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The progressive increase in the prevalence of aller- 
gic disease and the spiralling costs associated with 
treatment, particularly of chronic sufferers, provide 
an urgent imperative for research into new 
approaches to this problem. Prevention is clearly 
more desirable and more cost-efficient than cure. 
But is it practicable? The best case scenario for 
such an approach would be if the expression of 
atopy was preceded by a relatively prolonged 
inductive phase, during which susceptible subjects 
displayed a readily identifiable “predisease” phe- 
notype, and moreover that the markers defining 
this phenotype should in turn point to strategic 
intervention targets. As detailed below, recent 
developments in our understanding of the basic 
immunology underlying primary allergic sensitiza- 
tion in man have brought us tantalizingly close to 
that point, to the extent that several early treat- 
ment options can now seriously be considered. The 
studies which support this proposition are reviewed 
below. 

Priming of the T-cell system against 
environmental allergens: intrauterine 
schooling of the developing immune 
system 
Until very recently, T-cell priming against antigens 
from the external environment was held to com- 
mence with the baby’s first breath’. However, 
the presence of low-level lymphoproliferative 
responses in cord blood (CB) against common 
dietary and inhalant allergens (1-4) has suggested 
that the small amounts of allergens ingested/ 
inhaled by the mother may be sufficient to prime 
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the fetal immune system via transplacental leakage, 
particularly during the last trimester of pregnancy 
(5). This proposition was widely challenged, and 
many workers in this field have argued that the 
responses are due to contamination of CB with low 
levels of maternal T cells, or, alternatively, repre- 
sent anti-idiotypic responses induced by maternal 
antibodies, or cross-reactivity against other more 
ubiquitous (e.g., microbial) antigens. However, 
these counterarguments have essentially been 
refuted in recent studies from our laboratory 
involving DNA genotyping of fetal allergen-spe- 
cific T-cell clones in combination with T-cell 
epitope analysis of individual lymphoproliferative 
responses (6); additionally, the lack of proliferative 
responses to tetanus antigen, despite the presence 
of relevant maternal antibodies, argues against the 
importance of anti-idiotypic interactions in this 
context (4, 6). 

Analysis of allergen-specific T-cell cytokine pro- 
files in these fetally primed T cells indicates prom- 
inent Th2 polarization, evidenced by mRNA 
responses specific for interleukin (1L)-4, IL-5, IL- 
6, and IL-9 (6), and cytokine protein (IL-10 and 
IL-13) detectable by ELISA (6, 7). Interferon- 
gamma (IFN-y) responses are, in contrast, rela- 
tively infrequent and require the use of very high 
polymerase chain reaction (PCR) cycle numbers 
for detection (7). 

Postnatal maturation of allergen-specific 
T-cell responses 
Cross-sectional studies employing standard lym- 
phoproliferation techniques indicate postnatal 
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divergence of T-cell responses to dietary and inha- 
lant allergens. Thus, by the age of 5 years, responses 
to dietary allergens such as ovalbumin (OVA), 
which are frequent at birth, have largely disap- 
peared, presumably indicating downregulation by 
some form of high zone tolerance (4, 8, 9). In 
contrast, responses to inhalant allergens such as 
those of house-dust mite (HDM) persist and even- 
tually expand, and, by the age of 5 years, partition 
into adult-like Thl-polarized profiles (skin-test- 
negative subjects) as opposed to Th2-polarized 
profiles in skin-test-reactive atopics (8,9), the latter 
pattern being most frequent in children with posi- 
tive atopic family history. 

Selection for Thl- as opposed to Th2- 
polarized memory agamst inhalant 
allergens: what determines the pathway 
followed? 
The pattern of Thl-polarized T-cell cytokine res- 
ponses which develops postnatally in nonatopics 
indicates the successful operation of an underlying 
process of immune deviation; i.e., the divergence 
of pre-existing (fetally primed) Th2 immunity 
toward Thl. This process fails in atopics, leading 
instead to persistence and boosting of fetal Th2 
responses (10). 

How did the Th2 responses develop initially in 
virtually all children? The answer to this question 
is supplied in the recent literature on the immuno- 
logy of pregnancy. Collectively, this argues that the 
fetal immunologic milieu is maintained in a Th2- 
polarized state via the secretion of a range of Thl- 
antagonistic factors (IL-4, IL-10, prostaglandin 
(PG)E,, progesterone) by the placenta (11,12), the 
purpose of which is to dampen Thl responses 
(which are toxic to the placenta) at the fetomater- 
nal interface. Accordingly, any immune responses 
initiated in utero are directed toward the Th2 
compartment. 

