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Abstract

Rationale: Airway wall structure in preschoolers with severe
recurrent wheeze is poorly described.

Objectives: To describe airway wall structure and inflammation in
preschoolers with severe recurrent wheeze.

Methods: Flexible bronchoscopy was performed in two groups of
preschoolers with severe recurrent wheeze: group 1, less than or equal
to 36 months (n = 20); group 2, 36-59 months (n =29). We assessed
airway inflammation, reticular basement membrane (RBM)
thickness, airway smooth muscle (ASM), mucus gland area,
vascularity, and epithelial integrity. Comparisons were then made
with biopsies from 21 previously described schoolchildren with
severe asthma (group 3, 5-11.2 yr).

Measurements and Main Results: RBM thickness was lower
in group 1 than in group 2 (3.3 vs. 3.9 um; P = 0.02), was
correlated with age (P < 0.01; p = 0.62), and was higher in

Structural changes to the airway wall,
referred to as remodeling, are a
characteristic feature of mild to severe forms

of the reticular basement membrane
(RBM), goblet cells and airway smooth
muscle (ASM) hypertrophy and

schoolchildren than in preschoolers (6.8 vs. 3.8 pm; P < 0.01).
ASM area was lower in preschoolers than in schoolchildren

(9.8% vs. 16.5%; P < 0.01). Vascularity was higher in group 1 than in
group 2 (P =0.02) and group 3 (P < 0.05). Mucus gland area was
higher in preschoolers than in schoolchildren (16.4% vs. 4.6%; P <
0.01). Inflammatory cell counts in biopsies were not correlated with
airway wall structure. ASM area was higher in preschoolers with
atopy than without atopy (13.1% vs. 7.7%; P = 0.01). Airway
morphometrics and inflammation were similar in viral and multiple-
trigger wheezers.

Conclusions: In preschoolers with severe recurrent wheeze,
markers of remodeling and inflammation are unrelated, and atopy is
associated with ASM. In the absence of control subjects, we cannot
determine whether differences observed in RBM thickness and
vascularity result from disease or normal age-related development.

Keywords: preschool asthma; severe recurrent wheeze; bronchial
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the course of asthma, in school-aged
children with asthma (3-9), but it remains
unclear when precisely remodeling begins.

of adult asthma (1). Markers of airway
remodeling are epithelial injury, thickening

hyperplasia, and angiogenesis (2). Most of
these characteristics are observed early in

This is a crucial issue because although
prenatal factors might play a role (10, 11),
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At a Glance Commentary

Scientific Knowledge on the
Subject: This study provides

a complete analysis of airway wall
structure and inflammation in
preschoolers with severe recurrent
wheeze.

What This Study Adds to the
Field: Markers of remodeling differ
according to age; however, in the
absence of control subjects we cannot
distinguish the impact of disease on
airway wall structure from that of age-
related development. Airway wall
structure is not related to inflammatory
cell counts. Atopy and airway smooth
muscle area are associated. Markers of
remodeling are similar between
multiple trigger wheezers and viral
wheezers.

most of the postnatal loss of lung function
seems to occur during the preschool years,
with no subsequent recovery observed
(12-15). Better knowledge of the structural
changes in the airway wall in preschoolers
with asthma may therefore help to prevent
early loss of lung function and to modify
the natural course of the disease.

A few studies have described airway
remodeling in preschool children, mostly
focusing on RBM thickness (16, 17) or ASM
area (18). Saglani and coworkers (16) found
no difference in RBM thickness between
symptomatic infants younger than age
26 months with or without airflow
obstruction. In another study, RBM
thickness was found to be significantly
greater in confirmed wheezers with severe
recurrent symptoms (median age, 29 mo)
than in nonwheezing age-matched control
subjects (median age, 19.5 mo) (17).
O’Reilly and coworkers (18) showed that
ASM area had already increased in
preschool wheezers (median age, 26 mo)
who subsequently developed asthma at
school age but not in those who did not
develop asthma, whereas RBM thickness
was similar between these groups.

These data suggest that remodeling,
which was thought to be a consequence of
long-standing airway inflammation, may
actually occur early during the course of
asthma, in parallel to ongoing inflammation
and exacerbations rather than as a

consequence of them (2). The relationship
between inflammation and remodeling in
young children with wheeze remains poorly
understood, with studies showing
conflicting results (17, 19).

Patients with severe recurrent wheeze
require evaluation, including bronchoscopy
with bronchoalveolar lavage (BAL) and
biopsies (20), and can therefore be assessed
for airway remodeling and inflammation.
The Severe Preschool Asthma Survey and
Monitoring (SPASM) cohort was initiated in
2006, to describe airway wall structure and
its relationship with inflammation and age
in a well-defined population of preschoolers
with severe recurrent wheeze confirmed by
a doctor. The findings obtained were then
compared with those previously described
for schoolchildren with established severe
asthma (5-12 yr) (9). We hypothesized that
the morphometrics of the airways differ
according to age in preschoolers with severe
recurrent wheeze.

