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Abstract

Background: The clinical and immunological efficacy of preseasonal allergoid immunotherapy has been previously in-
vestigated, however, studies comparing the effectiveness of the two protocols are limited in the literature.

Objective: The aim of this study is to compare the clinical and immunological efficacy of pre-seasonal and perennial
allergoid immunotherapy.

Methods: This is a prospective cross sectional two-arm study. During the season; symptom and medication scores were
filled. Before and at the end of the season; RQLQ was applied, Phl p sIgE, sIgG4 and IL-10 levels were measured.

Results: In preseasonal group patients had better symptom control for most of the weeks, particularly during the peak
pollen period (April: w-2 & w-4, p = 0.04; May: w-2, p = 0.02; June: w-1, w-2, p = 0.02; w-3, w-5, p = 0.03; July: w-2, p
= 0.01; w-3, p = 0.02; w-4, p = 0.04). In the perennial group, sIgG4 [1* time point: preseasonal 0.02 mg /L vs perennial
0.13 mg,/L (p < 0.0001); 2" time point: preseasonal 0.52 mg,/L vs perennial 0.33 mg,/L; 3 time point: preseasonal
0.04 mg,/L vs perennial 0.12 mg,/L (p < 0.0001)] and IL-10 (1* time point: preseasonal 1.45 pg/ml vs perennial 2.03
pg/ml; 2™ time point: preseasonal 2.29 pg/ml vs perennial 2.19 pg/ml; 3" time point: preseasonal 2.32 pg/ml vs peren-
nial 2.16 pg/ml) levels were higher and more stable.

Conclusion: Preseasonal immunotherapy provided better control of symptoms throughout the pollen season. However,

the blocking antibody response was stronger and more permanent in the perennial immunotherapy group.
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Abbrevations:

AIT

Allergen immunotherapy

Allergen immunotherapy (AIT) is the only guideline-ap-
proved, curative treatment that might alter the natural course
of IgE-mediated allergic respiratory disease. Using the right

Bregs B regulatuar cells allergen in the appropriate indication, AIT can significanly re-
ELISA  Enzyme-linked immunosorbent assay duce symptoms and medication use, improve patients’ quality
HDM House dust mite . . . . .
. of life and its clinical effectiveness continues even years after

IgE Immunoglobulin E R A S
IL-10 Interleukin-10 discontinuation."
Phl p Phelium pratense The aim of AIT is to induce immune tolerance against
RQLQ  Rhinitis quality of life questionnaire specific allergens.” To improve immunotherapy, new allergy
SCIT Subcutaneous immunotherapy . . .

e . vaccines have been developed, often known as allergoids, with
sIgE Specific immunoglobulin E

reduced allergenicity while maintaining immunogenicity.*’
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The clinical benefits and safety of using allergoid vaccines in
AIT strategies have been reported in various clinical studies.®’
Immunological and clinical efficacy is expected to occur earli-
er with the use of allergoid immunotherapy. Thus, an increase
in patient compliance is possible with fewer injections and
shorter treatment period.®

Allergoid immunotherapy applied with seasonal allergens
is a different program than traditional immunotherapy regi-
mens, and can be performed with two different protocols;
preseasonal or perennial. The clinical and immunological effi-
cacy of preseasonal allergoid immunotherapy has been previ-
ously investigated.*'> However there are limited studies com-
paring the effectiveness of preseasonal and perennial allergoid
immunotherapy.'*'¢ Therefore, we aimed to compare the clin-
ical and immunological efficacy of preseasonal and perennial
allergoid SCIT.

Material and Methods
Study design

This is a prospective cross-sectional two-arm study per-
formed in 2018. Study protocol was approved by the Ethic
Committee of Ankara University Faculty of Medicine with
the approvel number: 03-155-18. One arm was the presea-
sonal and the second arm was the perennial immunothera-
py groups. Three time points were determined for the mea-
surements: at the beginning of preseasonal immunotherapy
(V,-before 1* injection), at the end of the preseasonal immu-
notherapy (V_-after 7" injection) and at the end of the pol-
len season (V,-September). In the perennial immunothera-
py group, measurements were performed at the same time
points. (Figure 1)

After signing informed-consent forms, all patients were
asked to fill in symptom and medication scores in the pollen
season between April 1 and August 31 and, were also asked to
complete rhinitis quality of life questionnaire (RQLQ) during
V_and V. Blood samples were taken from all patients in both
arms at the three time points to measure Phl p sIgE, sIlgG4
and IL-10.

