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Learning Objectives

1. To define "Allergy" and to distinguish it from related terms such as "Intolerance", "Atopy" and "Hypersensitivity".

2. To understand the fundamental immunological mechanisms operative in the major forms of allergic airway diseases (i.e. allergic rhinitis, asthma and extrinsic allergic alveolitis)
3. To appreciate the scope of allergic airway disease
4. To appreciate the burden of allergic airway disease

5. To understand possible reasons for the rising trends in allergic disease.

6. Outline the principles of treatment of allergic airway diseases, including allergen specific immunotherapy.

To define "Allergy" and to distinguish it from related terms such as "Intolerance", "Atopy" and "Hypersensitivity".
Some definitions: 

Hypersensitivity-An umbrella term to describe an exaggerated sensitivity to any agent irrespective of the mechanism.

Allergy - An exaggerated sensitivity resulting from a heightened or altered reactivity of the immune system in response to external substances
Atopy - An hereditary predisposition to produce specific IgE antibodies to common   aeroallergens

Intolerance - The presence of symptoms following environmental exposure and/or  food ingestion where an immunological mechanism cannot be established.
Mammals protect themselves against viruses, bacteria, fungi and protozoa by mounting a type 1 immune response. This involves the recruitment of T helper type 1 (Th1) and Th17 cells, cytotoxic T cells, IgM, IgA and IgG subclasses. Type 2 immunity, on the other hand, protects against helminths (“worms”) and ectoparasites (“ticks”) and is mediated by Th2 cells, IgE and IgG1 antibodies as well as components of the innate immune system including epithelial barriers, innate lymphoid cells, eosinophils, mast cells, basophils and activated macrophages. Unfortunately, in susceptible individuals, non-infectious material in the environment such as pollen, the house dust mite and animal dander can also trigger type 2 immune responses so giving rise to allergic disease.
The term “allergy” was first coined by Clemens von Pirquet in 1906 to describe an altered or changed reactivity of the immune system to foreign proteins, irrespective of whether this resulted in immunity or a harmful effect. With the passage of the time the word has been corrupted and, today, most clinicians restrict the use of the term to situations where an exaggerated sensitivity (hypersensitivity) results from a heightened or altered reactivity of the immune system in response to external substances. These foreign substances that provoke allergies are called allergens and enter the body either by inhalation, swallowing, injection, or contact with the skin, eye or airways. The common allergens include grass, weed and tree pollens, substances present in house dust [particularly the faeces of the house dust mite], fungal spores, animal products, certain foods, and various chemical agents found in the home and at work. It should be appreciated that allergy is not a disease but a mechanism. In some diseases (e.g. hayfever) allergy is the only mechanism. In others (e.g. asthma) allergy is often only one of several triggers of symptoms. 
Atopic (IgE-mediated) allergic conditions arise when individuals produce increased amounts of immunoglobulin E (IgE), a class of antibody which binds strongly to specific receptors (termed FcR1 and FcR2) found on mast cells (specialised cells found in connective tissue and airways),  blood basophils and dendritic cells. 
Although many patients complain of abnormal reactions to food, few are caused by true IgE-mediated food allergy. When an allergic cause has been excluded by a careful clinical history and laboratory tests the condition is termed “food intolerance”. Examples of these are asthmatics who wheeze after exposure to food additives such as sulphites and nitrites. Here the mechanism is pharmacological/irritant rather than immunological
To understand the fundamental immunological mechanisms operative in the major forms of allergic airway diseases (i.e. allergic rhinitis, asthma and extrinsic allergic alveolitis)

