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Knowledge of the mechanisms of immunotherapy has increased
substantially in recent years. The development of better extracts for
both injection immunotherapy and local immunotherapy continues,
and techniques for the production of recombinant allergens and
peptides will be important for future vaccines. Immunotherapy with
conventional commercially available extracts is best documented in
childhood pollen allergy and is useful in children with severe hay
fever symptoms or seasonal asthma. Immunotherapy for perennial
allergy has so far been most beneficial in dust mite— and cat-allergic
children with asthma. Dust mite therapy is most efficacious in
children with isolated dust mite allergy. Appropriate environmental
measures should, however, precede immunotherapy when possible.
Recent data indicate that immunotherapy has no additional benefit
in children with multiple allergies and asthma who receive optimal
pharmacotherapy. It is therefore preferable that immunotherapy be
combined with anti-inflammatory drug therapy in most children with
asthma. For safety reasons, it is important that immunotherapy be
administered by physicians well acquainted with standardized extracts
in a clinic or hospital where treatment for systemic reactions is
available. Long-term treatment for 3 to 5 years results in a more
sustained effect than short-term therapy.
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Immunotherapy in children with rhinitis and asthma
caused by specific allergies is a well-documented and
efficacious treatment. The best results have so far
been reported from studies of tree, grass, and ragweed
pollen allergies [1°*,2,3% 4,5] and from studies of dust
mite and cat allergy [1°*,6]. Several key questions about
immunotherapy remain, however, including how it af-
fects the overall severity of disease, particularly asthma,
whether it prevents the development of asthma in chil-
dren with allergic rhinitis, and whether it has a pre-
ventative effect on asthma deterioration. These three
questions are not as readily answered as the question
of the short-term effect of immunotherapy on specific
allergies.

Because pharmacology has improved with the intro-
duction of topical steroids and nonsedating antihis-
tamines, symptom control can be achieved in most
children without immunotherapy. The indications for
immunotherapy have to be evaluated accordingly. In
this reevaluation, both short-term and long-term effects
of immunotherapy have to be considered. In reviewing
immunotherapy studies published or presented dur-
ing the past year, there was a predominance of stud-
ies performed in adults. However, because a previous

study comparing responses to immunotherapy in chil-
dren and adults has shown the treatment effect to be
comparable in different age groups [5], the adult stud-
ies should also be of interest to the pediatrician and are
therefore included here.

Mechanisms of immunotherapy

A number of investigators have contributed during the
past 2 years with new insights into the mechanisms
of immunotherapy [7-9,10°%]. Most importantly, Var-
ney et al. [7] and Durham [10**] performed studies on
cells from peripheral blood and from biopsies of the
skin and nasal mucosa before and after immunother-
apy with grass pollen extracts. These studies have shed
new light on the effects of immunotherapy, showing
that with grass pollen immunotherapy in patients with
severe hay fever, there is an inhibition of the late aller-
gen response (LAR) in both the skin (7] and nasal mu-
cosa [10**]. This effect on the LAR is associated with
a decrease in recruitment of T lymphocytes and acti-
vated eosinophils. By in situ hybridization techniques,
a “switch” of the T-cell response from a Th2-type to a
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BHR—bronchial hyperreactivity; cDNA—complementary DNA; LAR—late allergen response; mMRNA—messenger RNA.
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Thl-type could be demonstrated by local increases in
interferon gamma messenger RNA (mRNA) expression.
Finally, an increase in the mRNA expression of the
macrophage-derived interleukin-12 was found (10°°].
In summary, these effects at the cellular level in tis-
sue could lead to inhibition of IgE synthesis by de-
creased local interleukin-4 production, attenuation of
eosinophil activation by decreased interleukin-5 pro-
duction, stimulation of a local interleukin-12—driven
Thl response, increased interferon gamma produc-
tion, and decreased eosinophil infiltration. Through
these mechanisms, both the immediate and late (in-
flammatory) allergic responses could be abated by im-
munotherapy (Fig. 1).

