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Introduction

The prevalence of allergic disease is increasing in Western
society. Pharmacotherapy is effective in reducing symp-
toms, but does not eliminate disease. Allergen avoidance
is difficult to implement, and most common aerocallergens
cannot be completely avoided. Allergen immunotherapy,
also called specific immunotherapy (SIT), is effective and
potentially curative. SIT is the practice of administering
increasing doses of specific allergens to reduce or elimi-
nate symptoms from natural exposure to allergens. The
World Health Organization recommends the term “aller-
gen vaccine” to describe its immunologic modification
and protection against immunoglobulin (Ig)E-mediated
disease [1]. It has been shown to prevent new sensitiza-
tions, to prevent the development of asthma in children,
and to induce long-term benefit. Immunotherapy is the

only current treatment that can potentially alter the natu-
ral course of allergic disease. In this article, we highlight
new and important aspects of pollen allergy, immuno-
therapy trials, mechanisms, and future directions.

Patient Selection

Indications for immunotherapy include severe allergic
symptoms that remain uncontrolled with standard medical
therapy or avoidance, intolerance of medications second-
ary to side effects, personal preference to avoid long-term
use of medication, risk for anaphylaxis from stinging
insect hypersensitivity, and IgE-mediated disease, usnally
confirmed by immediate hypersensitivity skin testing [2].
Treatment of allergic asthma is effective, but poorly con-
trolled asthmatics are at increased risk for fatal anaphylaxis
and severe bronchial constriction. Treatment of children
is of particular intercst. SIT initiated early in the disease
process may modify the progressive development of allergic
disease; however, SIT is rarely started before the age of §
years because of safety and tolerability concerns [1-4].

Pollen Allergy and Allergen Selection

Pollens are an important cause of allergic rhinitis and
allergic asthma. Results from the Third National Health
and Nutrition Examination Survey found that 54.3% of
the United States population had one or more positive
skin tests to 10 common allergens examined, including
26.9% for perennial rye, 26.2% for short ragweed, 18.1%
for Bermuda grass, 15.2% for Russian thistle, and 13.2%
for white oak [5]. Location, temperature, and season have
dramatic effects on allergen exposure. Currently, there
are hundreds of pollen allergens commercially available.
Although immunotherapy has been used since 1911 [6],
standardization of extracts remains an important task.
When available, standardized vaccines should only be
used for clinically relevant allergens to improve safety
and cfficacy of immunotherapy. Standardization ensures
equivalence of quantity and potency to a reference extract.
Unfortunately, only short ragweed, house dust mite, cat,
and a few grass pollen allergens have been standardized
[2,72,8]. Current standardized pollens include Bermuda,
perennial rye, Kentucky bluegrass, timothy, sweet vernal,
red top, orchard, meadow fescue, and short ragweed. For
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standardized allergen vaccines, the recommended mainte-
nance dose for pollens is 4000 biocquivalent allergy units
(BAU). For nonstandardized extracts, 0.5 mL of 1:100
weight/volume of manufacturer’s extract is recommended
[2]. If the major allergen concentration is known, § to 20
ug is recommended [1,2]. During seasons of high natu-
ral exposure, vaccine doses may be reduced, especially if
symptoms are poorly controlled.

Knowledge of the local plant taxonomy and allergen
cross-reactivity is important in selecting clinically rel-
evant vaccines [2,7¢], Limiting the number of allergens in
a treatment vial is necessary to attain optimal therapeutic
doses. For example, combining cross-reactivity pollens
may increase the likelihood of adverse reactions as a result
of inadvertent dosing with larger amounts of the same
cross-reactive allergen [2,9¢]. The inclusion of additional
clinically irrelevant allergens in which IgE antibodies are
present dilutes the content of other relevant allergens in
the vaccine and can make the vaccine less effective. In
addition, extracts with high proteolytic enzyme activi-
ties (ie, fungi, dust mites, cockroach, and insect venoms)
should be separated from pollen extracts (except glycerin-
ated ragweed) to avoid allergen degradation [2].

In general, allergenic cross-reactivities correspond
to taxonomic relations (Table 1). When pollen allergens

Enclish walnut

are substantially cross-reactive, selection of a single pol-
len within the cross-reactive genus or subfamily may be
sufficient. When pollen allergens are not substantially
cross-reactive, testing for and treating with multiple
locally prevalent pollens may be necessary [2].