In acute, or immediate, allergic reactions IgE bound to mast cells are cross linked by specific allergen.  This triggers a non-cytotoxic, energy-dependent reaction resulting in the release of pharmacological agents such as histamine and leukotrienes. Acute symptoms of allergy such as sneezing, spasm of the airways, itching, rash and tissue swelling are largely the result of histamine release. When there is massive release of histamine into the circulation this may result in anaphylaxis (an acute life-threatening allergic reaction).  Leukotrienes have a more prolonged course of action, causing airway narrowing with submucosal oedema which leads to shortness of breath and wheeze.
The symptoms of chronic allergic disorders, such as a continuous blocked nose or on-going wheeziness, result from another molecular pathway involving immune cells known as T helper 2 (Th2) cells. This pathway involves the release of cytokines and chemokines, small messenger proteins which recruit other cells into the reaction. The majority of people who suffer from IgE-mediated allergy are said to be “atopic”. Atopy can be defined as a personal or familial tendency to produce IgE antibodies in response to low doses of allergens, usually proteins, and, as a consequence, to develop typical symptoms such as asthma, rhinoconjunctivitis or the atopic eczema/dermatitis syndrome (AEDS). Thus atopic individuals are more likely to develop these allergic conditions than non-atopic individuals. . 


Molecular basis of IgE production
The T cell provides help for B cell activation and antibody production. Cytokines, particularly interleukin-4, interferon-gamma, transforming growth factor-beta and IL-10 produced by T cells act directly on B cells, via cell surface receptors, inducing proliferation and differentiation and also modulating the antibody response. Help is also provided through interaction of cell surface receptors, particularly the CD40 ligand on T cells which interacts with CD40 on the B cell surface. Isotype switching of immunoglobulin is dependent upon this molecular interaction.  Cytokines instruct B cells to switch from making IgM heavy chains to make other isotypes.  IL-4 and/or IL-13 direct isotype switching to IgE and IgG4, IL-10 favours IgG4 production over IgE. IFN-gamma induces IgG1 and TGF-beta induces IgA.

Th1 and Th2 cells
T helper cells are sub-divided based upon the pattern of cytokines elaborated following activation. Cells secreting cytokines such as IL-2 and interferon-gamma (IFN-gamma) have been referred to as T helper 1 cells (Th1). The cytokines produced by these cells promote cytotoxic T cell responses and inhibit allergic responses. Cells producing IL-4, IL-5, IL-9 and IL-13 are called T helper 2 cells (Th2). These provide help for isotype switching to IgE and are the predominant T helper phenotype associated with allergic inflammation. 
There is an important link between the innate and the adaptive immune system in events leading to a Th2 environment. Some parasites and allergens trigger epithelial cells through pathogen-associated molecular patterns (PAMP’s). The Toll-like receptors are examples of PAMP’s. This leads to the release of IL-33 and IL-25 which in turn activate a newly discovered type of innate immune lymphocyte called “nuocytes”. Nuocytes produce large amounts of IL-4, IL-5 and IL-13.
IL-13 has been identified as a key cytokine in the induction and maintenance of bronchial hyperreactivity in animal models of asthma.  Whilst in murine systems, differentiation of the two subsets is often clear these populations are less well defined in man.  In reality, cytokine secretion profiles are likely to form a spectrum, with the most frequent cell being of a Th0 phenotype capable of secreting both Th1 and Th2 cytokines.  There are also  populations of regulatory or suppressive T cells which secrete IL-10 (Tr1 cells) and TGF-beta (Th3).  These cells type may be relatively absent or ineffective in certain allergic diseases. CD8+ T cells have  a similar ability to synthesis polarised cytokine profiles giving rise to the Tc1 and Tc2 nomenclature.
Non-atopic (non-IgE-mediated) allergy
Some conditions are not dependent on IgE but still involve an abnormal immune response to external environmental agents. These conditions are known as non-atopic (non-IgE-mediated) allergic diseases. The mechanisms of non-atopic disease are less clearly understood but some disorders (i.e. extrinsic allergic alveolitis) may involve tissue damage mediated by antigen/antibody (“immune”) complexes.
The scope of allergic airway disease
There are three principle “types” of allergic airway disease. The first involves the upper airways (allergic rhinitis), the second affects the lower airways (asthma) and the third are allergic reactions in and around the alveolar spaces (extrinsic allergic alveolitis)
 Allergic Rhinitis
Rhinitis can be either seasonal or perennial, and is characterised by a blocked or runny nose, sneezing, itching and streaming eyes.  Seasonal allergic rhinoconjunctivitis (more commonly referred to as hayfever), is caused by allergenic substances contained within pollen.  Commonly the causative factor is grass pollen but allergy to tree and weed pollen is also on the increase. Most hayfever patients suffer the worst symptoms at the height of summer when vast clouds of grass pollens become airborne.  Due to mild winters and warmer springs, pollination of grasses in the United Kingdom is now starting earlier than it did 50 years ago.  Therefore the worst symptoms can be well established by the first week in June and tend to peak around mid-June to early July. When the pollen counts are very high, some wheeziness can also co-exist with rhinitis, in a condition known as seasonal allergic asthma.

