Asthma: Current status and future directions

New insights into the natural history of asthma: Primary

prevention on the horizon

Fernando D. Martinez, MD Tucson, Ariz

Recent studies of the natural history of asthma have shifted
attention toward viral respiratory tract illness in early life as a
major risk factor associated with the development of the most
persistent forms of the disease. Although early aeroallergen
sensitization is strongly associated with chronic asthma, several
trials in which single-aeroallergen exposure in pregnancy and
early childhood was successfully accomplished and compared
with sham avoidance have failed to show any decrease in asthma
incidence. New evidence suggests that complex interactions
occur between viral infection and aeroallergen sensitization in
genetically susceptible subjects that trigger the immune
responses and airway changes that are characteristic of
persistent asthma. The finding that exposure to bacterial
products among children raised on farms is associated with
diminished asthma prevalence during the school years has now
been replicated, and experimental studies have suggested that
these effects are mediated by the activation of regulatory T cells
in the airway. It is thus plausible to hypothesize that primary
prevention of asthma could be attained through surrogate
therapeutic interventions that activate similar mechanisms in
young children at high risk for asthma. (J Allergy Clin Immunol
2011;128:939-45.)
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The last few years have seen a steady increase in information
about the natural history of asthma and asthma-like symptoms,
starting with the potential effects of exposures and events
occurring during the mother’s pregnancy. In addition, the short-
and long-term results of important clinical trials attempting to
prevent the development of the disease with different interven-
tions have also become available. The purpose of this review,
which continues a series on the current status of asthma,’ is not
to provide an exhaustive account of this plethora of information
but to identify what appear to be the most important indications
that emerge from these studies judged in the framework of the de-
velopment of potential strategies for the primary prevention of the
disease.
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Abbreviations used
BHR: Bronchial hyperresponsiveness
CAMP: Childhood Asthma Management Program
EFD: Episode-free day
FOXP3: Forkhead box protein 3
FVC: Forced vital capacity
HDM: House dust mite
LRI: Lower respiratory tract illness
RBM: Reticular basement membrane
RSV: Respiratory syncytial virus
sGaw: Specific airway conductance

HETEROGENEITY OF ASTHMA-LIKE SYMPTOMS

Asthma is now widely acknowledged as a heterogeneous
condition, with different clinical expressions of the disease
occurring within the population at any point in time and at
different ages. Recently, particular attention has been paid to
the preschool years because there is now convincing evidence
that symptoms develop in the first years of life in a majority of
cases of chronic persistent asthma.”? Hypothesis-based studies
in the 1990s first suggested that preschool children presenting
with wheezing illnesses could be separated into 2 larger
groups, depending on whether their wheezing episodes are pre-
sent or have remitted by the beginning of the school years.“’5
Among the former, a further subdivision was proposed be-
tween those whose episodes of airway obstruction began
very early in life (called persistent wheezers) and those in
whom episodes initiated after that time (called late-onset
wheezers).” More recently, using large birth cohorts and unbi-
ased statistical methods, several groups have extended these
findings.®® The existence of a group of transient wheezers
was confirmed, but this subtype was further divided into those
whose symptoms persist into the fifth year of life (ie, pro-
longed early wheeze) and those whose symptoms remit by
age 3 years. Late-onset wheeze was also subdivided into that
starting before or after age 2 to 3 years.® Careful assessment
of the outcome of these different phenotypes reveals that chil-
dren with transient forms of preschool wheezing have lower
levels of lung function and mildly increased bronchial hyper-
responsiveness (BHR) but are not more likely to be atopic
and are only at limited, if any, risk of asthma during the school
years compared with children who do not wheeze during the
preschool years.”® In contrast, both persistent and late-onset
wheezers are at high risk of having asthma and BHR and of
being atopic by the school years, whereas the greatest deficits
in lung function growth are observed in persistent wheezers
and in late-onset wheezers whose symptoms start before age
3 years.’
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Taken together, these data suggest that for any strategy of
primary prevention to target the population at true risk of
chronic asthma, it would be essential to identify early bio-
markers for the chronic forms of the disease. Unfortunately, no
such reliable biomarkers are available, and therefore longitu-
dinal data from birth cohorts have been used to develop indices
of risk based mainly on clinical signs, family history, and
laboratory ﬁndings.m'15 These indices are useful, albeit imper-
fect,'” to assess prognosis and have been used for studies of
secondary prevention of asthma.'® They have been criticized
as inappropriate if the purpose is to identify children who could
be responsive to different asthma therapies, and alternatives
based on the main triggers of wheezing episodes have been
proposed.”’18 Whether these alternatives are better suited to
identify children at high risk for asthma given the variable
and often unpredictable clinical expression of the disease is
unknown.'%!

