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Introduction
Allergen specific immunotherapy (ASIT) is currently considered 

the best long term approach to manage environmental allergies in 
both human and veterinary medicine [1-3] when allergen avoidance 
is not feasible. Currently, ASIT is indicated for the treatment of allergic 
rhinitis, allergic asthma and hymenoptera-induced anaphylaxis. In 
human medicine sublingual immunotherapy (SLIT) has been used with 
good success for allergic conjunctivitis, rhinitis and asthma [4-6]. An 
advantage of SLIT over the traditional route of subcutaneous injections 
is the easy administration and the excellent tolerability [7]. SLIT will 
also be more cost-effective over time with increased usage than the 
traditional subcutaneous injections as it does not require frequent office 
visits. More recently, there have been reports of beneficial effects of 
ASIT for atopic dermatitis (AD) although this approach is not routinely 
used for patients with only cutaneous disease [8-11].

Administration of the allergens during ASIT via the subcutaneous 
(subcutaneous immunotherapy-SCIT) and the sublingual (SLIT) 
route has been well established to induce tolerance. Modulation of T 
regulatory cells is believed to be important in clinical response [12]. 
Some allergens, such as grass pollen, house dust mite can be delivered 
through either route, whereas others like venoms are only delivered 
subcutaneously [13]. SLIT has been commercially available and 
routinely used in Europe with satisfactory safety profile [14]. There is no 
Federal Drug Administration (FDA) approved formulation for SLIT in 

United States. Despite the lack of an FDA-approved SLIT formulation, 
SLIT prescribers have significantly increased from 5.9% in 2007 to 
11.3% in 2011 [15] and SLIT is also being studied for food allergies [16]. 
On the basis of available literature, SLIT is certainly indicated in allergic 
rhinitis and asthma which is associated with rhinitis in both adults and 
children [17]. SLIT is currently accepted as an alternative to injections 
because of its satisfactory safety profile. Its efficacy and safety in rhinitis 
and asthma in children has been confirmed with clinical trials [6]. 
Atopic dermatitis is also being considered as a promising field for use of 
SLIT [15]. A meta-analysis, recently published, reported moderate-level 
evidence for the efficacy of SLIT against AD but the authors noted that 
the findings were based on an analysis of a small number of randomized 
controlled trials, with considerable heterogeneity among trials [18]. 
Controlled studies in human medicine that are able to minimize the 
variability of allergies, environmental exposure and concurrent drug 
treatments are difficult to complete. For these reasons access to an 
experimental model for AD could prove to be beneficial.
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Abstract
Sublingual Allergen Specific Immunotherapy (SLIT) has been advocated for the treatment for allergies. 

Controlled studies are difficult to perform in humans due to the variety of allergies, diet, and allergenic exposure. 
This prospective, randomized, controlled study evaluated clinical and immunological effects of one year of SLIT 
using an experimental model of atopic dermatitis in dogs. Eighteen Beagles, sensitized to dust mites, timothy grass 
and ragweed were divided into control (n=6, vehicle) and active (n=12, 3 allergens) groups. Allergen challenge and 
scoring of clinical signs was done before and at the end of one year of SLIT. Blood was drawn at baseline, 4,8, and 
12 months of SLIT and 2 months after stopping SLIT to measure allergen-specific IgE, IL-10, and TGF-beta.

After 12 months of SLIT, ANOVA showed significant decrease of clinical scores for both groups (p<.0001) but no 
significant differences between groups. T tests within each group comparing pre vs. post treatment scores showed 
statistically significant decrease in the control (p=0.042) and in the SLIT group (p=0.00027). Effect size using Cohen’s 
d was 1.182 for control and 2.1 for allergen group. Thus, decrease from baseline to post-treatment was nearly twice 
as large in the allergen as in the control group. 

