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ABSTRACT

Background: Initial studies on sublingual allergen-specific immunotherapy (SLIT) used
low doses, but it soon became clear that cumulative dosages higher than the doses used
in subcutaneous immunotherapy (SCIT) were required to guarantee clinical efficacy.
Objective: This study aimed to evaluate the cumulative dose-dependent clinical and
immunological responses to SLIT. Methodology: Patients with allergic airway diseases
were included in the study. Patients underwent a skin prick test (SPT) and then received
sublingual allergen-specific immunotherapy. Clinical and immunological response
variables were recorded at 0, 3, and 6 months intervals of the SLIT schedule (with
progressively increasing doses). Results: The study included 74 patients with allergic
airway diseases. Symptom and medication scores significantly decreased from baseline
(P <0.0001). Hay-specific IgE levels did not decrease significantly, but mite-specific IgE
levels decreased by 146%. Hay-specific 1gG4 levels increased by 44. 44% after six
months of immunotherapy (P<0.01). Eosinophil cationic protein (ECP) levels decreased
significantly in patients who underwent six months of sublingual-swallow
immunotherapy. Conclusion: There is a clinical cumulative dose-response relationship
after SLIT. However, apart from ECP, the immunological cumulative dose-response
relationship varies between the allergens.

INTRODUCTION

Immunotherapy has been utilized for allergy
management  since 1911,  Sublingual-swallow
immunotherapy (SLIT) was created as a solution to the
issue of systemic reactions associated with standard
subcutaneous immunotherapy (SCIT) %,

Initial studies on SLIT used small dosages; however,
it soon became clear that cumulative doses higher than
the doses used in SCIT were required to guarantee
clinical efficacy®. These doses, up to five hundred times
the SCIT dosage, have been proven to be safe in
previous studies”.

Nevertheless, because allergen dosages are usually
individualized, there are limited data on the dose-
response relationship in immunotherapy °. Additionally,
the efficiency of immunotherapy may depend on factors
that affect bioavailability, such as the volume in which
the extract is suspended and the method of

administration (drops vstablets in SLIT). As a
result, researchers cannot directly compare their
findings when using products from different companies
to validate a dose-response relationship for a specific
allergen extract’.

While the mechanisms of SCIT are not completely
proven, several types of research suggest that the
production of ‘blocking IgG antibodies’ could be
valuable for its effectiveness. IgG antibodies block
allergen-induced IgE-dependent histamine release by
basophils and inhibit the attachment of IgE allergen
complexes to antigen-presenting cells®.

ECP is primarily deposited in eosinophil granules
and secreted when secretory constituents (for instance
immunoglobulins and complements) are stimulated.
ECP can be detected in most biological fluids as a
marker of eosinophil inflammation’. This study aimed to
investigate the cumulative dose-dependent clinical and
immunological responses to SLIT in allergic airway
diseases.
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METHODOLOGY

This pre/post-interventional study included patients
over the age of 12 years old with allergic airway
diseases such as bronchial asthma (BA) and allergic
rhinitis (AR) who were treated at an allergen
immunotherapy clinic, Chest Medicine department,
Mansoura University. Smokers and patients with
autoimmune disorders were excluded from the study.
All methods were performed in compliance with the
Institutional Research Board guidelines of the Faculty
of Medicine at Mansoura University, Egypt. The present
study received approval from Mansoura University
Institutional ~ Review  Board  (approval  code:
PR.20.08.82). Written informed consent was obtained
from all participating patients.

BA was diagnosed according to the 2022 Global
Initiative for Asthma (GINA) guideline, while AR was
diagnosed based on the 2017 Allergic Rhinitis and its
Impact on Asthma (ARIA) guideline® °.

Enrolled patients underwent skin prick test and then
received SLIT in suitable bottles with a dropper
mechanism (produced at the allergen immunotherapy
preparation unit, Mansoura University) ** **.

The skin prick test included extracts from common
aeroallergens in our environment, as well as positive
and negative controls. Results were read 15-20 minutes
after the test, with a positive result indicated by a wheal
diameter >3 mm*".

The initial dilution in SLIT dosing schedule for most
patients was 1:10,000. Additional dilution was done for
serious cases. Each concentration lasts for two months
with a build-up phase and a maintenance phase®?. Drops
applied under the tongue every 3 days. Gradually
increasing both the number of drops and the
concentration of SLIT over the course of the treatment
plan based on the patient's tolerance. The maximum
cumulative dose administered to each patient is
restricted by their tolerance levels to minimize the
potential for side effects. So, the cumulative dose was
different from one patient to another.

Clinical and immunological variables were recorded
at 0, 3 and 6-month intervals during the SLIT regimen
(with gradually escalating doses). Any side effects were
also noted.

