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Allergen immunotherapy continues to be used worldwide in the

management of allergic rhinitis and asthma. We continue to

refine our knowledge of the indications for immunotherapy, the

allergens that can be used successfully, and the requirements

for dosage and route of administration. Several additional

allergens have been shown to be effective in controlled studies.

The sublingual route of administration is safe and can be

effective if the dose is large enough. Since reviews in 1998,

further studies of immunologic changes after immunotherapy

have confirmed that TH2 lymphocyteemediated responses are

suppressed, and TH1 responses are stimulated. Eosinophil and

basophil inflammatory responses to allergen exposure are

downregulated through one or both of these mechanisms.

Research continues to seek improvements through allergen

vaccine modifications suggested by recent immunologic

discoveries. None of these is available in practice. (J Allergy

Clin Immunol 2004;113:1013-23.)
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A review in the Journal in 1998 recapitulated the history
of immunotherapy for respiratory allergies since its
introduction by Noon in 1911 and examined the current
state of its clinical use.1 A second review described our
understanding of underlying mechanisms.2 This review
will examine human studies reported in the ensuing years,
including immunotherapy for food allergy. Protection
against insect venom anaphylaxis is a large and separate
subject not covered.

MECHANISM

Mechanistic studies continue to support the idea that
immunotherapy expands allergen-specific TH1 immunity
and suppresses the TH2 responses resulting in clinical
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allergy. Whether the first leads to the second is not clear.
The 1998 review by Durham and Till2 summarized the
biopsy evidence that immunotherapy reduces the CD4+

lymphocyte response to allergen challenge in the nose and
skin. It also increases cells expressing mRNA for the TH1
cytokines IFN-c, IL-2, and IL-12 while reducing cells
expressing the TH2 cytokine IL-4.

T-cell TH2 and TH1 cytokine production
in vitro

In 1998, there were reports that PBMCs taken after
immunotherapy showed reduced IL-4 production after
allergen stimulation and other reports that showed
enhanced IFN-c expression.2 Since then, expression or
production of cytokines in patterns considered character-
istic of TH1 or TH2 cells in cultures of T cells or PBMCs
has received much attention, with conflicting results.

Söderlund et al3 studied cytokine expression in PBMCs
before and after birch pollen immunotherapy.
Spontaneous expression of IL-4 mRNA was detected in
most of the allergic patients but not in healthy donors. In
immunotherapy-treated patients, IL-4 mRNA decreased
during the pollen season compared with at the onset of the
study, whereas in placebo-treated patients IL-4 mRNA
increased or remained unchanged. Similar results were
obtained after in vitro stimulation with allergen. In
contrast, IFN-c was readily detected, without significant
differences between the groups at either time. IL-5 was
increased during the pollen season in both groups and
presumably not influenced by immunotherapy.

Van Bever et al4 compared treated asthmatic patients
sensitive to house dust mites with untreated control
subjects. PBMCs of treated patients secreted less IL-2, IL-
4, and IL-5 after immunotherapy. They could not confirm
any change in IFN-c. Klimek et al5 studied immunother-
apy with birch pollen allergoid and found expected

Abbreviations used

LAR: Late asthmatic reaction

RI: Rush immunotherapy

SLAM: Signaling lymphocytic activation molecule

SLIT: Sublingual immunotherapy

TCR: T-cell receptor
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increases in cytokines in nasal secretions. On the other
hand, in allergen-stimulated cultures of T cells, they could
find no change in cytokine expression for IL-4, IL-5, IL-
10, or IFN-c. Waccholz et al6 studied grass pollen
immunotherapy and found a seasonal increase in the ratio
of IFN-c to IL-5 in the nasal mucosa but no changes in
expression of these cytokines in allergen-stimulated T-cell
cultures.

In a somewhat different approach, Moverare et al7

followed induction of birch pollen immunotherapy with
serial cultures of PBMCs stimulated by birch pollen
extract. After a short decrease probably caused by
seasonal variation, birch pollenespecific proliferation
and IL-4, IL-5, and IL-10 production significantly
increased when the maintenance dose had been reached,
as well as during the subsequent pollen season. The
increase in IL-4 correlated with a temporary increase in
serum birch pollenespecific IgE levels.

Majori et al8 examined cytokine production in PBMC
cultures stimulated by a polyclonal activator.
Immunotherapy for dust mites had a marked effect in
increasing the IFN-c/IL-4 ratio in peripheral blood CD4+

T cells after 3 months of the dose-increase phase
(5.47% ± 1.5% vs 4.07% ± 1.49%; P = .03), with a fur-
ther increase after 1 year’s treatment (16.12% ± 2.8% vs
5.47% ± 1.5%; P = .002). There were no significant
changes in the IFN-c/IL-4 ratio in peripheral blood
CD8+ T cells at the 3 times of the study.
T-cell lines and clones. Oda et al9 developed both T-

cell lines andT-cell clones fromhouse dustmiteesensitive
asthmatic patients before and at 3 and 18 months after
rush immunotherapy (RI). All the Dermatophagoides
farinaeespecific T-cell lines established before RI
exhibited a TH2 pattern characterized by the production
of high levels of IL-4 and undetectable or small amounts of
IFN-c. In contrast, 18 months after RI, cytokine pro-
duction by D farinaeespecific T-cell lines showed either
a TH0 or TH1 profile (ie, markedly increased IFN-c
production, reduced IL-4 production, or both). Of interest,
3 months after RI, very few cell lines could be established,
and those that were established produced small amounts of
both IL-4 and IFN-c in accordance with a reduced
proliferative response to D farinae. IL-5 production was
also decreased 3 and 18 months after RI.

