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A bs tr ac t

Background

Conjugating immunostimulatory sequences of DNA to specific allergens offers a 
new approach to allergen immunotherapy that reduces acute allergic responses.

Methods

We conducted a randomized, double-blind, placebo-controlled phase 2 trial of a 
vaccine consisting of Amb a 1, a ragweed-pollen  antigen, conjugated to a phospho-
rothioate oligodeoxyribonucleotide immunostimulatory sequence of DNA (AIC) in 
25 adults who were allergic to ragweed. Patients received six weekly injections of 
the AIC or placebo vaccine before the first ragweed season and were monitored 
during the next two ragweed seasons.

Results

There was no pattern of vaccine-associated systemic reactions or clinically signifi-
cant laboratory abnormalities. AIC did not alter the primary end point, the vascular 
permeability response (measured by the albumin level in nasal-lavage fluid) to nasal 
provocation. During the first ragweed season, the AIC group had better peak-season 
rhinitis scores on the visual-analogue scale (P = 0.006), peak-season daily nasal symp-
tom diary scores (P = 0.02), and midseason overall quality-of-life scores (P = 0.05) than 
the placebo group. AIC induced a transient increase in Amb a 1–specific IgG anti-
body but suppressed the seasonal increase in Amb a 1–specific IgE antibody. A re-
duction in the number of interleukin-4–positive basophils in AIC-treated patients 
correlated with lower rhinitis visual-analogue scores (r = 0.49, P = 0.03). Clinical ben-
efits of AIC were again observed in the subsequent ragweed season, with improve-
ments over placebo in peak-season rhinitis visual-analogue scores (P = 0.02) and 
peak-season daily nasal symptom diary scores (P = 0.02). The seasonal specific IgE 
antibody response was again suppressed, with no significant change in IgE anti-
body titer during the ragweed season (P = 0.19).

Conclusions

In this pilot study, a 6-week regimen of the AIC vaccine appeared to offer long-term 
clinical efficacy in the treatment of ragweed allergic rhinitis. (ClinicalTrials.gov 
number, NCT00346086.)
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Standard allergen immunotherapy 
has been a cornerstone of the allergist’s 
therapeutic options since its introduction in 

1911.1 However, this approach is limited by the 
potential for systemic allergic reactions, includ-
ing anaphylaxis, caused by the relatively large doses 
of allergen required for efficacy.2-4 Furthermore, 
standard allergen immunotherapy is logistically 
difficult to administer because it requires regular, 
frequent dosing, typically over a period of 3 to 
5 years,5,6 and thus frequently results in noncom-
pliance.7,8 Therefore, there is a need for new im-
munotherapeutic agents that have decreased risks 
of serious adverse events and involve shorter reg-
imens that are more easily followed.

One possibility is an immunotherapeutic com-
pound in which the ragweed-pollen antigen 
Amb a 1 is conjugated to a phosphorothioate oli-
godeoxyribonucleotide immunostimulatory se-
quence of DNA containing a CpG motif.9 The 
immunostimulatory sequence binds to toll-like 
receptor 9 (TLR9), which is predominantly ex-
pressed in plasmacytoid dendritic cells, and this 
interaction is associated with the inhibition of im-
mune responses mediated by type 2 helper T (Th2) 
cells.9,10 In addition, when peripheral-blood mono-
nuclear cells from patients who are allergic to 
ragweed are exposed to the Amb a 1–immuno-
stimulatory oligodeoxyribonucleotide conjugate 
(AIC) in vitro, production of the Th2 cytokines 
interleukin-4 and interleukin-5 is decreased,11 
suggesting a potential therapeutic role for AIC 
in these patients. We conducted a small, placebo-
controlled clinical trial in which patients who 
were allergic to ragweed were immunized with 
a six-injection regimen of the AIC vaccine before 
the first ragweed season and evaluated during the 
next two ragweed seasons.