The clinical response variables included symptom
and medication scores*®, The overall improvement was
categorized as follows: complete improvement, where
patients had no symptoms and did not require
medication (symptom and medication scores = 0);
partial improvement, with a decrease in symptom and/or
medication scores but not reaching 0; and no
improvement in either symptom or medication scores.
Immunological response measurements:
Determination of allergen-specific IgE and 19gG4:

Allergen-specific IgE to the selected allergens: hay
and mites were measured using Goat anti-human IgE

secondary antibody, HRP (Thermo Fischer Scientific,
UK). On the first day, polystyrene micro-titer ELISA
plates (Nunc, Maxisorp, Denmark) were coated with
100 pl of the tested allergens in carbonate coating buffer
and incubated at 4° C overnight. Secondly, the plates
were washed with a washing buffer three times with
TBE/tween (200 pl) and the plates were tapped to
remove any remaining wash solution. Each well was
blocked with blocking buffer (TBE 200 pl) for 2 h at
26°C. The plates were washed with washing buffer
(three times with TBE 200 ul). Patient’s sera were
diluted 1:10 and added to each well (in duplicate) and
incubated overnight at 4° C. Negative control wells
containing only buffer were also included in each plate.
On the third day, micro-titer ELISA plates were
aspirated and washed thoroughly. Monoclonal Goat
anti-human IgE secondary antibodies were diluted
1:1000 and added to each well (100 pl). The plates were
then incubated for 2 h at 26°C. The reaction was
visualized by TMB substrate solution (ThermoFischer
Scientific, UK), 50 pl of TMB (Sigma-Aldrich, USA)
was added to each well and incubated in the darkness
for 20 min. To cease the reaction, 100 pul 1M HCI
solution was introduced to each well. The color
development was detected at 405 nm with an ELISA
micro-titer plate reader (Bio Tek instruments EI800,
USA).

Similarly, allergen specific 1gG4 levels to hay and
mite were measured using a Mouse anti-human 1gG4
FC secondary antibody, HRP (ThermoFischer
Scientific, UK) in an Enzyme Linked Immunosorbent
Assay following the manufacturer's instructions. The
percentage change in IgE and 1gG4 levels at three or six
months after treatment was calculated for each patient
compared to their levels before treatment. The average
percentage change (Change %) was then calculated for
all patients in each group.

Determination of human serum ECP:

ECP in serum was analyzed as a predictor for short-
term efficacy after SLIT. ECP levels were determined at
baseline level, 3 months, and 6 months after allergen-
specific SLIT .

For quantitative determination of ECP levels in
blood sera, a commercial sandwich enzyme-linked
immune sorbent analysis kit (Cat. No: E1391Hu,
Bioassay Technology Laboratory, China) was utilized
following the kit's instructions. Briefly, anti-human ECP
pre-coated plate was bound with ECP present in the
sample serum. Next, biotinylated human ECP antibody
was introduced to interact with the sample ECP.
Subsequently,  streptavidin-horseradish  peroxidase
conjugate was added to form a complex, and the plate
was then incubated at 37 °C for 1 hr. After washing,
unbound streptavidin-HRP was washed away, and the
bound complex was incubated with two substrate
solutions for 10 min at 37 °C. The reaction was halted
by adding 50 pl stop solution, and the resulting color
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was subsequently measured at 405 nm using a
microplate reader (Bio Tek instruments EI1800, USA).
The absorbance was transformed to concentration levels
using a standard calibration curve. The inter-assay and
intra-assay coefficients of variation (CV) of the used
ECP kit were lower than 10% and 8% respectively
while the limit of detection was found to be 0.25 ng/ml.

Statistical analysis:

Variables were analyzed using SPSS v.16.
Continuous variables were presented as mean (SD).
Categorical variables were presented as numbers and
percentages. The Wilcoxon Signed Ranks Test was used
for comparing paired ordinal data, while paired t-tests
were used for continuous data. A significance level of
0.05 was chosen for the p-value.

Table 1: Characteristics of patients.

Age, years (mean £SD)
Sex

Males

Females

Diagnosis *

Allergic rhinitis
Bronchial asthma
Allergen sensitization pattern*
Molds

mpl

mp?2

Cotton dust

Chicken feather

Straw

Mite

Cat

Pigeon feather

Wheat

Hay

Dog hair

goat hair

Baseline symptom score
0/1/21/3

Baseline medication score
0/1/21/3

RESULTS

Inclusion criteria

This study included seventy-four patients with
allergic rhinitis (AR) and bronchial asthma (BA).
Clinical response was assessed in 61 patients after 3
months of SLIT due to treatment interruption. Nineteen
patients continued SLIT until the study's completion
(after 6 months of SLIT). The mean age of enrolled
patients was 27 *12.5 years, with 63.5% being female.
BA was diagnosed in 68.9% of the patients, while
74.3% had AR. Pollen sensitization was found in
approximately 77% of the patients, mold sensitization in
68.9%, and mite sensitization in 60.8% (Table 1).

