interferon-c have been reported
in bronchoalveolar lavage fluid,4 but there are no quantitative
data regarding cytokine expression in endobronchial biopsy
specimens. There are few data concerning the possible
relationships between inflammatory cells and lung function
in this group.
The paucity of published data reflects the challenging
nature of this area of research. Invasive procedures such as
endobronchial biopsy cannot be performed in children for
research purposes alone.7 Opportunities must therefore be
taken to obtain samples for research at a time of a clinically
indicated procedure. Unlike studies involving adults, ethical
constraints also limit the capacity to perform intervention
studies using biopsy performed before and after treatment,
and make it difficult to obtain data from healthy controls.8
Non-invasive markers of airway inflammation such as
exhaled nitric oxide (FENO)9 are much more suitable for
longitudinal and intervention studies, thus emphasising the
need to maximise the opportunities to compare invasive and
non-invasive techniques.
Abbreviations: FENO, exhaled nitric oxide; FEV1, forced expiratory
volume in 1 second; PAL, persistent airflow limitation; RBM, reticular
basement membrane
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Airway inflammation in children with difficult asthma:
relationships with airflow limitation and persistent symptoms

Airway inflammation in children with difficult asthma

METHODS
Subjects
Thirty six children with difficult asthma were studied
(table 1). Asthma was diagnosed according to American
Thoracic Society criteria.10 Difficult asthma was defined as
‘‘symptoms requiring rescue bronchodilator on at least
3 days/week, despite treatment with >1600 mg/day inhaled
budesonide or equivalent, and regular long acting b2 agonist
(or a previous unsuccessful trial of long acting b2 agonist)
and/or regular prednisolone’’.5 Subjects underwent bronchoscopy and endobronchial biopsy as part of their clinical
assessment.11 Thirty two patients received additional treatment with systemic corticosteroids (2 weeks oral prednisolone 40 mg/day (n = 30) or oral dexamethasone 6 mg/day
(n = 1), or a single intramuscular injection of triamcinolone
80 mg (n = 1)) before bronchoscopy. Four patients already
on high dose maintenance systemic corticosteroids (prednisolone 40 mg/day (n = 2), intramuscular triamcinolone
80 mg monthly (n = 2)) underwent bronchoscopy with no
further increase in treatment. Before bronchoscopy all
patients recorded the number of symptom free days for
2 weeks and then performed spirometric tests12 followed by
measurement of FENO, as previously described.13 Serum
prednisolone and cortisol levels were measured in those
prescribed prednisolone. Adherence was considered satisfactory if there was detectable prednisolone, with cortisol levels
,100 nM.13
Endobronchial biopsy was performed in 11 non-asthmatic
children undergoing bronchoscopy for other clinical indications (table 2). Details of 16 asthmatic children and nine
controls have previously been reported.5 6 Reference data for
FENO (reported previously) were obtained from 55 nonasthmatic children.13
The hospital ethics committee approved the study and the
parents of the subjects gave written informed consent.
Clinical definitions

N
N
N

Daily symptoms: use of rescue bronchodilator on each of
the last 7 days before bronchoscopy.
Asymptomatic: use of rescue bronchodilator on (1 out of
the last 7 days before bronchoscopy.
Persistent airflow limitation: post-bronchodilator FEV1
,80% predicted (in the presence of an FEV 1 /FVC
ratio of ,0.8) following high dose systemic corticosteroids (14 days of oral prednisolone (40 mg/day) or

Table 1 Clinical characteristics of children with difficult
asthma (n = 36)
Male/female
Age (years)
FEV1 (% predicted)
Post-bronchodilator FEV1 (% predicted)
Atopic
Family history of atopy
Parental smoking
Age of first symptoms (years)
Admissions in the previous 12 months
Ever intubated
Treatment:
Inhaled corticosteroids
Budesonide (mg/day) (n = 13)
Fluticasone (mg/day) (n = 23)
Long acting b2 agonist
Regular systemic steroids
Other treatments (current or previous use)
Montelukast
Theophylline
Antihistamines
Cyclosporin
Intravenous immunoglobulin
Subcutaneous terbutaline
Methotrexate