Tree species demonstrate variable degrees of cross-
reactivity that make identification of local populations
important, Excellent allergenic cross-reactivity has been
demonstrated within the Cupressaceae family {cypress,
cedar) based on marked homology of group 1 and 2 major
allergens |72,10]. A single cedar pollen extract should be
suitable for skin testing and immunotherapy. Pinaceae is
not usually of clinical significance, and in the rare occa-
sion that it is clinically important, it should be treated
separately [9¢]. Significant allergenic cross-reactivity
exists within the Fagaceae (beech, oak) and Betulaceae
(alder, hazelnut, birch) families, based on group 1 and
2 allergens [72,10]. Selecting a local Betulaceae family
member should be suitable to cover other members of this
family. If oak is predominant, use of a single oak would
be expected to cover birch as well. Oaks and elms gener-
ally are more prevalent in eastern and central states, but
have limited distribution to the western states. Oleaceae
(olive, ash, privet) members are also highly cross-reactive
[9e]. Representative members should be selected accord-
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ing to geographic location. European olive is indicated in
areas where it is grown, whereas ash is appropriate where
it is present [72,92]. Maple and box elder species from the
Aceraceae (box elder, maple) family are found through-
out the United States, except for the dry southwest. These
have not been shown to be strongly cross-reactive and
should be evaluated separately [2,72].

Extensive allergenic cross-reactivity exists among
grasses in the Pooideae subfamily due to homology of
groups 1, 2/3, and § major allergens, although timothy
and vernal grasses may also possess unique allergens
[7,10]. These temperate pasture grasses are widely dis-
tributed across the United States. Selection of timothy
grass alone or in combination with a single northern
grass species should provide adequate coverage against
this entire group. In the Chloridoideae and Panicoideae
subfamilies, species with limited cross-reactivity include
Bermuda, Bahia, and Johnson grasses secondary to a
lack of group 2 and 35 allergens [72,10]. These grasses are
common in the lower southern states and may deserve
individual consideration if geographically relevant [7e].

The Asteraceae family of weeds includes ragweed,
mugwort, and sages [79,11]. There is significant cross-
reactivity between ragweed species within the Ambrosia
genus. Selection of one species should be sufficient for
skin testing and immunotherapy. Other Asteraceae family
members of the Artemesia species (mugwort, marsh elder,
sages) are found predominantly in the western states and
show variable cross-reactivity with ragweed [9°]. Sages
are strongly cross-reactive, and a single member gives
adequate protection for this group [12]. In areas where
sages or marsh elders are common, these need to be han-
dled separately [9e].

Information on cross-reactivity among members of the
Chenopodiceae-Amaranthaceae (lamb’s quarter, Russian
thistle, scales, pigweeds), Polygonaceae (sorrels, docks),
and Plantaginaceae (English plantain} families is limited
[7#]. These groups are found widely in the western regions
[2]. A single Amaranthus species is likely adequate to rep-
resent the entire group [2,7¢]. Redroot pigweed is a good
choice. Atriplex species have lictle cross-reactivity and are
treated on an individual basis. Among Chenopod mem-
bers, Russian thistle has the highest cross-reactivity [2].

Efficacy and Long-term Effects

The efficacy of pollen immunotherapy in allergic rhinitis
and asthma symptom scores and medication scores has
been validated by meta-analyses of randomized, placebo-
controlled studies [13-15]. Most recently, Abramson et al.
[13] evaluated 75 trials and a total of 3506 participants.
Among these, there were 20 pollen-allergy trials and six
trials looking at multiple allergens. Overall, there was a
significant reduction in asthma symptoms and medication
use, and improvement in bronchial hyperreactivity fol-
lowing immunotherapy.

Two prospective, randomized, double-blind, placebo-
controlled grass pollen immunotherapy trials have been
newly published this year. Roberts et al. [16] studied 39
children with a history of seasonal allergic asthma who
were sensitized to grass pollen and required at least 200
ug of inhaled beclomethasone equivalent per day. During
the sccond pollen season, significant reductions in asthma
symptom-medication score and cutaneous, conjunctival,
and bronchial reactivity to allergen were reported; how-
ever, no significant differences in airway inflammation or
inhaled steroid use were detected compared to placebo.
Frew et al. [17] performed a large-scale study of 410 sub-
jects treated with two doses of grass pollen immunotherapy
in patients with moderately severe seasonal allergic rhi-
nitis inadequately controlled with standard drug therapy.
The study was performed during the winter and spring of
2002. In the first season of therapy, mean symptom and
medication scores were significantly lower in the higher
dose (100,000 standardized quality units {SQ-U]) group,
but only symptom scores were significantly reduced in the
lower dose (10,000 SQ-U) group. Quality-of-life measures
improved in both groups compared to placebo.

