Clinical Commentary

Childhood Asthma-Predictive Phenotype

Theresa W. Guilbert, MD?, David T. Mauger, PhD®, and Robert F. Lemanske, Jr, MD®  Cincinnati, Ohio; Hershey, Pa; and

Madison, Wis

‘Wheezing is a fairly common symptom in early childhood, but
only some of these toddlers will experience continued wheezing
symptoms in later childhood. The definition of the asthma-
predictive phenotype is in children with frequent, recurrent
wheezing in early life who have risk factors associated with the
continuation of asthma symptoms in later life. Several asthma-
predictive phenotypes were developed retrospectively based on
large, longitudinal cohort studies; however, it can be difficult to
differentiate these phenotypes clinically as the expression of
symptoms, and risk factors can change with time. Genetic,
environmental, developmental, and host factors and their
interactions may contribute to the development, severity, and
persistence of the asthma phenotype over time. Key
characteristics that distinguish the childhood asthma-predictive
phenotype include the following: male sex; a history of wheezing,
with lower respiratory tract infections; history of parental
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asthma; history of atopic dermatitis; eosinophilia; early
sensitization to food or aeroallergens; or lower lung function in
early life. © 2014 American Academy of Allergy, Asthma &
Immunology (J Allergy Clin Immunol Pract 2014;2:664-70)

Key words: Asthma risk; Wheezing, Childhood asthma; Asthma
phenotypes; Asthma epidemiology childhood; Biomarkers;
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ASTHMA PHENOTYPES: CHILDHOOD ASTHMA-
PREDICTIVE PHENOTYPE

Wheezing is a fairly common symptom in early life, but only
some toddlers will experience continued wheezing symptoms in
later childhood.! From epidemiologic data, several early child-
hood wheezing phenotypes were described based on the natural
history and risk factors associated with each. Appropriate iden-
tification of young children at high risk to develop persistent
asthma could lead to the development of effective prevention and
therapeutic strategies.

DEMOGRAPHICS

Although almost 50% of children report wheeze in the first
year of life, only 40% of these children will continue to wheeze
in later childhood." Wheezing phenotypes were defined to
identify the characteristics and risk factors associated with chil-
dren who experience continued wheezing in later childhood and
others into adolescent and adulthood.

CLINICAL CHARACTERISTICS
Wheezing phenotypes

Several wheezing phenotypes were developed. It can be diffi-
cult to differentiate these phenotypes clinically because the
expression of symptoms and risk factors can change with time.

Tucson Children’s Respiratory Study classification. In
this study, 4 different wheezing phenotypes were classified among
1246 newborns observed for the development of lower respiratory
tract infections based on the occurrence of wheezing symptoms
during the first 3 years of life and again at 6 years of life
(Table 1)." These phenotypes included the following:

e Never wheezers (51%): healthy children without wheezing.

e Early, transient wheezers (20%): onset of wheezing before age
3 years with resolution by 6 years of age.

o Dersistent wheezers (14%): onset of wheezing before age 3
years with sustained wheezing at age 6 years.

o Late-onset wheezers (15%): onset of wheezing between 3 and
6 years of age.

Thus, children in the persistent and late-onset wheezing
groups may represent 2 asthma-predictive phenotypes, that is,
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Abbreviations used
API- Asthma Predictive Index
RV- Rhinovirus

those children who are most likely to experience asthma-like
symptoms that persist into later childhood, adolescence, and
adult life (Figure 1).

Further evaluation of the cohort led to further refinement of
the persistent wheezing phenotype:

o Nonatopic persistent wheezing phenotype: the first episode of
wheezing occurs in the first year of life’ and the wheezing
episodes become less frequent by early adolescence,” and most
outgrow their symptoms. Children with this phenotype have a
lower level of prebronchodilator lung function and enhanced
airway reactivity.3

o IgE-associated and/or atopic persistent wheezing phenotype: is
characterized by wheezing, which usually starts in the second
year of life and persists into later adolescence.” It remains to be
seen if this phenotype will persist into adulthood. Risk factors
associated with atopic wheeze include parental asthma, male
sex, atopic dermatitis, eosinophilia at 9 months, early sensiti-
zation to food or aeroallergens, and a history of wheezing with
lower respiratory tract infections."”

The Italian Studies of Respiratory Disorders in
Childhood and the Environment classification. The
Italian Studies of Respiratory Disorders in Childhood and the
Environment was a longitudinal birth cohort of 16,333 children
that identified similar phenotypes but with different frequencies,
as did the Tucson study."® The age that differentiated early
transient wheezing from persistent wheezing was age 2 years
rather than 3 years. In differing from the Tucson study, 83% had
never wheezed, 7% had early transient wheezing, 4% had
persistent wheezing, and 6% had late-onset wheezing.