23/13
13 (6–16)
77 (37–103)
85 (47–110)
34*
31
14
1 (1–11)
1.5 (0–10)
5

2.0 (0.8–4.0)`
1.0 (1.0–4.0)
33
121
23
10
16
1
2
2
1

Data are presented as median (range) or as absolute numbers (out of
36).
*Defined as one or more positive radioallergosorbent tests (RASTs).
Smoking based on reported history. No objective measurements such as
urinary cotinine were performed.
`Includes one patient prescribed both budesonide 800 mg/day and oral
prednisolone 5 mg/day.
1Oral prednisolone (n = 10); intramuscular triamcinolone (n = 2).

dexamethasone (6 mg/day) or a single dose of intramuscular triamcinolone (80 mg)).14
Bronchoscopy and biopsy
Bronchoscopy was performed under general aneasthesia as
previously described.11 Biopsy specimens were taken from the
right lower lobe subcarinae, fixed in 4% paraformaldehyde,
and embedded in paraffin wax. Sections (5 mm) were stained
with haematoxylin and eosin to assess morphology. Suitable
biopsies were selected for performance of immunostaining
and in situ hybridisation (ISH) procedures on further
sections. Neutrophils and eosinophils were identified using
the EnVision-alkaline phosphatase (EV-AP) technique
(K4017, DAKO Ltd, Cambridge, UK), and CD4+ and CD8+
T cells were identified using the EnVision peroxidase staining
method (DAKO Ltd), as previously described.15 Monoclonal
antibodies were applied which had been raised from mouse
against human intracellular epitopes neutrophil elastase
(NE) (DAKO, Ely, UK M0725) for neutrophils, human
eosinophilic cationic protein and eosinophil protein X
(EG2) (Pharmacia & Upjohn Diagnostics AB, Uppsala,
Sweden) for eosinophils, and against membrane associated
epitopes CD4+/CD45RO+ (OPD4) (DAKO, Ely, UK M0834)
for CD4+ T cells and CD8 (DAKO, Ely, UK M7103) for CD8+ T
cells. The preparation of cRNA probes for IL-4, IL-5 and
RANTES and the technique of non-isotopic ISH were
performed as described previously.16
Quantification
Sections were coded and counted in random order by a single
observer who was unaware of their origin. Immunostaining
and ISH were assessed by the validated stereological
technique of point counting17 using light microscopy (at
6400 magnification) fitted with an eyepiece graticule
containing 100 equidistant points (Pyser-SGI, Kent, UK).
All evaluable areas of submucosa below the RBM were
analysed. For CD4, CD8, IL-4, IL-5 and RANTES, points
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The aim of this study was therefore to describe the nature
of the inflammatory cell infiltrate in endobronchial biopsy
specimens from children with difficult asthma, following
treatment with systemic corticosteroids, in order to obtain
preliminary data to inform future studies and generate
hypotheses. We analysed endobronchial biopsies from
children with difficult asthma and a ‘‘control’’ group of
non-asthmatic children being investigated for respiratory
problems other than asthma. Our specific objectives included:
(1) measurement of the relative cell densities of subepithelial
eosinophils, neutrophils, CD4+ and CD8+ T cells and cells
expressing mRNA for IL-4, IL-5 and ‘‘regulated on activation,
normal T cells expressed and secreted’’ (RANTES), as well as
measurement of RBM thickness; (2) comparison of these
parameters between the asthmatic and ‘‘control’’ groups; (3)
within the group of asthmatic subjects overall, comparison
between those with daily symptoms and those with few
symptoms, and between those with and without persistent
airflow limitation following systemic corticosteroids; (4)
determination of the associations between FENO and inflammatory cells and IL-4, IL-5, and RANTES gene expression.
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Table 2 Clinical characteristics of the non-asthmatic control group (n = 11)
M/F

9

M

FEV1 (%)
72

Indication

Previous treatment

Outcome

Haemoptysis

Antibiotics

105
69
104

Haemoptysis
Suspected tracheomalacia*
Chronic cough*

F
F

86
78

7

F



16
11
15
10

F
F
F
M

Haemoptysis
Recurrent lower respiratory
tract infections*
Persistent left upper lobe
collapse; cause unknown*
Chronic cough
Chronic cough
Suspected tracheomalacia
Recurrent productive cough

None
Bronchodilators, inhaled steroids
Antibiotics, bronchodilators,
inhaled steroids
None
Antibiotics, bronchodilators,
inhaled steroids
Antibiotics, bronchodilators,
inhaled steroids
Antibiotics
Antibiotics
None
Antibiotics