Me thods

Patients

Twenty-five patients who were 23 to 60 years of 
age and had a history of seasonal (fall) allergic 
rhinitis, a positive puncture skin test (as reflect-
ed by erythema [sum of the longest diameter and 
the orthogonal diameter intersecting the midpoint 
of the longest diameter] ≥30 mm) in response to 
a licensed, standardized ragweed extract (Greer 
Laboratories), and an immediate positive response 
to ragweed nasal challenge (three sneezes more 

than were elicited in response to the diluent na-
sal challenge and a doubling of the albumin level) 
were enrolled at the Johns Hopkins Asthma and 
Allergy Center. Further inclusion and exclusion 
criteria are given in the Supplementary Appendix, 
available with the full text of this article at www.
nejm.org. The protocol was approved by the in-
stitutional review board of Johns Hopkins Bay-
view Campus, and all patients provided written 
informed consent.

Study Design

The study was a randomized, double-blind, pla-
cebo-controlled, phase 2 clinical trial of AIC in 
patients with ragweed-induced seasonal allergic 
rhinitis. At enrollment, an attempt was made to 
balance the numbers of patients in the treatment 
groups according to their response to the ragweed 
puncture skin test, with eligible patients assigned 
to receive either AIC or placebo according to a 
random block design. Study personnel who were 
unaware of patients’ treatment assignments ad-
ministered a total of six injections at weekly inter-
vals before the onset of the first ragweed season 
(2001). The planned sizes of the six doses were 
0.06, 0.3, 1.2, 3.0, 6.0, and 12.0 μg of AIC; these 
doses were adjusted in the event of a local or sys-
temic reaction to an injection or a missed injec-
tion. After undergoing a clinical and immunolog-
ic evaluation during the first ragweed season, the 
patients were asked to give written informed con-
sent to continue in the study, and 17 of the 25 did 
so. No additional study injections were adminis-
tered, and the patients were followed through the 
subsequent ragweed season (2002) and evaluated 
for serious adverse events, symptom scores, med-
ication use, and immune responses.

Study Materials

AIC was prepared by Primedica for Dynavax Tech-
nologies. The placebo was phosphate-buffered 
saline. The same lot of standardized extract of rag-
weed (Ambrosia artemisiifolia), containing approxi-
mately 300 μg of Amb a 1 per milliliter, was used 
throughout the study. Ragweed-pollen counts 
were measured in Baltimore with the use of a 
standard rotorod sampling device. The patients 
were given medication to be used for relief of 
moderate-to-severe nasal or eye symptoms that 
they were unwilling to tolerate (see the Supple-
mentary Appendix). Dynavax Technologies sup-
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plied the study medication and helped design the 
trial and reviewed the manuscript but did not 
collect or analyze the data or fund the trial.

Clinical and Mechanistic Assessments

The primary end point of the study was the effect 
of treatment on change from baseline in the albu-
min level in nasal-lavage fluid after nasal provo-
cation and was based on previous observations 
that the level of albumin, a marker of vascular 
leakage and inflammation, is lowered by standard 
allergen immunotherapy.12 Ragweed provocation 
procedures were conducted before the injections 
were begun and 2 weeks and 2 months after the 
injections were finished. After the challenge, the 
number of sneezes was counted and the degree 
of nasal congestion, rhinorrhea, postnasal drip 
and itchiness of the ears, nose, and throat were 
also scored on a scale of 0 (no symptoms) to 100 
(the worst possible symptoms).

Other secondary clinical end points recorded 
during the ragweed season included the rhinitis 
visual-analogue score, which was self-reported 
and ranged from 0 mm (no symptoms) to 100 mm 
(the worst possible symptoms)13; the daily nasal 
symptom diary score, ranging from 0 (no symp-
toms) to 5 (very severe symptoms)14; the use of 
relief medication14,15 (see the Supplementary Ap-
pendix for details on scoring); the score on the 
standardized Juniper rhinoconjunctivitis quality-
of-life questionnaire, with scores ranging from 
0 (best quality) to 6 (worst)16; adverse events; and 
skin-test sensitivity (see the Supplementary Ap-
pendix).