VIRAL ILLNESS IN EARLY LIFE AND SUBSEQUENT
ASTHMA

Significant advances have been made in the understanding
of the nature of the association between wheezing lower
respiratory tract illnesses (LRIs) in the preschool years and the
subsequent development of asthma. The availability of ad-
vanced technologies for the assessment of the etiology of
these illnesses has confirmed that children who have LRIs
caused by respiratory syncytial virus (RSV) are at a 3- to
4-fold risk of subsequent wheezing during the early school
years.”?>> Most importantly, however, the strongest predictor
of subsequent asthma is the occurrence of episodes of wheez-
ing during which evidence of rhinovirus infection is found
in the upper airway,”®?’ and this has also been observed for
children hospitalized with bronchiolitis during the first year
of life.?®?° Strikingly, in at least 1 study, these associations
were only observed among children with positive skin test re-
sults to a battery of allergens before the age of 2 years but not
among those who had negative skin test results or were sensi-
tized after that age.”® This finding has suggested the hypothe-
sis that immunologic interaction between viral infections and
Ty2 immunity predisposes to more severe acute responses to
the virus and the development of asthma. Specifically, activa-
tion of type 1 interferon antiviral responses would also upre-
gulate the expression of the high-affinity receptor for IgE
(FceRI) on local airway dendritic cells.*® In sensitized subjects
the local presence of IgE and allergen would cross-link the re-
ceptors, initiating a cascade that would enhance aeroallergen-
specific Ty2 memory cells. These mechanisms would be
further boosted by the diminished Tyl-type responses that
have been observed in infants before the development of per-
sistent wheezing and up to the school years.*! It is also plau-
sible to surmise that the diminished innate immune responses
against infectious agents, which have been reported during
asthma exacerbations in older children,** might be present
in early stages of the disease and might also explain the in-
creased risk of colonization with pathogenic bacteria of the
upper airways in young children who will go on to have
asthma-like symptoms.3‘

The hypothesis that virus-allergen interactions play a role in
the origins of asthma has been recently supported by exper-
imental studies. Al-Garawi et al** infected neonatal mice with
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influenza virus and subsequently exposed them to house dust
mite (HDM). Unlike adults, neonatal mice exhibited negligi-
ble immune responsiveness to HDM in the absence of influ-
enza infection. However, this HDM hyporesponsiveness was
overcome when exposure to allergen occurred concurrently
with an acute influenza infection; young mice now displayed
robust allergen-specific immunity, allergic inflammation, and
lung remodeling. Remodeling persisted into early adulthood,
even after prolonged discontinuation of allergen exposure,
and was associated with marked impairment of lung function.
Taken together, these data suggest that asthma might be the
result of an initial viral insult, which would enhance local
and eventually systemic responses to allergens in subjects pre-
disposed to Ty2-type responses. The presence of a virus-
allergen interactive mechanism at the beginnings of asthma
might explain the dissociation between genetic determinants
of total serum IgE levels and asthma,* why children with pa-
rental history of asthma are more prone to have early sensiti-
zation to allergens independent of the atopic status of their
parents,36 and why subjects with asthma have higher serum
IgE levels than would be expected given the levels of IgE
in their parents.’’

NATURAL HISTORY OF ASTHMA SYMPTOMS,
AIRWAY FUNCTION, AND AIRWAY STRUCTURAL
CHANGES IN ASTHMATIC PATIENTS

A major feature of chronic asthma is the presence of varying
degrees of airflow limitation. As a group, asthmatic patients have
lower levels of spirometric indices, such as the FEV ;/forced vital
capacity (FVC) ratio.*® A diminished FEV/FVC ratio is a strong
predictor of asthma exacerbations® and persistence of childhood
asthma into adult life.***!