Avon Longitudinal Study of Parents and Children
classification. In the Avon Longitudinal Study of Parents
and Children,” a longitudinal birth cohort of 6265 children, the
occurrence of wheeze in these children was measured by a
parental report at yearly intervals from age 6 months to 7.5 years.
By using a latent class analysis, the investigators identified 6
phenotypes, 4 of which had patterns similar to those identified in
the Tucson study.' Data were collected at more time points and
shorter intervals, and included lung function, which led to the
identification of 2 additional subphenotypes (prolonged early

wheeze and intermediate-onset wheeze):

o Never or infrequent wheeze (59%).

o Transient early wheeze (16%): wheezing at 6 to 18 months,
remitting after 42 months.

o Prolonged early wheeze (9%): wheezing at 6 to 54 months,
remitting after 69 months; characterized by increased airway
responsiveness and lower school-aged lung function compared
with the never or infrequent wheeze phenotype.

o Intermediate-onset wheeze (3%): wheezing onset between ages
18 and 42 months that persists into later childhood; these
children are characterized by allergic sensitization, higher levels
of airway responsiveness, and lower lung function compared
with the never or infrequent wheeze phenotype.
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o Late-onset wheeze (6%): infrequent wheezing from 6 to 42
months but frequent after 42 months.
e Persistent wheeze (7%): wheezing from 6 months onward.

The intermediate onset, late-onset, and persistent wheeze
groups also may represent asthma-predictive phenotypes.

New Zealand classification. Risk factors that are associated
with sustained wheezing from childhood (age 9 years) to adult-
hood were evaluated in a New Zealand longitudinal study. More
than 1 in 4 children had wheezing that persisted from childhood
to adulthood or who had relapsed after remission. The factors that
predicted persistence or relapse were sensitization to house-dust
mites, airway hyperresponsiveness, early age at onset, female sex
(after puberty), and personal smoking exposure.” In those with
persistent asthma, lung function was decreased through childhood
and adulthood in a comparatively similar pattern.

Melbourne classification. Data attained from a cohort of
378 children with asthma in Melbourne, Australia, evaluated every
7 years from age 7 years through 35 years showed a link between
asthma and other atopic conditions. The presence of an atopic
condition in childhood augmented the risk of severe asthma in later
life, whereas severe asthma in childhood predicted an increased risk
of atopic eczema or allergic rhinitis in later life.” Consequently,
analysis of these data indicated that children whose symptoms start
in early life are at greater risk for the development of persistent
chronic airflow limitation and continued severe symptoms.

Symptomatic classification. Epidemiologic phenotypes
are limited by their retrospectively defined periods of wheeze. Thus,
phenotypes based upon temporal patterns of wheeze were created,
which can be applied prospectively and may be more practical when
making treatment decisions. Other names, for example, episodic
(viral) wheeze, also were proposed to describe the phenotype for
children who primarily wheeze with viral infections alone. In
contrast, the term multple-trigger wheeze phenotype is used for
children who wheeze when exposed to a variety of triggers rather
than solely with viral infections.'’ Subsequently, airway function
was observed to be lower in multdple triggers than episodic wheeze,
which suggests that these are distinct phenotypes.] "However, some
children classified into 1 of these 2 clinically based phenotypes
switched into the other phenotype in the following year,'” which
suggests that these phenotypes may be inconsistent over time. A
2014 study found a high correlation between the epidemiology
defined latent class analysis phenotypes and clinically defined
wheeze phenotypes.l’s Accordingly, clinical phenotypes may be
useful asthma definitions for future epidemiologic studies.

Additional perinatal and early childhood exposures
associated with asthma. Genetic, environmental, devel-
opmental, and host factors and their interactions may contribute
to the development, severity, and persistence of the asthma
phenotype over time.'*"” Atopic disease,””'*"® reduced lung
function,””'”"? viral infections,”’>> and frequent wheeze!>>%
appear to be key risk factors. Other risk factors present in utero and
at the time of delivery associated with increasing risk of asthma
include a family history of atopic disease, black race’’; male sex”;
passive tobacco smoke exposure”’; low birth weight; caesarean
section deliveryzs’m; and maternal consumption of milk, eggs,
and wheat during pregnancy.’’ Factors associated with increased

risk of asthma after birth and in later childhood include respiratory
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TABLE I. Characteristics of wheezing phenotypes in the Tucson Children’s Respiratory Study*