Serum Amb a 1–specific and ragweed-specific 
IgG and IgE levels were measured by enzyme im-
munoassays17 at baseline, after treatment, before 
the first ragweed season (in 2001), 2 weeks and 
2 months after the end of the first ragweed sea-
son, before the second ragweed season (in 2002), 
and at the end of the second ragweed season. To 
follow the antibody response to treatment, we 
used a functional antigen presentation (FAP) as-
say that measures the ability of postimmuno-
therapy serum to inhibit the binding of allergen–
IgE complexes to B cells at the same time points.18 
At various times, the levels of interleukin-4 in 
T cells and basophils and the intracellular levels 
of interferon-γ and interleukin-10 as well as the 
secreted levels were measured to assess immune 
responses.19,20 Similarly, peripheral-blood mono-

nuclear cells were analyzed by TaqMan (Applied 
Biosystems) reverse-transcriptase–polymerase-
chain-reaction (RT-PCR) assay for immune re-
sponse genes.21 Standard safety blood assays were 
performed at screening (or baseline) and during 
treatment (see the Supplementary Appendix).

Statistical Analysis

Peak ragweed season was defined as the period 
starting when ragweed pollen counts were at least 
11 grains per cubic meter on 2 consecutive days 
and ending on the last day before ragweed pollen 
counts were less than 11 grains per cubic meter 
for 2 consecutive days (that were not followed by 
2 days of higher pollen counts). Differences be-
tween the groups in post-treatment albumin lev-
els in nasal-lavage fluid, the primary end point, 
were assessed on an intention-to-treat basis (see 
the Supplementary Appendix) by regression mod-
eling adjusted for baseline values, with a P value 
of less than 0.05 for the primary outcome and less 
than 0.01 for all secondary outcomes used to in-
dicate statistical significance; the P values were 
not adjusted for multiple comparisons. Descriptive 
statistics for daily nasal symptom diary scores and 
seasonal rhinitis visual-analogue scores are based 
on the patients’ median scores during the specified 
seasonal periods (preseason and peak season).

Repeated-measures analysis was used to exam-
ine differences between the AIC and the placebo 
groups in symptoms, medication use, and scores 
on the rhinoconjunctivitis quality-of-life question-
naire (2002 results) and was used to test for main 
effects of treatment group, time, and interactions 
between treatment and time. An analysis-of-covar-
iance model that included the preseason score as 
a covariate was also used to analyze midseason 
scores on the rhinoconjunctivitis quality-of-life 
questionnaire (2001 results). The Wilcoxon rank-
sum test was used to compare median scores at 
given times for serum immune responses, some 
cellular immune responses, and nasal challenge 
outcomes, including both the raw scores and the 
difference from baseline. The Wilcoxon signed-
rank test was used for within-group comparisons 
of serum immune responses. The chi-square test 
was used to analyze basophil results. Analyses 
were performed by the Emmes Corporation, Johns 
Hopkins University, and the Immune Tolerance 
Network. Additional information is provided in 
the Supplementary Appendix.
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R esult s

Patients

Twenty-five patients who were allergic to ragweed 
were enrolled in the trial in May and June of 2001 
(Fig. 1). At the time of randomization, there were 
no significant differences between the study groups 
in age or in sensitivity to ragweed, as determined 
by the puncture skin test (Table 1). Of the 14 pa-
tients assigned to AIC treatment, 1 voluntarily 
withdrew after a serious adverse event related to 
previous surgery and unrelated to treatment, 1 re-
located, 1 was lost to follow-up, and 1 withdrew 
because of a work commitment before beginning 
immunotherapy. Of the 11 patients assigned to 
placebo, 2 dropped out before the first ragweed 
season: 1 because of noncompliance with the study 
protocol and 1 because of scheduling conflicts. 
Of the 19 patients in the study at the end of the 
first ragweed season, 17 consented to continue in 
the study, and 15 of these patients (9 assigned to 

placebo and 6 to AIC) remained in the trial through 
the end of the second ragweed season. Despite 
dropouts, there continued to be no significant dif-
ferences in demographic characteristics between 
the AIC and placebo groups (see Table 2 in the 
Supplementary Appendix).