Mixed results were found for allergen-specific IgE with significant decrease for dust mites (p=0.0242) and increase 
for ragweed (p=0.0074) at the end of the study. SLIT induced significant increase of TGF-beta (p=0.03) and IL-10 
(p=0.0009) after ragweed stimulation compared to baseline and to the control group. TGF-beta increase abated after 
SLIT discontinuation results consistent with SLIT induced T regulatory response. Interestingly a significant increase 
for IL-10 after timothy stimulation was seen for both groups at the end of study (p<.0001).It is concluded that this 
experimental model is useful to investigate treatments for atopic dermatitis and their immunologic effects.
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Dogs naturally develop AD, with characteristics that are clinically 
and immunologically similar to the human counterpart [19,20]. Dogs 
are closer to humans than mice and share the same environment 
with humans thus making them an ideal choice for a model. An 
experimental model for AD has been validated using atopic Beagles 
[21-23]. Symptoms of AD in both species include recurrent pruritic 
dermatitis affecting the flexural surfaces, periocular, perioral, axillary, 
and inguinal areas. It is common for patients to have sensitization to 
multiple allergens. Amongst them, house dust mites, timothy grass and 
ragweed are commonly responsible for flare ups of AD in both dogs 
and humans. Thus, the purpose of the present study was to evaluate 
the efficacy of SLIT in a controlled and standardized manner using 
an experimental canine model for AD. Our study was designed as 
prospective, vehicle-controlled trial in which dogs were specifically 
sensitized to 3 allergens of interest (ragweed [RW], timothy grass [TG] 
and dust mites [DM]) and were kept in an environment where allergen 
exposure could be strictly controlled and dosed. We aimed to evaluate 
clinical improvement scoring the clinical signs using a validated clinical 
scoring system called CADESI (Canine Atopic Dermatitis Extent and 
Severity Index) [24]. The hypotheses tested in our study were that SLIT 
would decrease severity of clinical signs as measured by CADESI and 
that the clinical improvement would be associated with a decrease in 
allergen specific IgE and an increase in T regulatory cytokines such as 
Interleukin-10 (IL-10) and Transforming Growth Factor-beta (TGF-β) 
by peripheral blood mononuclear cells (PBMC).

Materials and Methods
All procedures of this study had been approved by the Institutional 

Animal Care and Use Committee of the University of Florida.

Experimental design 

The study was designed as a prospective, vehicle controlled study 
that lasted a total of 18 months. The first 4 months were used for 
sensitization, 12 months were used for SLIT and additional monitoring 
was done for 2 months past the completion of SLIT. During the study, 
both immunological and clinical monitoring was done. See Figure 1 for 
time table of events.

Animals

Eighteen atopic Beagles were used. These dogs have been previously 
sensitized epicutaneously to Dermatophagoides farinae and were 
known to develop pruritic dermatitis clinically and histologically 
compatible with AD upon allergen exposure to DM. No respiratory or 
ocular signs were observed in this model upon allergen challenge. For 
this study the dogs were additionally sensitized to two other allergens 
(Timothy Grass [TG], and Ragweed [RW]). We selected these two 
additional allergens besides dust mites so that we could provide a 
model that would incorporate the most common allergies [25,26] and 
test the efficacy of a SLIT preparation that was a mixture of frequently 
used allergens.

Housing conditions

All dogs were housed in a research facility at the University of 
Florida. All dogs were on the same diet throughout the study and 
housed in the same temperature and humidity controlled research 
facility (air conditioning was set at 18C and the average humidity 
recorded was 68%). Dogs were housed in individual cement runs that 
were cleaned daily using high temperature and high pressure wash. 
Stuffed toys, carpets, soft bedding or anything that could trap dust were 
not allowed in these runs. Walls and air filters were checked to ensure 
the absence of mites in the environment in between challenges. Results 
were always below the detection level of the test used (MITE-T-Fast™ 
Allergen Detection System, Aveho Biosciences, CA). All personnel 
interacting with the dogs used protective clothing to avoid introduction 
of allergen from outdoor environment.

Sensitization phase

Sensitization procedure: All atopic Beagles had been sensitized to 
HDM as previously described [27]. Briefly, sensitization was done with 
Dermatophagoides farinae pure culture (RMB83M, >99% pure whole 
bodied natural milled D. farinae, Greer Laboratories, Lenoir, NC) when 
puppies were 2 months old. One gram D. farinae culture was mixed 
with sterile saline (2.5 ml) to create a thick paste (400 mg/ml) and each 
puppy received 0.3 ml of D. farinae (133mg/dose) twice weekly for a 
total of 12 weeks. The thick paste was applied to small areas of untreated 
skin in the axillae or inguinal areas using a soft brush. 