The cumulated doses (in pg) administered during the
study were 86.38+39.8 after 3 months and
1372.4+631after 6 months of SLIT (Table 2, Table 3).

n (74) %
27 +12.5
27 36.5
47 63.5
55 74.3
51 68.9
51 68.9
30 40.5
27 36.5
14 18.9
12 16.2
24 32.4
45 60.8
17 23
13 17.6
25 338
37 50
9 122
15 20.3
0/3/28/43 0/4.1/37.8 /58.1

0/7/52/15 0/9.5/70.3/20.3

*Not mutually exclusive.mp1: mixed pollen 1(Chenopodium album, Conyza, and Tamarix aphylla pollen combined in one bottle. mp2: mixed pollen 2
(Polypogon monspeliensis, Cynodon dactylon, and Arundo donax are mixed in additional bottle)

Improvement of symptoms and medication scores
after SLIT

After 3 months of SLIT, there was a significant
reduction in symptoms and medication scores compared
to baseline levels (P= <0.0001). Of the participants,
72.1% showed partial improvement in symptom scores,
while 24.6% showed partial improvement in medication
scores. Complete improvement in medication scores
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was seen in 29.5% of patients. By the 6-month mark,
26.3% had completely improved in symptom scores, a
significant increase from 0% at 3 months (P= 0.002).
Additionally, the percentage of patients with complete
improvement in medication scores rose to 63.2% (P=
0.02). Throughout the study, no severe adverse effects
were reported, with only 4.7% experiencing vomiting or
sore throat (Table 2, Table 3).
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Table 2: Improvement of symptoms score and medication score after 3 months of sublingual immunotherapy.

n (61) (%) P value
Symptom score Z=-6.1*
0/1/2 13 0/26/26/9 (0/42.6/42.6/14.8) P <0 0001
Medication score Z=-5.06*
0/1/2 /3 18/14/36/3 (29.5/23/42.6/4.9) P <0.0001
Improvement (Symptom score)
Complete improvement 0 0)
Partial improvement 44 (72.1)
No improvement 17 (27.9)
Improvement (medication score)
Complete improvement 18 (29.5)
Partial improvement 15 (24.6)
No improvement 28 (45.9)
Cumulated dose (ug) administered after 3 86.38+39 8

months (mean +SD)
*Wilcoxon Signed Ranks Test

Table 3: Improvement of symptoms score and medication score after 6 months of sublingual immunotherapy.

n (19) (%) P value
Symptom score Z=-3.8*
071/2 /3 5/13/1/0 (26.3/ 68.4/5.3/0) P <0.0001
Medication score 7=-3.4*
0/1/2 /3 12/1/6/0 (63.2/5.3/31.6/0) P 0.001
Improvement (symptom score) Z=-3.05*
Complete improvement 5 (26.3) P 0.002
Partial improvement 14 (73.7)
No improvement 0 (0)
Improvement (medication score) 7=-2.2%
Complete improvement 12 (63.2) P 0.02
Partial improvement 2 (10.5)
No improvement 5 (26.3)
Cumulated dose (ug) administered
after 6 months (mean £SD) e
*Wilcoxon Signed Ranks Test
Immunological response to SLIT mite-specific IgE levels was detected. Moreover, a
Regarding the immunological response to SLIT, prominent decrease (172%) in the mite specific IgE
there was no substantial decrease in hay-specific IgE levels was also found after six months of treatment
levels, however, a substantial decrease (146%) in the (P<0.01) (Table 4).

Table 4: Levels of Serum-specific IgE after 3 and 6 months of sublingual immunotherapy
OD450 nm OD450 nm

% P . % P
IgE levels Before After three After six
Change value Change value
Immunotherapy months months
Hay-specific IgE 0.039+0.004 0.0536+0.007 +21 <0.05 0.075+0.010 +39 <0.01
Mite-specific IgE 0.718+0.065 0.330+0.03 - 146 <0.01 0.416+ 0.041 -172 <0.01

OD450 nm: optical density at 450 nm, mean £SD, +: percent increase, - : percent decrease

Hay-specific 1gG4 levels showed a significant substantial differences between the levels of mite
increase (44.44%) after six months of SLIT (P<0.01). specific 19gG4 either after 3 or 6 months of SLIT (Table
However, no substantial increases in its values were 5).

detected after 3 months of SLIT (P>0.05). Also, no
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Table 5: Levels of Serum-specific 1gG4 after 3 and 6 months of sublingual immunotherapy

OD450 nm |
19G4 levels Before AAEET
Immunotherapy months
Hay-specific 0.0416+
1gG4 0.04+0.005 0.003
Mite-specific 0.074+
1gG4 0.078+0.010 0.006

three Change

OD450 nm

P value After Six
months

% Change P value

> 0.05 0.07+0.007 +44.44 <0.01

> 0.05 0.076+0.012 -3 >0.05

OD450 nm: optical density at 450 nm, mean £SD, +: percent increase, - : percent decrease

The serum level of ECP decreased significantly in
studied patients who had six months of SLIT compared
with their basal measurement (P =0.042). However, no
significant difference in ECP levels could be found
three months after SLIT compared to the baseline level
(Figure 1).