Methods

This study was approved by the institutional
review board of Necker Hospital. Written
informed consent was obtained from
parents.

Subjects

Children aged 5 years or younger with
recurrent wheeze were referred for further
investigations. After the investigations,
preschoolers with a doctor’s diagnosis of
severe recurrent wheeze were included.
Symptoms were defined as wheezing and
dry cough more than three times per week,
or exacerbations requiring more than three
oral corticosteroids burst or more than
three emergency department visits during
the previous 6 months despite optimal
treatment for age (21). The preschoolers
were assigned to two groups: group 1,
children aged 36 months or less (Grl);
group 2, children aged 37-59 months
(Gr2). Two patterns were identified (22):
viral wheezers (VW) and multiple trigger
wheezers (MTW). Biopsy results were then
compared with those previously obtained in
schoolchildren (Group 3 [Gr3], n=21)
with severe asthma (see the online
supplement) (9).

Atopic Status
Atopy was defined as a positive standard
skin prick test and/or specific IgE levels for
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current allergens (see the online
supplement) (23).

Bronchoscopy

Flexible bronchoscopy was performed
under general anesthesia (24), with a 4-mm
external diameter bronchoscope (BF/MP
160, Olympus, Hamburg, Germany).
Biopsy samples were taken from the
segmental bronchi of the right or left
lower lobe (see the online supplement).

BAL and Tissue Processing

The first BAL aliquot was used for bacterial
cultures, and immunofluorescence testing
for respiratory viruses (see the online
supplement) (25).

Tissue processing was described
elsewhere (9). Four to six biopsy samples
were taken. Bronchial biopsies with an
altered structure were not used. The
minimum size of the analyzed section was
0.1 mm? (range, 0.1-1 mm?). The best
sample was used for analysis. Sections were
stained with May-Grunwald-Giemsa, and
inflammatory cells were counted in the
submucosa and expressed as number of
cells per 0.1 mm” of submucosal area.

We determined epithelial integrity as

a percentage, and RBM thickness in
micrometers. The percentage of the
submucosal area occupied by mucus glands
and ASM was determined on hematoxylin-
eosin-stained and anti-SMA antibody
(Dako)-treated sections. The bundles of
ASM or mucus glands were enclosed with
a line and the areas they covered were
calculated by image analysis (1).
Angiogenesis was assessed by anti-CD31
antibodies or isotype controls (Dako). The
number of vessels stained with anti-CD31
mAb was determined for the area of at least
one grid (0.1 mm?®) per biopsy, and is
reported as the median number of positive
sections per 0.1 mm?®. Parameters were
evaluated by two independent observers,
blind to the study.

Results are expressed as the median of
all measurements obtained for each patient
(see the online supplement).

Statistical Analysis

Data are expressed as median (interquartile
range). Differences between groups were
assessed with the Mann-Whitney test or
with the Kruskal-Wallis test, followed by

a Mann-Whitney U test if a significant
difference was found. Correlation analyses
including data from the three age groups
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were made using Spearman’s rank correlation
analysis. P less than 0.05 was considered
significant. Data were analyzed with GraphPad
Prism version 5.03 (GraphPad Software, Inc.,
San Diego, CA) (see the online supplement).

Results

Patients

Forty-nine preschoolers were included; 20
children were assigned to group 1 and 29 to
group 2. The general characteristics of the
preschoolers and the schoolchildren are
summarized in Table 1. Twenty-eight
preschoolers were VWs, and 21 were
MTWs. Except for the number of
exacerbations in the past 6 months,

VWs and MTWs had similar general
characteristics. Twenty-one preschoolers
had atopy, 23 did not, and atopy status was
unknown for five subjects. Preschoolers
with and without atopy had similar
characteristics (see Tables E1-E3 in the
online supplement).

Airway Wall Structure According to
Age

Figures 1-3 and Figures E1-E3 provide
details regarding airway wall structure.
Concerning parameters evaluated on
different sections (RBM, epithelial integrity,
ASM), the coefficient of variation for two
sections from the same biopsy was 15%. For
all the parameters, the variation between
biopsies from the same patient was 11%.
The interobserver reproducibility was
higher than 0.85 including that for the
semiquantitative data. The characteristics

of the airway wall for each group are
summarized in Table 2.

RBM thickness. The RBM was
significantly thinner in group 1 than in
group 2 (P=0.02). RBM thickness was
strongly correlated to age (P <0.01; p=
0.62), and was significantly higher in
schoolchildren than in preschoolers
(P<0.01).

ASM area. ASM area did not differ
between group 1 and group 2 (P=0.34),
whereas it was strikingly lower in
preschoolers than in schoolchildren (P <
0.01). There was a moderate correlation
between ASM area and age at biopsy (P =
0.01; p=0.31). RBM thickness and ASM
area were slightly positively correlated (P <
0.01; p =0.39).