Nasal Allergen Challenge

AIC failed to affect the primary end point of the 
study, the increase in albumin levels in nasal se-
cretions after post-treatment ragweed challenge 
(P = 0.47). Furthermore, such increases were not 
diminished by AIC in the two postseason chal-
lenges, nor were there post-treatment differences 
in histamine levels in nasal-lavage fluids.

Several clinical end points of nasal allergen 
challenge were improved at the post-therapy chal-
lenge. The median number of sneezes increased 
from baseline by 3 in the placebo group and 
decreased from baseline by 1.5 in the AIC group 
(P = 0.03 for the difference between the groups 

25 Underwent randomization

14 Assigned to AIC to immunotherapy 11 Assigned to placebo

3 Withdrew during
study

10 Completed
treatment

2 Did not consent
to 2nd yr

1 Was lost to
follow-up

1 Relocated

9 Consented to
2nd yr

8 Consented to
2nd yr

6 Completed yr 2 2 Withdrew during
yr 2

1 Was lost to
follow-up

1 Relocated

1 Withdrew before
treatment because

of work commitment

9 Completed
treatment

2 Withdrew before
treatment

1 Had a sched-
uling conflict

1 Did not comply
with protocol

9 Completed yr 2

Figure 1. Disposition of Study Patients in Years 1 and 2.
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in the change from baseline). As compared with 
the placebo group, the AIC group also had im-
provements in the total post-challenge symptom 
score, including the sneeze count (median, 37 vs. 
70; P = 0.03); the total post-challenge nasal symp-
tom score, excluding the sneeze count (median, 
33 vs. 60; P = 0.02); and the postnasal drip score 
(median, 24 vs. 57; P = 0.007).

Clinical Outcomes during the First Ragweed 
Season (2001)

Rhinitis symptoms, as measured by the visual-
analogue scale, were significantly improved in the 
AIC group as compared with the placebo group 
(Fig. 2A). The mean peak-season rhinitis visual-
analogue score in the AIC group was one third of 
that in the placebo group (13.2 vs. 40.8, P = 0.006 
by repeated-measures analysis of the interaction 
between treatment and time). The difference in 
least-squares means on the visual-analogue scale 
was significant for the third week of the peak 
season (P = 0.007), with treatment differences for 
the second and fourth weeks of the peak season 
(P = 0.02 and P = 0.04, respectively). When the data 
for the full ragweed season were analyzed, a sim-
ilar pattern was observed: the mean score was 
13.8 in the AIC group as compared with 35.1 in 
the placebo group (P = 0.01 for the interaction be-
tween treatment and time).

The peak-season daily nasal symptom diary 
scores were also lower in the AIC group than in 
the placebo group (mean, 1.8 vs. 4.0; P = 0.02 by 
repeated-measures analysis), with a similar treat-
ment effect observed for the full season (P = 0.03 
by repeated-measures analysis) (Fig. 2B). In addi-
tion, the mean (weighted) use during the peak 
season was lower in the AIC group (median, 0.1 vs. 
0.6) (see the Supplementary Appendix). At mid-
season, the total score on the rhinoconjunctivitis 
quality-of-life questionnaire (adjusted for base-
line) was lower in the AIC group than in the pla-
cebo group (raw mean, 0.5 vs. 1.6; P = 0.05 by 
analysis of covariance), as were the subscores for 
eye symptoms (0.5 vs. 1.8, P = 0.03) and sleep 
(0.3 vs. 2.1, P = 0.04).