Longitudinal studies have suggested that airflow limitation in
asthmatic patients might have congenital and acquired compo-
nents. Compared with children without asthma, those who would
go on to have asthma by age 10 years were found to have
decreased respiratory system compliance measured shortly after
birth.** Similarly, children who wheezed persistently between
ages 4 and 11 years had lower maximal expiratory flows at func-
tional residual capacity shortly after birth when compared with
values seen in those with no history of wheezing.** In the Tucson
Children’s Respiratory Study we found that although persistent
wheezers up to age 6 years had slightly lower size-adjusted lower
maximal expiratory flows at functional residual capacity at birth
compared with values seen in those who never wheezed, the dif-
ferences between these 2 groups increased with age up to age 6
years and remained relatively stable thereafter up to age 16 years.9
These observations from general population samples were cor-
roborated and extended by a thorough analysis of lung function
data from the Childhood Asthma Management Program
(CAMP).** Children with mild-to-moderate asthma aged 6 to
12 years were initially randomized to 4 to 6 years of treatment
with budesonide, nedocromil, or placebo and subsequently fol-
lowed for another 4 years. When compared with children from
a general population sample, the mean FEV,/FEV ratio of
CAMP participants was lower at the beginning of the study and
decreased further during the follow-up. Interestingly, two thirds
of the deficits in lung function growth observed at the end of
follow-up in CAMP participants were already present at age 6
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years, with the remaining third occurring between ages 6 and 18
years.

The early deficits in lung function growth that are character-
istic of persistent childhood asthma occur in concomitance with
a gradual change in the clinical expression of the disease during
the preschool years. In the Prevention of Early Asthma in Kids
trial,'® 2- to 3-year-old children with a positive modified asthma
predictive index score, who thus had a history of greater than 3
episodes of wheezing during the previous year, were treated
with either fluticasone or placebo by means of inhalation for
2 years and then followed for a third year while off study med-
icines. Episode-free days (EFDs; ie, those in which the child
had no asthma-like symptoms and did not use asthma treatment
apart from study medicines) were assessed by using diaries
compiled by parents. Children enrolled in the placebo arm
had greater than 95% EFDs at the beginning of the trial, but
EFDs decreased steadily and progressively during the 3 years
of follow-up, reaching approximately 85% of days at the end
of the trial. These results clearly suggest that asthma is predom-
inantly an intermittent disease with very few symptomatic days
at its beginning and slowly becomes more chronic during the
preschool years. Remarkably, the proportion of EFDs was sig-
nificantly lower in children treated with fluticasone that in those
treated with placebo during the treatment period, but EFDs rap-
idly converged for the 2 groups during the observation period,
as did the frequency of exacerbations and lung function. These
results suggested that current anti-inflammatory therapy, al-
though effective in preventing symptoms, does not change ei-
ther the natural history of asthma® or the progression of the
structural changes occurring in the asthmatic airway. At least
2 other major studies in preschool children reached similar
conclusions.*®*’

Data on structural airway changes suggest a similar pro-
gression. Saglani et al*® assessed whether the epithelial reticu-
lar basement membrane (RBM) thickening and eosinophilic
inflammation characteristic of asthma were present in sympto-
matic infants aged 3.4 to 26 months with reversible airflow ob-
struction. They found that these 2 parameters were not
significantly different between 16 wheezing infants with de-
creased specific airway conductance (sGaw) and bronchodila-
tor reversibility, 22 wheezing infants with decreased sGaw
but without bronchodilator reversibility, and 15 wheezing in-
fants with normal sGaw. Moreover, RBM thickness was not
significantly different in these 3 groups compared with that
seen in healthy school-aged children but was significantly
lower than that of school-aged children with asthma. When
these same authors subsequently assessed RBM thickness in
wheezy children at a median age of 29 months,*’ it was found
to be significantly increased when compared with that of con-
trol subjects of the same age. These data thus suggest that the
characteristic pathologic features of asthma in adults and
school-aged children develop in preschool children with con-
firmed wheeze between the ages of 1 and 3 years, the same
age during which deficits in lung function growth and develop-
ment of more persistent symptoms seem to occur in asthmatic
patients.

