
Allergen specific immunotherapy has traditionally been viewed as a treatment for 
established atopic disease. The disease target of choice has principally been allergic 
rhinitis, and in contrast there has been widespread reluctance in sectors of the clini-
cal community to extend this approach to treatment of atopic asthma. However as 
understanding of the underlying pathogenic mechanisms which drive asthma aetiol-
ogy and pathogenesis increases, the rationales for considering immunotherapy in 
this treatment context are expanding, particularly in relation to primary and second-
ary prevention of asthma in childhood. This brief review highlights recent develop-
ment relating to this issue.

Introduction

It has become clear from a range of prospective studies that the development of 
asthma which persists to the end of the preschool years, particularly in children who 
are sensitised to inhalant allergens, is likely to be associated with subsequent pro-
gression to more severe forms of the disease during the school years and frequently 
into adult life. The potentially most effective way to tackle this growing problem is 
to identify at risk groups very early in this process and institute targeted therapies 
aimed at prevention of disease progression [1,2]. The design of effective therapeutic 
strategies to achieve this end requires a thorough understanding of the mechanisms 
underlying the initiation phase of this complex disease process. Until comparatively 
recently this aspect of asthma research has been sidelined in the rush to identify 
pathogenic mechanisms and associated drug targets for treatment of severe chronic 
disease in adults. The results of this approach to date have been disappointing, 
and the search for anti-inflammatory drugs which can improve on results obtained 
with steroids appears as frustrating as ever. In particular, disease modification (as 
opposed to symptomatic relief) still remains an elusive goal. However, this picture is 
changing as the pace of research on the aetiology of atopic diseases and of wheezing 
syndromes in childhood has accelerated, especially over the last decade. In particu-
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lar, some important leads have come from studies on the control mechanisms that 
confer normal resistance against primary allergic sensitisation to inhalants.

Regulation of T cell immunity in the airways: insights from animal 
model systems

The airway epithelium is in constant contact with non pathogenic inhaled proteins 
which are ubiquitous in the natural environment, including aeroallergens (which are 
intrinsically harmless unless they elicit an inappropriate immune response), and also 
airborne viral and bacterial pathogens. The maintenance of immunological homeos-
tasis in this microenvironment requires that the immune system recognises the differ-
ence between these classes of antigens and restricts local T cell activation events to 
those necessary for elimination of pathogens, while ignoring the much more common 
non pathogenic antigens/allergens. The key to this balancing act is the presence of cell 
populations at the interface of the airway epithelium and the external environment 
which are specialised for antigen sampling, and capable of rapidly transporting cap-
ture antigen to the central immune system for elicitation of “appropriate” immune 
responses. The relevanT cells are dense networks of airway mucosal dendritic cells 
(AMDC) first described by my group in the late 1980s [3,4], and subsequently char-
acterised in detail by numerous investigators (reviewed in [5]).

Two key features of the functional phenotype of these AMDC are their capacity 
to sample airway luminal antigens/allergens through the intact airway epithelium via 
extrusion of dendrites through intact tight junctions [6], and maintenance of their 
functional phenotype while resident in airway tissue to a purely “antigen uptake/
processing” mode, not developing capability to present acquired antigens to T cells 
until they migrate to regional lymph nodes to complete their life cycle. This strict 
compartmentalisation of functions serves to minimise possibilities of T cell medi-
ated damage of the airway mucosa to inhaled antigen/allergen. Recent experimental 
model studies have demonstrated that even in sensitised animals, capacity to elicit 
T cell mediated inflammation to aerosol exposure to allergen requires an obligatory 
initial “maturation/activation” step on the part of the AMDC, which is normally 
prevented via a series of local control mechanisms [7,8]. Spontaneous failure of 
these control mechanisms, and/or triggering of premature maturation/activation of 
members of the AMDC network by environmental agents, is believed to be central 
to the expression of inhalant allergy [5].

An additional homeostatic mechanism which plays a central role in the mainte-
nance of immunological homeostasis in the airways in the steady state is the process 
of inhalation tolerance which is the respiratory tract arm of “mucosal tolerance”. 
First described in my lab in the early 1980s, this process has been characterised in 
detail in a variety of experimental settings [9 – 13]. An important finding has been 
the fact that the efficiency of the tolerance process is genetically determined; with 
the threshold allergen exposure levels required to elicit protective tolerance varying 
over a multi log scale range. Notably, atopy-prone “high-IgE-responder” animal 
strains require sustained high level exposure to elicit tolerance, while atopy-resistant 
“low-IgE-responders” are readily tolerised via much lower exposures [14 – 16].
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The precise mechanisms underlying tolerance induction have yet to be deter-
mined. However the AMDC are central to the process, and it has been suggested 
that a specific plasmacytoid subset within this population may be responsible [17].

