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To the Editor

Longitudinal birth cohort studies and follow-up of wheezy infants suggest that airway
hyperresponsiveness (AHR), a hallmark of asthma, is determined already in infancy (1, 2). It is not
known whether such an early establishment of AHR is linked to early morphological alterations
related to wheezing disorders. Airway remodeling is a characteristic feature of asthma,
characterized by structural changes such as epithelial injury, thickening of reticular basement
membrane (RBM) and increased airway smooth muscle (ASM) mass (3). In children with
persistent wheeze, from the age of 1 year to school age, remodeling and inflammation develop in
parallel (4-6). In this observational prospective study, we hypothesized that early airway
inflammation or remodeling would be associated with persistent AHR later in life.
Details of the study population and methods are included in the online supplement. The original
study population included 49 infants (median age 1.1 years) who were referred to a tertiary
centre due to troublesome respiratory symptoms, and who underwent infant lung function tests
and bronchoscopy as part of their clinical assessment. All infants were born full-term and had
experienced at least one physician-diagnosed episode of wheezing.
The infants underwent whole-body plethysmography, and assessment of maximal flow at
functional residual capacity (V̇maxFRC) by using the rapid thoracoabdominal compression
technique, and in a subgroup of infants, bronchial challenge test to methacholine.
In the bronchoscopy, endobronchial biopsies were taken from the main carina, and the
specimens were analyzed for RBM thickness, the amount of ASM expressed as the percentage of
cross-sectional area of the airway (ASM%), and inflammatory cells by immunostaining.
At the median age of 7 years, the children were invited to a follow-up visit including a
standardized questionnaire and lung function testing for airway responsiveness to methacholine
and exercise. Approval for this study was obtained from Ethics Committee for Children’s
Hospital. A written informed consent was obtained from the guardians of the children.
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Lung function was measured using the oscillometric technique. An exercise challenge was
performed as a standardized running test for 6-8 min. A dosimetric bronchial provocation test
with methacholine was applied to determine the provocative dose causing an increase of 40% in
respiratory resistance (PD40Rrs5) and the dose response slope (DRS).
Current asthma was defined as physician-diagnosed asthma ever and either intermittent or
continuous anti-inflammatory treatment during the past year.
Altogether 39 of the original group of 49 children (80 %) participated in the follow-up visit and
lung function data were obtained in 36 (Table 1). Physician-diagnosed asthma ever was present
in 33 of 39 (85 %) children. Asthma was considered current in 15 (42 %) children.
AHR to methacholine in infancy (PD40V̇maxFRC) was significantly associated with methacholine
responsiveness at the follow-up (PD40Rrs5) (r=0.47; p=0.014) (Figure 1A). This relationship was
highly significant expressed as DRS (p=0.55; p=0.005).
Thickness of RBM in infancy was not associated with lung function or AHR at the follow-up visit.
There was a significant correlation between bronchial ASM% in infancy and exercise-induced
increase in Rrs5 at the follow-up (r=0.39; p=0.021) (Figure 1B). Those children who responded
significantly (increase of Rrs5 at least 40 % after exercise) at the follow-up, had a higher median
ASM% (20.3 vs 10.6; p=0.023) and a higher number of bronchial mast cells in ASM (95.1 vs 38.9;
p=0.007) in infancy. In addition, infant ASM% had been higher in children with a history of
hospitalization due to wheezing exacerbation ever than in those without such episodes (16.3 vs
9.6; p=0.045).
The bronchial eosinophils were few but present in 17 of 39 infants. A weak association was found
between the number of bronchial eosinophils and PD40Rrs5 at the follow-up (r=-0.34; p=0.046).
In addition, those infants who presented bronchial eosinophils had more severe AHR to
methacholine at the follow-up than those without eosinophils (p=0.035)(Figure 1C).
Supplementary data are included in the online version.
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The results show the early establishment of AHR in children with wheeze. Here we also report for
the first time, that subtle findings in airway inflammation and remodeling related to wheezing
disorder associate with later persistence of airway responsiveness in childhood.
Caution should be exercised in generalizing the observed results, since the cohort constituted of
a highly selected group of infants referred to a tertiary centre. As those subjects having
macroscopic findings of structural anomalies were not included in the series, it is probable that
most of the children represented early onset wheezing disorder of infancy. The high prevalence
of asthma and AHR at the follow-up also indicate a selection bias. Ethical considerations hinder
the inclusion of a healthy control group for bronchoscopic evaluation, and the associations were
bound to be analyzed within the cohort, which is a clear limitation of the study.
Previously, we have reported findings from another cohort of infants with recurrent lower
respiratory tract symptoms, who, despite reduced lung function, showed very little evidence of
remodeling or eosinophilia in the carinal biopsies (4). In subsequent follow-up study, significant
associations between RBM thickness and the density of bronchial mast cells with the amount of
purchased inhaled corticosteroids at the age of 3 yrs were found (7). Increased ASM has been
found in preschool wheezers who develop asthma at school age (8). Also experimental studies
agree our findings on the relationship between ASM thickness and AHR (9).
Although bronchial eosinophils were few in infancy, we found a significant association between
their presence and AHR to methacholine at the follow-up. Studies in severe preschool wheeze
have shown eosinophilic inflammation consistent of asthma (5). The association between the
number of mast cells in ASM and EIB at follow-up also supports the concept of inflammatory
mechanisms in early establishment of AHR.
In conclusion, in a highly selected group of children with a history of early wheeze, ASM thickness
and mast cell infiltration in infancy were associated with EIB and wheezing episodes requiring
hospitalizations by school age, while bronchial eosinophils in infancy were associated with
increased AHR to methacholine at school age. These preliminary findings suggest that
inflammatory and structural mechanisms are involved in the early establishment of AHR in
childhood.
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Table 1. Characteristics and lung function of the children (n=39) participating in the follow-up visit.
__________________________________________________________________________________
Male, n (%)