What determines these concomitant functional, clinical, and
pathologic changes in early asthma is unknown. Illi et al’® re-
ported that the incidence of sensitization to perennial allergens
(eg, HDM, cat, and dog) during the first 3 years of life was as-
sociated with loss of lung function at school age. Moreover,
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the FEV/FVC ratio was lowest in children who were both
sensitized and exposed to perennial allergens but not to sea-
sonal allergens. No concomitant assessment was made of the
incidence of viral illness in early life, but in a different publi-
cation from the same cohort,’’ early allergic sensitization was
most strongly associated with asthma at the age of 11 to 13
years in children with a history of wheezing during the first
3 years of life. More recently, Guilbert et al’? studied longitu-
dinally children at high risk for asthma, half of whom had ev-
idence of sensitization to aeroallergens by age 6 years. They
found that those with a history of wheezing during rhinovirus
infection during the first 3 years of life had significantly lower
prebronchodilator and postbronchodilator FEV; values and
FEV,/FVC ratios than those without such a history. The au-
thors found no association between early allergic sensitization
and lung function but did not test for a rhinovirus-sensitization
interaction.

These findings suggest that airway remodeling and deficits in
lung function growth can occur both as the result of allergen-
virus interaction and as a direct consequence of inappropriate
responses to viruses. The latter scenario is supported by the
observation by Turato et al>® that all pathologic features were
very similar in wheezy young children (median age, 5 years)
with and without atopy: both groups had similarly thickened
RBM and an increased number of blood vessels. Moreover,
both groups also had significantly increased local eosinophilia
and increased expression of IL-4 and IL-5. More recently, the
same group of investigators found similarly thickened RBM, in-
creased epithelial loss, and higher numbers of vessels in chil-
dren with and without eosinophilic infiltration in the airway
epithelium, and the results were very similar for those aged 6
years or older as for those aged less than 6 years.54 Both eosin-
ophilic and noneosinophilic cases had increased numbers of
cells expressing IL-4 and IL-5 in the airways compared with
those seen in control subjects.

Taken together, these results suggest that the complex heter-
ogeneous mechanisms associated with inception of childhood
asthma have 2 major factors in common: incidence of early
sensitization to local aeroallergens and incidence of viral respi-
ratory tract infection, especially that caused by rhinovirus, during
the first 3 years of life. It is thus plausible to surmise that
approaches that could decrease contact with or inappropriate
immune responses to either of these environmental exposures at
critical windows of opportunity in early life could prevent the
development of asthma.

AVOIDANCE OF AEROALLERGEN EXPOSURE AND
ASTHMA PREVENTION

It is not surprising that only one of these approaches, namely
aeroallergen avoidance, has been tested in randomized clinical
trials because the potential for exposure to these allergens to
cause asthma was first proposed almost 2 decades ago.’ 236 The
first such study was that of the Isle of Wight.”” Starting in 1990,
pregnant mothers of high-risk infants (ie, those with >2 mem-
bers of the immediate family affected with an allergic disease
[asthma, eczema, or allergic rhinitis] or either parent or a sibling
affected with an allergic disease plus a cord serum IgE level
>0.5 kU/L) were recruited and randomly assigned to the pro-
phylactic (n = 58) or control (n = 62) arms. Participants in
the prophylactic group were either breast-fed by a mother on
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a low-allergen diet or given an extensively hydrolyzed formula
for 12 months. Exposure to HDM was also reduced by the use
of an acaricide and mattress covers. The control group followed
standard advice. Asthma, as assessed by means of repeated
analysis at 1, 2, 4, and 8 years, was markedly lower (odds ratio,
0.24; P = .005) in the treated group than in the control group.
The protective effect was primarily observed in the subgroup of
children with persistent disease (ie, asthma symptoms at all
visits): 1 (1.7%) child in the prophylactic group had persistent
asthma compared with 7 (11.3%) children in the control group
(P = .04). This study shows that reduction of asthma incidence
is indeed possible in a highly selected population, but limita-
tions were the small numbers of subjects and the unblinded na-
ture of the intervention. Moreover, the intervention is expensive
and highly burdensome for the family, and it is not possible to
know which of the 2 interventions (ie, feeding regimen or aller-
gen exposure intervention) were responsible for the results
obtained.