What determines the phenotype of long-term 
cytokine responses which are programmed during 
further development of these responses post- 
natally? W h y  do these differ in atopics and non- 
atopics? A long-standing animal model literature 
indicates that the principal stimulus for postnatal 
development of adaptive immune function is con- 
tact with the microbial environment, both patho- 
gens and commensals (12-15). It is also clear from 
various studies that the T-cell system in early 
postnatal life maintains the fetal Th2 bias for 
variable periods postnatally, both in experimental 
animals (16-18) and in man (reviewed in refs. 10, 
19). Moreover, the Thl “deficit” in early life is 
maintained for up to 5 years (20). Evidence from 
several independent laboratories also indicates that 

the kinetics of postnatal maturation of Thl func- 
tion(s) is slower in children at high genetic risk of 
atopy. This conclusion follows from in vitro studies 
on polyclonal stimulation of IFN-)I production in 
neonates and infants (3, 21-25), and from in vivo 
studies on the responsiveness of infants and chil- 
dren to both BCG (26) and diphtherialpertussisI 
tetanus vaccination (27), all of which are reduced 
in association with the atopic phenotype. This 
transient maturational deficit in Thl function is 
hypothesized to compromise the efficiency of 
downregulation (i.e., immune deviation) of fetally 
primed Th2 responses during early childhood 
(10, 12). 

ThUTh2 regulation and expression of 
allergic disease 
Large-scale population studies confirm the strong 
relationship between markers of Th2 reactivity, 
such as elevated serum IgE, and atopic disease 
expression (28). However, it is clear that while a 
very high proportion of schoolchildren with current 
atopy symptoms (such as atopic asthma) are skin 
test positive (SPT’) to at least one inhalant aller- 
gen, only a subset of the SPT’ atopic population 
develop severe disease (29). 

Clearly, additional factor(s), genetic and/or envi- 
ronmental, are required for subsequent chronic 
disease expression. We have argued previously that 
the target tissue, as exemplified by the airway 
mucosa in atopic asthma, needs to exceed a “crit- 
ical threshold” level of local inflammatory damage, 
before the final development of the airways hyper- 
reactivity which is the hallmark of chronic disease 
(30). The most potent of the relevant environmen- 
tal factors appears to be virus infection (31), and 
it is likely that these function by pushing the level 
of airway mucosal inflammation over the threshold 
referred to above. Additional factors which may be 
operative here include diet (32) and air pollution 
(33). 

Potential intervention strategies 
In principle, this new information can be applied 
to the rational development of new intervention 
strategies that aim at interrupting the process 
described in Fig. 1 at a point prior to the manifes- 
tation of chronic inflammatory disease. 

We envisage the following five major categories 
of interventions. 

Eurly use of anti-inflammatories 

In the scheme in Fig. 1, progression from expres- 
sion of Th2-dependent SPT reactivity to one or 
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Fig. I. Induction and expression of allergic disease. BHR: bronchial hyperresponsiveness. 

more inhalant allergens through to subsequent full- 
blown disease expression is dependent upon the 
accumulation of a suprathreshold level of inflam- 
matory damage in the target tissue. It is also likely 
that repeated cycles of local Th2-mediated inflam- 
mation would provide the key cytokine signals 
required to drive the further expansion of these 
Th2 response(s), thus inhibiting mechanism(s) 
which may otherwise redirect reactivity back 
toward the Thl phenotype. 

On theoretic grounds, the appropriate use of 
anti-inflammatories (steroidal or nonsteroidal), at 
a stage after objective evidence of Th2 reactivity 
is confirmed, may interrupt this potentially self- 
sustaining process, and permit either partial or 
complete re-establishment of local immunologic 
homeostasis through immune deviation mecha- 
nisms. 

It is pertinent to note that the key cell population 
which is likely to drive this immune deviation 
process, airway mucosal dendritic cells (DC), is 
sensitive to the effects of inhaled steroids (34-37). 
However, it is not known to what degree steroids 
influence the immune deviating properties of these 
DC; i.e., whether they affect the balance between 
Thl and Th2 stimulation. It is also relevant to note 
in this context the results of recent studies which 
suggest that the use of P,-agonists may in some 
circumstances prevent Thl development by selec- 
tive inhibition of IL-12 production by antigen- 
presenting cells (APC) (38). 

Environmental control 

It is generally acknowledged that the levels of 
specific allergen in the immediate environment of 
individual atopics are positively correlated with 
intensity of disease expression (39); therefore, on 
first principles, it can be argued that reduction of 
allergen levels in the homes of atopic children is 
desirable. It is not clear, however, to what degree 
these measures are practicable over the time period 

required to influence the progress of disease in 
subjects already fully sensitized. 

