
Allergy and Allergic Diseases Prevention
Subjects: Pathology

Contributor: John O. Warner

Prophylactic interventions for the prevention of allergic diseases differ depending on the timing and the stage in the

ontogeny of the processes leading from sensitisation to clinical symptoms.  They can be divided into primary, secondary

and tertiary prophylaxis.
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1. Introduction

Figure: A diagramatic representation of the factors influencing the evolution of allergic sensitisation through to established

allergic disease in relation to timing during early development. The red boxes list those factors increasing and the black

boxes those decreasing risks of progression divided by timing into primary, secondary and tertiary prophylaxis.

2. Primary Prophylaxis

Primary prophylaxis commences before raised IgE antibodies or positive allergy skin tests have been detected and is

directed at what has become known as the first 1000 days from conception to the 2  birthday.

There are interacting events which affect the relative risk of allergy development involving a subtle interaction between

sub-types of helper lymphocytes. Those triggered to generate cytokines such as interferon gamma which are important for

infection control are T-helper -1 (Th-1) cells. They suppress those associated with the evolution of allergy (Th-2) cells

which in turn can suppress Th-1 activity. The decidual tissues around the foetus promote a Th-2 and T-regulatory

environment through the generation of IL-4, IL-13, and Transforming Growth Factor beta (TGF-β). These are components

of the mechanisms generating protection against a maternal Th-1 response to foeto-paternal antigens . Absence of this

regulation is associated with recurrent early miscarriage and intra-uterine growth retardation in both murine models and

humans . The foetus has the capacity to switch on adaptive immune responses to antigens via lymphoid accumulations

in the small bowel from the middle of the 2  trimester of pregnancy . The foetus is  exposed to the allergens that are in

the mothers environment via passive transfer from her blood stream into amniotic fluid. When presented in association

with Th-2 promoting cytokines through swallowed amniotic fluid in 2  trimester this results in antigen presentation and

allergy biased sensitisation in the foetal gut . Consequently, all neonates have a Th-2 biased immune response which is

more entrenched when the mother is also allergic . A component of balancing the response occurs in 3  trimester
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through allergen aggregated with IgG transported across the placenta which down-regulates sensitisation through

inhibitory IgG receptors . Balancing of Th-1 and Th-2 responses after delivery is affected by a rapidly diversifying

ecological balance of organisms (microbiome) on the infant’s skin and in the respiratory and gastro-intestinal tracts. The

microbiome associated with health (Eubiosis) is achieved by 2-3 years of age and is facilitated by pre-biotic

oligosaccharides in human breast milk and a diverse healthy diet during weaning . The symbiotic relationship with our

microbiome results in facilitation of digestion, absorption, protection against pathogens, normal immunological and

metabolic responses .

Several studies both in relation to food and inhalant allergy have indicated that early high exposure, from conception

through the first months of life, may reduce the later risk of allergic sensitization and disease. During pregnancy levels of

IgG-specific antibodies reflecting maternal exposure to food and inhalant allergens are actively transferred across the

placenta from mother to foetus in the last trimester of pregnancy. High levels are associated with a lower risk of later

allergic sensitization in infants. Neonatal cohort studies have demonstrated an inverse relationship between high cord

blood IgG specific antibodies to egg, house mite and cat and subsequent allergy . One observational study showed

that children of mothers who received rye-grass allergen immunotherapy during pregnancy and consequently had high

IgG antibody levels compared to children born to rye-grass allergic mothers not receiving immunotherapy showed fewer

positive skin tests to rye-grass 3 – 12 years . There is not a linear relationship between exposure and allergy. There is a

bell-shaped curve, with low levels being insufficient to switch on a response, while high levels induce immune tolerance by

creating anergy (non-immunological responsiveness) or deletion of sensitized T-lymphocytes. Intermediate exposure is

more likely to be associated with sensitization and the evolution of allergic disease . Based on immunological insights

and observations from pregnancy and neonatal cohort studies, allergen avoidance has no place as a primary preventive

strategy. High dose exposure is more likely achieve life-long tolerance of allergens. Until trials of this approach are

completed the recommendation is to sustain a health, diverse and balanced diet and maternal environment throughout

pregnancy.

The evolving skin, gut and airway microbiome has significant effects on the risks of allergic sensitisation. The seeding of

organisms following exposure to mother’s gut microbiome during a normal delivery and subsequently in breast milk is

pivotal in establishing eubiosis. The mothers’ diet, exposure to antibiotics and the mode of delivery all impact on

outcomes. Caesarean section insulates the neonate from its mother’s gut microbiome, while antibiotic treatment during

pregnancy and in the infant changes the microbiome leading to colonisation of the infant gut by different organisms which

in turn leads to increase risks of food allergy, asthma and remarkably also obesity   Thus, breast feeding,

avoidance of pregnancy antibiotics and caesarean section; and a healthy weaning diet are essential pre-requisites to

reducing risks of allergy. Breast feeding must be the first option for all infants, but if this is not possible trials of pre-biotic

supplemented infant milk formulae have shown reduced prevalence of eczema at least over the first year of life .