2" blood collect

Distribution of the score sheets

1t blood collection
n: 90

RQLQ
n: 81

—>

Study group

All patients who were scheduled to have preseasonal or
perennial allergoid SCIT with grass and/or grass plus cereal
pollens in the 2018 season were asked whether they volun-
teered to participate in the study. All patients except those
who did not approve were included. At the time of evaluation
in 2018, our study group consisted of preseasonal and peren-
nial allergoid SCIT patients who were in their 1%, 2, 3%, 4
and 5" years of immunotherapy.

Patients who underwent preseasonal immunotherapy with
different allergens in different seasons, who received both pre-
seasonal and perennial immunotherapy during the total dura-
tion of immunotherapy, who did not have regular follow-ups
and regular dose escalations were excluded from the study.

Immunotherapy schedules

Immunotherapeutic product used in the both arms of the
study was an aluminium hydroxide adsorbed depot allergoid,
containing either grasses extracts (Velvet grass, Orchard grass,
Rye grass, Timothy grass, Kentucky blue grass, Meadow fes-
cue) (Allergovit®-006, Allergopharma, Germany) or grass and
cereals (Grasses, Barley, Rye, Oat, Wheat) (Allergovit®-015,
Allergopharma, Germany). Allergoids are chemically modi-
fied forms of the allergens with low allergenicity.!” Pollen al-
lergoid immunotherapy kit consists of two vials: Vial A-1000
TU/ml and Vial-B-10000 TU/ml plant pollen allergoids. In
preseasonal group initial treatment started in February 2018
with the lowest dosage of the lowest concentration (0.1 ml
from concentration A). The dosage was doubled weekly from
concentration A and B respectively (preseasonal dose proto-
col; A: 0.1 ml, 0.2 ml, 0.4 ml, 0.8 ml then, B: 0.15 ml, 0.3 ml,
0.6 ml). After the completion of 7 injections, preseasonal im-
munotherapy was stopped for the 2018 season. In the peren-
nial immunotherapy group, immunotherapy was started with
preseasonal dose protocol in the 1* year and then followed by
monthly maintenence injections (0.6 ml from vial-B) without
any interval for 5 years.
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Figure 1. Study design: A prospective cross-sectional two-armed study. Preseasonal immunotherapy group and perennial im-
munotherapy group. Three time points were determined for the measurements: V -before 1** injection, V_-after 7" injection and
V,-end of pollen season. Symptom and medication scores were filled between V_ and V,, RQLQ was filled at V. and V. Blood

were collected at three time points to measure sIgE, sIgG4, IL-

10 concentrations.
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Evaluation of clinical effectiveness

All patients filled the symptom and medication scores be-
tween April 1 to August 31. Nasal (itching, sneezing, runny
nose and congestion) and ocular (redness, itching, watery
eyes) symptoms were scored daily according to the scale (0:
no syptoms, 1: mild syptoms, 2: moderate symptoms, 3: severe
symptoms).'® The mean daily symptom score was calculated.
Medication scores were ranked as follows: 0: no medication,
1: antihistaminics, 2: nasal steroids. The highest score of the
day was recorded as medication score.'”® Combined score was
obtained by the addition of symptom and medication scores."®

The quality of life was evaluated with the Turkish valida-
tion of the RQLQ in all patients.” This questionnaire which
basically includes 7 domains (activity limitation, sleep prob-
lems, non-nose/eye symptoms, practical problems, nose
symptoms, eye symptoms, emotional function) and scored on
a 7-point scale, was applied to the patients both on V_and V.
Zero point corresponds good, six points indicates low quality
of life. Overall RQLQ score was also calculated.

Evaluation of immunological effectiveness

Phl p sIgE, sIgG4 and IL-10 levels were measured at three
time points in both study groups. Levels of Phl p sIgE and
sIgG4 antibodies were quantified by Phadia 100, EliA Fluoro-
immunoassay method (Phadia, Uppsala, Sweden). Reference
values for sIgE and sIgG4 were taken as 0.35-100 kU,/L and,
0-30 mg,/L, respectively. IL-10 production against Phl p was
measured by ELISA method according to the manufacturer’s
recommendations (IBL, TECAN, USA). Measurement range
was taken as 0.31-200 (pg/ml).

