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Background – The long-term effects of allergen specific immunotherapy (ASIT) on concentrations of circulating

immunoglobulin E (IgE) and immunoglobulin G (IgG) in horses have not been reported.

Objectives – To document changes in clinical severity of horses with atopic dermatitis (AD) and to monitor aller-

gen-specific IgE and IgG concentrations during a two-year course of ASIT.

Animals – Nineteen client-owned horses with a conditional diagnosis of AD.

Methods and materials – Three ASIT groups were randomly assigned based upon results obtained by either

intradermal testing (IDT) for regional allergens (n = 7); enzyme-linked immunosorbent assay (ELISA) for specific

IgE (n = 6); or a composite of results from both tests (n = 6). Serum concentrations of IgE and IgG specific for

allergens included in ASIT were measured at time zero and at four-month intervals. A visual analog scale (VAS)

was used to record severity of clinical signs at times zero, 12 and 24 months.

Results – Positive correlations were documented between IgE and both immediate and delayed IDT results

(P < 0.00001), and between immediate IDT and IgG results (P = 0.003). Specific IgE in sera decreased signifi-

cantly (P < 0.05) for allergens that were included in ASIT, whereas IgG increased. Across all horses, the mean

VAS score decreased by 1.2 units [95% CI: 1.28, 1.14; (P < 0.0001)] during each 12-month period of ASIT ther-

apy. Improvement in clinical signs was noted in 76.5% of the horses following 12 months of ASIT and in 82%

after 24 months on ASIT.

Conclusions and clinical importance – In this pilot study, ASIT in horses with AD provided significant clinical

benefit associated with a concomitant reduction of allergen-specific IgE and elevation of IgG.

Introduction

Immunoglobulin-E (IgE) antibodies are known to play an

important role in hypersensitivity disorders of horses.1–3

Diseases such as insect hypersensitivity (IH), atopic der-

matitis (AD) and recurrent airway obstruction appear to

be mediated, at least in part, by allergen-specific IgE. The

identification of equine IgG and role for IgG in equine

hypersensitivity disorders has also been postulated,4–8

although its pathomechanism has yet to be fully eluci-

dated.

The most commonly used method to identify the speci-

fic allergens responsible for immediate hypersensitivity

reactions in horses is the intradermal test (IDT). This test

utilizes crude extracts of environmental substances (e.g.

pollens, moulds, epithelial extracts, insects) which are

injected into the dermis at pre-determined concentrations

and volumes for determination of a wheal-and-flare

response to each allergen. Injection site responses are typi-

cally measured at 30 min and 4 h post-injection in horses.

Serological assays based on enzyme-linked

immunosorbent assay (ELISA) methods are available to

equine practitioners for the identification of serum aller-

gen-specific IgE. The clinical validity of these assays has

been questioned due to poor correlation with IDT

results.9–11 None of the assays have been fully character-

ized in peer reviewed published studies. Despite these

defined limitations, a retrospective study of horses found

no significant difference in the clinical response rate to

allergen-specific immunotherapy (ASIT), regardless of the

test modality on which the allergen vaccine formulation

was based.12 To date, these results have not been

corroborated with prospective clinical trials.
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Allergen-specific immunotherapy is the practice of

administering gradually increasing quantities of an aller-

genic extract to an allergic patient with the intent to ame-

liorate the adverse consequences associated with

subsequent exposure to the causative allergen. Although

the exact mechanism whereby ASIT effectively controls

allergy is not fully understood, it is believed to work, in

part, by altering the TH1/TH2/TH17 and Treg balance which

effectively regulates the immune response to subse-

quent allergen exposure.13 To the best of the authors’

knowledge, the effect of ASIT on circulating allergen-spe-

cific IgE and IgG in horses, throughout the course of ASIT,

has not been reported.

The primary objective of the present study was to mon-

itor the sera concentrations of allergen-specific IgE and

IgG throughout the course of ASIT. We hypothesized that

a favourable clinical outcome would be correlated with a

decrease in allergen-specific IgE and an increase in aller-

gen-specific IgG concentrations. The secondary objective

was to evaluate the clinical response of horses to ASIT in

order to make a comparative assessment of the testing

modality used to formulate the ASIT (IDT results versus

serum allergen-specific IgE concentrations) based on

subsequent clinical outcomes.