The role of AMDC in host responses to microbial challenge in the 
airways

The immune surveillance role of the AMDC population is principally that of alert-
ing the immune system to incoming airborne pathogens to elicit primary immune 
responses, and where required to stimulate secondary immunity in the airway 
mucosa during subsequent cycles of infection. The former is achieved via the antigen 
capture/transport role of AMDC, while the latter requires functional up-regulation 
of AMDC in situ. Precisely how this is achieved is unknown, but significant insight is 
available from bacterial and viral exposure models in rats and mice. In particular, it 
is clear that airway exposure to microbial breakdown products including LPS [18,19] 
markedly accelerates the dynamics of antigen sampling in the epithelium/mucosa. 
Moreover it has been shown that a permissive LPS-equivalent signal is an obligatory 
requirement to stimulate sufficient functional maturation/activation of AMDC to 
enable them to “recognise” incoming non-pathogenic antigen/allergen [5].

Of particular relevance to recent human studies are reports demonstrating the pro-
found effects of respiratory viral infections on the AMDC network in rats and mice. In 
particular, Sendai virus infection rapidly expands the AMDC network in rats [20,21], 
and in contrast to observations in airway challenge models involving non-living micro-
bial stimuli or allergens where network activity returns rapidly to baseline after with-
drawal of the agents [18,19], the AMDC network remains markedly expanded for >40 
days post viral clearance from the lungs [20,21]. Of additional note, a recent report has 
demonstrated a novel pathway via which Type 1 IFN produced in airway tissues dur-
ing a respiratory virus infection in mice stimulates large scale up-regulation of FcεR1a 
expression on lung DC [22]. Earlier studies with Langerhans cells demonstrate that 
arming with FcεR1a strongly enhances allergen uptake, processing and subsequent 
presentation to T cells. Collectively, these observations provide a plausible explana-
tion for recent human epidemiological findings relating to the respective roles of atopy 
and viral infection in asthma pathogenesis, which is discussed below.

Aetiology of asthma in early childhood: insight from birth cohort 
 studies

A series of prospective birth cohorts which have tracked populations of children 
through early childhood and into their teen years (reviewed in [2]) have provided 
a broad framework for our understanding of how the persistent asthma phenotype 
develops in early life. These findings have been incorporated into a working model 
of asthma aetiology in childhood, which also serves as a template for design of early 
intervention strategies [23]. The key feature of this model and of the underlying data 
sets from which it is derived is the consistent finding that while early atopic sensitisa-
tion to inhalant allergens and severe respiratory viral infections triggering wheeze 
during infancy can function as independent risk factors for asthma development, 
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this risk is maximal in children experiencing both insults [2,23]. This suggests under-
lying synergistic interactions between inflammatory mechanisms triggered in the 
airway mucosa via viruses and allergens. As noted above there is now evidence for 
sustained up-regulation of AMDC networks during and following respiratory viral 
infection, and this provides a potential mechanism for intensification of allergen 
driven airways inflammation in sensitised children; and this is nominated in Figure 
1 in Reference [2] as a potential interaction mechanism linking anti-viral and atopic 
inflammatory mechanisms, in the overall asthma causal pathway. It is also pertinent 
to note in this context earlier publications indicating that the kinetics of postnatal 
maturation of the AMDC network in rodents is fastest in the nasal turbinates which 
is the site of maximal contact in the airways with incoming microbial stimuli [24], 
and findings in post mortem airway tissue samples from human infants with histories 
of severe airways infection demonstrating expanded AMDC populations [25].

The downstream effects of these interactions in relation to initiation of asthma 
development during early childhood are incompletely understood, but are postu-
lated to involve inflammation-mediated changes to lung growth and differentiation. 
This life phase is a period of intensive growth and remodelling of lung and airway 
tissues, and disturbance of this process may perturb the orderly establishment of 
complex structure/function relationships that are central to development of normal 
respiratory function in later childhood (reviewed in [23]). It is pertinent to note in 
this context the evidence indicating that lung function in individual children tends to 
“track” over time in a stable fashion within the population centile describing their 
functional capacity during infancy, and further that any events triggering a drop to a 
lower centile during this critical period has the potential to carry forward into later 
life [23,26,27]. Thus, either short term bursts of intense airways inflammation or 
sustained periods of moderate inflammation may have long term deleterious conse-
quences in relation to subsequent lung function.

Disease progression: chronicity and intensity

The association between atopy and risk for progression of asthma continues 
beyond the preschool years [2], and the strength of the association between these 
two diseases appears strongest during the teen years [28]. We have recently complet-
ed a detailed respiratory follow-up on a birth cohort of 1380 14year olds and 82% 
of all current asthma cases were atopic (to be published), which is consistent with 
this view and with findings from other birth cohorts. Moreover, intensity of atopic 
sensitisation associated strongly with asthma severity in this group.