Clinical improvement is usnally observed after 1 year
of treatment at maintenance dosing. In patients with
initial benefit, a prolonged course of 3 to § years of immu-
notherapy is recommended to induce long-term reductions
in clinical symptoms [1,2]. Grass pollen immunotherapy
has been demonstrated to have long-lasting benefit at least
3 years after treatment in a population of adults and ado-
lescents [18]. Durham et al. [18] conducted a randomized,
double-blind, placebo-controlled trial of the discontinua-
tion of immunotherapy for grass pollen allergy in patients
in whom 3 to 4 years of this treatment had previously
been shown to be effective. Sixteen patients received
immunotherapy from 1989 to 1992 and continued on
immunotherapy from 1992 to 1995; 16 patients received
immunotherapy from 1989 to 1992 and discontinued
immunotherapy from 1992 to 1995; and 15 patients never
received immunotherapy. Scores for seasonal symptoms
and the use of rescue medication remained low after the
discontinuation of immunotherapy, and there was no
significant difference between patients who continued
immunotherapy compared with those who discontinued
it. Symptom scores in both groups were markedly lower
than those who never received immunotherapy. Although
there was a tendency for immediate sensitivity to allergen
to return late after discontinuation, there was a sustained
reduction in the late skin response and associated CD3*
T-cell infiltration and interleukin (IL)-4 messenger RNA
expression on skin biopsy, indicating a persistent altera-
tion in immunologic reactivity.

Prevention of New Sensitizations and Asthma
Although pollen immunotherapy has been primarily used for
its symptomatic treatment cffects, there is growing evidence
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for its preventive efficacy as well. Allergic rhinitis usually
begins in early childhood and is a risk factor for the develop-
ment of asthma [19]. The progression from allergic rhinitis
to asthma is referred to as the “allergic march.” Interestingly,
pollen immunotherapy may be able to prevent the develop-
ment of new sensitizations and asthma, in effect, altering the
natural course of allergic disease in children.

The prevention of new sensitizations in children mono-
sensitized to house dust mites has been demonstrated in
prospective studies [20,21]. This preventive effect has also
been demonstrated in children with grass pollen allergy.
Eng et al. [22] examined a group of children with grass
pollen allergy who were previously effectively treated with
3 years of preseasonal grass pollen immunotherapy to see
if a benefit remained 6 years after discontinuation of treat-
ment. Six years after cessation of SIT, the immediate skin
response to grass pollen remained significantly decreased
compared to the reaction of the controls. Eight years after
commencement of immunotherapy, the initially pollen-
monosensitized children had developed significantly fewer
new sensitizations to perennial allergens when compared
to the control group (61% vs 100%).

Allergen immunotherapy has also been shown to
stop the development of asthma in children. Johnstone
and Dutton [23] showed that children receiving SIT with
several different allergens developed asthma significantly
less than children receiving placebo (22% vs 78%). More
recently, Moller et al. [24] studied 205 children with grass
and/or birch pollen allergy who were randomized either
to receive specific immunotherapy for 3 years or to an
open control group. All subjects had moderate-to-severe
hay fever symptoms, but no patients reported asthma with
need of daily treatment at inclusion. Asthma was evaluated
clinically and by peak flow. Among those without asthma,
the actively treated children had significantly fewer
asthma symptoms after 3 years as evaluated by clinical
diagnosis (24% vs 44%) and had significantly improved
methacholine bronchial provocation test results.

Mechanism of Action
There are many proposed mechanisms for immunother-
apy, including the induction of IgG blocking antibodies,
reduction in specific IgE long-term, reduced recruitment
of effector cells, altered cytokine balance from a T-helper
type 2 (Th2) to T-helper type 1 (Th1) phenotype, T-cell
anergy, and induction of regulatory T cells [25,26]. Early
effects are likely mediated by cell desensitization, whereas
long-term effects are associated with a switch of Th2 cells
into Th1 cells and the induction of T-regulatory cells [27].
T-regulatory cell function is mediated by the secretion of
[L-10. In addition to increasing tolerance, IL-10 promotes
the class switching from IgE to IgG, particularly the IgG,
subclass [28-30].