Perennial allergic rhinitis involves troublesome chronic symptoms such as a blocked, runny nose and sneezing.  Some patients have non-allergic causes of perennial rhinitis such as infection and structural abnormalities, and a small minority of patients have underlying immunodeficiency problems too. In the United Kingdom, allergy to the house dust mite (Dermatophagoides species) and allergens derived from animals such as cats, dogs, horses and pet rodents are the most important causes of chronic perennial allergic rhinitis.

 Asthma
Asthma is a chronic disorder characterized by episodes of wheezy breathlessness, but which may also present as an isolated cough, particularly in children. The cause of asthma is still uncertain, but the pathology involves inflammation of the large and small airways (bronchi and bronchioles).  The consequence is an irritable or twitchy airway in which airflow obstruction results from exposure to a variety of non-specific irritants (bronchial hyper-responsiveness). A wide clinical spectrum of asthma symptoms result, ranging from mild occasional wheezing, which is usually controlled by the occasional use of inhaled bronchiodilators, through to severe intractable disease which requires treatment using systemic corticosteroids.

Allergy can trigger an attack in around 75 per cent of asthmatics, and this is most commonly due to sensitivity to house dust mites or pollen.  However, even in patients who suffer from allergic asthma, there are usually other triggers such as viral infections, exercise, exposure to fumes and other irritants such as tobacco smoke, and certain drugs (especially aspirin and related compounds). Food allergens and additives are rarely responsible but can also occasionally be implicated in triggering asthmatic symptoms.   In a few cases, the role of allergy in asthma is obvious, such as in patients who wheeze when the pollen count is high but not at other times of the year.  But in many cases it is difficult to determine the exact role of allergy in asthma.  A significant proportion of asthmatics (about 25 per cent) are not sensitised to common airborne allergens, and so are ‘non-atopic asthmatics’. Their disorder often starts in later life and can be more severe than those who have asthma which begins in childhood.

Extrinsic allergic alveolitis (EAA)
Extrinsic allergic alveolitis (EAA) or hypersensitivity pneumonitis (HP) is a non-IgE T cell mediated inflammatory disease effecting the alveoli and interstitium. It occurs in susceptible people following the repeated inhalation of certain antigens. These antigens typically include bacterial or fungal microorganisms in the workplace or bird antigens. Classical examples are Thermophilic actinomyces in mouldy hay giving rise to Farmer’s lung and bird droppings and bloom causing pigeon breeders fanciers lung.  Some antigens that cause asthma such as the mold, alternaria, can also induce EAA. The prevalence of EAA varies and is related to the particular antigen and the host immune response. Studies have shown that, a minority of individuals exposed develop disease. Cytokine gene polymorphisms in the TNF-alpha promoter region appear to be a host susceptibility factor.  Establishing the diagnosis of EAA is challenging requiring a high index of suspicion, a thorough history, careful examination, complete pulmonary function tests and radiographic studies. The  histology reveals a lymphocytic infiltrate with a predominance of CD8+ lymphocytes, “foamy” alveolar macrophages, and non-caseating granulomas consistent with nonspecific interstitial pneumonia. Early identification of patients with EAA with subsequent avoidance of the causative antigen is the key to a successful outcome. An index case at a workplace is a sentinel event that should prompt evaluation for other affected workers and assess working conditions, identify causative antigens and remediate exposures promptly. Pharmacologic treatment for acute EAA is limited to oxygen and oral corticosteroids. Oral steroids may not affect the long-term outcome. The prognosis is generally favourable if intervention takes place before pulmonary fibrosis occurs. 
The Burden of Allergic Airway Diseases