Pollen counts

During the season, number of airborne grass pollen was
determined by Burkard volumetric 7-day spore trap (Burk-
ard manufacturing, England). Burkard volumetric spor trap
is currently the most common method of sampling airborne
pollens. Samples collected with this method are analysed by
using light microscopes. The trap was placed on the roof of
the building at the campus of Ankara University at an altitude
of 30 m above ground level. Atmospheric sampling and analy-
sis were performed according to the method described by the
Spanish Aerobiological Network (REA) (Gala'n et al. 2007).
The pollen counts were converted into daily average concen-
trations (grains/m’).

Statistics

Statistical analyzes were made using SPSS version 15 soft-
ware (SPSS, Chicago, III, USA). The normality of distribution
was examined by visual (histogram and probability graphs)
and analytical methods (Kolmogrov-Smirnov/Shapiro-Wilk
tests). Descriptive statistics were calculated using the mean
and standard deviation for normally distributed variables, us-
ing the median and interquartile range for non-normally dis-
tributed variables.

° ComQarisons between gTOMQS

The data of patient groups receiving perennial or presea-
sonal SCIT in 2018 were compared with each other in terms
of clinical (symptom, drug, combined scores, RQLQ) and

immunological efficacy (sIgE, sIgG4, IL-10). In these com-
parisons, the dependent groups were composed of symptom,
drug, combined scores, RQLQ, sIgE, sIlgG4 and IL-10; and
independent groups were preseasonal and perennial patient
groups. Categorical data between these two independent
groups were evaluated by Chi-Square test. The significance of
the difference between the means in the groups with normal
distribution was evaluated using the Student-T test, and the
difference between the median values in the groups with ab-
normal distribution was evaluated by using Mann-Whitney-U
or Kruskal-Wallis test.

e In-Group Comparisons

The difference between the levels of sIgE, sIgG4 and IL-10
was evaluated at three time points in the preseasonal and pe-
rennial groups by Wilcoxon sign rank test.

For p < 0.05 for all tests performed, the results were con-
sidered statistically significant.

Results

Our study group consists of 151 patients (77 female, 74
male) with a mean age of 34.82 + 11.43 years. Preseasonal
and perennial SCIT groups included 90 and 61 subjects, re-
spectively. One hundred four out of 151 patients completed all
steps in three time points by coming regular visits and injec-
tions, filling scores and quality of life questionnaire and giving
blood samples. Therefore, between-group and in-group com-
parisons were made on 104 patients (55 preseasonal group/
49 perennial group) These two groups exhibit similar demo-
graphic characteristics (Table 1). None of the patients in both
study groups suffered serious adverse reactions during the
dosing schedules.

Table 1. Demographic characteristics of the patients.

Preseasonal Perennial p
(n: 55) (n: 49)
Age (mean + SD) (year) 35.84 £ 11.76 36.53 £ 10.72 0.75
Gender 0.89
Female 33 30
Male 22 19
Diagnosis 0.51
Allergic rhinitis (AR) 38 37
AR + asthma 17 12
Type of allergen 0.55
006 (Grass polen) 20 21
015 (Grass + Rye) 35 28
Duration of immunotherapy 0.93
1* year 8 8
2" year 14 15
3" year 13 12
4 year 12 8
5% year 8 6
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Clinical effectiveness

Patients in preseasonal SCIT group had better symptom According to the results of the quality of life questionnaire
control than patients in the perennial SCIT group for most of that belongs to March, patients in the preseasonal SCIT group
the weeks particularly during the peak pollen period. (April: had lower overall scores and lower scores in the domains of

w-2 & w-4, p = 0.04; May: w-2, p = 0.02; June: w-1, w-2, p activity limitation, sleep problems, practical problems and eye
= 0.02; w-3, w-5, p = 0.03; July: w-2, p = 0.01; w-3, p = 0.02; symptoms. In September, scores of quality of life were similar
w-4, p = 0.04) (Figure 2) However, two groups were similar in in both groups (Figure 3).

terms of medication and combined scores.
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Figure 2. Weekly symptom, medication and combined scores of the patients in preseasonal and perennial SCIT groups with
pollen count in 2018. In some weeks, there are differences in symptom scores between preseasonal and perennial SCIT groups.
(April: w-2 & w-4, p = 0.04; May: w-2, p = 0.02; June: w-1, w-2, p = 0.02; w-3, w-5, p = 0.03; July: w-2, p = 0.01; w-3, p = 0.02;
w-4, p = 0.04)
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Figure 3. Change in the mean quality of life scores between March (V) and September (V,) in preseasonal and perennial
groups. March; preseasonal SCIT group had lower overall scores (p < 0.01) and lower scores in the domains of activity limitation
(p = 0.001), sleep problems (p = 0.03), practical problems (p = 0.003) and eye symptoms (p = 0.01) than perennial SCIT group.
September; scores of quality of life were similar in both groups.