Vascularity. The number of vessels was
higher in group 1 than in group 2 (P = 0.02),
and in group 3 (P < 0.05). There was no
relationship between the number of vessels
and age at biopsy (P =0.07; p = —0.23).
Vascularity did not differ in preschoolers
and schoolchildren (P =0.12).

Mucus gland area. One value from
a child in group 1, which was greater than
the 99th percentile, was excluded from the
analysis. Mucus gland area was similar in
children in group 1 and group 2 (P =0.29),
and higher in group 2 than group 3 (P <
0.05). The area covered by mucus glands
was unrelated to the age (P =0.05; p = —0.24).
The preschoolers had a larger mucus
gland area than the schoolchildren
(P<o0.01).

Epithelial integrity. Epithelial integrity
was low in preschoolers, and did not differ
between group 1 and group 2 (P =0.22).

Table 1. Clinical Characteristics of Preschoolers and Schoolchildren

Number

Age, mo

Sex, male/female

Atopic, n (%)

Sensitization to aeroallergens, n (%)
Sensitization to food allergens, n (%)
Parental atopy, n (%)

Duration of disease, mo

Regular inhaled steroids

No. of exacerbations in the last 6 mo
Inhaled steroids, p.g/d eq. bdp

Preschoolers

1,000 (500-2,000)

Schoolchildren

49 21
38.4 (29.3-49.5) 117.7 (102.4-124.3)
26/23 16/5
21 (43) 14 (67)
14 (67) 12 (57)
12 (57) 1 (5)
28 (57) 14 (67)
29.1 (5.2-56.4) 94.4 (85.8-107.7)
49 21
4 (3-6) 3 (2-4)

1,000 (800-1,000)

Definition of abbreviations: eq. bdp = beclomethasone equivalents; parental atopy = asthma and/or

allergic rhinitis in at least one parent.

Data are expressed as the median (interquartile range).
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Epithelial integrity was not related to
age (P=0.12; p=0.20). We found no
differences in epithelial integrity between
preschoolers and schoolchildren
(P=0.25).

Airway Inflammation

BAL. There was no difference in BAL
cytology between group 1 and group 2
(Table 3). Microbiologic cultures were
positive in 8 children in group 1 versus 11
in group 2 (P =0.89). None of the children
had a viral infection. We found no
relationship between BAL cytology and
airway wall structure (data not shown).

Cell counts in biopsy. Biopsies from
children in group 1 contained more
inflammatory cells than those from children
in group 2 (P = 0.03), with fewer eosinophils
(P=0.02) (Table 4). Total cell counts in
biopsy and in BAL were not correlated (P =
0.68; p =0.06). Similarly, eosinophil and
neutrophil counts in the biopsies were
not correlated with those in BAL fluid
(P=0.74, p=—0.04 and P=0.49, p=0.1,
respectively).

Cellular infiltration and airway wall
structure. We found no relationship
between inflammatory cell counts in
biopsies and the morphometrics of the
airway wall including vascularity
(see Table E4).

Impact of Clinical Phenotypes on
Airway Wall Structure and
Inflammation

Atopy status. ASM area was significantly
greater in preschoolers with atopy (13.1%
[8-19%]) than in preschoolers without
atopy (7.7% [3.2-10.7%]) (P =0.01)
(Figure 4). We found no differences in the
other structural parameters (see Table E5
and Figure E4).

VWs and MTWs. Structural
parameters did not differ between
VWs and MTWs. We found no
differences between VWs and MTWs
regarding both the presence of pathogens in
BAL fluid, and cellularity in BAL and
biopsies (see Figures E5 and E6 and Tables
E6 and E7).

Discussion

In this study, we quantified all the
morphometric parameters associated with
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Figure 1. Airway wall structure according to age in preschoolers. Gr1 = group 1, <36 months, n=20. Gr2 = group 2, children aged 37-59 months, n=
29. Reticular basement membrane (RBM) was thinner and vascularity was higher in Gr1 than in Gr2; the other parameters were similar. Missing data: one
for RBM, three for airway smooth muscle (ASM), four for vascularity, and one for epithelial integrity and mucus gland.

airway wall remodeling in preschool

children with severe recurrent wheeze, and

analyzed whether they were related to

inflammation. We demonstrate, in a highly

selected population, that airway wall

RBM thickness (um)