For the present study all atopic Beagles were also sensitized 
to ragweed and timothy grass. Sensitization involved biweekly 
epicutaneous application of timothy and short ragweed allergens for 
a total of 4 months. Allergenic extract at 100 mg/ml, diluted to 50% in 
glycerine (Nelco Laboratories Inc, Deep Park, NY) was applied with 
dropper vials, 2.6 mls (133 mg) to axillary area, alternating right and 
left side. Verification of successful sensitization was done by detection 
of allergen specific IgE on serology and development of clinical signs 
upon allergen challenge. Procedure for allergen challenge is described 
in appropriate section.

Immunological monitoring of atopic Beagles during 
sensitization phase: Blood samples (4ml) were taken from the atopic 
beagles at baseline and every 2 months during the sensitization phase 
to measure allergen-specific IgE using Allercept (Heska, Fort Collins, 
CO). According to this test results are expressed in ELISA Allergy 
units (EA).In this test values above 150 are considered positive and 
compatible with allergic sensitization.

Clinical monitoring: Clinical evaluation was done using a 
modified version of the validated Canine Atopic Dermatitis Extent 
and Severity Index Score 03 (CADESI) [23]. The two modifications in 
relation to CADESI-03 were that papules were added as a clinical sign 

Figure 1: This study included various phases: 4 months of sensitization, 12 
months of sublingual immunotherapy (SLIT), and 2 months of monitoring post 
SLIT.

http://dx.doi.org/10.4172/2155-6121.1000157


Citation: Marsella R, Ahrens K (2013) Clinical and Immunologic Effects of Allergen-Specific Sublingual Immunotherapy in a Canine Model of Atopic 
Dermatitis: A Double Blind, Randomized, Controlled Study. J Allergy Ther 4: 157. doi:10.4172/2155-6121.1000157

Page 3 of 9

J Allergy Ther
ISSN:2155-6121  JAT an open access journal Volume 4 • Isse 6 • 1000157

and that the scores for each sign ranged from 0 to 3 rather than from 
0 to 5 [28]. The dog’s body was divided into sections, each of which 
received a score based on the clinical signs evaluated. The total score 
was the sum of all body sites. Clinical signs evaluated included diffuse 
erythema, erythematous macules, papules, excoriations and alopecia. 
The total score is calculated by adding the score of various body regions 
and clinical signs. The total maximum possible score was 150. Total 
scores were used in the statistical analyses.

Clinical scoring of the atopic Beagles was done at baseline, 1, 2, 3, 
4, 8, and 12 months of SLIT. At the beginning and at the end of both 
sensitization and immunotherapy phase dogs were epicutaneously 
challenged with allergens. Clinical signs were scored daily during the 
weeks of allergen challenges. Each allergen challenge lasted5 days (see 
below for more details on allergen challenges).

Allergen challenge procedure at the end of sensitization phase: 
Atopic Beagles were epicutaneously challenged with 50 mg of timothy 
and ragweed mix. The reason not to challenge them with HDM too 
was to avoid masking clinical signs with the already known allergy that 
they had for HDM. The allergens were applied epicutaneously with a 
brush on glabrous areas such as the inguinal area three days in a row 
and monitored for a total of 5 days to detect development of dermatitis.

SLIT phase

SLIT protocol and group allocation: Once all atopic Beagles were 
sensitized to all allergens they were randomly assigned to either vehicle 
group (control) or active ingredient (SLIT) group. The investigator 
evaluating the dogs was blinded to the allocation of the dogs to the 
two groups. The randomization was done such that 1/3 of the dogs 
received vehicle or 50% glycerine (n=6) and 2/3 of the dogs (n=12) 
received the active ingredients consisting of allergen mixture of HDM 
5,000 aq, timothy 1-20 w/v and ragweed 1-20 w/v, in 50% glycerine, 
Nelco laboratories). The following schedule was used: 3 squirts (0.3 
ml) sublingually daily in the first month, 6 squirts daily for the second 
month and 8 squirts daily from the third month until the end of study 
(total of 12 months). 