A similar approach was adopted in a larger study in Winnipeg
and Vancouver starting in 1995: 545 high-risk infants with an
immediate family history of asthma and allergies were prospec-
tively randomized into intervention or control groups prena-
tally.” 8 The intervention during the first year of life consisted of
the following: extensive HDM control measures, pet avoidance
measures, avoidance of environmental tobacco smoke, and en-
couragement of mothers to breast-feed for at least 4 months
and, if possible, for the first year and to delay introduction of
other foods until 6 months of age. Partially hydrolyzed whey
formula was supplied for supplementation, if necessary, and af-
ter weaning until 12 months of age. Families were also encour-
aged to avoid use of day care facilities until after the first year
of life, and 3 times fewer children in the intervention group
were in day care by 1 year compared with control infants. At
age 7 years, the prevalence of asthma (defined as wheeze with-
out colds and the presence of BHR) was significantly lower in
the intervention group compared with the control group (risk ra-
tio, 0.39). There were multiple prophylactic measures, it was
not possible to mask all interventions, and losses to follow-up
were substantial: only 350 (64%) children were assessed for
BHR at age 7 years.

A different approach was taken in the Childhood Asthma
Prevention Study in Sydney, Australia.’® Newborns with a fam-
ily history of asthma were recruited antenatally and random-
ized separately to HDM avoidance or control and to dietary
fatty acid modification or control®® during the first 5 years of
life. Both interventions were highly successful in decreasing
exposure to HDM and in decreasing the ratio of w-6 to w-3
fatty acids in plasma in the active diet group, but neither inter-
vention was significantly effective in decreasing the prevalence
of asthma at age 5 years59 or that of either asthma or BHR at 8
years.®

Similarly, in the Prevention and Incidence of Asthma and Mite
Allergy cohort,®" 810 allergic mothers were enrolled during preg-
nancy and randomized to either mite allergen avoidance measures
or sham intervention. There was no significant difference between
groups in the prevalence of wheezing or sensitization to HDM at
age 4 years.

In the Study of Prevention of Allergy in Children in
Europe,62 696 newborns at high risk of allergy were enrolled
in 3 European countries (Germany, Austria, and the United
Kingdom). Children were randomly assigned to an
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intervention arm, which used mite-impermeable mattress en-
casings for the child’s bed and an educational package on al-
lergen avoidance, and a control arm, which received basic
information about allergies. Children were followed up at
ages 6, 12, 18, and 24 months. No significant difference in
the prevalence of sensitization to HDM (8.4% vs 6.1%, P =
.33) or the development of symptoms (recurrent wheezing,
10.3% vs 10.7%; nocturnal cough, 12.5% vs 12.5%) or asthma
(3.5% vs 5.1%) could be found between the control and inter-
vention groups, respectively.

Finally, in the Manchester Asthma and Allergy Study 291
high-risk families expecting a child were randomized to either
extensive mite allergen avoidance or a sham intervention.®® The
intervention was highly effective in decreasing HDM exposure
in the home. Unexpectedly, children in the active arm were sig-
nificantly more frequently sensitized by age 3 years compared
with control subjects (>1 allergen by skin testing: risk ratio,
1.6; P = .04; mite: risk ratio, 2.9; P = .05). At that age, there
was no difference in the prevalence of any respiratory symptom
between the groups.