Mucus gland area (%)

p<0.01
15
[ 1]
10 4 ° :.
=2
[
5 -l..
[ ]
0 T T
Preschoolers Schoolchildren
p<0.01
50
°
40 A
30 ]
FL
20 A ]
]
10 4 Y .---
T T L
0 eegsee® LITH T
T L
Preschoolers Schoolchildren

structure and inflammatory cell counts are
not related. We also found that ASM area is
higher in preschoolers with severe recurrent

wheeze with atopy than without atopy,

and that airway wall structure and airway

p<0.01
80 -
°
—~ 60 A
*
5 =
5 40 - o® [ ™
< o0 A "0 .l.
O. oo ) —l—'.—.
0 III
Preschoolers Schoolchildren
p=0.25
150
9
>
= 100 4 ]
& 0¢0,°° aa"
= [ ] m
£ EgE
T —
T 504 -edASeN%e |
£ ]
a 1]
w u
[ 1]
0 L

Preschoolers Schoolchildren

inflammation are similar in VWs and
MTWs. We observed differences in airway
wall structure according to age. The younger
preschoolers had a thinner RBM and

a higher vascularity than the older

p=0.12
250
o 200 i
o0
£ 150-
o
@B °
@ 100
g o
°
Z 50{ %eg °®
0 : unflgn
Preschoolers Schoolchildren

Figure 2. Airway wall structure in preschoolers and schoolchildren. Reticular basement membrane (RBM) thickness, airway smooth muscle (ASM), and
mucus gland area differed between groups; the other parameters were similar. Missing data: one for RBM, five for ASM, five for vessels, and two for
epithelial integrity and mucus glands.
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Figure 3. Correlation between airway wall structure and age. Age at biopsy was significantly positively correlated with reticular basement membrane
(RBM) thickness and airway smooth muscle (ASM) area. Missing data: one for RBM, five for ASM, five for vessels, and two for epithelial integrity and

mucus glands.

preschoolers. In addition, preschoolers with
severe recurrent wheeze had a thinner RBM,
a smaller ASM area, and a higher mucus
gland area than school-aged children with
severe asthma. However, in the absence of
control subjects, we cannot determine
whether differences observed in airway wall
structure result from disease or normal age-
related development (26).

The smaller number of eosinophils
observed in group 1 versus group 2 is
consistent with the finding that eosinophils
are infrequent in biopsies from infants with

recurrent wheeze and/or cough (16, 27).
Although biopsies from our younger
preschoolers contained slightly more
inflammatory cells than those from

the older preschoolers, we found no
relationship between airway wall structure
and inflammatory cell counts in biopsies
and in BAL. A correlation between
eosinophil counts and RBM thickness was
described in preschoolers with severe
recurrent wheeze (17). Conversely, in

a recent study, RBM thickness, vascularity,
and epithelial loss were found to be similar

Table 2. Characteristics of the Airway Wall by Age

Group 1 Group 2 Group 3
Age, mo 27.2 (24.5-30.3) 44.5 (41-54.6) 117.7 (102.4-124.3)
Number 20 29 21
RBM thickness, um 3.3 (2.6-4.3) 3.9 (3.5-5.1)1 6.8 (6-8.4)
ASM area, % 8.9 (4.1-14.4)" 10.3 (5.8-16.8)  16.5 (10.5-27.7)
Vessel number, per 0.1 mm?  42.5 (30.5-61.5)*" 16.5 (11-36.3) 2

Mucus gland area, % 14.3

Epithelial integrity, %

(7.1-19)
435 (12.5-56.8)

2.4-13)

8 (
0 E1 3.30)
§30—85)

20 (5.8-16.8)7 4.6
52 (24.5-75) 62

Definition of abbreviations: ASM = airway smooth muscle; RBM = reticular basement membrane.
Data are expressed as the median (interquartile range). Group 1: preschoolers less than or equal to
36 months. Group 2: preschoolers, 36-59 months. Group 3: schoolchildren.

*P < 0.05, versus group 2.
TP < 0.05 versus group 3.
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in children aged between 4.5 and 7.7 years
with eosinophilic or noneosinophilic
asthma (19). Differences between the
phenotype of patients or the use of
antiinflammatory therapies may account
for these discrepancies. Treatment with
high doses of inhaled corticosteroids (ICS)
in adults with asthma is associated with

a reduction in vessel number and
vascularity (28, 29), and RBM thickness,
ASM area, and the number of goblet cells
(30). In our patients, we found no
relationship between the dose of ICS and
airway wall structure (data not shown).
Altogether our findings suggest that, in our
highly selected children, inflammation does
not directly influence the markers of
remodeling.

We found that preschoolers with severe
recurrent wheeze with atopy, a group known
to be at high risk of subsequently
experiencing established asthma (31, 32),
had a larger ASM area than preschoolers
with severe recurrent wheeze without
atopy. This finding may be related to the
results of in vitro studies showing that ASM
cells express a functional high-affinity
IgE receptor (FceRI) (33) and that the
IgE sensitization of ASM cells directly
induces ASM cell proliferation (34, 35).