No bleeding point found; Staph aureus in
BAL fluid
No cause found; symptoms resolved
Diagnosis confirmed
No cause found; symptoms resolved

12
10
8

F
F
M

10
10

108
81
85
76

No cause found; symptoms resolved
No cause found
Subsequent left upper lobectomy
Subsequent diagnosis of GOR
Tracheobronchomalacia diagnosed
Diagnosis confirmed
Staph aureus and Haemophilus influenzae on
BAL. Treated with antibiotics and omeprazole

BAL, bronchoalveolar lavage; GOR, gastro-oesophageal reflux.
*Prescribed inhaled corticosteroids in the month before bronchoscopy.
Unable to perform spirometric tests.

overlying positively staining cells were counted as positive
and those overlying other areas of submucosa counted as
negative. For both EG2 and NE, points overlying any area of
positive staining, whether intracellular or extracellular (that
is, stored secretory or secreted protein), were counted as
positive.5 Points overlying muscle, blood vessels, gland and
undefinable spaces were excluded. For all cell types, one
section from each biopsy was counted for each subject.
Sections were considered suitable if the different components
of epithelium, RBM, and subepithelium could be easily
distinguished. A minimum of 200 points (equivalent to two
high power fields) per subject was counted for the data to be
included in the final statistical analysis.17 For each individual,

the volume density for the parameter of interest was
calculated as the sum of all positive points in the sections
analysed for that subject, divided by the total number of
points counted and multiplied by 100 to express the result as
a percentage.17 RBM thickness was measured on haematoxylin and eosin stained sections, as described previously.6

Repeatability and variability
Intraobserver repeatability for each parameter was assessed
by counting the same section four times on four different
days, expressed as the % coefficient of variation (CV).
Within-biopsy variability was assessed by examining three
sections, at least 25 mm apart, from the same biopsy,

(A) Eosinophils (EG2)
20

(B) Neutrophils (NE)
30

NS

NS

10

%

%

20
10
0

40

Asthma

0

Controls

(C) CD4+ T lymphocytes

75

NS

(D) CD8+ T lymphocytes
NS

50

20

25

10
0

Controls

%

%

30

Asthma

Asthma

Controls

0

Asthma

Controls

Figure 1 Inflammatory cell density (%) in asthmatic and control groups. Closed symbols indicate satisfactory adherence, open symbols indicate
adherence unknown.
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Statistical analysis
The distribution of the data was examined and nonparametric tests applied as appropriate. Comparison between
two groups was made using Mann-Whitney testing.
Comparisons between more than two groups were made
using the Kruskal-Wallis test, followed by Mann-Whitney
testing if a significant difference was found. Bonferroni
correction was used for multiple comparisons. Proportions
were compared using the x2 test with Yates’ correction.18
Spearman rank correlation was used to look for associations.
A p value of ,0.05 was considered statistically significant.
Power calculations from an earlier study, based on data
approximating to a normal distribution, suggested that a
sample size of 11 per group would be needed to detect a mean
difference in RBM thickness of 2.25 mm at the two sided 5%
significance level with 90% power.6 Sample size calculations
based on inflammatory cell data were not possible given the
absence of previous data using these techniques in this
patient group.

10

RESULTS
Bronchoscopy with biopsy was generally well tolerated, with
no instances of bronchospasm, pneumothorax or significant
bleeding. Significant complications occurred in three asthmatics (desaturation in one requiring administration of
muscle relaxant; one child vomited during induction of
anaesthesia with no evidence of aspiration and required
emergency intubation for the duration of the procedure; and
laryngospasm occurred in one child). At least one endobronchial biopsy specimen was obtained from all asthmatic and
control subjects. Following processing and quantification of
sections, suitable data for analysis of inflammatory cell
density were obtained from 27 asthmatics and 11 control
subjects with respiratory disease. Not all parameters could be
assessed in each subject.