Clinical Outcomes during the Second 
Ragweed Season (2002)

Although the patients in the AIC group received 
no further treatment after 2001, the improvements 
in clinical outcome measures in this group as com-
pared with the placebo group were maintained 

through the subsequent 2002 ragweed season. 
During the peak ragweed season of 2002, the mean 
rhinitis visual-analogue score in the AIC group 
was approximately one third of that in the placebo 
group (13.9 vs. 49.4, P = 0.02 by repeated-measures 
analysis) (Fig. 3A). During 6 of the 8 weeks of the 
full ragweed season in 2002, the weekly mean 
rhinitis visual-analogue scores reported by AIC-
treated patients were lower than the mean score 
for the baseline week.

Table 1. Demographic Characteristics of the Patients.*

Characteristic
AIC 

(N = 14)
Placebo 
(N = 11)

Male sex  — no. (%) 6 (43) 4 (36)

Race or ethnic group — no. (%)†

White 9 (64) 7 (64)

Black 4 (29) 4 (36)

Mixed 1 (7) 0

Age — yr 

Mean 37.6±2.7 41.7±2.6

Median 38 39

Range 23–58 33–60

No. of years with seasonal rhinitis 26±4 33±3

Ragweed IgE — U/ml

Mean 12.0±2.8 9.8±3.5

Median 9.0 7.0

Range 0.2–30.1 0.4–33.9

Puncture skin test for ragweed sensitivity 
— mm of erythema‡

72 72

Sensitivity to other allergens — no. (%)

Grass pollen 11 (79) 11 (100)

Tree pollen 11 (79) 11 (100)

Dust mites 10 (71) 6 (55)

Mold 10 (71) 6 (55)

Cat dander 9 (64) 7 (64)

Dog dander 6 (43) 4 (36)

Cockroaches 1 (7) 0

Coexisting conditions — no. (%)

Asthma 4 (29) 2 (18)

Conjunctivitis 13 (93) 11 (100)

Sinusitis 2 (14) 4 (36)

Eczema 3 (21) 1 (9)

* Plus–minus values are means ±SE.
† Race or ethnic group was self-reported.
‡ Millimeters of erythema was defined as the sum of the longest diameter and 

the orthogonal diameter intersecting the midpoint of the longest diameter.
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In 2002, the mean nasal symptom diary score 
during the peak season was reduced by 53% in the 
AIC group, as compared with the placebo group 
(2.8 vs. 5.9, P = 0.02 by repeated-measures analy-
sis), a result similar to that observed in 2001. The 
nasal symptom diary scores for the full season 
showed a similar pattern, but the difference was 
not significant (P = 0.06 by repeated-measures 
analysis) (Fig. 3B). As compared with placebo, 
AIC treatment also lowered 2002 peak-season 
scores for the use of relief medication (median, 
0 vs. 0.6; P = 0.08 by repeated-measures analysis), 
and resulted in fewer days of antihistamine use 
(median, 0 vs. 8 days) and decongestant use (me-
dian, 0 vs. 4 days). The rhinoconjunctivitis quality-
of-life questionnaire scores were improved in the 
AIC group in 2002, with a treatment effect in the 
activity subscore (P = 0.04 by repeated-measures 
analysis), the nasal subscore (P = 0.03 by repeated-
measures analysis), the trends-in-practical-prob-
lems subscore (P = 0.06 by repeated-measures 
analysis), and the total score (P = 0.06 by repeated-
measures analysis).