Immunologic monitoring during SLIT phase

a. Allergen specific IgE: Blood samples (12ml) were drawn by 
jugular venipuncture before beginning SLIT, 4, 8, and 12 months 
of SLIT and 2 months after stopping SLIT. 4 ml was transferred 
to EDTA or serum vacutainer tubes, serum collected was stored 
at -80°C until analyzed by ELISA with an Allercept® 48-Allergen 
SE Regional Panel performed by HESKA Veterinary Diagnostic 
Laboratories (Loveland, CO) to measure allergen-specific IgE. 
The results were expressed in EA units and included D. farinae, 
short ragweed and timothy grass.

b. PBMC separation and culture: 8 ml was used for PBMC 
isolation, stimulation and measurement of IL-10 and TGF-β1 
using Elisa Assays (R&D Systems, Minneapolis, MN). Canine 
blood in EDTA was processed within 1-2 hours for cell culture 
as described by Strasser et al. [29] 1998 with modifications. 
Briefly, 6ml of undiluted room temperature blood was layered 
over 12 ml of ice cold Lymphoprep™ (Axis-Shield PoC, Oslo, 
Norway) in a 50 ml polypropylene tube and centrifuged for 
30 minutes at 340 × g. The top layer above the buffy coat was 
removed and the buffy coat layer transferred to a 15 ml tube 
where it was washed with Dulbecco’s Phosphate Buffer Saline 
(D-PBS) for 10 minutes at 340 × g. The supernatant was 
removed and the pellet washed three more times at 300 × g for 

10 minutes with D-PBS. After last wash 2ml cold ammonium 
chloride erythrocyte lysis buffer was added and incubated for 
10 minutes, then centrifuged 5 minutes at 200 × g. The cells 
were washed two more times in PBS at room temperature 
to eliminate residual platelets, and then resuspended in 
RPMI/10%FBS. Cell counts were taken using a hemacytometer 
and assessed for viability with trypan blue exclusion staining. 

c. Cell culture set-up: Peripheral blood mononuclear cells were 
resuspended to 1×107 cells per ml, and then 100 µl was aliquoted 
into five separate 96 well plates. Cells rested overnight in a 37°C, 
5% CO2 incubator, then 100 µl of the following were added 
diluted in RPMI; RPMI only, 20 µg/ml(1-100w/v) of D. farinae 
(10,000 AU/ml) in 50% glycerol, 2 mg/ml (1-10w/v) of short 
ragweed (81,000 PNU/ml or 100 mg/ml), 2 mg/ml (1-10w/v) 
of timothy grass (74,000 PNU/ml) allergenic extracts (Nelco 
Labs, Deer Park, NY), or 2 µg/ml of E.coli lipopolysaccharide 
(Astarte Biologics, Redmond, WA). Cells were incubated for 24 
hours, collected, centrifuged for 5 minutes and culture media 
only transferred to eppendorf tubes that were frozen at -80°C 
until used in ELISA assays for IL-10 and TGF-β1. 

d. Elisa Assays for canine IL-10 and TGF-β1: ELISAs were 
performed according to manufacturer’s protocol using 
Quantikine Canine IL-10 and TGF-β1 kits (R & D Systems, 
Minneapolis, MN). Culture media for TGF-β1 was diluted 1:2 
in RPMI media only and activated to immunoreactive TGF-β1, 
then assayed after neutralization. Culture media was undiluted 
for testing with IL-10. Samples were assayed in duplicate and 
included normalization controls for each subject’s lymphocytes 
incubated with no allergen and culture media. This result was 
then subtracted from allergen and control values. Results are 
presented in pg/ml.

Allergen challenge at the end of SLIT: 50 mg of crude allergens 
(mix of HDM, ragweed, timothy grass) were applied epicutaneously 
for 3 consecutive days. Clinical signs were scored daily for a total of 5 
days using the CADESI scoring system. Clinical scoring was done right 
before allergen challenge (0 hr), 6 hrs after each allergen exposure on 
the days that allergen was applied (first 3 days), and then every 24 hours 
for 2 additional days. Following this schedule the evaluations were done 
at hours 0, 6, 24, 30, 48, 54, 72, 96.