RBM (µm)

15

NS

Asthma

Controls

Figure 3 Reticular basement membrane (RBM) thickness (mm) in
asthmatic and control groups. Closed symbols indicate satisfactory
adherence, open symbols indicate adherence unknown.

any of the inflammatory cell types. For ISH, suitable data for
analysis of IL-4 and IL-5 was obtained from 24 asthmatics
and six controls. There was no difference between groups for
the density of either IL-4 or IL-5 mRNA+ cells (fig 2).
RANTES expression was assessed in only 12 asthmatics (and
no controls) in whom suitable sections were available after
completion of all other analyses (table 3). RBM thickness was
greater in asthmatics than in controls, supporting a diagnosis
of asthma in the group (fig 3). Satisfactory FENO measurements were obtained in 33 asthmatics. FENO was higher in
the asthmatic children than the previously published
reference range (median (range) 7.4 (1.3–30) v 5.0 (2.5–
22.7) ppb, p,0.01).13 The standard deviation of the density of
each of the inflammatory cells studied was as follows:
eosinophils 4.2, neutrophils 3.0, CD4+ T lymphocytes 6.9, and
CD8+ve T lymphocytes 8.0.

Table 3 Endobronchial biopsy data in asthmatic subjects
and controls

Eosinophils (%)
Neutrophils (%)
CD4+ (%)
CD8+ (%)
IL-4 expression (%)
IL-5 expression (%)
RANTES expression (%)
RBM (mm)

Asthmatic subjects v controls
The data for inflammatory cell density (%) and RBM
thickness in the asthmatic subjects and controls are shown
in table 3 and figs 1–3. The data were not normally
distributed. There was no difference between the groups for

(A) IL-4+

5

0

Repeatability and variability
The %CV for intraobserver repeatability for the different
parameters ranged from 5.4% to 8.3%. For inflammatory
cells, within-biopsy variability ranged from 19% to 49% and
between-biopsy variability from 38% to 170%.

10

p=0.02

Asthma

Controls

1.6
3.0
5.2
7.8
2.3
2.5
0.8
7.4

0.8 (0–7.1)
4.0 (0.5–21.4)
7.3 (0.6–30.6)
7.6 (2.7–61.5)
2.8 (1.1–3.2)
3.2 (0.7–5.0)
Not done
5.1 (3.5–7.5)*

(0–16.9)
(0.1–14.1)
(0.6–34.9)
(1.4–28.9)
(0.1–9.6)
(0.3–13.1)
(0–6.2)
(3.1–11.1)

IL, interleukin; RBM, reticular basement membrane.
Data are expressed as median (range). All values are expressed as
volume density (%) apart from RBM thickness (mm).
*p = 0.02.

15

(B) IL-5+
NS

5

%

%

10
5
0

Asthma

Controls

0

Asthma

Controls

Figure 2 IL-4 and IL-5 positive cells in the asthmatic and control groups. Closed symbols indicate satisfactory adherence, open symbols indicate
adherence unknown.
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expressed as the % CV. Between-biopsy variability was
assessed by examining a single section from at least four
different biopsies, expressed as the % CV.
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(A) Eosinophils

(B) Neutrophils
NS

30

NS

10

%

%

20
10
0

40

Daily
symptoms

Asymptomatic

(C) CD4+ T lymphocytes
NS

15

Daily
symptoms

Asymptomatic

Controls

(D) RBM
p=0.045

10

20

µm

%

30

5

10
0

0

Controls

Daily
symptoms

Asymptomatic

Controls

0

Daily
symptoms

Asymptomatic

Controls

Figure 4 Inflammatory cell density (%) and RBM thickness (mm) in asthmatic subjects with daily symptoms, asymptomatic asthmatics, and controls.
Closed symbols indicate satisfactory adherence, open symbols indicate adherence unknown.

Analysis of asthmatic subgroups
Following systemic corticosteroids, 15 of the 36 patients (10
male) had daily symptoms and 11 (6 male) became
asymptomatic, as defined above. FEV1 was significantly
lower in the subgroup with daily symptoms than in the
asymptomatic group, both before (median (range) 67 (37–
101) v 89 (75–103)% predicted, p = 0.008) and after
bronchodilator (77 (47–106) v 95 (80–106)%, p = 0.02) The
age of onset of respiratory symptoms was also lower in the
symptomatic group (median (range) 1 (1–5) v 3 (1–11) years,
p = 0.03). There were no other significant differences in the
clinical features between the subgroups. Suitable biopsies for
analysis were obtained from 11 subjects with daily symptoms
and nine asymptomatic subjects (table 4, fig 4). RBM
thickness was significantly greater in the symptomatic group
than in controls. No significant differences were seen in
inflammatory cells or cytokine expression.