Safety

There was no pattern of vaccine-associated system-
ic adverse reactions or clinically significant labo-
ratory abnormalities. No new formation or increase 
in the titers of antinuclear, anti–double-stranded 
DNA or anti–single-stranded DNA was observed. 
Patients in both groups reported local reactions 
to injections: erythema ranging from 0 to 75 mm 
in diameter and wheals from 0 to 44 mm in diam-
eter in the AIC group, and erythema from 0 to 
27 mm in diameter and wheals from 0 to 6 mm 
in diameter in the placebo group. Erythema or 
wheals occurred in response to AIC in 45 of 
71 injections (63%). All local reactions were self-
limited, and none required medication or a change 
in treatment dose. One AIC-treated patient had 
severe itching at the injection site. One patient in 
the placebo group had systemic symptoms (rhini-
tis) after an injection.

Overall, 135 adverse events were observed in 
23 patients during the first year: 73 (54%) in the 
AIC group and 62 (46%) in the placebo group. 
Of these, 112 (83%) were mild or moderate and 
23 (17%) were severe; 12 of the severe adverse 
events occurred in the AIC group, and 11 in the 
placebo group. Ten of the 135 adverse events (5 in 
each group) were classified as possibly related to 
study medication. Two serious adverse events were 
reported in the AIC group during the first year: 
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Figure 2. Results for the First Ragweed Season (2001).

Panel A shows box plots of self-reported overall rhinitis visual-analogue 
scores according to treatment group and week. Scores can range from 0 to 
100, with higher scores indicating more severe symptoms. Box plot “whis-
kers” show the minimum and maximum values; the horizontal line in each 
box plot shows the median, and the colored segment shows the interquar-
tile range. Dates refer to the actual start of each week. P values are for the 
interaction between treatment and time. Panel B shows the mean daily na-
sal symptom diary score according to treatment group and day. Scores can 
range from 0 to 20, with higher scores indicating more symptoms. The bro-
ken vertical lines indicate the beginning and end of the full season. The long 
horizontal line indicates the mean preseason nasal symptom diary score. 
P values are for the treatment effect.
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a postsurgical abdominal skin infection occurred 
in one patient, who was withdrawn from the study, 
and another patient had a right ovarian cyst re-
moved. Both of these events were considered to 
be unrelated to treatment. One serious adverse 
event was reported in the placebo group during 
the second year. The dose was modified or tem-
porarily stopped in two placebo recipients because 
of severe allergic rhinitis and fatigue in one pa-
tient and in the other, two episodes of mild up-
per respiratory tract infection: one with asthmat-
ic bronchitis and one with postnasal drip and 
cough. The dose was modified in two AIC recipi-
ents because of a mild, influenza-like syndrome 
in one and a moderate upper respiratory tract 
infection or allergic rhinitis with asthma flare in 
the other.

Antibody Titers

Standard allergen immunotherapy results in a 
significant increase in IgG antibody against an 
immunized allergen.22,23 The patients were im-
munized against the major protein moiety of rag-
weed (Amb a 1). AIC induced a transient increase 
in Amb a 1–specific and ragweed-specific IgG. 
No post-treatment increases in Amb a 1–specific 
or ragweed-specific IgG titers were observed in 
the placebo group. Furthermore, the FAP assay 
showed no evidence that IgG in serum from AIC-
treated patients inhibited the binding of the rag-
weed allergen–IgE complex to B cells (see the Sup-
plementary Appendix).

AIC induced a rise in the mean (±SE) level of 
Amb a 1–specific IgE antibody from a baseline 
value of 94.3±34.3 U per milliliter to 162.8±70.1 U 
per milliliter after treatment; the median differ-
ence was 10.3 U per milliliter (P = 0.008). The post-

treatment titers in the placebo group were un-
changed. AIC treatment suppressed the increase 
in Amb a 1–specific IgE that usually is observed 
during the ragweed allergy season: the mean IgE 
levels were 180.0±90.2 U per milliliter before the 
2001 ragweed season and 97.0±37.0 U per milli-
liter 2 months after the season.24,25 Patients in 
the placebo group had a typical seasonal rise in 
Amb a 1–specific IgE, from 60.4±22.0 U per mil-
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Figure 3. Results for the Second Ragweed Season (2002).