Since the late 1950s the incidence of allergy in developed countries has risen steadily. In the United Kingdom the incidence of common allergic diseases has trebled in the last 20 years, to become one of the highest in the world. Recent estimates suggest about a third of the population will develop symptoms due to allergy at some point in their lives. No comparable increases in prevalence have been observed in developing countries. 
The burden of allergic disease is sometimes underestimated. In addition to the obvious health effects, allergic disorders can make social interactions difficult as even simple everyday activities can pose a major health risk (House of Lords Science and Technology Committee Report, September 2007). On a national scale, the treatment of allergy patients forms a significant part of the work of the health care providers and, in Western societies, the number of allergy-related work absences represents a large cost to the economy. Allergies affect all aspects of a patient’s life. Hayfever symptoms disrupt children’s sleep and often impair their performance at school and asthma has been associated with school absenteeism. Allergy patients often find it difficult to live a normal life. This is especially apparent in children, where special care has to be taken whilst engaging in everyday activities which in turn induces anxiety and impairs the quality of life.

In England approximately 3 million people (6% of the population) each year consult their primary care physician with conditions related to allergy and 72.6 million community prescriptions are issued (Department of Health 2006; Royal College of Physicians of London 2003). This included 38.9 million prescriptions for asthma and 4.5 million for nasal allergies. This amounted to a cost of £0.9 billion, which represented 11 per cent of the total drugs budget (compared to 27 per cent spent on cardiovascular diseases and 8 per cent on gastro-intestinal disorders).  
More recent data from Scotland (2009) indicates that allergic disorders affect about one in three of the population at some time in their lives. The incidence was highest for eczema (10.2 per 1000 registered patients). Over 4% of all GP consultations and 1.5% of hospital admissions were for allergic disorders. There were 100 asthma deaths in 2005 (20 per million people). Direct healthcare costs for allergic disorders were an estimated £130 million per year, the majority of these being incurred in primary care and related to asthma.

In the UK, by 2004, the scale of the “allergy epidemic” was such that 39 per cent of children and 30 per cent of adults had been diagnosed with one or more of asthma, eczema and hayfever, and 38 per cent of children and 45 per cent of adults had experienced symptoms of these disorders in the preceding 12 months.  In fact by the end of 2005, approximately one in nine people had a recorded diagnosis of “any allergic disease,” including any one of asthma, hayfever, eczema, anaphylaxis or peanut allergy. This figure represented a 28% increase in prevalence over a four year period. Asthma, eczema and allergic rhinitis often occur together and this co-morbidity, or multiple allergic disease, often requires multiple referrals to different organ specialists. More than two million people in England are estimated to suffer from multiple allergic diseases, with an increase in the prevalence rate of 49% cent between 2001 and 2005. (QRESEARCH and The Information Centre for health and social care).
Although the prevalence of allergic disease has markedly increased over recent years the  figures for asthma are “plateauing”.  There is concern however of a “second wave” of allergic disease, namely food allergy.
Possible reasons for the rising trends in allergic disease.

The marked increase in the prevalence of atopic disease in Western Europe, the USA and Australasia during recent years indicates the importance of environmental influences. It has been suggested that in Western countries the developing immune system is deprived of the microbial antigens that stimulate regulatory T cells/Th1 cells, because the environment is relatively clean and because of childhood vaccinations and the widespread use of antibiotics for minor illnesses in early life. This is often referred to as the “hygiene hypothesis” although the term “microbial exposure hypothesis” is preferred.  
There are clearly some scenarios which are “allergy-protective”. These include a large family size, a traditional (farming) way of life, the mixing of children in day care nurseries, and, some infections such H. pylori, T. gondii, hepatitis A virus. It seems that our gut flora has changed so that it no longer provides an anti-allergic milieu.  The important protective microbiota include helminths, lactobacilli and saprophytic mycobacteria (e.g. M vaccai).  These “old friends have been in our gut since Palaeolithic times and have contributed to an environment of evolutionary adaptedness (possibly by producing an IL-10-rich environment which dampens the allergic response). Such findings may explain, for instance, why in Europe and Africa a farming lifestyle, where there is increased consumption of raw milk and exposure to bacteria in stables and where livestock is kept, is protective against the development of atopic disease. Also a traditional lifestyle with a high gut bacterial turnover rate and intestinal colonisation with lactobacilli and bifidobacteria protect against allergy. Such a lifestyle is usually associated with "organic" food including spontaneously fermented vegetables.