P=0.042 "
5007 | ]

ng/ml

& &

(Y)
'\\cp njé\ l'o&

Fig. 1: Serum Eosinophil cationic protein levels after 3
and 6 months of sublingual immunotherapy.
** Statistical significance

DISCUSSION

The efficiency of SLIT is a dosage dependent,
however, it is also recognized that large doses of
allergen extracts are associated with the emergence of
systemic reactions. This enhances the requirement of
the optimum dose, which was described as, the dose of
SLIT causing a clinically significant outcome in most
patients  without producing intolerable adverse
effects™.

There is a high variability of the liquid SLIT
preparations. There was no explanation provided for
the dosages used in most of the previous research and
the optimum dose with SLIT solutions is not clear™.
So, our study aimed to detect the cumulative dose-
response relationship of SLIT produced in our unit by
using our schedule with multiple allergens SLIT. SLIT

Egyptian Journal of Medical Microbiology

in the present study included simultaneous
administration of more than two non-cross-reacting
allergens by SLIT. In Europe, SLIT is mainly used as a
monotherapy and the majority of multiple-allergen
SLIT had only two allergen extracts®.

The cumulated doses (in pg) given during the study
were 86.38+39.8 after 3 months and 1372.4+631after 6
months of SLIT (Table 2, Table 3).

Despite the study design was not that of a dose-
response study design, data analysis powerfully
supports a dose-response relationship. The study
demonstrated a significant decrease in symptoms and
medication scores after 3 months of SLIT. Following 6
months of SLIT with higher cumulative doses, 26.3%
of patients showed complete improvement in symptom
score compared to 0% at the 3-month follow-up.
Additionally, the percentage of patients with complete
improvement in medication score increased to 63.2%.

Despite the high cumulative dosages used
throughout the study, SLIT was efficient and safe. No
severe adverse effects were detected during the study.

Also, the study of André et al ' proposed an
association between the cumulative dosage of SLIT
(with ragweed pollen extract tablets) and the clinical
efficacy in patients with AR. In contrast to our study,
André et al * had the placebo group in addition to the
active treatment group.

In our study, the immunological response to SLIT
showed no significant decrease in hay-specific IgE
levels, but a significant decrease (146%) in mite-
specific IgE levels was observed. Additionally, hay-
specific 1gG4 levels significantly increased after six
months of SLIT, with no significant changes detected
after 3 months. There were no significant differences in
mite-specific 1gG4 levels after 3 or 6 months of SLIT.

Marcucci et al **, concluded that SLIT with a
cumulative dose 375 times higher than that of SCIT
was more efficient than SLIT with a cumulative dose
85 times higher than SCIT. They also observed a
decrease in both IgE and IgG4 levels after seasonal
exposure in the group of patients who received higher
doses of SLIT.

In Didier et al *°, A dose-response relationship was
noted as the 100-IR dose was more efficient than the
placebo but less efficient than the 300-IR and 500-IR
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doses. Also, there was a progressive increase in 1gG4
level with raising SLIT dose, which indicates a dose
impact for 1gG4.

Furthermore, Durham et a approve the dose-
dependent effectiveness of the grass allergen tablet.

In the study conducted by Nikolov et al %, specific
IgE did not show significant differences in patients
receiving SCIT. the difference between IgE levels and
allergic reactions could be due to differences in the
specificity of IgE for tested allergens. Similarly, IgE
specific to peanuts was not considered a significant
indication of immunotherapy or clinical reactivity?".

The ragweed-specific 1gG4 and mite-specific 1gG4
were increased after SLIT in Piconi et al % and
Virchow et al %,

Likewise, specific levels of 1gG4 often fail to
correlate with tolerance. In some studies, sublingual
immunotherapy did not show a significant difference in
the levels of 19G4 compared to the placebo groups®.

Our study demonstrated that a six-month course of
SLIT showed a decrease in serum ECP levels as
reported in other studies*?. Several studies reported
the decline of elevated serum levels of ECP after
effective therapy.”® Thus, controlling circulating
eosinophil activation could be one of the significant
working mechanisms behind the clinical effect of
immunotherapy.

The present study was constrained by a small
sample size, in addition to a limited number of patients
who completed the entire study.

|19

CONCLUSION

There is a clinical cumulative dose-response
relationship after sublingual immunotherapy. However,
apart from ECP, the immunological dose-response
relationship varies between the allergens.
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