@ :{> Interleukin-4 ':> ¥

Immunotherapy

Antigen Late-phase
reaction

() =" = /—J

eficial effect of cat immunotherapy on both BHR and
specific allergy to cat [12°]. However, the treatment
with inhaled steroids made the difference between the
groups less striking. Furthermore, very few children
could stop steroid treatment, and the overall dose re-
duction was not significant in either group.

The most interesting study of immunotherapy in
asthma was recently presented by the group at Johns
Hopkins University [13,14°%,15]. The target group was
children with moderate to severe asthma and multiple
allergies who had their pharmacotherapy optimized
during a long run-in period, whereafter they were ran-
domly assigned to receive placebo immunotherapy or
immunotherapy with up to seven different allergens
(except animals), depending on their allergy pattern by
skin test and radioallergosorbent test. Each child then
received immunotherapy for 2 years. About 50% of the
children were tqking inhaled steroids in addition to im-
munotherapy. The study was disappointing in that im-
munotherapy did not affect the severity of the disease,
as measured either by medication requirements or by
methacholine bronchial challenge.

immunotherapy for rhinitis or hay fever

Fig. 1. Immunotherapy promotes Th1-type responses, which may in-
hibit interleukin-4—induced IgE synthesis and favor IgG production.
(From Durham [10°®]; with permission.)

Immunotherapy for asthma

An extensive review of the efficacy of immunother-
apy in asthma was recently published by Bousquet and
Michel [1°*]. They report from studies of their own that
children improved more than adults during dust mite
immunotherapy, particularly those who were allergic
only to mites. Furthermore, they report that the im-
provement from mite immunotherapy was greater in
the children who had normal or close to normal lung
function. A number of studies have examined the effect
of immunotherapy on the late-phase reaction and have
shown the LAR to be attenuated by mite immunother-
apy [1°*]. The effects on nonspecific bronchial hyper-
reactivity have been contradictory, however, with both
beneficial effects [11] and lack of effect [1°*] being seen
in different studies.

Immunotherapy for animal allergy is best documented
with cat extracts. In a 3-year-long study by our group,
we demonstrated that immunotherapy for cat allergy
in children with mild to moderate asthma has effects
not only on cat sensitivity in the airways but also on
nonspecific bronchial hyperreactivity (BHR) [6]. In a
more recent study, we treated children with moderate
asthma with inhaled steroids and pollen-cat or pollen-
placebo immunotherapy and again confirmed the ben-

There is no doubt about the efficacy of immunother-
apy in pollen allergy with symptoms of rhinoconjunc-
tivitis [16]. The results of a 4-year trial of grass pollen
immunotherapy in adults with severe grass pollen al-
lergy were recently published, which further confirmed
the efficacy of immunotherapy (3*]. Positive effects of
immunotherapy on BHR induced by the pollen season
have been reported previously [17].

A number of newly published studies have dealt with
the use of local or oral immunotherapy [18,19°], which
would be a particularly appealing way of administer-
ing immunotherapy to children [20]. However, so far
the enthusiasm has been tempered by the fact that 10
to 100 times more allergen is needed to achieved re-
sults comparable to those from injection therapy. Sub-
lingual administration is still under investigation, and
standardization of extracts is so far not satisfactory [21].
With development of techniques for production of re-
combinant allergens, a new era in the field of local im-
munotherapy may arise [20].

Insect-allergy immunotherapy

The debate about who should receive venom im-
munotherapy was back on the agenda recently [22°°].
The debate was initiated by a study on the natural
course of systemic and local reactions to venom. Hauk
et al. [23*) reported that in sting challenges in children
with a history of mild to moderate reactions, almost
all children had similar, milder, or no reaction at all to
either of two stings. The authors of both papers con-
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clude that immunotherapy is seldom needed in chil-
dren other than those who have experienced a life-
threatening sting reaction with hypotension or symp-
toms involving the airways.

