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Background: Studies of rush immunotherapy (RIT) with standardized extracts
for the treatment of seasonal pollen allergy are few, especially for birch-pollen RIT.

Objective: The study was performed to investigate the efficacy of RIT with
standardized birch- or timothy-pollen extracts. Further, the serum antibody levels
were evaluated for correlation with clinical efficacy.

Methods: This open, longitudinal study included 30 allergic patients treated with
RIT and 16 allergic patients serving as a control group. The therapy was continued
for 3 years and blood samples were collected at regular intervals for antibody
measurements using the Pharmacia CAP System.

Results: The RIT was generally well tolerated. An increase in the total and
specific IgE concentrations during the early months of RIT was observed, followed
by decreased levels. Specific IgG and IgG4 increased continuously for 2 years. The
symptom and medication scores were significantly decreased, compared with
preRIT, at both the first and third pollen seasons after the start of RIT treatment
(P , .0001 andP , .001, respectively). The clinical improvement during RIT was
significantly greater compared with the control group (P , .05). The decreased
medication and the symptom improvement during the third year of RIT correlated
with the relative decrease in specific IgE (rs 5 .52, P , .05) and with the specific
IgG4 level before the start of RIT (rs5 2.68, P , .01), respectively.

Conclusions:Our study indicates that RIT with standardized birch- or timothy-
pollen extracts is clinically effective and safe. Measurements of specific antibody
levels during treatment may be helpful in monitoring RIT.

Ann Allergy Asthma Immunol 2001;86:337–342.

INTRODUCTION
Allergen-specific immunotherapy (IT)
has been used for treatment of allergic
diseases since 1911, when Noon and
Freeman introduced it as a treatment
for allergic rhinitis. Treating hay fever
and asthma with conventional pollen-
specific IT has been found effective in
many studies,1–4 although contradic-
tory results have been reported.5 Con-
ventional IT with injections of gradu-

ally incremented allergen doses over a
long period is considered reasonably
safe, although deaths from anaphylac-
tic shock reactions have occurred.6

However, patient compliance is often
poor.7,8 One reason is that the patients
have to visit the allergy clinic often,
usually every week, for a few months
during the induction phase.

In rush immunotherapy (RIT), the
maintenance dose is reached faster. In-
creasing allergen doses are given dur-
ing a short rush period, normally a few
days, after which less frequent visits to
the allergy clinic are needed. Early
clinical improvement has been found
in double-blind, placebo-controlled
RIT studies using grass-pollen extracts
or allergoids.9–11

The efficacy of IT in grass- and
ragweed-pollen allergy has been fre-
quently investigated, although stud-

ies of IT in tree-pollen allergy are
few.4

In this study, we followed the immu-
nologic responses of patients treated
with birch- or timothy-pollen RIT with
standardized extracts for 3 years by mea-
suring serum antibody levels using the
Pharmacia CAP System. The clinical ef-
ficacy was followed by recording symp-
tom scores together with the use of
drugs. The usefulness of antibody mea-
surements to predict clinical efficacy and
to monitor RIT was evaluated.

METHODS

Study Population
Forty-six patients, both children and
adults, with a history of birch- or tim-
othy-pollen allergy were recruited. All
patients had had rhinitis or conjuncti-
vitis and some also had asthma during
at least three pollen seasons. All but
one of the patients had used symptom-
atic medication. The patients were
skin-prick tested to a panel of 10 com-
mon allergens in Finland (birch, timo-
thy, meadow fescue, mugwort,Cla-
dosporium herbarum, cat, dog, horse,
cow, andDermatophagoides pteronys-
sinus; SoluPrick SQ, 10 HEP, ALK-
Abello, Hørsholm, Denmark) and had
a positive test (wheal$ 3 mm) to birch
or timothy pollen. Further, all patients
had specific serum IgE to birch or tim-
othy pollen (. 0.35 kU/L; the Pharma-
cia CAP System, Pharmacia Diagnos-
tics AB, Uppsala, Sweden).Thirty
patients were randomly selected for
treatment with allergen-specific RIT
(RIT group) and the other 16 patients
served as controls (control group). Pa-
tient characteristics are given in Table 1.
The symptom scores were slightly
higher in the RIT group, but the medi-
cation scores were the same between the
two groups (see “Results”).
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Study Design
Patients were enrolled in this open,
longitudinal study between November
and January at the Outpatient Clinic at
the Department of Allergology, Hel-
sinki University Central Hospital, Hel-
sinki, Finland. The RIT group was
treated and followed for 3 years. The
control subjects were followed for 1
year and then were offered an active
RIT treatment. The control patients
who started RIT left the study. Five of
the remaining control subjects were
followed up with a clinical evaluation
2 years later.