American Journal of Respiratory and Critical Care Medicine Volume 192 Number 2 | July 15 2015



Table 3. Bronchoalveolar Lavage Analysis in Preschoolers

Group 1
Number of patients 20
Total cell counts 190 (135-250)
Neutrophils, % 32 (10-53)
Eosinophils, % 0 (0-1)
Lymphocytes, % 5 (1-8)
Macrophages, % 63 (42-82)
Viral infection 0
Positive culture 8

Group 2 P Value

29

140 (100-205) 0.19

10 (4-38) 0.10

0 (0-1) 0.81

6 (1-8) 0.48

78 (61-87) 0.11
0

11 0.89

Cell counts are expressed as number X 10%/ml. Median (interquartile range).

Furthermore, the higher ASM mass in
children with atopy may explain why
children with atopic asthma have higher
bronchial hyperresponsiveness than those
with nonatopic asthma (36, 37). We found
no difference in ASM area between the two
groups of preschoolers, whereas ASM area
was greater in school-aged children than
in preschoolers. This confirms previous
findings showing that ASM area is similar
in preschool wheezers and control subjects
(18), but it is larger in school-aged children
with moderate-to-severe asthma than in
control subjects (8).

Previous studies report that the number
of vessels is higher in wheezy children (38)
and in children with mild-to-moderate
asthma (7) than in control subjects. In our
study, the younger preschoolers exhibited
a higher number of vessels than the older
preschoolers. Although younger children
are more prone to viral infections, we found
no relationship between inflammatory cell
counts in biopsies and vascularity.
However, in the absence of control subjects,
we cannot exclude the possibility that
higher vascularity in the younger
preschoolers reflects a physiologic process.
Indeed, a higher rate of angiogenesis in
younger children may be required to
support the growth of the bronchial tree.

Our results are consistent with previous
data showing that the RBM is thicker in
school-aged children with severe asthma
than in preschoolers with severe recurrent
wheeze (16, 17). We also found that in
severe preschool wheezers, RBM increases
with age. However, based on post-mortem
analysis of infants and children with no
history of asthma who died from
nonrespiratory causes, RBM thickness
increases with age (26); therefore, it is
difficult to determine whether the observed
differences in RBM thickness between
group 1 and group 2 are related to a normal
or pathologic process. RBM thickness
values cannot be compared directly
between studies because of differences in
patient phenotype and the location from
which the biopsy specimens were taken in
the airways; nevertheless the RBM
thickness values obtained here were lower
than those reported previously (7, 16, 17,
38). We also confirm that RBM thickness
and ASM area are positively correlated
(39, 40), suggesting that a common
pathophysiologic mechanism affects both
parameters.

We observed no mucus hypersecretion
in our preschool subjects, but they had
a larger mucus gland area than the school-
aged children. Similar results have been

Table 4. Inflammatory Cell Counts in Biopsies from Preschoolers

Group 1
Number of patients 20
Total cell count 373 (330-472)
Neutrophils 13 (62-215)
Eosinophils 6 (2-18)
Mononuclear cells 220 (186-300)

Group 2 P Value
29
339 (245-373) 0.03
82 (46-125) 0.38
4 (8-27) 0.02
173 (120-251) 0.10

Cell counts are expressed as number per 0.1 mm?2. Median (interquartile range).
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reported for individuals with difficult
asthma (6-17 yr) (3), whereas high goblet
cell numbers were observed in only 2 out
of 10 schoolchildren (median age, 9.3 yr)
with moderate asthma (4). Many factors
contribute to goblet cell hyperplasia. Both
damaged and virus-infected epithelia may
produce mucus following epidermal growth
factor receptor activation (41, 42). Thus,
primary changes to the epithelium may
contribute to the development of mucus
glands (43).

There was a substantial overlap
between preschoolers and school-aged
children for all the parameters tested. In our
opinion, this finding is a true reflection of
the morphometrics of the airways in
children with severe wheeze and supports
the idea that changes in the airway wall
occur progressively and that markers of
remodeling may appear at different times
from one child to another. However, it may
also indicate the existence of different
subphenotypes within each group as
reported for atopy, or reflect differences in
responsiveness to ICS. Regarding clinical
phenotype, VW and MTW preschoolers
with severe symptoms shared the same
histologic and inflammatory features
providing histologic evidence that the
phenotypes can switch within patients (44).

Our study has several limitations. First,
the main weakness is the absence of control
subjects. Although generally well tolerated
(45), endoscopic procedures are invasive
and require general anesthesia. They are
indicated in patients with persistent
symptoms despite optimal treatment, to
exclude an incorrect diagnosis of asthma.
For ethical reasons, we did not perform any
flexible bronchoscopy in asymptomatic
children or in children with only mild
symptoms (46). As mentioned above, the
differences observed in RBM thickness and
vascularity in our preschoolers may reflect
a normal process and should be interpreted
with caution. Second, we aimed to describe
potential differences in airway wall
structure according to age in preschoolers
with severe recurrent wheeze. A
longitudinal study involving multiple
biopsies obtained from the same children
would have been the best design. However,
this was not feasible because of ethical
reasons; thus, we performed a cross-
sectional study including children ranging
from 18 months to 5 years of age.