Safety of immunotherapy

One of the crucial problems with immunotherapy con-
cerns the risk of systemic reactions. Numerous ap-
proaches have been tried to diminish the risk of side
effects [24,25°°]. Conventional immunotherapy should
be administered by physicians well acquainted with the
treatment of severe allergic reactions in a hospital or
clinic setting where prompt treatment can be initiated.
The opinion of the American Academy of Allergy and
Immunology is that immunotherapy should never be
given at home. Compliance with therapy may also be
better if the patient receives the injections in an al-
lergist’s office [26]. A report of systemic reactions in
children receiving immunotherapy was presented by
Buscinco et al. [27]. The authors concluded that se-
vere reactions are extremely rare in children with air-
way allergies. Tinkelman et al. 28] reported a prospec-
tive study of systemic reactions in children and adults
receiveing immunotherapy. Others have reported that
systemic side effects during venom immunotherapy are
also rare, although the reported frequency varies in dif-
ferent reports from almost none to 20% of the subjects
[29]. Overall, the safety of immunotherapy is satisfac-
tory if all precautions recommended by the American
Academy of Allergy and Immunology are followed. Lo-
cal immunotherapy has proven to be generally safe in
studies to date [20], whereas the risk of systemic side
effects with peptide immunotherapy is still being stud-
ied.

New approaches to immunotherapy

Allergen peptides

Allergens contain multiple epitopes, and the epitopes
recognized by different individuals may vary. When
the allergen is recognized by an antigen presenting
cell, it is processed to form immunogenic peptide frag-
ments. These peptide fragments, in association with
MHC molecules, are then presented to and recognized
by specific T-cell receptors. Full activation of the T
cell then leads to the synthesis of lymphokines, pro-
liferation of T cells, and activation of B cells, result-
ing in production and secretion of specific IgE an-
tibodies. T cells can become unresponsive to stimu-
lation by an allergen if the allergen is administered
under conditions in which T-cell activation is incom-
plete. The aim of the research in peptide immunother-
apy is to isolate the T cell-reactive epitopes of the aller-
gen without the structure that is required for IgE bind-
ing [30°*,31]. So far, T cell-reactive epitopes have been

determined for the major allergens of grass pollen, rag-
weed, dust mite, cat [32], and bee venom. Studies are
now in progress with peptides of Fe/ d I, the major cat
allergen, which have thus far been promising with min-
imal side effects [33]. The approach is appealing, partic-
ularly for pediatric application, because treatment with
T cell-reactive peptides from allergens that downregu-
late T cell function without IgE binding activity would
reduce the risk of side effects. If this mode of ther-
apy proves successful, the ultimate goals would be im-
munotherapy without risk of allergic reactions and sus-
tained effect with much shorter treatment duration.

Recombinant allergens

Recombinant allergens make it possible to improve
characterization of the molecular and biologic fea-
tures of allergens, thereby allowing for the production
of pure allergens for immunotherapy [34¢]. Complete
complementary DNA (cDNA)-cloned and sequenced
allergens currently include ragweed (Amb I, 11, and V)
and cat (Fel d1). The method of cloning cDNA involves
the isolation of mRNA from the organism and then
transcription of the mRNA into ¢cDNA by the retrovi-
ral enzyme reverse transcriptase. Allergen ¢cDNA clones
can then be identified by different methods. The ad-
vantage of recombinant allergens would be that they
increase the possibility of individualizing allergen ex-
tract production. By recombinant allergen techniques,
the unique proteins to which a patient is sensitized
could be identified. A further possibility would be
to chemically modify recombinant allergens to make
them less allergenic. Attempts are currently being made
with methods that were previously used in conven-
tional allergen immunotherapy, such as formaldehyde
polymerization and pegylation. Finally, the production
of recombinant allergens might decrease the cost of
pure allergen, which could contribute to the devel-
opment of improved extracts, especially for local im-
munotherapy, because higher doses of allergen are re-
quired compared with injection therapy. Figure 2 sum-
marizes the current trends in allergen biotechnology.