The study was approved by the eth-
ics committee of Helsinki University
Central Hospital, and all subjects gave
their informed consent.

RIT Treatment
Treatment was started with an initial
rush phase with standardized aqueous
extracts of birch-pollen allergens and
timothy-pollen allergens (Aquagen,
ALK-Abello) in 26 patients and 4 pa-
tients, respectively. The patients were
given three subcutaneous injections
daily with gradually increasing doses
up to the highest individually tolerated
dose at the end of the first week. The
target dose was 10,000 SQ. Thereafter,
treatment was continued with stan-
dardized depot preparations (Alutard,
ALK-Abello), which were injected
subcutaneously every third week in in-
creasing doses until the individual
maintenance dose was reached (mean
73,000 SQ, range 20,000 to 100,000
SQ). The aimed maintenance dose was
60,000 to 100,000 SQ. The mainte-
nance dose was administered every
third week for 3 years.

Before and 30 minutes after an in-
jection, the lung function of the patient
was monitored using PEFR measure-
ments. If large local skin reactions oc-
curred (. 5 cm), allergen injections
were interrupted until the next day,
when they were continued with half
the allergen dose.

Seven patients were withdrawn from
the RIT group during the first year. In
one case, this was because of systemic
side effects (fever after an injection).
Other reasons for withdrawal were
pregnancy, high serum calcium, acute
urinary infection, use of anabolic ste-
roids, and in two cases, lack of com-
pliance. During the RIT phase, the first
week of treatment, three patients had
generalized urticaria and one had mild
asthmatic symptoms. However, these
patients continued RIT with a de-
creased dose.

Both the RIT and the control group
were allowed symptomatic medication
during the pollen seasons.

Symptom and Medication Scoring
The patients evaluated their allergy
symptoms and use of medication by
giving a single visual analog score on a
scale ranging from 0 to 100 for each of
the two parameters during the pollen
season preceding RIT treatment (base-
line) when visiting the clinic. This was
repeated during the first and third pol-
len seasons after start of RIT. No sep-
arate score for each type of symptoms
was used. In Finland, the birch-pollen
season normally starts in late April and
peaks during May. The timothy-pollen
season is normally during June and July.

From March to October of the first
year of RIT, the patients also gave a

monthly medication-index score for
the different types of medicine they
used for treatment of their allergic
symptoms in upper and lower airways
and eyes. The scores were: 05 no use of
medication; 15 occasional use of med-
ication; and 25 regular use of medica-
tion. The average monthly medication
index was achieved by dividing the total
medication index score by 8.

Specific Antibody Measurements
Blood was drawn at the start of treat-
ment (day 0), after one week (week 1),
and at month 2, month 4, month 6,
month 9, and after one year of RIT
(year 1). In the RIT group, blood was
also collected during November to
February of the second and third year
of the treatment (years 2 and 3). Serum
was stored at220° C until total IgE,
and specific IgE, IgG, and IgG4 to
birch- or timothy-pollen allergen was
assayed. The measurements were per-
formed in duplicate using the Pharma-
cia CAP System.

Statistical Methods
Antibody concentrations were ex-
pressed either in concentration units or
as percent of the baseline value. The
Wilcoxon signed rankt test was used
for within-group comparisons and the
Mann-WhitneyU test for comparisons
between the groups. Spearman’s rank
correlation test was used to establish
the significance of correlation between
clinical and immunologic parameters.
A two-tailed P-value , .05 was con-
sidered an indication of statistical sig-
nificance.

RESULTS

Changes in Total IgE and Specific
Serum Antibody Levels
No significant differences between the
serum levels of total IgE or specific
IgE, IgG, or IgG4 were found between
the RIT and control groups at the start
of the study.