Third, although all the patients were
objectively assessed before inclusion, and
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Figure 4. Airway smooth muscle (ASM) area is
larger in preschoolers with severe recurrent
wheeze with atopy than without atopy. There is
one missing datum.

differential diagnoses of asthma were
excluded, some of the patients included
may not display asthma when they reach
school age (44). Severe symptoms during

the preschool years seem to increase the
risk of subsequent wheezing (44, 47);
therefore, most of the patients studied
would be expected to have wheezing at
school age. The preschoolers studied here
should be reassessed when they reach
school age, to analyze their symptoms and
lung function. Finally, our results were
obtained in a group of children with severe
symptoms and cannot be extrapolated to
children with milder symptoms, even
though remodeling has also been described
in children with mild or moderate asthma
(7, 8, 38).

In conclusion, this study demonstrates,
in a well-defined population of preschoolers
with severe recurrent wheeze, that
airway wall structure is not correlated with
inflammatory cell counts, and that atopy is
associated with higher ASM area. This

supports the hypothesis that airway
inflammation and remodeling may develop
independently, and identifies smooth
muscle as a therapeutic target in wheezy
preschoolers with atopy. Finally, only
studies including control subjects not
suffering from any diseases of the airways
would make it possible to determine
whether the age-related changes observed in
RBM thickness and vascularity reflect the
onset of remodeling or a physiologic
process.

Author disclosures are available with the text
of this article at www.atsjournals.org.

Acknowledgment: The authors thank
Professor Pierre Scheinmann for his valuable
advice, and Dr. Jean-Philippe Jais for his help in
the statistical analysis.

References

1. Benayoun L, Druilhe A, Dombret MC, Aubier M, Pretolani M. Airway

structural alterations selectively associated with severe asthma. Am J

Respir Crit Care Med 2003;167:1360-1368.

2. Malmstrém K, Pelkonen AS, Mékela MJ. Remodeling, inflammation and
airway responsiveness in early childhood asthma. Curr Opin Allergy

Clin Immunol 2013;13:203-210.
3. Jenkins HA, Cool C, Szefler SJ, Covar R, Brugman S, Gelfand EW,

Spahn JD. Histopathology of severe childhood asthma: a case series.

Chest 2003;124:32-41.

4. Cokugras H, Akgakaya N, Seckin I, Camcioglu Y, Sarimurat N, Aksoy F.

Ultrastructural examination of bronchial biopsy specimens from
children with moderate asthma. Thorax 2001;56:25-29.

5. Barbato A, Turato G, Baraldo S, Bazzan E, Calabrese F, Tura M, Zuin R,

Beghe B, Maestrelli P, Fabbri LM, et al. Airway inflammation in
childhood asthma. Am J Respir Crit Care Med 2003;168:798-803.

6. Payne DN, Rogers AV, Adelroth E, Bandi V, Guntupalli KK, Bush A, Jeffery

PK. Early thickening of the reticular basement membrane in children
with difficult asthma. Am J Respir Crit Care Med 2003;167:78-82.
7. Barbato A, Turato G, Baraldo S, Bazzan E, Calabrese F, Panizzolo C,

Zanin ME, Zuin R, Maestrelli P, Fabbri LM, et al. Epithelial damage and
angiogenesis in the airways of children with asthma. Am J Respir Crit

Care Med 2006;174:975-981.
8. Regamey N, Ochs M, Hilliard TN, Muhlfeld C, Cornish N, Fleming L,

Saglani S, Alton EW, Bush A, Jeffery PK, et al. Increased airway smooth

muscle mass in children with asthma, cystic fibrosis, and non-cystic

fibrosis bronchiectasis. Am J Respir Crit Care Med 2008;177:837-843.
9. Tillie-Leblond |, de Blic J, Jaubert F, Wallaert B, Scheinmann P, Gosset

P. Airway remodeling is correlated with obstruction in children with
severe asthma. Allergy 2008;63:533-541.
10. Young S, Arnott J, O’Keeffe PT, Le Souef PN, Landau LI. The

association between early life lung function and wheezing during the

first 2 yrs of life. Eur Respir J 2000;15:151-157.

11. Haland G, Carlsen KC, Sandvik L, Devulapalli CS, Munthe-Kaas MC,

Pettersen M, Carlsen KH. ORAACLE. N Engl J Med 2006;355:
1682-1689.

12. Bisgaard H, Jensen SM, Bannelykke K. Interaction between asthma
and lung function growth in early life. Am J Respir Crit Care Med
2012;185:1183-1189.

13. Morgan WJ, Stern DA, Sherrill DL, Guerra S, Holberg CJ, Guilbert TW,

Taussig LM, Wright AL, Martinez FD. Outcome of asthma and

wheezing in the first 6 years of life: follow-up through adolescence.