36 (92)

Age at the time of biopsy, median (range), yrs

1.3 (0.5; 2.1)

FRC in infancy, median (IQR), z-score

0.3 (-0.2; 1.9)

sGaw in infancy, median (IQR), z-score

-2.6 (-3.5; 0.2)

V̇maxFRC in infancy, median (IQR), z-score

-1.5 (-2.2; -0.5)

PD40V̇maxFRC in infancy, median (IQR), µg

315 (153; 888)†

Age at the time of biopsy, median (IQR), mo

13.8 (7.2;17.9)

Symptom duration at the time of biopsy, median (IQR), mo

8.0 (5.0; 13.9)

Wheezing episodes by the time of biopsy, median (range), n

2 (1-11)

Follow-up characteristics
Age, median (range), yrs

7.0 (4.0; 9.8)

Physician-diagnosed disease ever, n (%)
Asthma

33 (85)

Atopic eczema

11 (28)

Rhinoconjunctivitis

3 (8)

Food allergy

5 (13)

Wheeze classification, n (%)
Viral wheeze

29 (74)

Multiple trigger wheeze

10 (26)

Persistent asthma symptoms during the last year, n (%)

7 (18)

Regular inhaled corticosteroids during the last year, n (%)

12 (31)

Systemic corticosteroids due to exacerbations
-during the last year, n (%)
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-ever, n (%)

14 (36)

Hospitalizations due to exacerbations
-during the last year, n (%)

1 (3)

-ever, n (%)

12 (31)

Parental smoking, n (%)

12 (31)

Parental asthma, n (%)

19 (49)

Skin prick positivity, n (%)

12 (31)‡

Follow-up lung function
Rrs5, median (range), kPal-1s

0.77 (0.46; 1.49)

Rrs5, median (range), z-score

0.16 (-2.41; 3.93)

Xrs5, median (range), kPal-1s

-0.23 (-0.69; -0.14)

Xrs5, median (range), z-score

-0.78 (-6.97; 0.81)

Abnormal baseline lung function, n (%)

10 (26)

Exercise-induced increase in Rrs5, median (range)

19.5 (-2; 61)

Exercise-induced increase in Rrs5 at least 40 %, n (%)

4 (10)

PD40Rrs5 in methacholine challenge, median (IQR), µg

190 (83; 469)

PD40Rrs5 less than 400 µg, n (%)

25 (65)

FENO, median (range), ppb

6.8 (3.0; 51.6)

__________________________________________________________________________________
FRC=functional residual capacity; sGaw=specific airway conductance; V̇maxFRC=maximal flow at FRC;
PD40V̇maxFRC=provocative dose of methacholine producing a decrease of 40 % in V̇maxFRC;

IQR=interquartile range; †n=28; ‡n=37 ; Rrs5=respiratory resistance at 5 Hz; Xrs5=respiratory reactance at
5 Hz; PD40Rrs5=provocative dose of methacholine producing an increase of 40 % in Rrs5;
IQR=interquartile range; FENO=fractional concentration of exhaled nitric oxide.
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Figure 1. The association between (A) airway hyperresponsiveness in infancy (PD40VmaxFRC)
and at the follow-up visit (PD40Rrs5), (B) the amount of airway smooth muscle (ASM) and the
exercise induced change in respiratory resistance (Rrs5) in a running test at the follow-up visit,
and (C) the presence of bronchial eosinophils in infancy and airway hyperresponsiveness to
methacholine (PD40Rrs5) at the follow-up visit.
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