Methods and materials

Animals
Client-owned horses with a conditional diagnosis of AD were

recruited via advertisement from the north east region of the Uni-

ted States. The Institutional Animal Care and Use Committee (ap-

proval #802109) approved all aspects of the study and owners

signed informed consent forms. The enrolment period took place

during our location’s peak pollen season (May to September)

when seasonally affected horses were exhibiting peak clinical

signs.

To be included in the study, horses were required to have a history

of pruritus, with or without recurrent urticaria, that flared on a sea-

sonal basis (changing from winter, spring, summer or fall) or pruritus

that occurred perennially with repeatable seasonal exacerbations

(changing from winter to spring, summer or fall). One of the authors

examined all of the horses. Horses were excluded if dermatophyto-

sis, bacterial folliculitis, ectoparasites or haematological and bio-

chemical abnormalities were detected. To be enrolled, horses were

required to react to at least two non-insect allergens on IDT. Horses

only showing positive reactions to biting fly allergens were excluded;

however, horses reactive to biting fly allergens in addition to environ-

mental and aeroallergens were included in the study. For these

horses, strict insect avoidance strategies were implemented for the

duration of the study and biting fly allergens were added to the ASIT

based on reactivity. Although adverse reactions to foods (ARF) could

contribute to similar clinical signs as AD,14 or act in an additive man-

ner to increase the pruritic threshold, concurrent reactions to food

were not specifically ruled out for horses with seasonally exacer-

bated perennial signs.

Horses were prohibited from having received any topical or sys-

temic anti-histamine, topical corticosteroid or oral essential fatty acid

therapy for a minimum of two weeks, and systemic corticosteroids

for a minimum of four weeks prior to enrolment. However, once ASIT

was initiated, concurrent anti-pruritic treatments were permitted for

the duration of the study when owners felt symptomatic treatment

was necessary. Four horses were included in the study which were

previously tested using serological allergen testing and had received

ASIT with no clinical improvement. For these horses, immunotherapy

had been stopped for at least three months prior to enrolment into

the study.

Intradermal test
Horses were sedated with intravenous detomidine (0.03 mg/kg), and

a 30 9 15 cm rectangular area on the lateral neck, above the jugular

groove and half way between the mandible and shoulder, was

clipped with a no. 40 blade. The intradermal test (IDT) panel con-

sisted of 82 allergens which were provided by Greer Laboratories

(Lenoir, NC, USA) and were administered at concentrations recom-

mended by the manufacturer. The allergens included 14 fungi, 14

grass pollens, 15 tree pollens, 14 weed pollens, five mites, 10 insects

and eight environmental allergens/epithelials prevalent in the north-

east United States (Table S1). Histamine phosphate (0.275 mg/mL)

and the phosphate-buffered saline diluent were used as positive and

negative controls, respectively. To ensure consistency in procedure

and assessment of reactions, a single investigator performed all

IDTs. Approximately 0.1 mL of each allergen was injected in the der-

mis with a 27-gauge needle. Injection sites were evaluated by the pri-

mary investigator at 30 min and 4 h post-injection. Reactions were

interpreted to be positive if the wheal size was greater than or equal

to the averaged diameters of the positive (histamine) and negative

(saline) controls.

Allergen serology test
Sera were collected from each horse at the time of enrolment in the

study and at four month intervals during the course of ASIT. The labo-

ratory personnel remained blinded to the results of IDT and to which

treatment group the horse was assigned for the duration of the

study. Samples for sera allergen specific-IgE from time point zero

were run at time of submission. Subsequent sera submitted were

stored frozen at �20°C until conclusion of the study. At the conclu-

sion of the study, the serum samples that were collected at time

points zero, four, eight, 12, 16, 20 and 24 months were evaluated

separately for IgE and IgG reactivity to the panel of allergens provided

by Greer Laboratories (Lenoir). To ensure consistency of results, all

samples were evaluated for either IgE or IgG reactivity within single

run.

Buffers
The buffers used throughout have been previously described15,16 and

included: (i) well coating buffer: 0.05 M sodium carbonate bicarbon-

ate buffer, pH 9.6; (ii) wash buffer: phosphate buffered saline (PBS),

pH 7.4, containing 0.05% Tween 20, and 0.05% sodium azide; (iii)

serum and reagent diluent buffer: PBS, pH 7.4, containing 1% fish

gelatin, 0.05% Tween 20 and 0.05% sodium azide.