Panel A shows box plots of self-reported overall rhinitis 
visual-analogue scores according to treatment group 
and week. Scores can range from 0 to 100, with higher 
scores indicating more severe symptoms. Box plot 
“whiskers” show the minimum and maximum values; 
the horizontal line in each box plot shows the median, 
and the colored segment shows the interquartile range. 
Dates refer to the actual start of each week. P values 
are for the interaction between treatment and time. 
Panel B shows the mean daily nasal symptom diary 
score according to treatment group and day. Scores 
can range from 0 to 20, with higher scores in di cating 
more severe symptoms. The broken vertical lines indi-
cate the beginning and end of the full season. The long 
horizontal line indicates the mean preseason nasal symp-
tom diary score. P values are for the treatment effect.
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liliter before the 2001 ragweed season to 105.7±
38.5 U per milliliter 2 weeks after the season, 
with a median difference of 18.0 U per milliliter 
(P = 0.008) (Fig. 4). Similar results were seen in 
2002 during the second season, with a rise in the 
placebo group from 66.8±25.8 U per milliliter 
before the season to 87.3±28.0 U per milliliter 
after the season (P = 0.02), but no such rise in the 
AIC group (82.1±35.2 and 52.4±26.9 U per milli-
liter before and after the season, respectively; 
P = 0.19) (Fig. 4). Measurements of whole ragweed-
specific IgE antibodies in the placebo group 
produced similar results (data not shown).

Skin-Test Sensitivity

Suppression of the immediate skin-test responses 
(at 15 minutes) and the late-phase responses (at 
24 hours), measured as a decrease in either punc-
ture or intradermal skin-test reactivity, also serves 
as a marker of successful standard allergen immu-
notherapy.15,26-29 AIC decreased immediate intra-
dermal skin-test reactivity: the mean decrease in 
wheal size after treatment with AIC was 8 mm, 

as compared with 3 mm with placebo (P = 0.04 
for the difference from baseline). The AIC group 
also had a larger reduction in immediate (punc-
ture) and late-phase (intradermal) skin-test erythe-
ma (see the Supplementary Appendix).

Cellular Immune Responses

No clear correlations were detected between AIC 
treatment and intracellular levels of interleukin-4 
or interferon-γ in activated CD4+CD69+ T cells, as 
measured by flow cytometry or an enzyme-linked 
immunosorbent assay. Interferon-γ was detected 
in the positive control samples (peripheral-blood 
mononuclear cells stimulated with tetanus toxoid) 
by both methods. Increased levels of interleukin-
10 were spontaneously secreted by peripheral-blood 
mononuclear cells cultured in medium alone for 
16 hours, but the levels did not differ significant-
ly between cells from patients in the AIC group 
and cells from patients in the placebo group. This 
effect appeared to be driven by seasonal allergen 
exposure, since interleukin-10 secretion was most 
evident in peripheral-blood mononuclear cells 
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Figure 4. Effect of Treatment on Amb a 1–Specific IgE Antibody.

Antibody measurements were performed at defined times over the 2-year study period: 2 weeks (near November 1) 
and 2 months (near December 15) after the end of the 2001 ragweed season, and at the end of the 2002 ragweed 
season (near October 14). There was a significant rise in Amb a 1–specific IgE in the placebo group in each ragweed 
season. Although AIC induced a rise in the titer of Amb a 1–specific IgE, the increase was transient. AIC treatment 
blunted the usual seasonal rise in IgE during each ragweed season.
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taken from patients in either group 2 weeks after 
the end of the ragweed season (see the Supple-
mentary Appendix). Similarly, the levels of expres-
sion of 184 cytokine, chemokine, and immune-
response genes analyzed by a TaqMan RT-PCR 
assay showed no consistent differences before 
and after treatment (see the Supplementary Ap-
pendix).