Similar cytokine profiles were found in D farinaee
specific T-cell clones. Clones established before RI
produced IL-4 and a small amount of IFN-c, which
represented TH2-like cells. Three months after RI, hardly
any mite-specific T-cell clones could be established, and
the few that grew produced small amounts of IL-4 and
IFN-c. Eighteen months after RI, D farinaeespecific T-
cell clones had shifted their cytokine-secreting patterns to
those of TH1- or TH0-like cells.

In contrast, the T-cell clones of control subjects not
given RI showed TH2-type responses throughout. The
authors suggest that TH2 cells disappeared early after
starting RI and that TH1 and TH0 populations emerged
slowly and selectively later. They could not find any
differences in IL-10 production.9
IL-10 and TGF-b. In studies of immunotherapy for
insect venom anaphylaxis, Akdis and Blaser10 found
increased secretion of IL-10 in T-cell cultures, along with
decreased allergen-driven proliferation and decreased
production of TH2 and TH1 cytokines. They attributed
the latter effects to the ability of IL-10 to block the
costimulatory CD28-B7.1 interaction and subsequent
signaling pathways in T cells. A further study by Jutel
et al11 from the same group extends these findings to
immunotherapy for house dust miteeinduced rhinitis and
asthma. In particular, they examined T-cell suppression
by IL-10 and TGF-b in cultures stimulated with Der
p 1. Seventy days after initiation of immunotherapy,
the deviated immune response was characterized by
suppressed T-cell proliferation accompanied by dimin-
ished TH1 (IFN-c) and TH2 (IL-5 and IL-13) cytokine
responses and increased IL-10 and TGF-b secretion by
allergen-specific T cells. Neutralization of cytokine
activity indicated that T-cell suppression was induced by
IL-10 and TGF-b. In addition, immunotherapy induced an
antigen-specific suppressive activity in CD4+CD25+ T
cells of allergic individuals.

Francis et al12 reported on IL-10 production in the same
year. They took PBMCs from patients who had undergone
a year of grass pollen immunotherapy for comparison with
untreated allergic control subjects. Cultures from immu-
notherapy-treated patients stimulated with Phleum
pratense produced significantly more IL-10 than cultures
from atopic control subjects (immunotherapy-treated
patients, 116 ± 21 pg/mL [n = 11]; control subjects,
30 ± 5 pg/mL [n = 11]; P< .001). The number of
CD4+CD25+ cells identified after allergen stimulation
was also greater in the immunotherapy group. The
numbers of CD4+CD25+ T cells correlated with P
pratenseeinduced proliferation in both control groups
but not in the immunotherapy group. Moreover, T cells
from immunotherapy-treated patients that were positive
for intracellular IL-10 were almost exclusively
CD4+CD25+ cells. Significantly higher amounts of the
TH2 cytokines IL-4, IL-5, and IL-13 were produced in
both the immunotherapy and atopic groups than in the
nonatopic control group (P < .05). In contrast, there was
no difference in TH2 cytokines between the immunother-
apy-treated and untreated atopic groups. Different patterns
of responses were seen for IL-10: productionwas higher in
the immunotherapy-treated patients than in both the
untreated atopic and healthy nonatopic groups (for both
the healthy and atopic groups vs the immunotherapy
group, P < .01). No changes in TGF-b levels were
detected.

This group also studied IL-10 responses in nasal biopsy
specimens in patients receiving grass immunotherapy for
2 years. Local and systemic IL-10 responses and serum
antibody concentrations were measured before and after
a double-blind trial. They observed local increases in IL-
10 mRNAepositive cells in the nasal mucosa after
immunotherapy but only during the pollen season. IL-10
proteinepositive cells were also increased and correlated
with IL-10mRNA cells. These changes were not observed
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in placebo-treated subjects or in healthy control subjects.
Fifteen percent and 35% of IL-10 mRNA signals were
colocalized to CD3 T cells and CD68 macrophages,
respectively, whereas only 1% to 2% of total CD3 cells
and 4% of macrophages expressed IL-10. After immuno-
therapy, peripheral T cells cultured in the presence of grass
pollen extract also produced IL-10. Immunotherapy
resulted in blunting of seasonal increases in serum allergen
Phl p 5especific IgE, 60- to 80-fold increases in Phl p
5especific IgG, and 100-fold increases in Phl p
5especific IgG4.13 See below about the possible role of
IgG4 antibodies.

In considering these varying results, one must realize
that estimating changes in allergen-specific regulatory,
TH1, and TH2 T cells in peripheral blood presents
the investigator with multiple difficulties. T cells with
receptors specific for epitopes from an allergen usually
represent less than one in a thousand of the lymphocytes in
a sample. PBMCsmust therefore be stimulated by allergen
for days to allow proliferation of the cells of interest,
giving them time to change their profile. TH1 or TH2 cells
are estimated indirectly by cytokine profile because there
are no markers specific for these classes of human T cells.
Cytokine profiles might be estimated on the basis of either
expression (mRNA staining) or production (staining with
cytokine-specific antibodies), which are not necessarily
the same thing. The timing of specimens might be crucial
because some immunologic changes might occur rapidly
during immunotherapy, and others might occur gradually
over a year or longer and might vary with the dosage
regimen. Furthermore, results might be influenced by
natural mucosal exposure.