Taken together, these results suggest that interventions
directed at reduction of exposure to single aeroallergens
known to be strongly associated with the development of
asthma in early life are not effective in primary prevention of
the disease.®* Multifaceted interventions, in which aeroaller-
gen avoidance is paired with other interventions, such as die-
tary manipulation, in high-risk children has been shown to be
potentially more effective, but a thorough analysis of these in-
terventions® concluded that there remains uncertainty as to
whether multiple interventions are more effective than mono-
component interventions. These conclusions are supported by
the results of epidemiologic studies showing that in locales
in which the allergens most strongly associated with asthma
in temperate coastal regions, such as HDM, are not prevalent,
others seem to take their place. In Tucson, Arizona,65 and Los
Alamos, New Mexico,*® for example, Alternaria alternata is
the allergen most strongly associated with asthma. In Northern
Sweden, where mites and airborne molds appear to be rare, al-
lergens from domestic animals were found to be most strongly
associated with asthma in 7- to 8-year-old children,®” and the
subsequent significant increase in the prevalence of sensitiza-
tion to these allergens 10 years later had no effect on the prev-
alence of wheezing in children of the same age.%® These
results thus suggest that the relation between asthma and early
sensitization to aeroallergens is complex, and the reduction or
even elimination of exposure to 1 aeroallergen might not pre-
vent the development of asthma and sensitization to other
aeroallergens.

REDUCTION OF RSV AND RHINOVIRUS INFECTION
AND ASTHMA PREVENTION

As explained earlier, both RSV- and rhinovirus-induced LRIs
during the first years of life are associated with increased risk of
asthma and wheezing during the school years. The availability
of effective therapies for RSV-induced LRIs based on antibodies
against RSV® has suggested the hypothesis that prevention of
lower airway involvement during RSV infection could be asso-
ciated with a subsequent reduction in the prevalence of asthma-
like symptoms during the school years. No randomized trial
with the prespecified goal of assessing this hypothesis has
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been published. Wenzel et al’® recruited 8- to 11-year-old chil-
dren who had had a physician’s diagnosis of chronic lung dis-
ease or bronchopulmonary dysplasia as infants and who had
participated in earlier studies of monthly prophylaxis with
RSV immune globulin obtained from pooled human blood sam-
ples. Control subjects were selected from children who had a
history of physician-diagnosed bronchopulmonary dysplasia or
chronic lung disease but who were not treated with active med-
icine. At follow-up, the number of asthma attacks was signifi-
cantly smaller in children who had been treated with RSV
immune globulin than in control subjects. There were no signif-
icant differences in the prevalence of BHR, diagnosis of asthma,
use of inhaled bronchodilators or corticosteroids, or use of any
asthma medication between the 2 groups, although rates were
consistently lower in the treated children. Simoes et al’' en-
rolled 101 children younger than 36 months who had received
an mAb against RSV, palivizumab, in a previous respiratory
season and were not hospitalized for RSV and matched them
to control children who had never received palivizumab. There
were 2 control groups: approximately one third had documented
RSV-induced hospitalization in the first year before enrollment
(n = 76), and the second group (n = 154) was not hospitalized.
The relative protective effect of palivizumab on physician-
diagnosed recurrent wheezing through the ages of 2 to 5 years
was 68% in those with no family history of asthma and 80%
in those with no family history of atopy or food allergies. In
contrast, there was no effect of palivizumab on subsequent re-
current wheezing in the 90 children with a family history of at-
opy or food allergies compared with that seen in the 130
untreated infants with atopic families. Although no definitive
conclusions can be reached from these 2 studies that are appli-
cable to term children, the results suggest that prophylaxis with
anti-RSV antibodies could reduce the subsequent development
of wheezing in children who do not have an atopic background.

There are currently no strategies available for the successful
prevention of respiratory tract illnesses caused by rhinovirus.”>
The fact that respiratory tract illnesses caused by rhinovirus are
highly frequent in young children attending day care”” has sug-
gested the possibility that avoidance of day care in early life could
be used as a prevention strategy for asthma.’® However, several
studies have suggested that although day care attendance is asso-
ciated with increased incidence of wheezing LRIs in early life,”*
it is either unrelated to asthma risk’> or might be associated with
protection against the development of asthma.”*7°

ORAL BACTERIAL EXTRACT AND ASTHMA
PREVENTION

Recent experimental and clinical studies have suggested an
interesting new approach to asthma prevention that might straddle
both responses to respiratory tract viruses and allergens. Oral
lyophilized extracts of respiratory bacteria have been used
empirically for decades in European countries for the prevention
of respiratory tract illnesses in both children and adults’’ and have
also been shown to decrease the severity of acute exacerbations in
patients with chronic obstructive pulmonary disease.”® A recent
meta-analysis of randomized trials using these products sug-
gested that although there is some indication that they might in-
deed decrease the incidence of respiratory tract illnesses, most
studies evaluated were of low quality, and there was only moder-
ate evidence of efficacy.”” Two recent reports assessed the
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efficacy of these products in modulating airway inflammation
and BHR in established animal models of allergic airway disease.