Am J Respir Crit Care Med 2005;172:1253-1258.

170

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Martinez FD. The origins of asthma and chronic obstructive pulmonary
disease in early life. Proc Am Thorac Soc 2009;6:272-277.

. Delacourt C, Benoist MR, Le Bourgeois M, Waernessyckle S, Rufin P,

Brouard JJ, de Blic J, Scheinmann P. Relationship between
bronchial hyperresponsiveness and impaired lung function after
infantile asthma. PLoS ONE 2007;2:e1180.

Saglani S, Malmstrom K, Pelkonen AS, Malmberg LP, Lindahl H,
Kajosaari M, Turpeinen M, Rogers AV, Payne DN, Bush A, et al.
Airway remodeling and inflammation in symptomatic infants with
reversible airflow obstruction. Am J Respir Crit Care Med 2005;171:
722-727.

Saglani S, Payne DN, Zhu J, Wang Z, Nicholson AG, Bush A, Jeffery
PK. Early detection of airway wall remodeling and eosinophilic
inflammation in preschool wheezers. Am J Respir Crit Care Med
2007;176:858-864.

O’Reilly R, Ullmann N, Irving S, Bossley CJ, Sonnappa S, Zhu J, Oates
T, Banya W, Jeffery PK, Bush A, et al. Increased airway smooth
muscle in preschool wheezers who have asthma at school age. J
Allergy Clin Immunol 2013;131:1024-1032, e1-e16.

Baraldo S, Turato G, Bazzan E, Ballarin A, Damin M, Balestro E, Lokar
Oliani K, Calabrese F, Maestrelli P, Snijders D, et al. Noneosinophilic
asthma in children: relation with airway remodelling. Eur Respir J
2011;38:575-583.

Saglani S, Nicholson AG, Scallan M, Balfour-Lynn |, Rosenthal M,
Payne DN, Bush A. Investigation of young children with severe
recurrent wheeze: any clinical benefit? Eur Respir J 2006;27:29-35.

Global Strategy for Asthma Management and Prevention, Global
Initiative for Asthma (GINA). 2014. Available from: http://www.
ginasthma.org/

Brand PL, Baraldi E, Bisgaard H, Boner AL, Castro-Rodriguez JA,
Custovic A, de Blic J, de Jongste JC, Eber E, Everard ML, et al.
Definition, assessment and treatment of wheezing disorders in
preschool children: an evidence-based approach. Eur Respir J 2008;
32:1096-1110.

Eigenmann PA, Atanaskovic-Markovic M, O’B Hourihane J, Lack G,
Lau S, Matricardi PM, Muraro A, Namazova Baranova L, Nieto A,
Papadopoulos NG, et al.; European Academy of Allergy and Clinical
Immunology Section on Pediatrics; European Academy of Allergy
and Clinical Immunology-Clemens von Pirquet Foundation. Testing
children for allergies: why, how, who and when: an updated
statement of the European Academy of Allergy and Clinical
Immunology (EAACI) Section on Pediatrics and the EAACI-Clemens
von Pirquet Foundation. Pediatr Allergy Immunol 2013;24:195-209.

de Blic J, Telion C. Sedation and anesthesia for bronchoscopy. Progr
Respir Res 2010;38:22-29.

American Journal of Respiratory and Critical Care Medicine Volume 192 Number 2 | July 15 2015



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Lezmi, Gosset, Deschildre, et al.: Airway Remodeling in Preschool Asthma

de Blic J, Midulla F, Barbato A, Clement A, Dab |, Eber E, Green C,
Grigg J, Kotecha S, Kurland G, et al.; European Respiratory
Society. Bronchoalveolar lavage in children. ERS Task Force on
bronchoalveolar lavage in children. Eur Respir J 2000;15:217-231.

Tsartsali L, Hislop AA, McKay K, James AL, Elliot J, Zhu J, Rosenthal
M, Payne DN, Jeffery PK, Bush A, et al. Development of the bronchial
epithelial reticular basement membrane: relationship to epithelial
height and age. Thorax 2011;66:280-285.

Malmberg LP, Malmstrém K, Kotaniemi-Syrjanen A, Lindahl H,
Kajosaari M, Turpeinen M, Haahtela T, Saglani S, Bush A, Jeffery PK,
et al. Does tidal exhaled nitric oxide reflect mucosal airway
inflammation in infants? Thorax 2010;65:1027.

Chetta A, Zanini A, Foresi A, Del Donno M, Castagnaro A, D’lppolito R,
Baraldo S, Testi R, Saetta M, Olivieri D. Vascular component of
airway remodeling in asthma is reduced by high dose of fluticasone.
Am J Respir Crit Care Med 2003;167:751-757.