On the other hand, cytokine expression in stained tissues
after challenge has been more consistent, possibly because
allergen-specific cells become concentrated at challenged
sites. No studies seriously contradict the hypothesis that
TH2 allergic responses are suppressed and TH1 responses
are stimulated. The T-cell lines and clones developed by
Oda et al9 suggest that TH2 suppression occurs first and
TH1 stimulation occurs later. A study of TH2 apoptosis
tends to support this hypothesis (see below).
T-cell apoptosis. Guerra et al14 introduced a new

concept: that immunotherapy makes allergen-specific IL-
4eproducing T cells susceptible to apoptosis on exposure
to allergen. They examined cultures from grass-sensitive
patients treated or untreated with immunotherapy. In
allergen-stimulated cultures of cells from untreated
patients, IL-4 represented 71% ± 12% of cytokine-pro-
ducing cells, and IFN-c represented 7% ± 3%.
Immunotherapy-treated patients showed the reverse, with
IL-4 cells at 11% ± 7% and IFN-c cells at 64% ± 18%. To
account for this phenomenon, they propose that immuno-
therapy renders TH2 cells susceptible to ‘‘activation-
induced cell death.’’ Using a technique that labels cells for
breaks in DNA as a marker for apoptosis, they found that
cultures from immunotherapy-treated patients showed
a significant proportion (39% ± 14%) of lymphocytes
undergoing apoptosis after culture with allergen, whereas
no apoptosis occurred in noneimmunotherapy-treated
patients. When stained simultaneously for cytokines,
apoptotic cells expressed mainly IL-4 (84% ± 11%),
whereas fewer cells expressed IFN-c (4% ± 2%).
Lymphocyte activation. Laksonen et al15 studied

changes in signaling lymphocytic activation molecule
(SLAM) during immunotherapy. Before immunotherapy,
in vitro allergen-induced SLAM mRNA expression in
PBMCs was significantly lower in patients with allergic
rhinitis than in healthy control subjects. After 1 year of
treatment, SLAM mRNA expression was increased in
immunotherapy-treated patients and was associated with
IFN-c mRNA expression but inversely associated with
symptom improvement. However, in cultures taken
earlier, when the maintenance dose was reached, a tran-
sient increase in SLAMmRNA expression was associated
with the clinical symptom improvement at 1 year. Because
SLAM is increased in several TH1-mediated autoimmune
conditions, the authors interpret their findings as addi-
tional evidence that immunotherapy initiates an increased
TH1 response.
T-cell receptor V use. Sade et al16 examined the

expression and use of the V-a, V-b, V-c, andV-d chains of
T-cell receptors (TCRs) in patients allergic to house dust
mites. Analyzed before and 6 months after immunother-
apy initiation, lymphocyte TCRs showed significantly
increased V-b5b, V-b12, and V-a12.1 values compared
with control values (without significant changes in other
markers). The authors suggest that the repeated allergen
administration during immunotherapy caused the pro-
liferation of suppressor T cells that have an oligoclonal
TCR-V use.

B cells

Although most studies of peripheral blood cells focus
on T cells, Håkannson et al17 enumerated B cells bearing
several markers by means of flow cytometry before and
after immunotherapy for birch pollen allergy. In untreated
patients seasonal exposure to birch showed an increase in
cells with surface expression of CD23, CD40, and HLA-
DR at the same time IgE antibodies increased. In patients
given immunotherapy, no such increases occurred. The
authors hypothesize that a TH1 T-cell predominancemight
account for the lack of B-cell activation on allergen
exposure.

Wachholz et al18 have a hypothesis that might account
for these effects. They propose that allergen-specific IgG
antibodies induced by immunotherapy can disrupt forma-
tion of allergen-IgE complexes that bind to antigen-
presenting cells and facilitate allergen presentation. They
developed a flow cytometric assay on the basis of
detection of allergen-IgE binding to the low-affinity IgE
receptor on B cells to examine the blocking effects of
serum. In 10 patients who received active grass pollen
immunotherapy, there was induction of a serum activity
that inhibited allergen-IgE binding to B cells (P = .02 vs
placebo subjects), as well as subsequent allergen pre-
sentation to T cells. This activity copurified with IgG and
was allergen specific because sera taken from patients
treated with grass pollen immunotherapy but who were
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also birch pollen sensitive did not inhibit IgEebirch pollen
allergen binding to B cells. The authors write, ‘‘Further
studies are needed to assess whether this activity might
predict the clinical response to treatment.’’ A further study
by Nouri-Aria et al13 confirmed this response after 2 years
of immunotherapy. They propose that ‘‘grass pollen
immunotherapy may induce allergen-specific, IL-
10edependent �protective� IgG4 responses.’’