Wachholz and Durham [31s] revisited the contro-
versial issue that IgG levels do not always correlate with

symptomatic improvement with immunotherapy, which
has been a major criticism of the IgG-blocking theory.
By using a novel assay that detects allergen-IgE binding
to B cells using flow cytometry, functional changes in
IgG-antibody blocking activity have been detected after
grass-pollen immunotherapy [32,33]. The induction of IgG
antibodies with blocking activity may have a protective
role, not only through the inhibition of allergen-induced
IgE-mediated release of inflammatory mediators from
mast cells and basophils but also through the inhibition
of IgE-facilitated antigen presentation to T cells. These
changes are qualitative and may reflect changes in affin-
ity and epitope specificity. Measurement of their biologic
blocking activity could be a potential early immunologic
marker for successful SIT independent of IgG levels [31e].

Jakobsen et al. [34] recently investigated the influ-
ences of SIT on antibody affinity. The binding affinity of
purified serum IgG,, IgG,, and IgE to the major allergen
in birch pollen (Bet v 1) was analyzed by surface plasmon
resonance. SIT was found to have no effect on antibody
affinity of allergen-specific IgE, IgG,, or IgG,, but aller-
gic patients with high-affinity IgG, and IgG, antibodies
reported fewer symptoms than did patients with low-
affinity antibodies.

Future Directions

Use of traditional subcutaneous immunotherapy is limited
by inconvenience and risk for systemic symptoms, including
anaphylaxis and death. Localized non-injection forms of
administration have long been studied [35-38]. Although
oral immunotherapy has not been proven effective, local
nasal and bronchial routes have shown efficacy; however,
their use is limited by local side effects. Sublingual immu-
notherapy (SLIT) has remained the most promising local
route and offers the benefit of increased safety and possible
home therapy. No reported cases of severe anaphylactic
reactions or deaths have been reported in the literature since
1986. The most common side effects are mild oral itching,
nausea, and GI discomfort. Trials demonstrating efficacy
have been done on various pollens, including grasses, olive,
birch, cypress, ragweed, and Parietaria. SLIT efficacy in
symptom and medication reduction have been validated by
meta-analysis [39], which included 22 randomized, con-
trolled trials of 979 patients: six for house dust mite, five
for grass, five for Parietaria, two for olive, and one each
for ragweed, cat, tree, and Cupressus. A significant reduc-
tion in symptoms and medication requirements was found;
however, results were limited by considerable heterogeneity
between studies.

Although SLIT is widely used in Europe, its adoption in
the United States is limited by several factors. Most extracts
are not standardized and differ from those used in Europe.
Studies often involve monosensitized patients, but the major-
ity of American patients have polysensitization [5]. Optimal
dosing and duration is not established. In addition, SLIT is
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not US Food and Drug Administration (FDA)-approved.
Most studies have been designed to show efficacy, but few
studies have included mechanistic studies. Changes in sys-
temic immune markers, such as IgG or IL-10, have not been
shown consistently; however, the mechanism of sublingual
immunotherapy may differ from traditional immunotherapy.
Measuring surrogate mucosal immune markers may be more
appropriate for future studies.

The monoclonal anti-IgE antibody omalizumab has
been shown effective in asthma [40,41], and its use In
increasing safety and efficacy of immunotherapy is being
explored. Kuehr et al. [42] studied the concurrent use of
specific immunotherapy and omalizumab to determine
whether combined therapy could provide better efficacy
than either treatment alone. A randomized, double-
blinded trial of 221 subjects was performed to assess the
efficacy and safety of omalizumab or placebo in subjects
with seasonal allergic rhinitis in both a birch pollen
season and a grass pollen season. Combination therapy
significantly reduced symptom load over the two pollen
seasons by 48% over SIT alone. The protective effect was
independent of the type of allergen.

More recently, Casale et al, [43¢] studied the use of
omalizumab in enhancing the safety and efficacy of rush
immunotherapy (RIT) with ragweed. Adult patients
with ragweed-induced allergic rhinitis were enrolled in
a double-blind, parallel-group, placebo-controlled trial.
Patients receiving omalizumab plus immunotherapy
had fewer adverse events than those receiving immuno-
therapy alone. In patients receiving RIT, the addition of
omalizumab resulted in a significant fivefold reduction in
risk for anaphylaxis. In addition, patients receiving both
omalizumab and immunotherapy showed a significant
improvement in severity scores during the ragweed season
compared with those receiving immunotherapy alone.