Navarro et al’® showed that oral treatment with bacterial ex-
tracts suppressed airway inflammation and BHR through IL-
10—dependent and MyD88-dependent mechanisms and induced
the conversion of forkhead box protein 3 (FOXP3)-negative T
cells into FOXP3™ regulatory T cells. These FOXP3" T cells
found in the airways expressed CCRY, suggesting that they
were likely of intestinal origin because only dendritic cells from
mesenteric lymph nodes and Peyer patches have been shown to
confer a CCR9 phenotype to T cells.” Furthermore, CD4™ T cells
purified from the trachea of extract-treated mice conferred protec-
tion against airway inflammation when adoptively transferred
into sensitized mice.

Strickland et al*” showed prevention of T-cell activation and of
the development of BHR during chronic allergen exposure of sen-
sitized rats exposed to oral bacterial extracts and demonstrated
that these effects were mediated by regulatory T cells localized
in the airway mucosa. These findings complement those of Razi
et al,®! who studied 75 children aged 1 to 6 years with recurrent
wheezing. Participants were randomly assigned to groups given
either an oral bacterial extract or a placebo (1 capsule per day
for 10 days each month for 3 consecutive months). After 12
months of follow-up, there was a 37.9% reduction in wheezing
LRIs in the group given oral bacterial extracts compared with
the group given placebo (P <.001). The duration of each wheez-
ing attack was also 2 days shorter in the group given active drug
than in the group given placebo (P =.001). These results suggest
that exposure to bacterial products through the oral route might
modulate allergy-mediated airway inflammatory responses in ex-
perimental animals and might also decrease inflammatory re-
sponses presumably to viruses in preschool children with a
history of wheezing LRIs. Interestingly, consumption of raw
milk is associated with protection against the development of
asthma,® and it is possible that the presence of bacterial products
in these unpasteurized milk products might explain, at least in
part, these protective effects. Further studies are needed to deter-
mine whether oral bacterial products could be used to prevent
wheezing LRIs and potentially the development of asthma in sus-
ceptible children.

CONCLUSIONS

The epidemiologic and experimental evidence presented above
strongly suggests that persistent asthma might result from com-
plex interactions between immune responses to allergens and
respiratory tract viruses. The aeroallergens most strongly associ-
ated with asthma vary widely in different locales, and aeroaller-
gen avoidance prevention trials have not been successful in
preventing subsequent asthma. On the other hand, rhinovirus- and
RSV-induced wheezing LRIs have been found to consistently
predict the subsequent development of asthma. It is thus reason-
able to hypothesize that viral infection occurring in susceptible
subjects at a critical window of opportunity during airway and
immune development enhances allergic sensitization and the
chronic changes in airway function and structure that are char-
acteristic of asthma. Although more studies are needed to better
understand the mechanisms that are at work at the beginning of
asthma, a major unmet challenge for the asthma community today
is to design and conduct primary prevention studies that specif-
ically test this hypothesis.
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What do we know?

e A high proportion of cases of chronic asthma begin dur-
ing the preschool years.

Structural and functional changes characteristic of the
asthmatic airway are often detected at or after age
3 years.

In patients with chronic persistent asthma, the first clini-
cal manifestations of the disease are triggered by viruses,
most often rhinovirus, and are associated with early aero-
allergen sensitization.

Single-allergen environmental avoidance is not effective
in preventing asthma onset.

Current inhaled anti-inflammatory therapy does not
change the natural course of asthma.

What is still unknown?

e Could oral exposure to bacterial products activate
immune-regulatory mechanisms in the airway and
through this mechanism prevent the development of
asthma?

Could therapeutic approaches that activate innate im-
mune responses prevent acute viral LRIs and be used to
prevent asthma?

What are the biological mechanisms that underlie the in-
teraction between viral infection and aeroallergen sensiti-
zation at the beginning of asthma?
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