Local immunotherapy

During the past decade, several studies of local im-
munotherapy have been presented with conflicting
results. The problems with local immunotherapy are
somewhat similar to the problems with injection im-
munotherapy before characterization and standardiza-
tion of allergen extracts became possible. Lack of stan-
dardization of the extracts is still a problem that could
be one of the explanations of the disparate results. An-
other problem is the question of optimal dose, ie, the
dose required to elicit the proper immunologic effect
without local or systemic side effects. Recent studies in
children and adults have been performed with pollen
and dust mite extracts using both nasal and sublingual
routes [20]. Efficacy using the sublingual route has been
most questionable [21]. To the pediatrician, local im-
munotherapy would be an appealing treatment option
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Fig. 2. Potential application of recombinant allergens and epitopes. MTCEP—minimal T-cell epitope peptide; TCREP—T-cell receptor epitope

peptide. (From Mohapatra et al. [30*°®]; with permission.)

that could make it possible to intervene in the devel-
opment of specific allergies at an earlier age than with
injection immunotherapy. Bousquet and Michel (Un-
published data) have hypothesized from experience of
studies of their own that immunotherapy in children
younger than 6 years of age could contribute to the
prevention of development of new sensitizations. In-
jection therapy in children younger than 6 years of
age has to be prescribed with great caution due to the
risk for systemic side effects and psychologic trauma,
but the possibility of using local immunotherapy would
sidestep this restriction [35].

Preventative immunotherapy

A still open question is whether immunotherapy can
prevent the development of asthma in children with
allergic rhinitis or sensitization 10 new allergens. A re-
cent study of asthma prevention by immunotherapy
was initiated in children with pollen-induced rhinitis.
The first results of this so-called PAT study (Preven-
tive Allergy Treatment study, conducted by ALK Den-
mark in collaboration with European allergists) were
reported recently at the Congress of the European
Academy of Allergology and Clinical Immunology in
Madrid (1995) [36). At this stage of the study, after 1
year with pollen immunotherapy, there was a trend to-
ward more children in the open control group having
developed asthma (15 of 35) than in the immunother-
apy group (6 of 30). In a French study of children 2
to 6 years of age receiving immunotherapy for a single
allergy, no new sensitizations occurred during a 3-year
period, whereas in children not receiving immunother-
apy. all had developed new specific allergies (Bous-
quet et al., Unpublished data) [20]. However, as dis-
cussed previously, it is still highly questionable to use

injection immunotherapy in children younger than 6 or
7 years of age.

Immunotherapy for food allergies

No new studies of immunotherapy for food allergies
have been published, nor have there been any inter-
esting results presented at recent meetings. The im-
munotherapy study by Oppenheimer et al. (37] of
peanut-allergic subjects is still the best controlled and
most relevant food-allergy immunotherapy study. This
study showed a reduction in peanut sensitivity with im-
munotherapy but was limited by the risk of severe sys-
temic side effects.

Long-term effects of immunotherapy

In view of the many controlled studies of immunother-
apy, there are surprisingly few follow-up studies of the
duration of the effect of therapy after injections have
been stopped. Bousquet and Michel [1°°] followed up
on patients who received immunotherapy for different
lengths of time. The authors found the effect to last for
3 years or more when immunotherapy had been ad-
ministered for at least 3 years. Four to 5 years after a 3-
year course of immunotherapy for cat and dog allergy,
we [38] reevaluated the 32 patients who completed 3
years of treatment. We found that specific allergy to cat
and dog had increased, as measured by bronchial chal-
lenge. However, the patients’ subjective evaluation of
symptoms on exposure to the animals had not changed
and in some cases even improved further. Most impor-
tant, BHR evaluated by histamine bronchial challenge
had remained stable, and asthma was still mild. A pos-
sible interpretation of these results is that the effect on
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the LAR remained, but the immediate reaction relapsed
to some extent. In venom immunotherapy studies, pro-
tection against reactions with sting challenges has also
been reported 5 years after stopping a 5-year course of
immunotherapy (39]. From these three follow-up stud-
ies, one could conclude that immunotherapy should be
used for 3 to 5 years to induce effects that are sustained
for 5 years or more.