Inflammatory cytokines

Several of the studies cited above noted reductions in
the eosinophil and basophil stimulator IL-5. Meissner
et al19 studied this cytokine in patients given immuno-
therapy for cat allergy. Before immunotherapy, IL-5
production was significantly higher in cells of allergic
donors stimulated with allergen (P < .005) or mitogen
(P < .05). After reaching the maintenance dose for
immunotherapy, allergen-induced IL-5 production re-
turned to normal levels. The ability of immunotherapy to
reduce inflammatory neutrophil responses was tested by
Montseirin et al20 in allergic asthmatic patients. Neutrophil
degranulation in vitro after stimulation with formyl-
methionyl-leucyl-phenylalanine was found to be higher
in the asthmatic patients than in healthy control subjects
and returned to normal levels after immunotherapy.

Wilson et al21 studied patients receiving grass pollen
immunotherapy with nasal mucosal biopsy specimens in
season and found fewer eosinophils in treated patients. A
significant correlation was observed between eosinophils
and IL-5 expression (r = 0.5; P < .05). Both eosinophils
(r = 0.6; P < .02) and IL-5 (r = 0.6; P < .02) correlated
with symptoms after immunotherapy.

De Amici et al22 studied serum cytokine levels (no
challenge) before and after 6 months of immunotherapy
for dust mite allergy and found the following: IL-1b and
TNF-a levels were increased before immunotherapy.
After immunotherapy, they decreased to levels similar to
those found in nonallergic control subjects. IL-2 and IL-6
levels, on the other hand, were initially low but increased
after immunotherapy. These data indicate a reduction in
inflammatory responses.

Mast cells and basophils

Durham et al23 examined mast cell numbers in skin
biopsy specimens from sites of 24-hour late-phase
reactions to allergen before and after immunotherapy for
grass pollen allergy. Treated patients had significant
reductions in symptom scores during the grass pollen
season and reduced immediate skin reactivity, as de-
termined with prick tests. After immunotherapy, the
numbers of mast cells were on average reduced 5-fold at
the challenge sites. The numbers of mast cells showed
strong correlations with symptom and rescue medication
scores during the season (r = 0.61, P = .001; r = 0.75,
P = .0001, respectively). The mechanism underlying this
change is not understood.

In another study from the same group, Wilson et al24

examined cell-specific markers for basophils, eosinophils,
and mast cells in nasal epithelium and submucosa in
subjects receiving immunotherapy for grass pollinosis.
The nasal submucosa in placebo-treated patients showed
significant seasonal increases in basophils (P < .01), mast
cells (P< .05), and eosinophils (P = .002). In immuno-
therapy-treated patients smaller but still significant in-
creases in basophils (P< .01) and eosinophils (P = .01)
were observed, but not in mast cells (P = .9). These
differences were significant between groups for
eosinophils (P< .05). In the epithelium, on the other hand,
mast cells and eosinophils showed seasonal increases
in both groups (placebo-treated patients: P < .01,
immunotherapy-treated patients: P < .05 for both). The
between-group difference was significant for eosinophils
(P = .05). Basophils were observed in the epitheliums of 6
of 17 in the placebo-treated group and 1 of 20 in the
immunotherapy-treated group (P = .03). Neutrophil num-
bers remained constant in both the epithelium and
submucosa. These findings extend the anti-inflammatory
effects of immunotherapy to basophils.

Antibody binding capacity

Pierson-Mullany et al25 studied allergen-specific IgE
and IgG4 antibody affinity and concentration in an index
they refer to as antibody binding capacity ([Ig]3KA). The
binding capacity was determined for individuals with
ragweed allergy undergoing ragweed immunotherapy
in comparison with allergic individuals not receiving
immunotherapy. The mean binding capacity for IgG4
after long-term immunotherapy was 1.6 log units higher
(P < .0001) than for control subjects. The binding capacity
for IgE was 1.2 log units lower after long-term
immunotherapy (P < .0001) compared with control
subjects.

Summary of mechanism

Current concepts of the cellular pathogenesis of
common respiratory allergies are illustrated in Fig 1.
Fig 2 shows how immunotherapy modifies the reactions
according to recent findings.

LONG-TERM EFFECTS OF IMMUNOTHERAPY

In the past 5 years, the most important article to
clinicians is the report by Durham et al26 on long-term
effects. Relief of grass pollen hay fever continued 3 to 4
years after stopping immunotherapy of 3 years’ duration.
Sixteen patients received maintenance injections for an
additional 3 years (monthly injections of alum-adsorbed
extract equivalent to 20 lg of the principal grass allergen),
16 patients received matched placebos, and 15 new
patients were followed with no therapy. Over the 3 years
of the study, the symptoms reported by the maintenance
and placebo-treated patients were similarly suppressed,
whereas the new patients reported more severe symptoms.
Inhibition of late-phase skin responses continued in both
the maintenance and placebo-treated patients. In the
placebo-treated patients there was no evidence of return
of CD3+ or IL-4+ cells in allergen-challenged skin biopsy
sites. This study confirmed that immunotherapy for
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FIG 1. Current concept of the pathogenesis of allergic reactions. In genetically predisposed individuals,

primary exposure to an allergen leads to activation of TH2 lymphocytes and stimulation of IgE synthesis. Later

exposures cause immediate mediator release and further activation of TH2 cells, with resulting eosinophil and

basophil inflammation. Ag, Antigen.
respiratory allergies affords long-term improvement just
as insect venom immunotherapy protects against anaphy-
laxis long after it has been discontinued.