Statistical analysis 

Statistical analysis was performed by using the JMP statistical 
software (SAS institute). 2-Group x 7-Time REML Analysis of Variance 
(ANOVA) was used to evaluate differences between groups and over 
time for total CADESI, allergen specific IgE, IL-10 and TGF-β. Paired 
t-test was used to compare the sum of CADESI scores pre vs. post 
treatment within each group and Cohen’s d was used to calculate effect 
size of treatment for each group. Statistical significance was defined as 
P<0.05.

Results
Sensitization phase

Clinical scores: All atopic beagles developed sensitization to RW 
and TG as confirmed by increased clinical signs after epicutaneous 
application of the allergens (Figure 2). An erythematous macular, 
papular pruritic dermatitis was evident on all dogs within the first 
24 hours of allergen exposure. The degree of erythema and pruritus 
progressively increased over the course of the allergen challenge as 
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illustrated by the increase of clinical scores (Figure 3). Although some 
variability was noted in the severity of dermatitis developed by the 
various dogs, all dogs flared up with dermatitis upon allergen exposure 
and were therefore considered clinically reactive to the allergens.

Allergen specific IgE: At the end of the sensitization period all dogs 
developed also allergen specific IgE above the 150 ELISA Allergy Units 
cut off. Variability among dogs in the intensity of sensitization was 
noted but all the results were well above the threshold to be considered 
positive (Figure 4). Allergen specific IgE were higher for dust mites than 
other allergens. Many dogs (10/18) had allergen-specific IgE over 2,000 
ELISA Allergy units for dust mites, which were considered a very high 
result for atopic dogs.

SLIT phase

Clinical scores: The results of the first allergen challenge performed 
with timothy, ragweed mix and dust mites after the successful 

sensitization and before starting the SLIT phase showed no significant 
differences between the dogs allocated to the allergen (SLIT group) 
and the ones allocated to the control group (Figure 5A) reassuring 
that the group allocation was balanced for severity. ANOVA showed a 
significant effect of time (p<0.0001) with both groups increasing their 
clinical scores during the course of allergen challenge (Figure 5A). 
At the end of 12 months, in the last allergen challenge similar results 
were found meaning that both groups increased in severity of scores 
during the course of challenge (significant effect of time, p<0.0001) but 
no significant differences were found between the two groups (Figure 
5B). Due to small number of dogs used in this study and the variability 
of severity of disease among individual dogs we then evaluated how 
scores changed within each group so that each dog would be compared 
to his/her own baseline. At the end of 12 month period the average 
decrease of the sum of clinical scores was 33% in the control and 48% 
in the SLIT group. When CADESI scores during allergen challenge 
were added and compared pre vs post treatment within each group a 
statistically significant decrease of total scores was found both in the 
control group (p=0.042, Figure 5C) and in the SLIT group (p=0.00027, 
Figure 5D). Effect size using Cohen’s d was 1.182 for control and 2.1 for 
SLIT group meaning that the decrease was nearly twice as large in the 
SLIT compared to the control group.

Individual dogs assigned to the SLIT group had remarkable clinical 
improvement despite allergen exposure as shown by dog in Figure 6. 
None of the control dogs had the same clinically striking response.

When the total scores of the two groups were compared over 
the course of the 12 months of SLIT without any allergen challenge, 
ANOVA showed no statistically significant effect of group or group 
× time interaction meaning that the severity of dermatitis was not 
significantly different between groups when not challenged with 
allergens. A significant effect of time was detected between baseline and 
month 12 (p<.0001) (Figure 7) meaning that the clinical scores for both 
groups significantly decreased at month 12. It is important to note that 
the control group was not exposed to any allergens for the 12 months 
of the SLIT phase, which possibly lead to a progressive improvement of 
the dermatitis just because of lack of allergen exposure.

