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Allergic Rhinitis

Allergic rhinitis is characterized by episodes of
sneezing, itching, rhinorrhea, and nasal obstruction.
Perennial allergic rhinitis should be distinguished from
nonallergic, noninfectious forms of rhinitis, such as
idiopathic (“vasomotor”) rhinitis, nonallergic rhinitis
with eosinophilia syndrome, hormonal rhinitis, druginduced rhinitis, and food-induced rhinitis.
The treatment of allergic rhinitis (and other allergic diseases) consists of allergen avoidance (whenever
possible and practical), antiallergic medication, and
immunotherapy for specific allergens, which is also
called hyposensitization or desensitization. Currently,
the drugs usually used to treat allergic rhinitis are antihistamines and anticholinergic agents (for the relief
of symptoms) and topical corticosteroids (to suppress
allergic inflammation). Histamine H1-receptor antagonists such as loratadine, cetirizine, and fexofenadine
are less sedating and more pharmacologically selective than earlier antihistamines. Some H1-receptor antagonists such as cetirizine reportedly also inhibit allergen-induced infiltration of tissue by eosinophils,
an effect that may be independent of their effects on
H1 receptors.63
Specific immunotherapy, which has been used for
the treatment of allergic disease for nearly 100 years,
consists of administering increasing concentrations
of extracts of allergen over a long period. In patients
with seasonal allergic rhinitis and, to a lesser extent,
in those with perennial rhinitis, specific immunotherapy is extremely effective and long lasting, especially
when treatment is continued for several years.64 Unfortunately, all patients who receive conventional
specific immunotherapy are at risk for general, and
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potentially fatal, anaphylaxis, particularly during the
induction, or “up-dosing,” phase. Attempts to minimize the risk of systemic reactions have included
pretreatment of allergen extracts with agents such as
formaldehyde (resulting in the formation of so-called
allergoids). However, although this approach decreases binding of the allergen by IgE, it also reduces immunogenicity.
The mode of action of specific immunotherapy is
complex. IgG “blocking” antibodies compete with
IgE for allergen. They may also prevent the aggregation of complexes of IgE and the a chain of the highaffinity IgE receptor (FceRI-a) on mast cells by altering the steric conformation. In addition, they may
interfere with antigen trapping by IgE bound to antigen-presenting cells.65 Several studies have shown
that specific immunotherapy inhibits the release of
pharmacologic mediators from mast cells and basophils, prevents infiltration of allergic lesions by inflammatory cells,66 and decreases the number of mast cells
in tissue.67
Central to these effects is the influence of specific
immunotherapy on T cells. Specific immunotherapy
induces a shift from the production of Th2-type cytokines (interleukin-4 and interleukin-5) to the production of Th1-type cytokines (interferon-g and interleukin-12).65,68 These changes may explain the
marked inhibition of the late-phase reaction induced
by immunotherapy. After several months or years of
treatment, the intensity of the early, immediate, whealand-flare reaction is also reduced and total serum IgE
levels are decreased.65
For immunotherapy with bee venom to be successful, the activation of cells that secrete interleukin10 appears to be critical,69 but the role of this cytokine in immunotherapy for aeroallergens has yet to
be established. Interleukin-10 has a wide range of inhibitory effects on allergic reactions. It induces longterm hyporesponsiveness of allergen-specific CD4+
T cells, decreases the number of mast cells, and inhibits the production of eosinophils.69,70 Proposed
mechanisms responsible for the beneficial effects of
specific immunotherapy are summarized in Figure 4.
Asthma

Asthma (which will be the subject of an upcoming
article in this series) comprises episodes of wheezy
breathlessness due to airway narrowing, which is partially or totally reversible. Airway hyperresponsiveness
is almost invariably an accompanying feature. Causes
of asthma depend on the interplay between genetic
factors, the environment, and several specific and nonspecific triggers (Fig. 2). Nevertheless, most patients
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Figure 4. Proposed Mechanisms of Specific Immunotherapy (Hyposensitization or Desensitization).
Specific immunotherapy is associated with down-regulation of the cytokines produced by Th2 cells, up-regulation of cytokines produced by Th1 cells, and the induction of regulatory T cells. These changes in turn lead to the inhibition of allergic inflammation, increases in cytokines that control the production of IgE (interferon-g and interleukin-12), the production of “blocking” antibodies (IgG),
and the release of cytokines involved in allergen-specific hyporesponsiveness (interleukin-10 and transforming growth factor b).