SUBLINGUAL IMMUNOTHERAPY

For years generally regarded as an ineffective route for
immunotherapy, sublingual (with or without swallow-
ing) administration of allergen extracts is now supported
by many studies in Europe with a number of aller-
gens. Locally applied immunotherapy, whether oral
(swallowed), sublingual (with or without swallowing),
nasal, or bronchial, was extensively reviewed in 2003 by
Canonica and Passalacqua,27 whose clinic has carried out
many investigations of local, principally sublingual
immunotherapy (often referred to as SLIT). According
to their review, the nasal and bronchial routes have
generally been abandoned because of local side effects.
Straight swallow (ie, no retention in the mouth) is less
favored than SLIT because the dose required is larger and
more likely to induce gastrointestinal side effects. They
reviewed 22 double-blind, placebo-controlled trials of
SLIT conducted with adequate methods and analysis that
have been published in peer-reviewed journals. All but
3 studies confirmed clinical efficacy in rhinitis induced
by common allergens, such as grass, mites, birch, and
Parietaria species. There were also single positive studies
with olive, cypress, and mixed-tree extracts. The magni-
tude of the clinical efficacy ranged between about 20%
and 50% reduction of symptom or medication scores and
thus was superior to the placebo effect and close to the
effect of subcutaneous immunotherapy. The most fre-
quently reported side effect was oral-sublingual itching
after taking the dose, which was described as mild and
self-resolving. The authors write, ‘‘Noticeably, no severe
systemic adverse event was ever reported in the literature
during a period of 15 years.’’ The optimum dose is
unknown. In the studies cited, effective doses ranged from
approximately 3 to 5 times to 375 times the doses used in
subcutaneous immunotherapy.

Few direct comparisons of SLIT with subcutaneous
immunotherapy are available. Mungan et al28 compared
mixed dust mite extracts by the 2 routes with placebo
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FIG 2. Proposed model of the immunologic effects of allergen immunotherapy. Parenteral introduction of

allergen stimulates regulatory T cells to suppress TH2 responses and stimulate TH1 responses. These changes

partially suppress responses to subsequent exposure, both immediate mediator release and late-phase

inflammation. Ag, Antigen.
SLIT in dust miteeinduced rhinitis and asthma. The
cumulative dose of SLIT was about 86 times greater.
Subcutaneous immunotherapy for both rhinitis and
asthma was clinically effective. Patients treated with
SLIT had decreased rhinitis symptoms (P < .01) but no
change in asthma scores. Medication scores significantly
decreased in both actively treated groups (P< .01) at the
first year compared with baseline values. When skin prick
tests were evaluated, the subcutaneously treated group
had a significant decrease in the wheal diameter induced
by Dermatophagoides pteronyssinus (P< .01), D farinae
(P < .05), and histamine (P < .05), whereas the other 2
groups showed no difference. Side effects were minimal
in both treated groups.

Khinchi et al29 carried out the only double-blind,
double-dummy study reported thus far. In birch pollen
allergy the cumulative dose of allergen after the first
treatment season was 4717 lg of Bet v 1 in the SLIT group
and 27 lg of Bet v 1 in the subcutaneous group, implying
that SLIT-treated patients on average received 175 times
more allergen than the subcutaneous group. The accumu-
lated mean dose over the 2-year treatment period was
11,182 lg of Bet v 1 for SLIT-treated and 51 lg of Bet v 1
for subcutaneously treated patients. Although both
treatment groups fared significantly better during 2 birch
pollen seasons than the placebo groups on the basis of 2
different methods of estimating symptoms, there was not
a significant difference between the 2 active treatments.
Five systemic reactions occurred in the subcutaneous
group, 2 of which were treated with adrenaline. No
systemic reactions of this grade occurred in the SLIT
group. In the SLIT group there was an overrepresentation
of itching or mild edema in the mouth, throat, or both
associatedwith drop intakes (13 patients vs 2 and 4 patients
in the subcutaneous and placebo groups, respectively).

Bagnasco et al30 assessed the pharmacokinetics of
sublingual placement in human subjects by using an
iodine 123-radiolabeled purified allergen (Par j 1).
Sequential scintiscans, plasma radioactivity, and plasma
chromatographs were evaluated. No systemic absorption
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of the allergen through the mucosae occurred; plasma
radioactivity increased only after the allergen was
swallowed. Moreover, the allergen was retained for long
periods (up to 40 hours) in the oral mucosa. After
swallowing, native allergen could not be detected in the
bloodstream but only the label. It was not possible to test
for allergen in local lymph nodes.30,31

Whether SLIT induces the same immunologic changes
as subcutaneous immunotherapy is not clear. Increases in
specific IgG4 levels and decreases in IgE levels have been
found at times, although not regularly.27 Fanta et al32

found decreased proliferative responses to allergen but no
change in cytokine production by allergen-specific T-cell
clones with grass pollen extract in a modest cumulative 1-
year dose (80 lg of major allergen).

Several commercial preparations of allergen extracts
prepared specifically for local use, particularly sublingual
use, are available in Europe. No such preparations are
approved in the United States. A number of questions
remain to be answered about dosage, timing, and
immunologic responses. The results of blinded clinical
studies thus far, although not uniformly positive, encour-
age further investigation.