% (no.) in each
category at

% (no. tested)
that were skin
test positive in

% (no.) Diagnosed

% (no.) Diagnosed with bronchitis

age 6y Significant risk factors with asthma but no asthma each category
Wheezing phenotype (total n = 826) for each phenotype atage 6y atage 6y atage 6y
Never-wheezers 51.5 (425) Reference group — — 33.8 317)
Transient early wheezers 19.9 (164) Maternal smoke exposure — — 38.4 (125)
Late-onset wheezers 15 (124) Rhinitis apart from colds; 22.5 (28) 25 (31) 55.7 97)
maternal asthma; male sex
Persistent wheezers 13.7 (113) Eczema; rhinitis apart from colds; 46 (52) 22.1 (25) 51.1 (90)

maternal asthma; male sex;
maternal smoke exposure

*From Ref 1.

fPreschool wheeze phenotypes were defined as no wheeze from birth to age 6 y (never wheeze), wheezing lower respiratory illness before age 3 y only (transient early wheeze),
wheeze at age 6 y only (late-onset wheeze), and wheezing lower respiratory illness before age 3 y and wheeze at age 6 y (persistent wheeze).

% of Phenotype with Wheeze
-]

” HTW

HHHH THE

[ Wheeze 1-3 times past year
Emm Wheeze 4 or more times past year

[+]

Preschool Phenotypes: NW  TEW LOW PW NW  TEW LOW PW NW TEW LOW PW TEW LOW PW
n:3556 131 80 392 151 120 307 118 79 €8 316 M7 9% T
A9e8 Age 11 Age 13 Age 16

FIGURE 1. Prevalence of infrequent and frequent wheeze by the preschool wheeze phenotypes in the Tucson Children’s Respiratory
Study. LOW, late-onset wheeze; NW, never wheeze; PW, persistent wheeze; TEW, transient early wheeze. Group sample sizes at each age
are listed below the acronyms (from Ref 129). Reprinted with permission of the American Thoracic Society. Copyright © 2014 American

Thoracic Society.
viral infections™*? (discussed below in the Comorbidities sec-
tion), early life house-dust endotoxin exposure or colonization
with Streprococcus pneuwmoniae, Haemophilus influenzae, Moraxella
catarrhalis, and Stdp/ﬂylococms ézurem35 *% antibiotic and acet-
amino hen use””’; obesity” ™ allergen exposure™”?'; pas-
sive®* and active tobacco smoke ; synthetic beddlng4("47;
trafﬁc—related pollutants™®”"; maternal depression and familial
stress”'; and the development of other atopic disorders.”” Factors
that are associated with a decreased risk of asthma in early life
include larger family size and later birth order””"; day care
attendance in the first 6 months of life’””°; early exposure to
domestic cats and dogsw %8, measles and bacillus Calmette-Gué-
rin vaccines’ ®'; decreased maternal or child dietary intake of
vegetables, fruit, zinc, vitamins (A, D, E), a Mediterranean diet,
and fish®>°°; exclusive breastfeeding for the first 6 months unless a
maternal history of asthma®” % and exposure to farm animals and
related products 77 utero or during the first 6 months of life.”"”*

Asthma predictive risk models. Several models of risk
were generated to help identify those children who will continue
wheezing into school age.””®' These models use risk factors
associated with the development of asthma in epidemiologic
studies such as a parental history of allergic sensitization, recurrent
wheezing history, atopic disease in the child, increased IgE levels,

decreased lung function, elevated exhaled nitric oxide, and
increased T-helper-4 cytokine levels. One of the most studied, the
Asthma Predictive Index (API),”® was derived from the Tucson
study data that includes risk factors, such as frequent wheezing, a
parental history of asthma, and signs of personal atopic disease.
Children with a positive index were 7 times more likely to have
active asthma during the school years (sensitivity 16%, specificity
97%). The API was validated in the Leicester population—based
birth cohort of 1954 children in 2011.%” Children with a positive
API at age 3 years had an 8-fold increased risk of asthma in the
school years, similar to that found in the Tucson study.m82 As is
typical with these risk models, the overall predictive performance
was low.*»%* The API, however, also has a high negative predictive
value when the APl is negative, which enables the identification of
children who are at low risk of developing asthma later.*>*

The API also was modified by substituting the clinical diagnosis of
allergic rhinitis with objective testing for allergic sensitization. This
modified AP is endorsed by the National Asthma Education Pre-
vention Program Expert Panel Report 3”**** and may be useful in
selecting children who are more likely to respond to inhaled cortico-
steroids.”® The predictive value of this modified API was determined
in a cohort of children at high risk and with a family history of allergy
and/or asthma. In this select population of children at high risk, the
positive modified API increased future asthma probability to 90%."