Feltis BN, Wignarajah D, Reid DW, Ward C, Harding R, Walters EH.
Effects of inhaled fluticasone on angiogenesis and vascular
endothelial growth factor in asthma. Thorax 2007;62:314-319.

Durrani SR, Viswanathan RK, Busse WW. What effect does asthma
treatment have on airway remodeling? Current perspectives.

J Allergy Clin Immunol 2011;128:439-448, quiz 449-450.

Sears MR, Greene JM, Willan AR, Wiecek EM, Taylor DR, Flannery EM,
Cowan JO, Herbison GP, Silva PA, Poulton R. A longitudinal,
population-based, cohort study of childhood asthma followed to
adulthood. N Engl J Med 2003;349:1414-1422.

llli S, von Mutius E, Lau S, Niggemann B, Gruber C, Wahn U;
Multicentre Allergy Study (MAS) group. Perennial allergen
sensitisation early in life and chronic asthma in children: a birth
cohort study. Lancet 2006;368:763-770.

Gounni AS, Wellemans V, Yang J, Bellesort F, Kassiri K, Gangloff S,
Guenounou M, Halayko AJ, Hamid Q, Lamkhioued B. Human airway
smooth muscle cells express the high affinity receptor for IgE (Fc
epsilon RI): a critical role of Fc epsilon Rl in human airway smooth
muscle cell function. J Immunol 2005;175:2613-2621.

Roth M, Zhong J, Zumkeller C, S’ng CT, Goulet S, Tamm M. The role
of IgE-receptors in IgE-dependent airway smooth muscle cell
remodelling. PLoS ONE 2013;8:€56015.

Redhu NS, Shan L, Al-Subait D, Ashdown HL, Movassagh H,
Lamkhioued B, Gounni AS. IgE induces proliferation in human airway
smooth muscle cells: role of MAPK and STAT3 pathways. Allergy
Asthma Clin Immunol 2013;9:41.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Castro-Rodriguez JA, Navarrete-Contreras P, Holmgren L, Sanchez I,
Caussade S. Bronchial hyperreactivity to methacholine in atopic
versus nonatopic asthmatic schoolchildren and preschoolers.

J Asthma 2010;47:929-934.

Kurukulaaratchy RJ, Fenn M, Matthews S, Arshad SH. Characterisation
of atopic and non-atopic wheeze in 10 year old children. Thorax
2004;59:563-568.

Turato G, Barbato A, Baraldo S, Zanin ME, Bazzan E, Lokar-Oliani K,
Calabrese F, Panizzolo C, Snijders D, Maestrelli P, et al. Nonatopic
children with multitrigger wheezing have airway pathology comparable
to atopic asthma. Am J Respir Crit Care Med 2008;178:476-482.

Bossley CJ, Regamey N, Fleming L, Oates T, Lloyd C, Bush A, Saglani
S. Relationship of reticular basement membrane thickness and
smooth muscle mass in childhood severe asthma [abstract]. Thorax
2010;65:A40-A41.

James AL, Maxwell PS, Pearce-Pinto G, Elliot JG, Carroll NG. The
relationship of reticular basement membrane thickness to airway wall
remodeling in asthma. Am J Respir Crit Care Med 2002;166:
1590-1595.

Hewson CA, Haas JJ, Bartlett NW, Message SD, Laza-Stanca V,
Kebadze T, Caramori G, Zhu J, Edbrooke MR, Stanciu LA, et al.
Rhinovirus induces MUC5AC in a human infection model and in vitro
via NF-kB and EGFR pathways. Eur Respir J 2010;36:1425-1435.

Burgel PR, Nadel JA. Roles of epidermal growth factor receptor
activation in epithelial cell repair and mucin production in airway
epithelium. Thorax 2004;59:992-996.

Holgate ST. Epithelium dysfunction in asthma. J Allergy Clin Immunol
2007;120:1233-1244, quiz 1245-1246.

Ducharme FM, Tse SM, Chauhan B. Diagnosis, management, and
prognosis of preschool wheeze. Lancet 2014;383:1593-1604.

Payne D, McKenzie SA, Stacey S, Misra D, Haxby E, Bush A. Safety
and ethics of bronchoscopy and endobronchial biopsy in difficult
asthma. Arch Dis Child 2001;84:423-426.

Mclntosh N, Bates P, Brykczynska G, Dunstan G, Goldman A, Harvey
D, Larcher V, McCrae D, McKinnon A, Patton M, et al. Guidelines for
the ethical conduct of medical research involving children. Royal
College of Paediatrics, Child Health: Ethics Advisory Committee.
Arch Dis Child 2000;82:177-182.

Pescatore AM, Dogaru CM, Duembgen L, Silverman M, Gaillard EA,
Spycher BD, Kuehni CE. A simple asthma prediction tool for
preschool children with wheeze or cough. J Allergy Clin Immunol
2014;133:111-118.

171



Reproduced with permission of the copyright owner. Further reproduction prohibited without
permission.