IMMUNOTHERAPY FOR ASTHMA

Immunotherapy for the management of asthma con-
tinues to be a matter for discussion. A multicenter study in
Europe by Moller et al33 of children with birch or grass
pollen allergies confirms that specific immunotherapy
during childhood can reduce the incidence of later asthma.
Among 151 patients aged 6 to 14 years, after 3 years of
immunotherapy, 19 of 79 treated patients had asthma,
whereas 32 of 72 control subjects had asthma (odds ratio,
2.52; P< .05).

Cools et al,34 in Belgium, carried out a longer-term
follow-up of childhood immunotherapy in a retrospective
study. Asthmatic patients allergic to either house dust mite
(D pteronyssinus; n = 34) or to both house dust mite and
grass pollen (n = 14) and who were treated with specific
immunotherapy during childhood (mean duration of
immunotherapy, 61 ± 9.70 months) were re-evaluated in
early adulthood after mean cessation of immunotherapy
for 9.3 ± 2.76 years. A control group of asthmatic patients
(n = 42) with comparable asthma features had been
treated with appropriate antiasthmatic drugs during child-
hood but never received immunotherapy. At the time of re-
evaluation, the mean age in the immunotherapy-treated
group was 23.1 ± 3.50 years; in the control group it was
22.7 ± 3.40 years. The risk of frequent asthmatic
symptoms was 3 times higher in the control group than
in the systemic immunotherapyetreated group (preva-
lence ratio, 3.43; P = .0006). These results tend to
substantiate that immunotherapy for rhinitis early in life
has useful preventive effects.

A number of studies reviewed above included some
patients with allergic asthma along with their rhinitis. In
general, the asthmatic symptoms were improved in the
immunotherapy-treated groups along with the rhinitis. A
search of the literature on immunotherapy for the past 5
years reveals no new detailed reports of controlled studies
specifically addressing asthma in adults, despite many
reviews and discussions both pro and con. The most
thorough review was by Abramson et al,35 who searched
the Cochrane Airways Group trials registry up to June
2001, along with dissertation abstracts, current contents,
and reference lists of articles. They selected randomized
controlled trials by using allergen-specific immunother-
apy to treat asthma and reporting at least one clinical
outcome. Three reviewers independently assessed eligi-
bility of studies for inclusion. Two reviewers indepen-
dently performed quality assessment of studies. Seventy-
five trials were included, with 3506 participants (3188
with asthma). There were 36 trials of immunotherapy for
house mite allergy, 20 for pollen allergy, 10 for animal
dander allergy, 2 for Cladosporium species mold allergy,
and 1 for latex allergy, and 6 trials looked at multiple
allergens. Concealment of allocation was assessed as
clearly adequate in only 15 of these trials. Significant
heterogeneity was present in a number of comparisons.
Overall, there was a significant reduction in asthma
symptoms and medication and improvement in bronchial
hyperreactivity after immunotherapy. Asthma symptom
scores improved significantly (standardized mean differ-
ence,�0.72; 95% CI,�0.99 to�0.33), and it would have
been necessary to treat 4 (95% CI, 3-5) patients with
immunotherapy to avoid one deterioration in asthma
symptoms. Overall, it would have been necessary to treat 5
(95% CI, 4-6) patients with immunotherapy to avoid one
requiring increased medication. Allergen immunotherapy
significantly reduced allergen-specific bronchial hyperre-
activity, with some reduction in nonspecific bronchial
hyperreactivity as well. There was no consistent effect on
lung function. The authors concluded that immunotherapy
reduces asthma symptoms and use of asthma medications
and improves bronchial hyperreactivity. One trial found
that the size of the benefit is possibly comparable with that
seen with inhaled steroids. The possibility of adverse
effects (eg, anaphylaxis) must be considered.

A debate between Adkinson36 (con) and Bousquet37

(pro) reviews the issues in detail and makes interesting
reading.

NEW ANTIGENS

Evidence from controlled trials for the efficacy of
immunotherapy for allergy to grass pollens, ragweed
pollen, birch pollen, mountain cedar pollen, Parietaria
species pollen, cat and dog danders, and dust mites was
reviewed earlier.1 Since that review, evidence for the
efficacy of one additional pollen, latex, and peanut
allergens has been published.

Hop Japanese, a weed that grows extensively in Korea,
induces a fall pollinosis. An extract of the pollenwas given
to sensitive patients with a seasonal exacerbation of
asthma. The regimen culminated at a maximum tolerated
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dose (up to 2500 PNU) and resulted in increases in IgG1
and IgG4 antibodies, along with mild increases in IL-10
and soluble CD23 in serum. Symptom scores for asthma in
season were reduced after a year of immunotherapy.38

There have been reports of several individual cases of
latex allergy successfully treated with latex extracts.39,40

Two placebo-controlled studies used standardized latex
extracts prepared by 2 European commercial suppliers.
They reported success in evaluating results with latex
challenges and symptom diary cards. In both studies
systemic reactions occurred during the course of the
injections.41,42 No commercial standardized extract of
latex is available in the United States.