Adverse effects: No systemic adverse effects were noted in this 
study. Two dogs in the study had to follow a slower increasing protocol 
(delay of a couple of weeks in the induction phase) to minimize pruritus 
and erythema. All dogs were able to reach the maintenance dose and no 

 

Figure 2: Erythematous macules and papules on the chest of an atopic beagle 
6 hours after application of a mixture of timothy grass and ragweed allergen. 
The chest area of this image would be scored as a 2 (moderate) for erythema, 
2 for macules and 3 (severe) for papules. Thus the total score of this specific 
area would be a 7. All body areas would be scored with the same system and 
the total of all body areas would be the total clinical score of the dog.

 

Figure 3: Total clinical scores expressed as CADESI (Canine Atopic Dermatitis 
Extent and Severity Index) scores at the end of sensitization phase with timothy 
and ragweed during an allergen challenge. The arrows indicate the times when 
allergen was applied epicutaneously. Time is expressed in hours. The black 
square indicates the mean and the bars the standard deviation of the total 
clinical scores. A progressive increase in clinical scores was observed over the 
5 day observation period in response to allergen exposure.

 
Figure 4: Mean and standard deviations of allergen specific IgE for the three 
allergens of reference of this study at the end of the sensitization phase. A 
result higher than 150 Allergy Units was considered a positive result. The red 
line shows the 150 mark.
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Figure 5: Total CADESI (Canine Atopic dermatitis Extent and Severity Index Score) scores and standard deviation of SLIT and control groups in the course of 
allergen challenge before the beginning of SLIT phase (5A) and after 12 months of SLIT (5B). The arrows indicate the time points of application of allergens. Clinical 
scores were not significantly different between the two groups (NS, no significant effect of group on ANOVA) at month 0 or baseline (5A) and at month 12 at the 
end of SLIT phase (5B). When the comparison was done within each group before and after SLIT, a statistically significant decrease was found both in the control 
(p=0.042, 5C) and in the SLIT group (p=0.00027, 5D).

 
Figure 6: Clinical lesions during the allergen challenge in one of the SLIT treated Beagles at baseline (on the left) and after 12 months of SLIT (on the right).These 
pictures were taken 24 hours after allergen exposure and show the erythematous macular and papular eruption triggered by the allergen exposure. In the picture 
on the right although the papules are still visible, the erythema is markedly decreased.

evidence of oral pruritus or urticaria was found during the study. No 
facial or oral pruritus was noted.

Allergen specific IgE: For allergen-specific IgE to D. farinaea 
2-Group x 5-Time REML ANOVA showed a significant effect of time 
(p=0.0242; end<beginning), but no effect of group or group x time 
interaction (Figure 8). For allergen-specific IgE to RW ANOVA showed 
an effect of time (p=0.0074, end>beginning) but no effect of group or 
group × time interaction (Figure 9). No significant differences were 
found for allergen specific IgE to TG (data not shown).

TGF-β: For TGF-β1, a significant increase was found for RW in the 
SLIT group after 12 months of treatment (p=0.03) while no changes 
were observed in the control group (Figure 10). This increase was 
abated 2 months after the end of SLIT suggesting that it is not long 
lasting after discontinuation of SLIT and that the change was directly 
caused by SLIT. No other significant findings were detected for TGF-β1 
after stimulation with the other allergens (data not shown).

IL-10: After 12 months of SLIT a significant increase of RW induced 
IL-10 was found. ANOVA showed a significant effect of group (p=0.03, 
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SLIT>control) and time (p=0.0009, end>beginning) as shown in Figure 
11. Interestingly, TG induced IL-10 increased for both groups at the 

end of the study (p<.0001). ANOVA also showed a significant group × 
time interaction with the control group spiking 2 months after stopping 
SLIT and reaching higher values than the SLIT group (Figure 12). No 
significant differences were found for IL-10 after D. farinae stimulation 
(data not shown).

Discussion
This study is the first vehicle controlled study to evaluate the 

efficacy of SLIT in a canine model for AD and due to its small size 
is considered a pilot study. The percentage decrease of clinical signs 
found in the SLIT group using our experimental model (48%) is similar 
to what is reported in human medicine using SLIT. A 45% decrease 
was described for the active group in a vehicle controlled study using 
patients with rhinoconjunctivitis [30] and 46% reduction of clinical 
scores was reported in an open non-controlled trial in patients with AD 
sensitive to dust mites [31] after one year of SLIT. Some of the published 
studies also report on the decreased need for rescue medications [32]. 