Immunological effectiveness

In the preseasonal group, sIgE levels increased rapidly At the end of the seventh injection, sIgG4 levels increased
with the first injection and decreased after the pollen season, in all preseasonal SCIT patients and then decreased to almost
but did not return to basal levels (p < 0.0001). In the perenni- basal levels (p < 0.0001). However, in the perennial immuno-
al SCIT group, sIgE levels were higher, and remained almost therapy group, sIgG4 levels were higher than the preseasonal
at the same level, except for the effect of the pollen season. immunotherapy group, especially at the first and third time
There was no significant difference in sIgE values between points, and it was seen to be more stable in general (Table 2)
preseasonal and perennial immunotherapy groups at all three (Figure 4b).

time points (Table 2) (Figure 4a).

Table 2. Levels of sIgE, sIgG4 and IL-10 at three time points in preseasonal and perennial SCIT groups

Preseasonal Preseasonal

median (IQR) median (IQR) P
sIgE Basal-V (kU,/L) 1.14 (3.09) 1.91 (6.4) 0.260
sIgE 7% week-V_ (kU,/L) 5.88 (10.61) 3.45(9.41) 0.143
sIgE September-V, (kU,/L) 2.21(6.33) 2.71 (6.66) 0.992
slgG4  Basal-V, (mg,/L) 0.02 (0.04) 0.13 (0.77) <0.0001
sIgG4 7" week-V_ (mg,/L) 0.52 (0.94) 0.33 (1.06) 0.691
slgG4 September-V, (mg, /L) 0.04 (0.1) 0.12 (0.54) < 0.0001
IL-10 Basal-V (pg/ml) 1.45 (3.48) 2.03 (3.67) 0.528
IL-10 7% week-V, (pg/ml) 2.29 (2.36) 2.19 (4.16) 0.902

IL-10 September-V, (pg/ml) 2.32 (2.95) 2.16 (3.73) 0.909
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Figure 4.

A. Change in the sIgE values at three time points in preseasonal and perennial immunotherapy groups. In preseasonal group,

sIgE levels were different at three time points (p < 0.0001).

B. Change in the sIgG4 values at three time points in preseasonal and perennial immunotherapy groups. In preseasonal group;
sIgG4 levels were different at three time points (p < 0.0001). Between groups; sIgG4 levels were different at V| and V,
C. Change in IL-10 values at three time points in preseasonal and perennial immunotherapy groups. (p > 0.05)

IL-10 levels increased with immunotherapy injections in
the preseasonal SCIT group and then maintained its level.
However, in the perennial group, IL-10 was observed to be
higher in basal measurement and to be more stable. (Table 2)
(Figure 4c).

Pollen count

In 2018, the amount of pollen in the atmosphere was
slightly higher than the previous year and it was detected one
month earlier. Pollen which started to be detected in mid-
March, was counted as 394/m® in April and increased signifi-
cantly by reaching 1341 pollen/m® count with May. It reached
to 1892 pollen/m’ in June then dropped rapidly to 233, 59
and 24 pollen/m*® in July, August and September, respectivly
and could not be detected after September.
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Discussion

The results of the study showed that, preseasonal immu-
notherapy was more effective to control the symptoms during
the pollen season. But, the quality of life was similar in both
arms throughout the season. In terms of immunological effi-
cacy, immune tolerance was induced more strongly and per-
manently in the perennial immunotherapy group.

Since there is no objective measurement in evaluating the
effectiveness of immunotherapy, the decision is made most-
ly by clinical evaluation based on the daily symptom severity
and the medication usage. Although there are some contro-
versies, various studies have shown that the improvement in
patients’ symptom scores is correlated with changes in im-
munological parameters (such as increase in sIgG4 and IL-
10).2% More specifically in most of these studies SCIT was
used in patients with HDM allergy. But recently, some stud-
ies demonstrated that clinical improvement with preseasonal
immunotherapy was accompanied by a significant increase
in sIgG4.%'%** In our study, allergoid immunotherapy was ef-
fective on symptoms in both groups and no increase was
observed in patients’ symptoms during peak pollen season.
However, it was found that preseasonal immunotherapy had
a better control on the symptoms for most of the weeks, par-
ticularly during the peak pollen period. In parallel with the
improvement in symptoms, a rapid increase in sIgG4 and
IL-10 levels were observed in the preseasonal group, but the
immunological markers decreased after the pollen season.
However, in the perenial group sIgG4 and IL-10 levels were
always higher and remained almost at the same levels. Similar
to our results, various studies have shown rapid clinical and
immunological efficacy in preseasonal allergoid immunother-
apy compared to placebo or perennial immunotherapy.®101624