Total serum IgE increased during
the first 2 months of RIT and then
slowly declined (Fig 1A, Table 2). No
significant changes of the total IgE
level occurred in the control group
(data not shown). The relative increase

Table 1. Patient Characteristics

RIT group Control group

Number 30 16
Age, years (mean 6 SD) 20.9 6 10.9 19.1 6 10.5
Sex (F/M) 13/17 8/8
Sensitization (birch/timothy) 26/4 15/1
Clinical allergy, n (%)

Rhinoconjunctivitis 28 (93) 9 (56)
Rhinitis 2 (7) 6 (38)
Conjunctivitis 0 (0) 1 (6)
Asthma 14 (47) 9 (56)
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in total IgE observed during RIT was
significant, compared with the control
group, at months 2 and 4 (Fig 1A).

The allergen-specific IgE increased
early and strongly during RIT. The
change was significant already after
one week of treatment (Table 2). The
level peaked at months 2 to 4, which
was before the pollen season. Later,
the specific IgE slowly declined. At
years 1 and 3, the decrease from day 0
was significant (Table 2). In the con-
trol group the specific IgE level de-
clined throughout the 1-year observa-
tion period, perhaps as a result of the
relatively weak birch-pollen season
that year (,100 grains/m3/day at the
peak). In the RIT group, the relative
increase in specific IgE was signifi-
cant, compared with the control group,
between months 2 and 6 (Fig 1B).

After the first week of RIT, the spe-
cific IgG and IgG4 increased continu-
ously for 2 years (Table 2). The change
in specific IgG4 was more profound; at
year 2 it had increased to 22-fold the
baseline concentration. In the control
group, only minor seasonal changes in
birch- or timothy-pollen-specific IgG
or IgG4 were observed (data not
shown). In the RIT group, the relative
increase in specific IgG and IgG4 was

significant, compared with the control
group, from month 2 (Fig 1C and D).
The antibody responses observed in
the patients treated with birch-RIT ver-
sus timothy-RIT were very similar
(data not shown).

Change in Symptoms and Medication
The change in symptom scores (D-
score) was significantly different be-
tween the RIT group and the control
group during the pollen season of the
first year (P , .05), although patients
in both groups reported improvements
(Table 3). It should be noted that the
birch-pollen season was weak the first
year (data not shown). The mean
symptom score was higher in the RIT
group compared with the control group
before the start of RIT (baseline), but
during the pollen season of the first
and third year of RIT, the mean symp-
tom score in the RIT group had become
significantly lower compared with the
control group (P , .05). During the pol-
len season of the third year, when birch-
pollen counts were high (.1000 grains/
m3/day at the peak), the patients in the
RIT group reported great symptom im-
provements (Table 3).

The use of medication was the same
between the two study groups before

start of RIT (Table 3). It decreased
significantly from baseline during both
the first and third pollen seasons in the
RIT treated patients (P , .0001 and
P , .001, respectively), and became
significantly lower (P , .01) in the
RIT group compared with the control
group. Consequently, the changed use
of medication (D-score) within the
groups during the study period differed
significantly (P , .05) between the RIT
and control group (third year; Table 3).

The patients also reported their
quantitative use of drugs for their al-
lergic symptoms (medication index)
during and after the first pollen season
after start of RIT (March to October).
The average monthly medication index
in the RIT group and the control group
was 1.596 1.82 (mean6 SD) and
3.296 1.77 (P , .05), respectively.

There was no difference in clinical
efficacy between the patients receiving
birch-pollen RIT and those receiving
grass-pollen RIT.

Correlation between Serum Antibody
Levels and Clinical Outcome
Correlations between serum levels of
total IgE, specific IgE, IgG, and IgG4
at day 0, month 2, month 6, year 1,
year 2, and year 3 and clinical outcome
scores were sought in the RIT group.
No significant correlation was found
between the antibody levels or their
relative change and the changes in
symptoms or medication during the
pollen season of the first year. How-
ever, as shown in Figure 2A, there was
a significant correlation between the
relative decrease in specific serum IgE
and the decreased use of medication
during the third year of RIT. Further,
the baseline levels (day 0) of specific
IgG4 in the RIT group correlated with
decreased symptom scores during the
third year of treatment (Fig 2B).