with asthma are atopic, although a minority have intrinsic, nonatopic asthma that often has a later onset
and a more protracted course than atopic asthma. Recent studies indicate that there are more similarities
than differences in the airway abnormalities of atopic
and nonatopic asthma.71 Both variants are characterized by tissue infiltration by eosinophils and activated
T cells and increased production of interleukin-4,
interleukin-5, interleukin-13, and CC chemokines. In
both types, there are also similar numbers of bronchial mucosal cells that contain messenger RNA for
the e germ-line transcript (Ie) and e heavy chain of
IgE (Ce).71 This suggests that intrinsic asthma may be
associated with local production of IgE antibodies
against unknown antigens and that immunologic triggers have a role in both nonatopic and atopic asthma.
Anaphylaxis

Anaphylaxis is a severe, systemic allergic reaction
caused by the systemic release of histamine and other pharmacologic mediators. It comprises a constel-

lation of symptoms, of which the most serious are
laryngeal edema, lower-airway obstruction, and hypotension. The common causes of anaphylaxis are IgEmediated sensitivity to foods (e.g., peanuts, nuts, fish,
shellfish, and dairy products), bee and wasp stings,
drugs, and latex. Treatment of anaphylaxis involves
prompt administration of epinephrine, repeated if necessary, since epinephrine reverses the actions of histamine within minutes. This treatment can be followed
by an H1-receptor–antagonist and corticosteroids.
Preloaded epinephrine syringes are available for selfadministration.
Specific immunotherapy with venom is highly effective in patients with hypersensitivity to bee and
wasp venom. At present, specific immunotherapy has
no place in the treatment of food-induced anaphylaxis, since severe reactions have been reported during
treatment and there is no evidence of efficacy. However, food allergens can be modified to reduce their
allergenicity, indicating that such strategies may have
therapeutic potential. For example, 10 IgE-binding

110 · N Engl J Med, Vol. 344, No. 2 · January 11, 2001 · www.nejm.org
Downloaded from www.nejm.org by VASSILAKOPOULOS THEODOROS MD on April 1, 2009 .
Copyright © 2001 Massachusetts Medical Society. All rights reserved.

A DVA N C ES I N I MMU N O LO GY

epitopes have been identified in the main peanut allergen Ara h 2. Analyses of the epitopes indicated
that changes in a single residue resulted in the reduction of IgE binding by the allergen and reduced reactivity on skin-prick tests in patients who were allergic to peanuts.72
A different approach to immunotherapy, so far
tested only in mice, is oral immunization with a plasmid vector containing DNA that encodes Ara h 2.
To protect it from digestion, the DNA was bound to
the polysaccharide chitosan.73 This experimental immunization reduced the incidence of allergen-induced
anaphylaxis, decreased the production of allergen-specific IgE, and induced the production of protective,
secretory IgA and IgG2a.

antibodies against FceRI-a78 and autoantibodies
against IgE.79 Uncharacterized, low-molecular-weight
histamine-releasing factors that are not immunoglobulins have also been identified in patients with urticaria. A cause-and-effect relation between levels of
autoantibodies, histamine-releasing factors, and the
clinical manifestations of chronic urticaria has yet to
be established. However, severe cases often respond
dramatically to plasmapheresis, suggesting that autoantibodies or circulating histamine-releasing factors
do have a role.80 Hereditary angioedema is a rare autosomal dominant disorder caused by the absence of
the inhibitor of the first component of complement.

Atopic Eczema

Unlike antiallergic drugs, allergen-specific immunotherapy attenuates symptoms for several years after
it is discontinued.64 However, the potential adverse
effects of this treatment, particularly anaphylaxis, and
the relatively crude allergen extracts involved limit its
usefulness. To overcome these problems, newer approaches have been assessed in animals or are undergoing clinical evaluation. Naturally occurring isoforms
of allergens from plants and trees have been shown
to have a reduced capacity to be bound by IgE as a
result of the substitution or deletion of amino acids.81
The use of these hypoallergenic isoforms in immunotherapy may minimize the risk of anaphylaxis. The
use of recombinant allergens should circumvent the
problem of standardization of crude extracts by allowing production and purification of many of the
major allergens in ways that eliminate variation between batches.82
Immunotherapy involving T-cell–peptide epitopes
entails the administration of short, synthetic, allergenderived peptides that induce T-cell anergy or tolerance but, because of their short length, are unable to
cross-link IgE and induce anaphylaxis. Early clinical
trials in patients with allergy to cat dander showed
that treatment with T-cell peptides afforded limited
protection against allergic symptoms induced by exposure to cats.83 The use of mixtures of allergen-derived
peptides selected on the basis of their ability to bind
to common major-histocompatibility-complex class II
molecules may have greater efficacy, since they will be
recognized by T cells of most persons within a population.48,84
DNA vaccines also hold promise in the treatment
of allergic diseases. Approaches include the administration of CpG motifs such as GACGTC, which induce strong Th1-mediated responses, either alone or
in combination with allergen proteins.85 Plasmid vectors containing genes that encode allergens have been
injected into animals, either before or after allergen
challenge, and can markedly decrease Th2-mediated
responses, enhance Th1-mediated responses, and suppress the allergic response. Virus-like particles, such as