Table 4

Persistent airflow limitation (PAL) was present in 11 of the
36 patients (PAL+ve) following systemic corticosteroids and
bronchodilator, with biopsies suitable for analysis obtained
from eight of these. CD4+ T lymphocytes were significantly
higher in the PAL+ve asthma subgroup than in the PAL2ve
subgroup (median (range) 9.1 (5.5–13.6) v 3.5 (0.6–34.9)%,
p = 0.027), but were not higher than controls (fig 5). There
were no other differences in inflammatory cells between the
groups (data not shown). RBM thickness was greater in the
PAL2ve asthma subgroup than in controls (7.8 (3.1–11.1) v
5.1 (3.5–7.5) mm, p = 0.009) but not than the PAL+ve
subgroup (5.6 (3.6–9.7) mm, p = 0.21; fig 5). Airflow limitation was also analysed as a continuous variable. Significant
negative correlations were seen between CD4+ T lymphocytes
and both pre-bronchodilator FEV1 (r = 20.57 (95% CI 20.79
to 20.23), p = 0.002) and post-bronchodilator FEV1 (r =
20.61 (95% CI 20.81 to 20.29), p,0.001). Significant

Endobronchial biopsy data in asthmatic subgroups and controls

Eosinophils (%)
Neutrophils (%)
CD4+ (%)
CD8+ (%)
IL-4 expression (%)
IL-5 expression (%)
RBM (mm)

Daily symptoms
(n = 11)

Asymptomatic
(n = 9)

Controls
(n = 11)

1.3
4.2
6.5
8.9
2.3
2.9
7.7

1.6
2.9
3.5
3.3
1.9
2.1
7.0

0.8
4.0
7.3
7.6
2.8
3.2
5.1

(0.01–16.9)
(0.1–14.1)
(0.6–16.8)
(1.4–26.6)
(0.1–9.6)
(0.3–8.6)
(3.6–9.7)*

(0.5–5.3)
(0.1–8.8)
(0.9–34.9)
(1.9–28.9)
(0.2–9.5)
(1.2–13.1)
(3.9–11.1)

(0–7.1)
(0.5–21.4)
(0.6–30.6)
(2.7–61.5)
(1.1–3.2)
(0.7–5.0)
(3.5–7.5)

IL, interleukin; RBM, reticular basement membrane.
Data are expressed as median (range). All values are expressed as volume density (%) apart from RBM thickness
(mm).
*p = 0.045 v controls.
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40

(A) CD4+ve T lymphocytes

30

FENO (ppb)

40
30
%

r=0.38
p=0.07

20

20
10

10

0

0

PAL+ve

PAL _ ve

Controls

0

5

10

EG2 (%)

15

20

Figure 6 Correlation between exhaled nitric oxide (FENO) and
eosinophils in endobronchial biopsy specimens.

(B) RBM
p=0.009

15

µm

10

5

0

PAL+ve

PAL _ ve

Controls

Figure 5 (A) CD4+ve T lymphocytes (%) and (B) reticular basement
membrane (RBM) thickness (mm) in asthmatic subjects with (PAL+ve) and
without (PAL2ve) persistent airflow limitation and controls. Closed
symbols indicate satisfactory adherence, open symbols indicate
adherence unknown.

negative correlations were also seen between CD4+ T
lymphocytes and the FEV1/FVC ratio, both before (r =
20.5 (95% CI 20.76 to 20.1), p = 0.015) and after
bronchodilator (r = 20.66 (20.87 to 20.26), p = 0.003).
No significant correlations were seen between RBM thickness
and either FEV1 or FEV1/FVC.
Relationship between FE N O and endobronchial biopsy
For all asthmatics, tests of correlation were applied to explore
associations between FENO and inflammatory cells, IL-4, IL-5
and RANTES expression and RBM thickness. No significant
correlations were seen, although inspection of the data for
FENO and eosinophils suggests that a relationship may exist
as one outlying point (FENO = 5.4 ppb, eosinophil density = 16.9%) appeared to skew the results (fig 6). Analysis
of the data after exclusion of this value resulted in a
significant positive association (r = 0.48 (95% CI 0.07 to
0.75), p = 0.02).