Figure 7: Total CADESI (Canine Atopic dermatitis Extent and Severity Index 
Score) scores and standard deviations without allergen stimulation for both SLIT 
and control groups. No statistically significant difference was found between 
groups but a significant effect of time was found comparing scores at baseline 
with scores at month 12 (p<0.001). These scores reflected the severity of clinical 
signs without any acute challenge with allergens.

Figure 8: Allergen specific IgE for D. farinae the two groups over the course 
of the SLIT phase. Values are expressed as means and standard deviations. 
ANOVA showed a significant effect of time (p=0.0242) but no significant effect 
of group.

Figure 9: Allergen specific IgE for ragweed over the course of the SLIT study 
expressed as means and standard deviations. An effect of time (p=0.0074, end 
> beginning) but no significant effect of group or group by time was found by the 
ANOVA.

Figure 10: A significant (*) increase of ragweed induced TGF-β1was found for 
the SLIT group at the end of 12 months of SLIT followed by a decrease after 
SLIT was discontinued. The lines show the means and the bars the standard 
deviations of TGF- β1 produced by peripheral blood mononuclear cells. The 
changes observed in the SLIT group are consistent with a SLIT induced increase 
of T regulatory response.

 
Figure 11: IL-10 produced by peripheral blood mononuclear cells after incubation 
with ragweed (RW) allergen expressed as means and standard deviations. A 
significant (*) increase was found for the SLIT group at the end of 12 months of 
SLIT. The SLIT group was significantly higher than the control group at the end 
of the study.
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Figure 12: IL-10 produced by peripheral blood mononuclear cells after incubation 
with Timothy grass (TG) allergen expressed as means and standard deviations.  
A significant (*) increase was found at the end of the study for both the SLIT and 
the control group (p<.0001). A significant group x time interaction was also found 
meaning that the control and SLIT group changed in different directions 2 months 
after the end of the study (p=0.0297).

In our study no other treatments were allowed during SLIT thus we 
cannot comment on the decreased need for rescue medications. Direct 
comparison with other studies is difficult also as some used only one 
allergen and the strength and protocols varied greatly across studies. 
This study was considered the first step toward the investigation of 
the suitability of this model for studies on SLIT. Future studies should 
be considered evaluating different protocols and dosing regimens 
to identify the most effective protocol as this is currently an area of 
controversy in human medicine.

The strength of this study relied on the controlled environment 
and the use of vehicle group although the number of animals used was 
small, due to the expenses of maintaining a colony of dogs for such an 
extended period of time. Also, we did not have additional groups of 
controls (e.g., not sensitized animals being challenged with allergens 
or sensitized animals being challenged with the vehicle used for the 
allergens). Pilot studies done during the course of the validation of this 
model had shown that non sensitized dogs do not develop dermatitis 
when challenged with the dose of allergen used for the present study 
[24]. For these reasons, in combination with the cost of having more 
controls groups, the only control that was done for the present study 
the one receiving the vehicle of SLIT. The decrease of clinical scores in 
the control group in our study is an interesting finding. This reduction 
could be partly due to the fact that the dogs in the vehicle group had 
not been exposed at all to allergens for 12 months as there was no 
allergen challenge scheduled during the 12 months of SLIT phase. In 
hindsight it would have been beneficial to schedule controlled allergen 
challenges during the course of SLIT to mimic a real life situation of 
moderate allergen exposure while administering SLIT. While the lack 
of allergen exposure for 12 months may have been responsible for the 
decrease of CADESI scores, it is important to note that it did not lead to 
a decrease of the allergen specific IgE, which remained in the positive 
range. Interestingly, other studies in humans have also reported clinical 
improvement in glycerin (vehicle) treated patients [33]. In one study on 
the effect of SLIT in children with mild to moderate asthma sensitized 
to DM a 30% improvement was reported in the control group after 12 
months of treatment. That study was carried out for an addition 12 
months and no additional improvement was detected in the glycerin 

group in the subsequent year. Whether this represented a placebo effect 
or some ability of the glycerin to either immune-modulate or to increase 
adhesion in the sublingual area of other allergens that can modulate the 
immune system is not known. The study in children did not evaluate 
immunologic parameters other than IgE and IgG (for which there was 
no difference between pre and post therapy) and primarily focused on 
clinical outcomes. Nevertheless, the immunologic results [31] did not 
show significant differences in DM-specific IgE and total DM-specific 
IgG or IgG4 between the active and placebo groups. On our study we 
did not measure IgG4, as the role of this subtype of IgG has not been 
well characterized in veterinary medicine or confirmed in the more 
recent literature. 