Individual dietary constituents during pregnancy and lactation also have effects on outcomes. Various cohort studies have

suggested that high fish, fresh fruit and vegetable intake is associated with less asthma in off-spring. The greatest

beneficial effect is seen with the so-called Mediterranean diet . Obesity in the mother increases the risk of a

caesarean section delivery and with offspring obesity . These factors in turn increase the risk of allergy and asthma .

3. Secondary Prophylaxis

 Secondary prophylaxis is focused on those infants that are allergically sensitised but are yet to manifest allergic

disease or have the first symptoms of allergy where there is potential to interrupt the allergic march from eczema and food

allergy to inhalant allergy resulting in united airway disease (rhinitis/asthma).

The usual representation of the allergic march presents food allergy followed in succession by eczema, asthma and finally

hay fever. The concept leads to the false impression that one condition leads inexorably to another. As our understanding

of the genetic basis of eczema and asthma has increased it has become clear that there are independent influences on

each. Nevertheless, there are mechanistic explanations for progression through the march for a proportion of subjects.

The genetic basis for eczema is a defect in skin barrier function of which the best known is polymorphisms are in the gene

coding for filaggrin. Defects in this protein lead to increased fluid losses from the epidermis and greater susceptibility to

inflammation induced by irritants and micro-organisms, thereby leading to eczema . The defect also renders the skin

more susceptible to both food and inhalant allergen penetration into the dermis where antigen presenting cells can pick up

allergen and migrate to regional lymphoid accumulations for sensitisation to occur . Thus, the sequence of the march is

incorrect with food allergy a consequence of the gene defect contributing to eczema and more likely to follow rather than

precede it. Indeed, in the past peanut oils in topical preparations for the treatment of eczema have been implicated as
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initiating peanut allergy . Inhalant allergy also evolves by the same route and increases the risk of rhinitis and

asthma . This could be viewed as a true march, though it may be better to view the overall allergic diseases

associations as a complex stop/start dance, such as a tango .

Several trials have focused on interventions to interrupt the march. Early introduction of common allergenic foods during

weaning from 4 months of age onwards in infants with eczema and/or food allergen sensitisation but without clinical

reaction has been shown to appreciably reduce the later risk of clinical allergy to some but not all foods .  The principle

is that oral exposures will induce tolerance and ideally this should be achieved before sensitisation has occurred through

the skin or respiratory tract. Subcutaneous allergen immunotherapy administered to children with allergic rhinitis but no

asthma has been shown to reduce the subsequent risk of new asthma onset and when given to those with only 1 allergen

sensitisation are less likely to become allergic to new allergens .

The other discrepancy in the conventional representation of the march is that rhinitis is more likely to precede rather than

follow the development of asthma. This is very clear in the evolution of occupational allergic airway disease. Sensitisation

to an occupational allergen is followed by rhinitis and skin manifestations. Asthma develops after more sustained

exposures. Provided avoidance is instituted early, asthma can be prevented or completely resolved. However, if exposure

continues eventually asthma becomes entrenched and will continue even if the occupational allergen is avoided . If this

sequence occurs in allergic asthma, as is very likely, then early avoidance of the primary allergic trigger could have much

greater benefit than has been achieved once asthma is established and has reached a chronic stage with structural

remodeling changes to the airway wall. This approach requires more research trials. There appears to be a paradox with

both early exposure and early avoidance recommended. However, avoiding respiratory tract exposure to inhaled allergen

will reduce enhancement of the allergy and disease, while immunotherapy and high exposure by a different route can

enhance regulatory T-cell activity and suppress allergic responses.

In relation to microbiome exposure (previously known as the hygiene hypothesis), there is evidence that early respiratory

infections while increasing wheezing episodes in infancy are associated with less subsequent asthma. Families living on

farms, drinking unpasteurised milk and being exposed to dogs and farm animals have less allergy and allergic

diseases . To what extent over-zealous hygiene increases risks remains to be established. However, the standard

immunisations against the common pathogens, pertussis, diphtheria, tetanus, polio, haemophilus influenzae b,

pneumococcus,  menincoccus C, measles, mumps, rubella and for some BCG should proceed normally. If anything, the

greater the number of immunisations administered the lesser the subsequent impact of eczema .

4. Tertiary Prophylaxis

Tertiary prophylaxis addresses the management of established allergic disease. Aero-allergen exposure, in those who

have rhinitis and/or asthma and are already allergically sensitized, induces immediate (within minutes) mast-cell

degranulation, and thereby sneezing, rhinorrhoea, coughing and wheezing. In those with more severe disease, a late

inflammatory reaction, dominated by first neutrophil and then eosinophil influx into airways, evolves three to four hours

later. The immediate response is self-limiting and can be completely reversed by antihistamines for rhinitis and

bronchodilators for asthma, while the late reaction is poorly anti-histamine/bronchodilator responsive and is only

abrogated by prior treatment with inhaled (or oral/parenteral) cortico-steroids (ICS). The late reaction occurs more

frequently in those with more severe airway disease . This provides a basis for understanding the place of each

medication in a therapeutic strategy. There is no evidence that any form of pharmacotherapy has primary or secondary

prophylactic effects. Whether or not any of the new targeted biological agents will have any impact remains to be

investigated. There is an impression that the earlier effective control of allergic disease is achieved the better the

outcomes. However, evidence for this is at best equivocal.