Preparation of coated wells
Immulon 4HBH flat bottom strip assemblies (Thermo Electron Corpo-

ration, Waltham, MA, USA) were used throughout and served as the

solid phase for all direct bind ELISA. The twelve well strips were indi-

vidually coated with the specified allergen extracts following a previ-

ously reported procedure.15,16 Briefly, the individual extracts were

diluted in bicarbonate buffer (pH 9.6) and 100 lL was added to each

assigned well. Following overnight incubation at 4–8°C, the wells

were washed with PBS, blocked with 1% monoethanolamine (pH

7.5) then air dried and stored at 4–8°C in ZiplocTM bags until used.

Calibrators
Calibrator solutions of predetermined reactivity in ELISA for both IgE

and IgG were prepared as three-fold serial dilutions of a sera pool col-

lected from a single allergic horse before initiation of immunotherapy

and known to be highly reactive to grass pollens. The reactivity of

these calibrators to a mixture of grass pollen allergens was deter-

mined in each of the respective assay runs. The expected back-

ground corrected values for each of the IgE calibrators 1–6 was

1.317, 0.791, 0.289, 0.110, 0.034 and 0.000, respectively. The

expected background corrected values for each of the IgG calibrators

1–6 was 3.698, 1.693, 0.704, 0.300, 0.116 and 0.072, respectively.

For each assay, calibrator 1 was arbitrarily assigned a relative concen-

tration value of 100 units and calibrators 2–6 were assigned concen-

tration values based upon dilution.
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ELISA procedure (IgE and IgG)
The sera samples were evaluated separately for IgE and IgG with a

panel of allergens including five mites, 16 grasses, 19 trees, 14

weeds, 13 fungi, 11 insects and two environmental allergens/epithe-

lial extracts (Table S1) using enzyme linked immunosorbent assays

(ELISA). All secondary antibodies were purchased from Immunology

Consultants Laboratory, Inc. (Portland, OR, USA), then biotinylated

following previously reported procedures.15–17 For specificity, the

monoclonal anti-IgE and anti-IgG antibodies (IgG-Kappa) were purified

from tissue culture using protein A chromatography and were shown

to react with horses IgE, but not IgM, IgA or IgG (data not published).

The ELISA procedures for IgE and IgG used have been previously

described.15–17 Results were expressed as ELISA absorbance units

(EAU), which are background corrected responses expressed as milli-

absorbance. Potential responses range from 0 to 4,000 EAU and the

positive-negative cut-off EAU values for the assays was determined

to be 150 EAU.

Allergen-specific immunotherapy (ASIT)
Horses were randomly assigned to ASIT treatment groups in blocks

of three to minimize the potential effects of season and environmen-

tal conditions when the ASIT was initiated. Order of assignment

within each block was randomized a priori. ASIT was formulated

based on IDT results alone (Group 1; n = 7); allergen-specific IgE

results by ELISA (Group 2; n = 6); or a composite of IDT and ELISA

results (Group 3; n = 6). Immunotherapy regimens consisted of the

allergens specific to each horse’s test reactivity which were diluted

in a sterile aqueous vehicle (0.9% sodium chloride, 0.4% phenol) at a

final concentration of 20,000 protein nitrogen units/mL. Based on the

number of positive reactions observed with testing results, horses

were given a single vial of ASIT if less than 15 allergens were to be

included and a dual vial if greater than 15 allergens were to be

included in the ASIT. Non-insect environmental allergens, aeroaller-

gens as well biting fly allergen were added to the ASIT based on reac-

tivity. Owners initiated ASIT for each horse. After a six week

induction period of gradual dose increase by subcutaneous injection,

the standard maintenance protocol adopted was 1 mL of allergen

admixture every 21 days for single vial ASIT, and 1 mL alternating

between vial A and vial B at 10 days intervals for dual vial ASIT. All

horses in this study were also allowed supplemental oral or systemic

medications when indicated by the owner or attending veterinarian.