Additional evidence in support of the continuing importance of atopy in driving 
asthma pathogenesis in this age group has come recently from intervention studies 
aimed at prevention of progression from allergic rhinitis to asthma in pollen allergic 
but non asthmatic school children. These studies have compared groups of atopic 
children given allergen-specific immunotherapy versus standard best-practise man-
agement not including immunotherapy, and tracking them over two consecutive 
5-year periods. The group given immunotherapy displayed significantly reduced 
rates of asthma development over the observation period [29,30].
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An additional series of observations on school children from several independent 
groups are of particular relevance to this discussion. Notably, acute asthma exac-
erbations of sufficient severity to require hospitalisation are now recognised to be 
restricted principally to atopics [31 – 34]. Moreover the degree of risk for exacerbation 
is reportedly related to intensity of sensitisation as opposed to sensitisation per se [31]. 
In this context we are in the process of investigations on a cross sectional cohort of 170 
asthmatic children recruited following hospitalisation for acute severe exacerbations, 
and 96% of these children were atopic and moreover were within the upper quartile 
of atopy intensity relative to the overall age-matched atopic population. These obser-
vations are consistent with those reported earlier [31 – 34] and argue strongly that 
interactions between atopic and anti-viral inflammatory mechanisms continue to play 
a central role in driving asthma pathogenesis throughout (at least) the school years.

Conclusions

Accumulating evidence from a variety of experimental and clinical settings is pro-
viding an increasingly strong argument for a role for both viral infections and atopy 
in the aetiology and pathogenesis of asthma. In particular, the presence of underly-
ing atopic sensitisation appears to provide an obligatory “background” which cre-
ates susceptibility to the asthma promoting effects of viral infection. This appears 
to hold for the initiation of asthma development in early postnatal life, and also 
for subsequent progression to chronicity. Of particular interest is the observation 
that inhalant allergy also appears to create susceptibility to the acute exacerbation-
triggering effects of viral infections.

The most likely candidate mechanism for these interactions involves effects 
of viral-induced effects on the AMDC which are responsible for triggering Th2 
responses associated with the asthma late phase reaction, and the design of drugs 
to target this interaction appears a logical future step. In the interim the most direct 
approach, for both primary and secondary prevention of atopic asthma, would 
appear to be allergen specific immunotherapy. In this regard we are at the early 
stages of a clinical trial funded by the NIH ITN network, aimed at enhancing the 
normal development of mucosal tolerance in high risk non-sensitised infants via 
administration of a mixture of aeroallergens using SLIT methodology. Initial safety/
immunogenicity studies on a subcohort of 50 infants treated for one year without 
significant side effects has been completed, and a stop/go decision related to exten-
sion to an overall study size of 200 children is expected soon.

Regardless of the progress of this primary prevention trial strategy, the recent 
success in reduction of progression from rhinitis to asthma in 6 – 12year old atop-
ics indicates that this secondary prevention approach merits further and detailed 
follow-up. However, it may be timely to consider widening of the criteria for trial 
design in this area to include more severe categories of asthma risk.

In this regard, the increasing strength of the epidemiological data linking underly-
ing atopy with susceptibility to viral induced severe exacerbations, and the accompa-
nying increase in understanding of likely underlying mechanisms, suggests that atopic 
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children with a history of severe asthma exacerbations may be the group in most need 
of effective immunotherapy to control their inhalant allergies. This is the group that 
currently is to a large extent sidelined in the debate concerning potential benefits of 
immunotherapy, and safety considerations are usually given as the reason. This group 
of patients are widely considered to be potentially at high risk of anaphylaxis-associ-
ated side effects from immunotherapy, but it is unclear whether the data supporting 
that proposition is valid. In my view it is time to re-examine this issue in detail in light 
of more recent data, because inadvertent denial of the potential benefits of this type 
of therapy to this subgroup of patients may be doing them a disservice.
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Discussion

van Ree: So you look at the change in the number of dendritic cells expressing the 
high affinity receptor in these children with exacerbations? But have you looked in 
children that have the same viral infections but no asthma? Is it lower than this?

Holt: No, we are trying to do that at the moment and that is the obvious next step. 
So what we want to do is see if we can grave this through the various sorts of virus 
infections, for sure.

Chapman: Pat, have you considered, or is it been looked at, the potential confound-
ing effects of allergen exposure in some of these studies?

Holt: Absolutely. In fact, this model totally relies on the IgE that is bound to the 
high-affinity receptors being cross-linked. And so it only works with IgE that is 
against ubiquitous allergens that have to be around at the time of the exacerba-
tions. So I guess the indoor allergens are likely to be the most important ones and, 
of course, how you could quantitatively account for that is virtually impossible. You 
know we have to do it different ways, but yes, it will be an important confounder.
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