J ALLERGY CLIN IMMUNOL PRACT
VOLUME 2, NUMBER 6

COMORBIDITIES

Both viral and bacterial respiratory infections can cause
wheezing illnesses in children of all ages and also may influence the
development and the severity of asthma. Viral respiratory tract
infections, particularly rhinovirus (RV) and respiratory syncytial
virus, are epidemiologically associated with asthma in several
ways.”’”? Children who develop severe viral respiratory infections
in the first 3 years of life are more likely to have asthma later in
childhood."?*”* Several host factors, including allergic sensitiza-
tion””* and virus-induced interferon responses,”””” modify the
risk of virus-induced wheezing. Viral species (human RV A and C
species) also may impact the severity of wheezing illness.”

In a cohort of children at high risk for allergic disease, respiratory
syncytial virus and RV wheezing, and allergic sensitization were all
predictors of asthma development at age 6. Infants with both RV
wheezing and aeroallergen sensitization by age 1 year had the highest
incidence (86%) of subsequent asthma.”” There also is evidence that
increased expression and cross-linking of the FceRI in individuals with
allergy reduces type I and III interferon responses, thereby enhancing
viral replication, airway inflammation, and illness severity.”’

A study by Bisgaard et al’* found that neonates with bacterial
colonization in the hypopharyngeal region with S pneumoniae, H
influenzae, or M catarrhalis, or with a combination of these organ-
isms, are at increased risk for recurrent wheeze early in life and
asthma atage 5 years. Another theory for these findings may be thata
person with an atopic biased immune function may have both
altered host defenses that heighten susceptibility to bacterial and
viral infections, and an increased risk of developing asthma,”>100-103

BIOMARKERS AND/OR GENETICS

Bronchoalveolar lavage of preschool-aged children with wheeze
shows a 3-fold increase in total cells, most significantly lymphocytes,
polymorphonuclear cells, and macrophages and/or monocytes
compared with normal children. In addition, leukotriene B4, C4,
prostaglandin E2, and the potentially epithelial-derived 15-hydrox-
yeicosatetraenoic acid are increased. 194 These studies, however, were
not replicated, and further investigation is needed. Bronchial biopsy
specimens of infants with reversible airflow obstruction evaluated for
severe wheezing or cough had no reticular basement membrane
thickening or the eosinophilic inflammation characteristic of asthma
in older children and adults.'’” However, preschool children younger
than 6 years of age and with asthma demonstrate increased epithelial
loss, basement membrane thickening, and eosinophilia compared
with similarly ages of control subjects.'*®

In preschool children enrolled in a birth cohort study, a higher
fractional exhaled nitric oxide and inhalant allergen sensitization
(specific IgE) were positively associated with asthma in later child-
hood, independent of the preschool clinical history.”’ The combi-
nation of fractional exhaled nitric oxide, specific IgE, and clinical
history enhanced the prediction of future wheezing.”' Furthermore,
2 additional studies found an association of higher fractional exhaled
nitric oxide levels in preschool children with recurrent wheezing and a
positive API compared with those with a negative APL'%"'%"
Another study, which compared the lung function of 50 preschool
children with recurrent wheezing and a positive or negative API,
found that those with a positive API had significant lower lung
function, maximal flow at functional residual capacity, in early life. 109

Asthma has a significant genetic contribution, with heritability
estimates that vary between 35% and 95%.'” Several genetic
polymorphisms are associated with the development of asthma in
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children. The CCR5 delta32 polymorphism produces a
nonfunctional chemokine receptor and is associated with
decreased asthma susceptibility with children but not with
adults."'” The CD14-159CC genotype is associated with both
early onset allergic sensitization and increased airway responsive-
ness in childhood but not in young adults.''" In the Melbourne
asthma longitudinal study, a promoter polymorphism for IL-12b
were associated with impaired lung function (FEV)) in girls but not
in boys only during childhood."'” Several cross-sectional studies of
genetic polymorphisms associated with asthma in children are
confirmed in adult studies. Eighteen genetic polymorphisms in the
IL-4, IL-4Ra, IL-13, and the STATG6 pathway are strongly asso-
ciated with both asthma and allergic sensitization (IgE) when all 4
genes are considered when using stepwise statistics.” '~

The loss-of-function mutations in the filaggrin gene are
strongly associated with atopic dermatitis and allergic pheno-
types.1 ' However, the role of filaggrin in mediating asthma risk
is less clear. Two studies demonstrate that the filaggrin gene null
mutations are significantly associated with an increased need for
medications''” and a greater risk of exacerbations in children
with asthma''® compared with children without these mutations.
However, it is possible that filaggrin mutation may modulate
asthma severity indirectly in children with atopic dermatitis (by
impairing the normal skin barrier function and resulting in
increased allergen presentation). Thus, the degree to which
specific genetic variations contribute to allergic sensitization,
airway inflammation, and asthma remain to be determined.