Atopic eczema affects 10 to 20 percent of children
in Western populations. It is characterized by an itchy
red rash, consisting of tiny papules, sometimes with
an urticarial component, which may form confluent
red sheets. Acute exacerbations of eczema may be
weepy and crusted, usually signifying superinfection
with staphylococci. Chronic excoriated lesions are often thickened and lichenified. Total serum IgE levels
may be markedly elevated, and high levels of IgE antibodies against aeroallergens and food allergens are
common. After cutaneous challenge with allergen,
there is an initial local production of interleukin-4
and interleukin-5 (Th2-mediated response), followed
by a mixed pattern of response, involving interferon-g,
interleukin-4, and interleukin-5.74
Avoidance of allergens, with the possible exception
of certain foods in children75 (particularly eggs, peanuts, and milk) and the house-dust mite in adults,76
is usually not effective in treating this condition. The
mainstay of therapy is topical corticosteroids and,
when necessary, antibiotics for bacterial superinfection. Superantigens derived from Staphylococcus aureus may cause polyclonal T-cell proliferation. Treatment with low doses of cyclosporine can be highly
beneficial. This suggests a role for T cells in atopic
eczema. Recently, topical tacrolimus, whose mode of
action is similar to that of cyclosporine, has also been
shown to be useful in the treatment of severe eczema
and reduces the need for systemic immunosuppressants.77
Urticaria and Angioedema

Urticaria (widespread, itchy wheals or hives) and
angioedema (deep mucocutaneous swelling) often occur together. Acute urticaria is associated with sensitivity to foods, certain drugs, and latex. It is often
IgE-mediated, and the treatment is allergen avoidance.
Chronic urticaria includes the physical urticarias and
urticarial vasculitis; allergic causes of chronic urticaria are rarely identified. Some cases of chronic urticaria have been associated with circulating IgG auto-
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the yeast-derived Ty, can also induce interferon-g–
producing CD8+ T cells, rather than a Th2-mediated
response, in a vector expressing a Der p 1 peptide.86
Other therapeutic approaches under evaluation include strategies to block IgE or its synthesis and to
interrupt the Th2-dependent allergic cascade. For example, treatment with a recombinant humanized
monoclonal antibody against IgE (rhuMAB-E25, or
omalizumab) virtually eliminated IgE and markedly
decreased the expression of FceRI on basophils.87 Although rhuMAB-E25 neutralized IgE in blood and
inhibited the production of IgE by B cells, it did not
activate mast cells, basophils, or monocytes (i.e., it was
not anaphylactogenic). The agent reduced symptoms
of allergic rhinitis88 and corticosteroid requirements
in patients with chronic asthma.89 It also inhibited
the allergen-induced early-phase and late-phase asthmatic reactions.90
Several ways of inhibiting interleukin-4 are currently under investigation. Treatment with soluble recombinant interleukin-4 receptor moderately improved
severe atopic asthma in a placebo-controlled trial.91
Other approaches for inhibiting the interleukin-4 receptor include the administration of antibodies against
the receptor and mutant interleukin-4 proteins.92 Transcription factors involved in interleukin-4 signaling,
such as STAT-6 and c-maf, are also attractive molecular therapeutic targets. Agents that interfere with the
function of FceRI, such as peptides that block interactions between IgE and FceRI-a or inhibitors of Syk
(required for intracellular signaling through FceRI-a),
are also worth investigating.
In theory, chronic allergic inflammation should be
controlled by targeting interleukin-5. In monkeys
with ascaris-induced asthma, a monoclonal antibody
against interleukin-5 almost completely eliminated eosinophilia and airway hyperresponsiveness.93 A recent
study in patients with mild asthma showed that a highaffinity humanized IgG1 monoclonal antibody against
interleukin-5 abolished eosinophils in blood and reduced the number of eosinophils in sputum but, surprisingly, had no apparent effect on the allergeninduced late-phase asthmatic reaction or nonspecific
airway hyperresponsiveness.94 Long-term studies, in
which eosinophils are eliminated in tissue, will be required to establish conclusively the role of eosinophils
and interleukin-5 in chronic atopic allergic disease and
asthma. Other strategies for reducing the number of
eosinophils include inhibition of a4b1 integrin (also referred to as very late antigen 4, or VLA-4) or CCR3,
the receptor on eosinophils that binds eotaxin and
other chemotactic CC chemokines that attract eosinophils.95
I am indebted to Drs. Mark Larché, Douglas Robinson, Paul
Cullinan, William Oldfield, and William Cookson for reviewing
the manuscript.
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