The use of recombinant proteins in immunotherapy
is another approach to decrease IgE-associated adverse
reactions. Using recombinant techniques, new allergens
with decreased allergenicity but retained immunogenicity
are generated [31]. Modification of the tertiary structure
prevents IgE binding and effector cell activation, while
preserving T-cell epitopes. This has been demonstrated
with recombinant hypoallergenic variants of major birch
pollen Bet v 1 [44]. The Bet v 1 hypoallergenic deriva-
tives were shown to induce protective antibodies in vivo
with rabbits and were able to induce T-helper type 1
cytokines by human peripheral blood T cells in vitro. Sub-
sequently, a double-blind, placebo-controlled study was
performed with 124 birch pollen—allergic patients using
the hypoallergenic derivatives of the major birch pollen
Bet v 1 [45]. A reduction in cutaneous sensitivities and an
improvement in symptoms were found. In the treatment
group, a rise in allergen-specific IgE was significantly
reduced, and significant increases in allergen-specific IgG
were found to have a protective role by inhibiting in vitro
basophil histamine release.

Interestingly, hypoallergenic derivatives of major grass
pollen allergen Phl p 1 have been shown to induce pro-
tective antibodies by using B-cell epitopes instead [46].
These peptides were shown to have decreased allergenic-
ity in humans by negative immediate hypersensitivity skin
tests and in vitro basophil histamine release. In addition,
they were found to increase specific IgG in mice and rab-
bits and decrease IgE binding of Phl p 1 in vitro. Similarly,
the same group [47] created hypoallergenic derivatives of
the major birch pollen Bet v 1 that induced specific IgG
in mice and prevented IgE-mediated allergic sensitization
to Bet v 1. In allergic patients, peptide-induced blocking
antibodies inhibited IgE binding to allergen and allergen-
induced basophil degranulation in vitro.

DNA vaccines are another exciting area of investi-
gation. Immunostimulatory  oligodeoxyribonucleotide
sequences have been shown to induce Thl-type response
and inhibit Th2-type immune response {48]. This has been
demonstrated recently by using a recombinant short rag-
weed protein in humans. Tulic and Fiset [49] studied Amb
a 1-immunostimulatory phosphorothioate oligonucleotide
conjugate (AIC), a novel protein consisting of purified
Amb a 1 from short ragweed proteins covalently linked to
an immunostimulatory phosphorothiocate oligodeoxyribo-
nucleotide. Ragweed-allergic patients were treated with
six escalating doses of AIC or placebo at weekly intervals
immediately before the 2001 ragweed season. A subset of
patients underwent nasal biopsy specimens taken before
immunization, and before and after the first ragweed sea-
son. There was no initial difference between the AIC and
placebo groups in the first weeks after AIC immunization;
however, on recvaluation after the end of the 2001 ragweed
season, AlC-treated patients had a significantly reduced
increase in eosinophils and IL-4 mRNA and an increased
amount of interferon-y mRNA compared with placebo-
treated patients. There was also a significant decrease in
chest symptoms and a trend toward reduced nasal symp-
toms in the AlC-treated group at the start of the second
ragweed season. This study suggested that a short course
of AIC immunotherapy could alter the immune response
by decreasing Th2 cytokine production and cosinophilia in
nasal mucosa, although the effects were not seen until 4 to
5 months after completion of therapy.

Conclusions

Pollen immunotherapy is cffective and potentially cura-
tive. It has been shown to prevent new sensitizations in
monosensitized children, to prevent the development
of asthma in high-risk children, and to induce long-
term benefit. Standardization of allergen extracts and
increased understanding of cross-reactivity will improve
immunotherapy safety and efficacy. Mechanism of action
continues to be an area of investigation, but induction
of qualitative changes in IgG antibodies during immu-
notherapy may occur independent of quantitative levels.
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SLIT may eventually provide a safe and effective alterna-
tive to conventional immunotherapy, but further studies
are required before its use in the United States is accepted.
Other exciting new technologies, including concurrent
omalizumab use, hypoallergic peptides, and DNA vac-
cines, need to be validated in clinical trials, but initial
studies are promising.
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