Lastly, the first genome-wide association studies of asthma'
identified ORMDL3/GSDML as a novel asthma susceptibility locus
on chromosome 17q21, which is associated with a risk for childhood
onset asthma. Many studies have since replicated this association with
variations of chromosome 17q21 and childhood onset asthma."”""”
Variation at this locus, however, is not associated with
atopy.''”'?*"*! Moreover, a study of children with a parental history
of atopic disease reveals significant associations between genotypes at
the 17q21 asthma-susceptibility locus and asthma only in those
children who had previously wheezed with RV; wheezing illness due
to respiratory syncytial virus and the presence of allergic sensitization
did not influence these genes by pathogen interactions.'**

17

RELATIONSHIP TO STATISTICALLY DEFINED
PHENOTYPES

The Avon Longitudinal Study of Parents and Children phe-
notypes were validated in an independent cohort of 903 children
who reported recurrent wheeze' > by using latent class analyses at
preschool and school age with measurements of atopic disease,
lung function, and airway responsiveness. The analysis confirmed
3 of the 5 phenotypes of wheeze (early onset transient wheeze
and atopic and nonatopic persistent wheeze) in the Tucson
study.1 Another birth cohort study,lz/' of 1186 children, used
latent class analyses by using the variables of multiple allergy skin
and IgE tests, symptoms, hospitalizations, and lung function,
along with airway reactivity, and found that children clustered
into 5 distinct classes (multiple early, multiple late, dust mite,
nonedust mite, and no atopic disease latent vulnerability). The
association with asthma was stronger for the Multiple Early class
compared with the other classes.””* The National Heart Lung
and Blood Institute Severe Asthma Research Program performed
a cluster analysis on 161 children and identified 4 clusters, which
varied according to the age of asthma onset, the degree of lung
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function impairment, the presence of allergic sensitization, and
the number of asthma controller medications.'*” Separate cluster
analyses with European children also identified clusters of chil-
dren with severe asthma defined by the degree and nature of
allergic sensitization, body mass index, and airflow obstruc-
tion.”*"*” Another cluster analysis in a pooled sample of chil-
dren and adults with severe or difficult-to-treat asthma also noted
separate clusters within each age stratum. Passive smoke exposure
is a distinguishing variable in children, and aspirin sensitivity is a
distinguishing variable in adolescents and adults.'*® A study that
compared epidemiologic phenotype definitions identified by
latent class analyses (similar to the Avon Longitudinal Study of
Parents and Children study’) with those obtained by clinical
phenotypes in preschool-aged children'” found high correlations
between the latent class analysis phenotypes and clinically
defined wheeze phenotypes. Altogether, these studies highlight
the heterogeneity in the clinical presentation of asthma in chil-
dren and the importance of age of onset of symptoms, symptom
burden, atopic disease, lung function, and airway reactivity in the
identification of distinct groups. These methods may be useful in
the refinement of long-term outcomes and response to medica-
tions in upcoming studies.

RECOMMENDATIONS
Definition

The asthma-predictive phenotype is defined as children with
frequent, recurrent wheezing in early life who have risk factors
associated with the continuation of asthma symptoms in later life.

Information to be obtained to determine phenotype
Key characteristics that distinguish the childhood asthma-
predictive phenotype:

o Male sex

e A history of frequent wheezing with lower respiratory tract
infections, particularly RV, and other triggers

o A history of parental asthma

o A history of atopic dermatitis

® Blood eosinophilia of >4% at 9 months

o Early sensitization to food or aeroallergens

o Lower lung function in early life

Research questions and future directions

1. Can environmental or immunomodulatory interventions be
used with children with an asthma-predictive phenotype to
prevent asthma in later life?

2. Can novel biomarkers be found that can consistently identify
a childhood asthma-predictive phenotype?

3. Does exposure to specific viral pathogens in early life lead to
airway disease in normal hosts or does wheezing with certain
viruses identify children with preexisting abnormal host
responses?

4. Do certain respiratory viral strains possess virulence factors
that increase their propensity to induce both acute and
chronic lower airway pathophysiologic alterations that induce
the asthmatic phenotype?

5. Does the early identification of high-risk asthma genotypes
permit more individualized approaches to therapy, both
symptom-based and potentially preventative as well?
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