Other related factors which may encourage the Th2 phenotype include a date of birth around the pollen season, and alterations in infant diet. Furthermore, atopic allergic diseases are less common in younger siblings and larger sibships and in those who have had measles and hepatitis A indicating that repeated “immune stimulation” (e.g. by viruses) may be protective.

The development of specific allergic diseases may be related to alterations in the target organ. For example, the co-factors required for the development of an asthmatic attack may include respiratory virus infections and exposure to increased allergens, tobacco smoke, and air pollutants. These factors alone, or in combination, may alter immunoregulatory mechanisms at mucosal surfaces in ways that promote a Th2 cell-mediated allergic inflammatory response.  
What, then is anti-allergy-protective?

Microbial
Water sanitation (less oro-faecal water born infections)
Food quality (lack of fermenting bacteria)

Poverty (high asthma rates in urban underprivileged)

Medical interventions (antibiotics in childhood, possibly certain vaccinations)

Non-microbial
Pollution (air, water, food)

Diet and nutrition (lack of Vit D, fish oil, trace elements)

Obesity (may cause chronic inflammation)

Climate change (high pollen counts)

Stress (linked to chronic inflammation)

Wrong genes 
The treatment of allergic airway disease

The basis of the treatment of allergic airway disease consists of avoidance of the allergen (where possible and practicable), anti-allergic medication and (in the case of allergic rhinitis ) specific allergen immunotherapy - also called hyposensitization or desensitization.  Currently, the drugs usually used for treating allergic rhinitis are antihistamines (for relief of symptoms) and topical corticosteroids for suppression of allergic inflammation.  Histamine H1-receptor antagonists such as loratadine, cetirizine and fexofenadine are less sedative and more pharmacologically selective than older antihistamines.  Some H1-blockers such as cetirizine are claimed to have the additional property of inhibiting allergen-induced tissue eosinophilia, an effect which may be H1-independent. 

Specific immunotherapy by subcutaneous injection (SCIT), which has been used in the treatment of allergic disease for nearly 100 years, consists of administering increasing concentrations of allergenic extracts over long periods of time.  In seasonal allergic rhinitis, and to a lesser extent perennial rhinitis, SCIT is extremely effective and long lasting, especially when treatment is maintained for several years.  Unfortunately, all patients receiving conventional specific immunotherapy are at risk of developing general, and potentially fatal, anaphylaxis, particularly during the induction phase. This safety issue has been largely overcome by administering allergens by the sublingual route (SLIT). However SLIT is probably not as clinically effective as SCIT.
The mode of action of specific immunotherapy is complex.  IgG “blocking antibodies” that compete with IgE for allergen may prevent aggregation of Fc(RI IgE complexes on mast cells through steric hindrance and as well as interfering with antigen trapping by IgE bound to antigen-presenting cells.  Several studies have shown that specific immunotherapy inhibits the release of pharmacological mediators from mast cells and basophils, prevents infiltration of allergic lesions by inflammatory cells and decreases the number of tissue mast cells.

Central to these effects is the influence of specific immunotherapy on T lymphocyte function. There is evidence that specific immunotherapy induces a shift from a Th2 to a Th1 cytokine profile: production of IL-4 and IL‑5 decreases and the output of IFN-( and IL-12 increases. These changes can explain the marked inhibition of the late-phase allergic reaction caused by immunotherapy.  After several months or years of treatment the early, immediate weal and flare reaction and total serum IgE concentration are also reduced.

The induction of IL-10 secreting T regulatory cells also appears to be critical.  IL-10 has a wide range of inhibitory effects on allergy, including the induction of long-term anergy in allergen-specific CD4+ cells, decreases the number of mast cells and inhibition of eosinophilopoiesis.  It has been proposed that specific immunotherapy, as with other forms of immune modulation, may involve situations in which non-responsiveness induced (e.g. by IL-10) to one epitope of a molecule confers tolerance either to (i) the whole molecule (linked suppression), (ii) other molecules being presented by the same, or adjacent, antigen-presenting cells (bystander tolerance) or (iii) is passed to the next generation of naive T cells (infectious tolerance).  
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