DISCUSSION
In the present RIT study, measure-
ments of serum antibodies using the
Pharmacia CAP System identified
early immunologic responses after in-
jections of allergens, and by following
the antibody concentrations, RIT could
be monitored.

Figure 1. The mean relative change (with standard deviation) from baseline concentrations at day 0
of total IgE (A), specific IgE (B), specific IgG (C), and specific IgG4 (D) in the RIT group (F), and in
the control group (E). D, day; W, week; M, month; and Y, year.p, P , .05;pp, P , .01;ppp, P , .001
as compared with the relative change in the control group.
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The induction phase of IT often dif-
fers between protocols, but it simply
represents a titration of the dose essen-
tial for an immunologic response.12

When using a RIT schedule, the aim is
normally to finish the induction phase
within 1 week.9–11,13 To be able to
reach the appropriate maintenance
dose, however, the final part of the
induction phase often has to be admin-
istered using a conventional dose-in-
crease regimen to avoid severe side
effects.12,13 Thus, in the present RIT
study, the initial rush phase with aque-
ous pollen extracts was followed by

injections with increasing doses of
depot preparations every third week
until reaching the individual mainte-
nance dose.

Many patients had very high serum
concentrations of specific IgE to birch
or grass pollen (.100 kU/L), and it
seems that a major part of all serum IgE
was birch- or grass-pollen specific. This
explains the similar development of total
and specific IgE levels during RIT.

Total serum IgE, as well as allergen-
specific IgE, increased early during
RIT and peaked at months 2 to 4. In-
terestingly, the specific IgE was al-

ready significantly elevated after 1
week of treatment, indicating a rapid
immunologic response during the rush
phase of RIT to injections of aqueous
pollen extracts. Subsequently, the IgE
concentrations decreased. The specific
IgE dropped to a level significantly
lower than the pretreatment level. Both
the allergen-specific serum IgG and, in
particular, IgG4 levels increased dur-
ing the RIT treatment, and the increase
became significant after 2 months.

Similar results have previously been
found during grass- and tree-pollen
IT1,2,9–11,14,15even though some differ-
ences between the investigations exist,
eg, the early increase in IgE was not
observed in some studies.

Bousquet et al9,10 have shown that
RIT with grass-pollen extracts or aller-
goids has a good efficacy and is well
tolerated. Analogously, our study indi-
cates that IT including an initial rush
phase with standardized birch- and
timothy-pollen extracts is well toler-
ated. The treatment of only 1 of 30
patients had to be interrupted because
of a side effect (fever). RIT was al-
ready quite effective in the first pollen
season encountered. Even if the first
pollen season after the start of RIT was
relatively weak, resulting in symptom
improvements in both study groups,
the change in symptom scores was sig-
nificantly greater in the RIT group.
The improvement in the RIT group
was also reflected in the decreased use
of medication. The quantitative use of
drugs for allergic symptoms (medica-

Table 2. Median Concentrations (with 25% and 75% Percentile) for Birch- or Timothy-Specific Serum Antibodies and Total IgE in the RIT
Group

n Total IgE (kU/L) Spec IgE (kU/L) Spec IgG (mg/L) Spec IgG4 (mg/L)

Day 0 27 196 (112–530) 84 (28–171) 5.30 (4.30–6.40) 0.60 (0.37–0.91)
Week 1 27 205 (120–547) 99 (29–176)* 5.30 (3.60–7.10) 0.70 (0.31–1.07)
Month 2 26 383 (147–551)** 133.5 (70–242)** 6.70 (5.45–8.45)** 1.20 (0.72–2.22)**
Month 4 25 296 (139–492)* 141 (54–196)** 7.20 (5.60–8.40)* 1.67 (0.80–2.40)**
Month 6 25 270 (158–475)* 113 (44–163)* 8.60 (5.20–11.3)** 1.98 (0.69–3.43)**
Month 9 22 320 (190–483) 87 (29–148) 8.55 (5.40–12.6)** 2.46 (0.97–3.96)**
Year 1 23 232 (107–510) 61.5 (26–138)* 10.2 (6.90–17.4)** 4.51 (1.44–6.44)**
Year 2 12 227 (102–555) 53 (16–157) 24.8 (16.1–41.2)** 13.2 (6.30–31.3)**
Year 3 17 253 (75–424) 53 (15–97)* 15.7 (11.4–21.7)** 9.28 (5.83–11.8)**

Probability of difference from level at Day 0:
* P , .01.
** P , .001.