Food allergens might be a new area for immunotherapy.
Two early reports indicate that responses to challenges
with a small amount of peanut are reduced after a series of
injections of peanut extract, although the shots induced
a considerable rate of systemic reactions.43,44 A review by
Bannon et al45 makes the case for the use of recombinant
peanut allergens in immunotherapy. Currently, there are
no other published clinical studies of immunotherapy with
food allergens. Covering immunotherapy with concomi-
tant doses of anti-IgE might offer an opportunity to make
peanut immunotherapy safer (see below).

NEW METHODS

Peptides

In human lymphocyte cultures and whole sensitized
animals, synthetic peptides representing T-cell epitopes, if
presented without costimulation, can induce anergy to
subsequent challenges with the peptide or whole protein
(see review by Haselden et al46). Peptides are not expected
to strengthen TH1-mediated immunity but rather to induce
a state of tolerance specific to an allergen. Peptides for
treatment are selected from candidate peptides on the basis
of their ability to induce proliferation in lymphocyte lines
from a panel of patients with a specific allergy.

An initial clinical trial with a combination of two 27-
amino-acid peptides based on the cat allergen Fel d 1 used
4 subcutaneous injections. It showed amelioration of
symptoms when subjects were exposed to cats.47 Another
study with 3 similarly sized peptides based on ragweed
Amb a 1 showed a modest reduction in symptoms during
the ragweed season.48 With both sets of peptides, mild
allergic symptoms (often asthmatic) occurred 1 to 3 hours
after the initial injection in about one third of patients, and
there were infrequent systemic reactions interpreted as
anaphylaxis. Despite proof of principle, further commer-
cial development of these materials was abandoned after
the US Food and Drug Administration put additional trials
on clinical hold.

A group headed by Kay and Larché has taken up
tolerogenic peptide development. The study by Haselden
et al49 showed that an intracutaneous injection of Fel d 1
peptides (not the same as reported above) resulted in a late
asthmatic reaction (LAR) in 9 of 40 cat-sensitive subjects,
followed by a period of tolerance to repeat injections. Cell-
culture studies indicated that responses to specific peptides
were major histocompatibility complex restricted. A
further study of this phenomenon carried out in asthmatic
patients with cat allergy used a mix of 12 peptides of short
length (16-17 residues) that overlapped and covered most
of the Amb a 1 molecule. Doses from 1 to 5 lg
administered intracutaneously resulted in an LAR in 7
subjects. Subsequent peptide injections showed a state of
pulmonary hyporesponsiveness that lasted as long as 40
weeks. The pretreatment state, however, eventually
returned. Late-phase skin responses to cat hair extract
were also inhibited, even in subjects who did not exhibit
an initial LAR. The treatment also decreased peptide, and
whole allergen induced proliferation of PBMCs and
production of IL-4, IL-13, and IFN-c in cultures.50

A subsequent placebo-controlled clinical trial by
Oldfield et al51 used progressively larger doses in 5
injections for a total dose of 90 lg of peptide. There were
16 subjects treated with peptides and 8 subjects treated
with placebo, and all evaluations were completed in 14
and 6 patients, respectively. Two patients had LARs to the
early injections sufficient to warrant stretching the series to
9 and 10 doses. They became desensitized and had no
LAR to the later doses. Treated patients had a significant
reduction in the size of both the early and late cutaneous
reactions to cat dander extract and Fel d 1. Furthermore,
PBMC cultures showed reductions in proliferation and IL-
4, IL-13, and IFN-c production in the presence of antigen,
along with an increase in IL-10. Clinically, the treated
patients reported less severe responses to the presence of
cats than in the placebo-treated patients, but the difference
was not significant. The duration of the observed changes
was not reported beyond the second follow-up examina-
tion, which varied between 3 and 9months.51 Few patients
in a studymake significant clinical results unlikely, but the
changes in objective parameters encourage further in-
vestigation.

CpG-enhanced immunotherapy

The use of adjuvants (aluminum hydroxide salts,
lipopolysaccharides, and Freund adjuvant) has long been
used to enhance immune responses without any detailed
understanding of their mode of action. A variety of animal
studies identified first bacterial DNA and then specific
palindromeDNAmotifs (CpG) found inmany bacteria but
rarely in eukaryotes as potent adjuvants for TH1 responses.
These sequences appear to account for the adjuvant action
of mycobacteria. They likely act through toll-like
receptor 9 on dendritic cells because mice that lack
toll-like receptor 9 have no adjuvant response. Although
a number of sequences have adjuvant effects, hexamers
based on the general formula of 59purine-purine-
CG-pyrimidine-pyrimidine-39 are considered optimal.
Bacterial DNA and synthetic oligonucleotides of this
structure induce B-cell proliferation and immunoglobulin
production, as well as macrophage and dendritic cell
secretion of IFN-a, IFN-b, IL-12, and IL-18, cytokines
that drive differentiation of TH0 to TH1 cells. These
mechanisms appear to be one of the actions of the innate
immune system to drive the phylogenetically more recent
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adaptive immune system. The biology of CpG motifs has
been reviewed by Krieg and Wagner,52 and the biology of
toll-like receptors has been reviewed by Zuany-Amorin
et al.53 Both deal with potential use of CpG in the
treatment of asthma.