Head-to-head comparison studies on the effectiveness of
preseasonal and perennial immunotherapy are limited in the
literature. Mostly, the comparison was made with the sublin-
gual vaccines and clinical efficacy of two regimens has been
found similar.”®* In a randomized placebo-controlled study
comparing preseasonal and perennial allergoid SCIT for clini-
cal and immunological efficacy, perennial immunotherapy has
been reported to be a more effective option in the treatment
of allergic rhinitis. This is explained by the strong correlation
between increased cumulative allergen dose and symptom
control and sIgG4 levels.!® Based on our clinical assessment,
we can say that preseasonal immunotherapy provides an early
and strong control of symptoms, but both regimens effect the
quality of life equally throughout the season. In accordance
with the findings of Tworek et al., in our study group, the
higher and more stable course of sIgG4 concentration in the
perennial immunotherapy arm was thought to be associated
with cumulative immunotherapy doses.

Regarding the mechanism of AIT, the increase in sIgG4
during AIT is most likely due to the shift of the T cell popu-
lation from allergen-specific Th2 to Tregs and an increase in
the number of Bregs.*** In our study, we found that there was
an increase in sIgG4 levels with immunotherapy which was
faster in the preseasonal immunotherapy group who received
a high cumulative dose of allergen in a short term. Howev-
er, in the perennial immunotherapy group who received

the maintanence dose of allergen periodically for a longer
time, sIgG4 levels were found to be higher and the levels were
more stable throughout the observation period. In line with
our results, sIgG4 levels were found to be higher in perennial
SCIT group in a randomized double blind placebo controlled
study.'®

Allergen immunotherapy could effect and block allergen
specific IgE binding on B cells. Besides, it induces the produc-
tion of IL-10 from Tregs and Bregs.”® There have been sever-
al reports suggesting that IL-10, is a potent suppressor of al-
lergen-specific IgE, and that IL-10 is also responsible for the
increase in IgG4 production with Bregs.®**3! Shamji et al
reported that; with grass pollen SCIT, IL-10* Bregs and IgG4
levels are correlated and increased.”” In our study, although we
found a parallel increase in IL-10 levels with IgG4; unlike the
IgG4 course, we found that IL-10 levels remained quite stable
in the preseasonal immunotherapy group, similarly to the pe-
rennial group.

When evaluating our results, some methodological weak-
nesses should be considered. Although the research has a pro-
spective design, we followed the patients for one season and
compared the two protocols of immunotheraphy. The absence
of a placebo arm may have led to a more significant improve-
ment being overlooked. In addition, lack of a direct compari-
son with placebo makes it difficult to predict the significance
of clinical and immunological improvements. Furthermore,
recording the scores only during the pollen season makes it
difficult to interpret the changes seen in the pollen season.
However, when the whole pollen season and the peak pol-
len period were compared, the absence of increase in scores
with the pollen peak suggested that both immunotherapies
were effective. In addition, the preseasonal group had lower
symptom scores which suggests the advantage of preseason-
al immunotherapy in symptom control with receiving high
cumulative allergen dose within short period before polen
season. Although all these limitations mentioned above may
have reduced the strength of our results, they can be positive-
ly adapted to clinical practice when supported by randomized
placebo-controlled studies in the near future.

To conclude, preseasonal immunotherapy provides better
control of symptoms in a short time, while antibody response
with perennial immunotherapy has been found to be more
stable. This can be explained by the strong induction of anti-
body production with the intensive and frequent allergen dose
just prior to the season in preseasonal immunotherapy, and by
the high cumulative allergen dose throughout the year in the
perennial immunotherapy. According to these findings, we
suggest to start with preseasonal immunotherapy to achieve
prominent symptom control throughout the season, followed
by perennial injections to achieve a stronger immunological
and clinical effect in patients with seasonal allergic rhinitis.
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