Table 3. Symptom and Medication Scores and Their Change (D-Score), during Pollen
Season, as Reported by Patients.
The patients gave a single visual analog score, on a scale ranging from 0 to 100, describing their
allergy symptoms and use of medication. Data is shown as mean value6 SD.

RIT group Control group P value

Symptom scores
Baseline 80.1 6 15.0†‡, n 5 29 69.3 6 15.8§, n 5 11 .0424
First year 21.2 6 19.5†, n 5 24 39.0 6 15.1§, n 5 11 .0173
Third year 15.8 6 17.0‡, n 5 16 55.6 6 33.8, n 5 5 .0186
Change in symptoms from

baseline scores (D-
score)

First year 257.3 6 29.0, n 5 24 230.3 6 21.6, n 5 11 .0136
Third year 259.7 6 20.1, n 5 16 216.8 6 31.0, n 5 5 .0167
Medication scores
Baseline 59.2 6 28.3#¶, n 5 29 58.4 6 21.8, n 5 11 .7852
First year 20.4 6 19.9#, n 5 24 45.4 6 23.3, n 5 11 .0077
Third year 15.4 6 17.8¶, n 5 16 65.4 6 29.0, n 5 5 .0057
Change in medication

from baseline scores
(D-score)

First year 238.0 6 30.1, n 5 24 212.9 6 40.6, n 5 11 .1266
Third year 241.4 6 23.4, n 5 16 16.8 6 35.9, n 5 5 .0186

† P , .0001, ‡ P 5 .0005, § P 5 .002, # P , .0001, ¶ P 5 .0006.
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tion index) during the first pollen sea-
son after start of RIT was significantly
lower in the RIT group compared with
the control group. The effect of the
RIT was maintained through the third
pollen season. There are some earlier
studies of birch-pollen IT that have
shown good clinical efficacy,14–16 but
to our knowledge, the present study is
the first birch-pollen-IT study per-
formed with standardized extracts us-
ing an initial rush schedule. Even if we
cannot role out that placebo effects
might have influenced the clinical re-
sults, we believe that such effects
would decrease over time. However, in
our study, the clinical efficacy in-

creases over the 3-year-study period,
supporting the reliability of the data.

In the present study, the IgG4 levels
before the start of RIT correlated with
clinical improvements during the third
year of RIT. Even if similar results
have been shown,17 contradictory re-
sults in measuring IgG4 also exist.18 A
role for IgG4 in the clinical improve-
ments of IT is hard to realize. The
effect of so-called blocking antibodies
(of IgG class) has only been demon-
strated in vitro by inhibition of hista-
mine release19–21and IgE-mediated an-
tigen presentation,22 but it has so far
not been proven to exist in vivo.4,23,24

Similarly, in our study no correlation

between increase in specific IgG and
IgG4 and clinical efficacy was found,
suggesting that IgG4 measurements
might be used to monitor an ongoing
immune reaction during IT rather than
to predict clinical improvements.

In this RIT study, a significant asso-
ciation between the relative decrease in
specific IgE and the decreased use of
medication during the pollen season of
the third year of RIT treatment was
observed. Even if some of the benefi-
cial effects of IT might be explained by
decreased levels of allergen-specific
IgE, the diminished IgE production
probably reflects an immune deviation
of the response of allergen-specific T
cells from a Th2-like to a Th0/Th1-like
phenotype.25–27 This has a number of
effects on the immune system, and re-
sults in a reduced immediate early re-
sponse and late-phase reaction.28

CONCLUSION
Our study indicates that rush immuno-
therapy with standardized birch- and
timothy-pollen extracts has a good
clinical efficacy and is well tolerated.
Measurements of specific serum anti-
bodies might be useful to monitor IT.
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