Implicit to the knowledge that allergen exposure aggravates pre-existing allergic airway disease is the concept that

allergen avoidance will be of benefit. However, many trials have failed to demonstrate consistent efficacy, particularly in

relation to house dust mite (HDM) allergic asthma/rhinitis. This has led to Cochrane systematic reviews, reaching the

conclusion that allergen avoidance has no place in therapeutic algorithms for asthma . The difficulty is that exposures

occur in many places, and strategies to reduce aero-allergen levels, whether to HDM, animals, pollens or moulds, have

been insufficient. There is evidence that perfect avoidance, such as in high altitude environments, as in the Alps, can have

considerable benefits . Furthermore, recent trials of an effective environmental control system, based on temperature

controlled laminar airflow, employed overnight, have shown significant improvements in quality of life and eosinophilic

airway inflammation (represented by raised exhaled nitric oxide levels) in severe asthma in both children and adults .

While guidelines for asthma management have tended, mistakenly in my view, to consider allergen avoidance as

secondary to pharmaco-therapy , those for rhinitis have given this approach a higher priority .
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In patients with food allergy the standard practice is avoidance of the offending food(s) with treatment immediately

available to deal with accidental exposures. This includes adrenalin (epinephrine) for potential anaphylaxis, and

antihistamine for mild reaction. Avoidance diets have the potential to be nutritionally inadequate and it is difficult to achieve

full avoidance. Food product labelling is often confusing and due to “may-contain” or related statements results in

considerable restriction of choice .  Dietetic support is, therefore, a critical component of the management programme.

Nutritional supplements may be required.

Obesity is associated with higher prevalence of asthma. The relationship is complex but based on Mendelian

randomisation could well be causal . Pro-inflammatory adipokines from fat cells increase inflammation thereby

aggravating pre-existing airway inflammation. Weight loss in children with asthma has been associated with improved

asthma control . There is however, no evidence that any other dietary manipulation will have any impact . Vitamin D

has immune modulatory properties which theoretically should reduce susceptibility to inflammation. However, evidence

from trials of dietary supplementation have not produced consistent evidence of benefit .

After allergen avoidance, allergen immunotherapy is the other specific approach to tertiary prophylaxis. It was first

developed in 1911 for seasonal allergic rhinitis on the false assumption that pollen released a toxin causing the

symptoms. Consequently, it was viewed as an infection which would improve with an immunisation strategy Sequential

injections of progressively increasing doses of a pollen extract were shown to reduce conjunctival challenge responses

and improve symptoms through the pollen season . At a time when there were no other effective treatments,

immunotherapy became the mainstay of management. However, severe and very occasional fatal allergic reactions to the

therapy inevitably occurred in some patients, most notably in those with severe asthma. Unfavourable comparisons with

relatively safe pharmacotherapy for asthma and rhinitis relegated its use to severe insect venom allergy and seasonal

allergic rhinitis alone. There is no doubting the efficacy of inhalant allergen immunotherapy in directly reducing allergic

reactions and it is the only approach which modifies the natural history. Cochrane reviews have shown benefits in

improving asthma symptoms, reducing treatment requirements and bronchial hyper-responsiveness .  It can interrupt

the allergic march(23,24) and has a sustained effect following cessation of treatment after 3 years . More recent

developments of modified vaccines and different routes of administration (sub-lingual; intra-dermal) which retain

immunogenicity but with reduced allergenicity have raised the potential for more extensive use in the future .

The immunotherapy approach has also been used in acute food allergy and has sometimes been labelled Systemic Oral

Tolerance Induction (SOTI). The principle of administering progressively increasing doses of the allergen is similar for all

allergen immunotherapy but hitherto has involved relatively unmodified food proteins with inevitable acute allergic

reactions during treatment. The advent of allergen modification, co-administration of immune modulators and alternate

routes of administration may make this approach more clinically acceptable. While for inhalant allergy 3 years of

immunotherapy is enough, in the majority, to produce long-term benefits, as yet there is insufficient evidence to establish

when true tolerance, with carry-over beyond the end of treatment, has been achieved for food allergy .

5. Conclusions

Knowledge about the ontogeny of allergic sensitisation and how it evolves into allergic disease has highlighted potential

strategies for prevention. Prior to allergic sensitisation changes to the environment of the mother before and during

pregnancy and lactation constitute primary prophylaxis. The optimised environment for the best infant outcomes includes

avoidance of obesity, cigarette smoke, caesarean section delivery and antibiotics; a healthy balanced diet and breast

feeding. Secondary prophylaxis commences with the first signs of allergy and includes early weaning onto common

allergenic foods; extended breast feeding; normal immunisations; a healthy weaning diet; and avoidance of antibiotics

unless clinically necessary. Tertiary prophylaxis after allergic disease has become manifest focuses on combinations of

allergen avoidance; allergen immunotherapy; regular preventive pharmacotherapy; weight loss in obese subjects; and a

healthy diet.
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