However, epidemiologic evidence from various 
sources indicates that exposure to high levels of 
inhalant allergens during infancy constitutes a risk 
factor for allergic disease expression in later life. 
Our recent findings, indicating that weak Th2 sen- 
sitization to inhalant allergens is common at birth 
in both (future) atopics and nonatopics, coupled 
with earlier reports from our group and several 
other laboratories indicating that capacity to gen- 
erate countermanding Thl responses is blunted in 
atopics during infancy, collectively provide a plau- 
sible explanation of the earlier epidemiologic find- 
ings. Thus, early postnatal exposure of atopics with 
primed Th2 cells plus poor Th1 function is likely 
to favor the boosting of their Th2 immunity, rather 
than stimulating immune deviation toward 731. 

Accordingly, allergen reduction measures may 
be particularly effective if employed during early 
infancy. 

Immunoprophylactic vaccines 

Given the plasticity of immune responses to aller- 
gens during early childhood relative to the mature 
memory responses encountered in adulthood, 
modified immunotherapeutic strategies, similar to 
those currently applied in established atopy to 
immune deviate Th2 responses to Thl, may be 
effective in early childhood. The key feature of this 
approach is the fact that the target group have not 
yet developed relevant mature Th2-memory popu- 
lations; i.e., they are not yet fully sensitized, and 
hence the allergen preparations which would be 
employed would ideally function as immunopro- 
phylactic “vaccines” to preferentially stimulate 
immune deviation toward Thl (40). 

Several important issues relating to such an 
approach are yet to be resolved; in particular, the 
nature of the allergen formulations and the mode 
of administration. On theoretic grounds, mucosal 
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exposure (in particular, the intranasal route) would 
appear to be a logical starting point. A comprehen- 
sive animal model literature indicates that this 
route leads to preferential downregulation of Th2 
responses (41), and intranasal allergen drops have 
been employed in a small number of human clinical 
trials without detrimental effects. However, the 
approach is yet to be tested in young children. 

In the future, it may be possible to enhance the 
Thl-stimulatory effects of such preparations via the 
inclusion of appropriate adjuvants, specifically 
designed for effectiveness at mucosal surfaces (42). 

Immunostimulatory vaccines 

As argued above, a temporal delay in the switch 
from Th2-biased (fetal) to Thl-biased (adult-like) 
immune function during childhood may be a key 
factor underlying the predisposition of atopics to  
generation of long-term, allergen-specific Th2- 
polarized memory. Hence, measures to hasten this 
maturation process may prove efficacious in limit- 
ing allergic sensitization. 

Stimulation of the natural microbial environ- 
ment, including, in particular, the gut microflora 
(12-151, is one of the principal stimuli for this 
process. Consequently, it may be possible to accel- 
erate Thl “maturation” in atopics via provision of 
additional microbial-based stimuli, or defined mol- 
ecules which mimic their effects. 

1) modulation of gut flora via dietary manipulation 
2) the use of oral microbial extracts such as those 

in current use in adults as nonspecific mucosal 
immunostimulants (43, 44) 

3) parenteral vaccination with microbial stimulants 
such as BCG (45,46) 

4) the use of orally available small-molecule 
“adjuvants” which selectively enhance systemic 
Thl function (47). 

Several approaches may be feasible: 

Oral tolerance 

As argued earlier (13), the available epidemiologic 
and immunologic evidence indicates that selective 
downregulation of Th2-dependent IgE responses 
to dietary antigens operates at a very high rate of 
efficiency, even in atopics, as evidenced by the very 
low prevalence of persistent food allergy in the 
adult human population. 

If it were possible to harness successfully these 
same oral tolerance mechanism(s) to downregulate 
Th2 responses to inhalant allergens during child- 
hood, a log-scale reduction in the prevalence of 
respiratory allergies would not be an unrealistic 
goal. However, the factor limiting this approach is 

the availability of the large quantities of inhalant 
allergens which would be required, given that the 
allergen exposure range over which oral tolerance 
normally operates is one-to-several logs above that 
relevant to inhalant allergens. This logistical prob- 
lem may be eventually solvable via the use of 
molecular biologic techniques; e.g., the cloning of 
genes encoding inhalant allergen epitopes into 
foodstuffs such as cereals, which could then be used 
as dietary supplements during early childhood. 

Conclusions 
As recently as 10 years ago, the approaches out- 
lined above for the potential control of allergic 
disease would have been considered heretical. 
However, the realization that the prevalence and 
severity of these diseases, and their attendant 
socioeconomic impact, are continuing to rise, 
despite the best efforts of the pharmaceutical 
industry and the medical research community, is 
stimulating increasing interest in new and radical 
approaches to this problem. Primary prevention 
strategies of the type outlined above represent one 
such initiative. 
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