Natural history of specific allergy in asthma
and rhinitis

A cohort of Swedish children with asthma and specific
allergies was followed up for 15 years from a median 9
years of age to 24 years of age [40]. Most children with
mild asthma and half of those with moderate asthma
had improved, whereas very few with severe asthma
had changed. At the start of the study, the most com-
mon allergies were to pollen and animal dander. In
the majority of children, the specific allergies remained
into adulthood. There was a very low remission rate for
pollen and animal dander allergy. A Finish cohort of
children with allergic rhinitis was followed up for 8 to
11 years [41]. Rhinitis symptoms persisted in 90% of the
children, although they were mild in 40% at follow-up.
Asthma had developed in 19%, mostly in those with
perennial allergies, ie, to dust mite or animals. These
two follow-up studies illustrate that the remission rate
is low in children with asthma or rhinitis caused by spe-
cific allergies.

Conclusions

We have now come closer to understanding the mech-
anisms of immunotherapy through studies of cellular
events in the skin and nasal mucosa during allergic re-
actions before and after treatment with immunother-
apy. These studies provide a more convincing ratio-
nale for the induction of allergic tolerance through im-
munotherapy. The standardized extracts that are now
available allow for more consistent treatment, thereby
increasing both efficacy and safety (Table 1). Recent
studies indicate immunotherapy to be best suited for
pollen allergy, particularly in children with severe al-
lergic rhinitis. In asthma, immunotherapy seems to be
most successful in mild and moderate disease caused
by dominant allergies to dust mites and cats, whereas
immunotherapy for severe asthma or asthma caused
by multiple allergies has little effect on disease sever-
ity. Inhaled steroids are needed in many children with
asthma in addition to immunotherapy. The fact, how-
ever, that cessation of steroid therapy in childhood
asthma often results in increasing BHR and deterio-
ration of lung function could point to a combination
of immunotherapy and (low-dose) inhaled steroids
or other anti-inflammatory drugs as the treatment of

choice when asthma is caused by dust mite or cat
allergy [42]. Avoidance of cats and other furred pets
is necessary but not sufficient in some children, be-
cause pets are abundant and indirect exposure is im-
possible to avoid. Dog immunotherapy is less effica-
cious than cat immunotherapy [6], and better extracts
are needed before dog immunotherapy can be recom-
mended. Venom immunotherapy should be offered to
children who have experienced severe sting reactions
resulting in airway symptoms or signs of hypotension.

Table 1. Indications for immunotherapy with allergens

Condition
Allergen Asthma  Rhinitis Hay fever Anaphylaxis
Pollen Yes® Yes Yes
Dust mite Yest Yes
Cat Yest No
Dog Seldom No
Mold Seldom No
Venom Yes Yes

*Mild, moderate and severe asthma
*Mild and moderate asthma
#Moderate asthma

The future of immunotherapy seems promising in view
of the possible development of recombinant allergens
for local or injection therapy and peptide extracts with
effects directed to T-cell receptors, decreasing the risk
of systemic reactions. The ongoing increase in the
prevalence of specific allergies in children further un-
derlines the need for safe and simple ways of per-
forming immunotherapy. Finally, in a paper last year
by Holt [43*¢], a different approach for prevention of
asthma and atopic diseases during early childhood
was proposed. The intention of the suggested strategy
would be prevention of sensitization, which would be
the ideal solution to the problem of childhood allergic
disease.
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