One goal of immunotherapy for allergies is to activate
or enhance TH1 responses to specific allergens. Hence
adding CpG sequences to an allergen might potentiate
the desired response. Synthesized CpG motifs might be
either mixed with an allergen vaccine or covalently con-
jugated to an allergen. First trials of this concept have used
a conjugated product developed by Dynavax Technol-
ogies Corporation that has an average ratio of 6 CpG
residues per ragweedAmb a 1molecule. Inmice such con-
jugates promote allergen-specific IgG2a antibody pro-
duction, a marker for TH1 responses. Such responses
occur not only in naive animals but also in animals pre-
viously sensitized with allergen. The conjugate was stimu-
latory for TH1 responses in rabbits and monkeys as well.54

The first safety trial used skin tests to show that the
allergenicity of the conjugate was 185-fold less reactive
than a licensed ragweed extract. A comparison on the basis
of basophil histamine release confirmed a 10- to 100-fold
reduction in allergenicity. Subcutaneous administration
induced IgG antibody production.55,56 A subsequent
blinded study used a 6-injection regimen with a target
dose of conjugate equivalent to 12 lg of Amb a 1. An
increase of IgG antibodies to Amb a 1 was again
observed.57 A detailed report of clinical results during
the first and second ragweed seasons after immunization is
in preparation by Creticos et al.

Tulic et al58 report clinical and immunologic results
comparing this regimen (n = 28) with placebo (n = 29) in
patients with ragweed-induced hay fever. A subset of
patients had nasal biopsies 24 hours after ragweed
challenges. The first postimmunotherapy ragweed season
started 3 weeks after the last injection. Symptom reporting
was not different between treated patients and patients
receiving placebo. However, after the end of the season,
biopsy specimens after challenge in treated patients
showed a significantly reduced increase in eosinophils
and IL-4 mRNAepositive cells and an increased number
of IFN-c mRNAepositive cells compared with placebo-
treated patients. Without further treatment, during the next
ragweed season, there was a significant decrease in chest
symptoms and a trend toward reduced nasal symptoms in
the treated group.58 These results provide evidence for
long-lasting effects from a single short course of this DNA
conjugate. Additional study is projected.

Anti-IgE and immunotherapy

A combination of anti-IgE (omalizumab) and allergen
immunotherapy might offer advantages that neither
method provides separately. Immunotherapy reduces
serum IgE levels but little, whereas anti-IgE is not
expected to alter lymphocyte physiology. Furthermore,
anti-IgE administered during the induction phase of
immunotherapy might reduce the risk of IgE-mediated
anaphylaxis. A cooperative study by Kuehr et al59
administered preseasonal immunotherapy for both birch-
and grass polleneinduced hay fever and followed with
omalizumab or placebo during the season while mainte-
nance immunotherapy continued. In both conditions, the
patients who received omalizumab had about a 50%
reduction in symptom load when compared with patients
who had immunotherapy alone (P = .003 for birch and
P = .001 for grass). Although this study showed additive
effects for the 2 methods, it did not test whether
omalizumab protected against anaphylactic reactions
during the build-up phase of immunotherapy. A pro-
spective study testing this hypothesis is now underway.

Recombinant and engineered allergens

A review by Chapman et al60 in 2000 listed 19
recombinant allergens from cat, mite, cockroach, grass,
ragweed, birch, and peanut that show allergenic activity
appropriate for their use in diagnostics, such as skin tests
and in vitro tests. The authors propose that the use of
proteins of defined structure prepared in appropriate
vectors would provide a more rational basis for diagnosis
and treatment. Single proteins used for in vitro diagnostic
tests should be less subject to interference by irrelevant
proteins in crude extracts. Testing for allergy to single
proteins would allow the preparation of combinations
of proteins specific for an individual’s allergies. Such
cocktails would not be subject to degradation by unwanted
enzymes in crude extracts. Dosage could more accurately
be measured than is possible with crude combinations.

The European Union has funded a study called
CREATE (Development of certified reference materials
for allergenic products and the validation of methods for
their quantification; cocoordinator, R. van Ree,
Amsterdam, The Netherlands). The study will evaluate
the use of recombinant allergens as a basis for standard-
ization of allergenic products.61 A review by Valenta and
Kraft62 further makes the case for the use of recombinant
allergens for immunotherapy either in forms that re-
produce natural allergens or as proteins that have been
genetically engineered to reduce allergenicity.

OVERVIEW

The last 5 years has seen a better (although still
incomplete) understanding of mechanism, convincing
evidence of long-standing clinical improvement in res-
piratory allergy, and the demonstration that adequate
doses applied sublingually can alter rhinitis and asthma. In
the absence of extracts approved for sublingual use, these
findings have not materially changed the recom-
mendations for allergy practice in the United States.
Critics continue to point to the long-term commitment,
expense in money and time, and risk of anaphylaxis
as drawbacks that limit the use of immunotherapy.
Nevertheless, as opposed to drug therapy, immunotherapy
offers the chance of prolonged modification of the
abnormal immunologic responses that underlie allergic
diseases. Several improvements in the materials used for
immunotherapy are under investigation that offer promise
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in reducing the risk of anaphylaxis and thereby the
commitment to multiple injections under office supervi-
sion. How long it might take for any one of these to be
ready for general use is conjectural.
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