DISCUSSION
This study describes the immunopathology within the airway
wall of children with difficult asthma following treatment
with systemic corticosteroids. With the exception of RBM
thickness, no differences were seen between the asthmatic
and control groups. There were also no significant differences
in inflammatory cells between asthmatic subjects with daily
symptoms and those who became asymptomatic. CD4+ T
lymphocyte density was significantly higher in asthmatic
subjects with persistent airflow limitation (PAL) than in
those without PAL. In the asthmatic group as a whole there
were significant negative correlations between CD4+ T

lymphocytes and FEV1 and FEV1/FVC, both before and after
bronchodilator.
This study has extended our previous endobronchial biopsy
work investigating the immunopathology of difficult asthma
in children,5 6 by providing data regarding immunologically
distinct inflammatory cells and gene expression for IL-4, IL-5
and RANTES, and examining their relationships with lung
function, symptoms, and FENO. We acknowledge that the
study has a number of limitations. One of these is the cross
sectional, observational design which is similar to all
previously published reports of endobronchial biopsy in
paediatric asthma.3–6 8 19 20 Given the ethical constraints outlined in the introduction, this design is difficult to avoid.
However, preliminary studies such as this and others3 4 are
essential to advance this area of research. One of the
strengths of these data therefore lies in their potential to
generate hypotheses and inform future work. Ideally,
subsequent studies would include performance of biopsy
before and after an intervention, as is common in adults.
Although this was not possible for the present study, it may
be possible in the future, given the documented safety of the
procedure in a tertiary centre.11 However, it would be
necessary to establish the benefit to the individual child of
performing two bronchoscopies before proceeding with such
an approach.
We also acknowledge in the present study the lack of both
a healthy control group and a group of patients with mild
asthma for comparison. Data from children with mild asthma
are difficult although not impossible to obtain, as shown by
Barbato and colleagues.8 In keeping with the latter study, we
obtained reference data from children undergoing bronchoscopy in whom a diagnosis of asthma had been excluded, as
discussed previously.6 However, it is important to emphasise
that all subjects in the control group underwent bronchoscopy for investigation of respiratory symptoms and cannot
be considered to be true controls. It is likely that the extent of
airway inflammation in the ‘‘control’’ group was greater than
would be seen in a genuine healthy control group, even
allowing for the fact that some of the controls had been
treated with antibiotics and/or inhaled corticosteroids before
bronchoscopy. These factors may account, at least in part, for
the absence of any differences in inflammatory cells between
the asthma and ‘‘control’’ groups. We plan to overcome these
limitations in future by performing bronchoscopy and biopsy
in children without any history of respiratory disease and
those with less severe asthma who are undergoing a general
anaesthetic for another elective procedure. Ethical approval
for this procedure has been obtained. Krawiec and colleagues
have employed a similar approach.21
The absence of any significant differences in inflammatory
cells between the asthmatic and control groups, and between
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15 subjects who had daily symptoms compared with all 11
subjects who became asymptomatic. Consequently we have
now altered our clinical protocol so that all patients receive
intramuscular triamcinolone in order to ensure adherence.
In view of the invasive nature of bronchoscopy, there is a
need to develop non-invasive markers of airway inflammation that reflect inflammation measured bronchoscopically.
Several studies have found a correlation between FENO and
airway eosinophils in induced sputum, bronchoalveolar
lavage fluid, and endobronchial biopsy specimens.28–30 The
data from the present study suggest that a relationship may
exist in this group of children with difficult asthma, although
the strength of the correlation varies considerably depending
on the inclusion or exclusion of an outlying point. The data
do not indicate any association between FENO and the other
inflammatory cells studied following treatment with systemic
corticosteroids. This is in agreement with data from other
studies, using both bronchoalveolar lavage and endobronchial biopsy.29 30
This study quantifies inflammatory cells and structural
alterations in endobronchial biopsy specimens from a group
of children with difficult asthma and explores the relationships between inflammatory cells, lung function, and
symptoms. The data indicate an association between CD4+
T lymphocytes and one key aspect of lung function, FEV1,
which needs to be explored further. Research into the
mechanisms of difficult asthma in children therefore needs
to move from observational, hypothesis generating studies
such as this and others3–6 to interventional studies that are
able to test hypotheses and assess the effect of treatment. The
design of future studies must be ethically approved and
appropriately powered using, initially, data already
obtained.3–6 It is unlikely that any one centre will be able to
recruit sufficient numbers of patients to conduct this type of
research. An immediate priority is therefore the establishment of a network of different centres with the expertise to
carry out such work.
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