Two weeks after the end of the 2001 ragweed 
season, the placebo group had a mean increase 
from baseline in the frequency of interleukin-4–
positive basophils by a factor of 5.0±2.7 (P = 0.02) 
(see the Supplementary Appendix). In contrast, 
this effect was not observed in half the AIC-treated 
patients. This difference between the two groups 
was not significant (P = 0.06). However, there was 
a correlation between diminished frequencies of 
interleukin-4–positive basophils and lower rhini-
tis visual-analogue scores for the two groups 
(r = 0.49, P = 0.03).

Discussion

Although we did not demonstrate that AIC affect-
ed the primary end point (nasal vascular perme-
ability as assessed by nasal-lavage albumin), we 
did demonstrate that a once-weekly, six-injection 
regimen of AIC substantially reduced allergic 
rhinitis symptoms during the ragweed season. 
Furthermore, the protection afforded by the ad-
ministration of AIC before the first ragweed sea-
son was sustained during the second ragweed 
season. In contrast, several studies of standard 
allergen immunotherapy (consisting of 14 to 27 
injections administered before the beginning of 
the season) only showed an improvement of 35 to 
40% in ragweed seasonal symptom scores,30,31 
with no lasting benefit,5,32,33 and a long-lasting 
benefit persisting after the discontinuation of 
standard allergen immunotherapy has been shown 
only after 3 or 4 years of treatment.34

In our study, no serious adverse events attrib-
utable to AIC occurred, no injections were discon-
tinued because of local reactions, and dose ad-
justments were similar in frequency and type in 
the AIC and placebo groups. In contrast, system-
ic reactions occur in 1 to 20% of patients receiv-
ing standard allergen immunotherapy2-4 and in 
up to 73% of patients receiving “cluster” or “rush” 
immunotherapy.35,36 In standard allergen immu-
notherapy, a slow buildup (two injections per week 
for 10 to 12 weeks) is generally used to minimize 

the risk of allergic reactions to injections.5,37 AIC 
may therefore also offer a safer route of allergen 
administration that does not sacrifice efficacy.

The limitations of our study include the small 
number of patients enrolled, the lack of effect of 
AIC on the primary end point, and the unknown 
long-term safety of the treatment. Hence, addi-
tional clinical trials with longer-term follow-up 
are needed to assess the safety and clinical effec-
tiveness of AIC.

The mechanism by which AIC induces clinical 
tolerance of an inhaled allergen is incompletely 
understood. Like standard allergen immuno-
therapy, AIC blunts the seasonal rise in ragweed-
specific and Amb a 1–specific IgE that is gener-
ally observed in persons with atopy.23,25,38 Our 
finding that the six-injection regimen suppressed 
the rise in ragweed-specific IgE during the subse-
quent allergy season provides evidence that this 
regimen had immunomodulatory effects associ-
ated with a clinical benefit lasting through two 
ragweed seasons. The data are consistent with 
our observation that AIC inhibits the cutaneous 
response to challenge with ragweed, a defined 
hallmark of successful immunotherapy.15,26,29 In 
contrast to standard allergen immunotherapy, 
successful vaccination with AIC appears to be in-
dependent of the formation of allergen-specific 
IgG, since AIC induced only a moderate and tran-
sient rise in Amb a 1–specific and ragweed-spe-
cific IgG antibody and did not inhibit allergen–
IgE complexes from binding to B cells.5,13,18,39

In conclusion, this study provides preliminary 
evidence that a six-injection regimen of AIC re-
duces allergic rhinitis symptoms during the rag-
weed season. Furthermore, the clinical effects of 
AIC appear to be associated with the induction 
of long-lasting immune modulation. Although the 
mechanisms underlying the clinical benefit require 
further investigation, AIC vaccine has properties 
that make it qualitatively superior to standard al-
lergen immunotherapy. Large-scale phase 3 stud-
ies will be needed to determine the role of AIC as 
a therapeutic option in ragweed-induced allergic 
disease.
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