In terms of immunological parameters, allergen-specific 
immunotherapy has been shown to shift the response from a Th2 
dominated to a Th1 [34,35]. There is also evidence of the importance 
of the induction of tolerance and a T regulatory response [36,37]. 
Individual with allergies tend to have a deficient T regulatory response 
and allergen specific immunotherapy increases it. The idea behind SLIT 
is that the allergen is captured within the oral mucosa by Langerhans-
like dendritic cells expressing high-affinity IgE receptors, producing 
IL-10 and TGF-β [38]. The oral mucosa has a restricted number of pro-
inflammatory cells, such as mast cells, and that contributes to the safety 
of SLIT [39]. Thus for our study we decided to investigate the effects on 
IL-10 and TGF-β as they are T regulatory dependent cytokines shown 
to be important in successful SLIT [40-42].

In the present study we found for some allergens, such as RW, SLIT 
produced a significant increase of both IL-10 and TGF-β in the SLITT 
his result is consistent with a beneficial response to SLIT. In hindsight 
it would have been interesting to challenge the dogs with individual 
allergens rather than with the combination to evaluate whether the 
clinical response could be correlated to the immunological response 
observed in vitro after incubation of PBMC with individual allergens. It 
is interesting to note how IL-10 after RW incubation drops at 4 months 
in both groups, probably due to the fact that after the sensitization 
phase ended, exposure to the allergens was drastically reduced to non-
existent (for the control group). Overtime, the SLIT group progressively 
increased IL-10 production, possibly as a manifestation of an induction 
of T regulatory function. The increase in IL-10 mirrors reports in 
human medicine that reported on significant increase of IL-10 in birch 
allergic patients [43] and mite allergic children undergoing SLIT [44].

In our study, an increase of TG-induced IL-10 was found in the 
control group after discontinuation of the study and after the last 
allergen challenge. The significance of this finding is unknown. IL-10 
can function both as a regulatory cytokine and a Th2 cytokine and 
the increase after end of SLIT may suggest a behavior asaTh2 cytokine 
rather than a T regulatory cytokine for this specific allergen. It would be 
interesting to monitor immunological parameters in the two groups one 
year after discontinuation of SLIT so see if long lasting effects are found. 
Future studies should also focus on characterization of populations of T 
regulatory cells and any correlation with clinical efficacy.

Conflicting differences were found in our study in terms of 
allergen specific IgE at the end of SLIT but for the most part there were 
no significant differences between groups. Although one proposed 
mechanism for SLIT is a decrease of allergen specific IgE other reports 
have been also published in human medicine where no significant 
differences in allergen specific IgE between active and control group 
were detected [28]. Other authors have reported on a protective effect 
from progressive sensitization and a less decrease of IgE overtime in 
patients undergoing SLIT [45]. It is important to add that, at least in 
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human medicine, the decrease of allergen specific IgE after allergen-
specific immunotherapy seems to be most detectable after years of 
therapy thus a lack of dramatic change after 12 months could be 
consistent with observations in studies in human medicine [43]. We 
realize that the monitoring of IgE is not currently considered the main 
mechanism of ASIT and that future studies should focus on the changes 
in T regulatory cells. 

No adverse effects were found in our study so it is fair to say that 
SLIT was safe in this canine model of AD as it is typically in humans 
[13]. In summary, based on this pilot study using an experimental 
model of AD of highly reacting atopic beagles we conclude that SLIT 
has similar efficacy for AD in dogs as it has been currently reported 
in human medicine making this model a useful tool to further pursue 
mechanistic studies that can shed light on the best use of SLIT for AD.
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