Clinical evaluations
A ten-point (0–10) visual analog scale (VAS) was used to provide

assessment of clinical disease by the horse owner and the primary

investigator at enrolment, time zero and after 12 and 24 months dur-

ing ASIT by the owner via email or telephone. The owner was

instructed to mark within this scale where they would place the

horse’s comfort/clinical signs since starting ASIT. Horses which

scored at the low end of the scale experienced no itching or demon-

strable skin lesions, such as hives, and appeared normal. Horses

which scored at the high end of the scale presented with severe pru-

ritus and excoriations, and/or recurrent urticarial that disrupted daily

activity. Owners were instructed at each VAS evaluation to record

any adverse reactions noted to the ASIT as well as any concurrent

anti-pruritic therapies used. The primary investigator communicated

with horse owners regarding clinical signs, change in medications

and adjusted for any adverse reactions to ASIT throughout the dura-

tion of the study. At the conclusion of the study, owners of horses

that had completed the entire 24 month trial provided an exit survey

with a “global assessment” score (GAS) which accounted for own-

er’s overall satisfaction with clinical improvement, decrease in overall

concurrent medications and desire to continue the ASIT.

Statistical analysis
All analyses were conducted in Stata 12 (StataCorp LLC, College Sta-

tion, TX, USA). Visual analog scores at each point of assessment

were expressed as means and 95% confidence intervals. To deter-

mine if VAS scores improved across all horses from time 0 (enrol-

ment) to the time of study conclusion (24 months), generalized least

squares logistic regression analysis was utilized. To determine if the

type of test used to formulate ASIT was correlated with improve-

ment of VAS scores, the Kruskal Wallis test was utilized and the

potential influence of seasonality on VAS scores was tested with

multinomial logistic regression. Spearman’s rank test of association

was used to detect correlations between immediate and delayed IDT

reactions and ELISA scores at time zero. To assess whether aller-

gen-specific [IgE] and [IgG] varied over time, according to the aller-

gen’s inclusion in the ASIT vaccines, repeated measures panel

regression was utilized. Finally, to determine if horses reacted to

groups of related allergens that have previously been documented to

exhibit cross-reactivity in atopic humans or dogs, Fisher’s exact test

for association was utilized. A P-value of ≤0.05 was used to denote

statistical significance for all outcomes.

Results

A total of 19 horses with clinical signs consistent with a

diagnosis of atopic dermatitis were enrolled in the study.

There were 11 gelded males and eight intact females rep-

resenting various breeds (Table 1), which ranged in age

from two years to 22 years (mean 12.3 years). Eight

horses were diagnosed with pruritus alone, three with

recurrent/non-pruritic urticaria, seven with recurrent urti-

caria and pruritus, and one with pruritus and eosinophilic

collagenolytic granulomas. Clinical signs were assessed

as either seasonal (n = 14) or perennial with seasonal

exacerbations (n = 5). The five horses in the latter cate-

gory were reactive to both seasonal aeroallergens (pol-

lens) and non-seasonal allergens (dust mites/moulds) and

had a history of significant exacerbation of clinical signs

with seasonal changes. The minimum number of positive

reactions on IDT for any individual horse was six. Seven-

teen of the horses had at least one biting insect on the

ASIT (range 1–9 insect allergens, average 5.47). The

remaining two horse had two non-biting insects (May fly

and moth) in the ASIT.

Attrition was experienced across all treatment groups.

However, loss of specific horses to the study was not

related solely to immunotherapy failure and all horses that

completed the 12-month and 24-month evaluation were

included in all statistical analyses. Seventeen horses com-

pleted the first year and 11 horses the second year of

immunotherapy (Table 1).

The mean VAS score across the 19 horses at the time

of study enrolment was 6.44. Despite randomization

Group 2 had a significantly lower VAS score (mean =
5.17) at baseline than the IDT group (mean = 6.14;

P < 0.001) and the combination test group (mean = 8.0;

P = 0.0001). The very low value from a single horse

appeared to influence the Group 2 mean VAS at baseline;

when this horse was excluded from the analysis, the

Group 2 VAS was 6.2 and not significantly different from

the other groups.

Overall, owner-assessed clinical improvement was evi-

dent in 13 of the 17 horses (76.5%) that completed the

first 12 months of ASIT, whereas no substantial clinical

benefit was noted in the remaining four animals. After

24 months of therapy, nine of 11 (81.8%) were judged to

have benefitted from the ASIT. All horses assigned to

either Groups 2 or 3 achieved clinical improvement; how-

ever, only two of four (50%) horses in group 1 showed

similar clinical improvement. Using least squares logistic

regression analysis, the mean VAS score was shown to
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decrease across the entire cohort by 1.2 units [95% CI:

�1.275, �1.143; (P < 0.0001)] for each 12 month period

of ASIT therapy, resulting in a total of 2.4 units improve-

ment at the conclusion of the study. However, the major-

ity of improvement in VAS scores was actually realized

during the first 12 month period of ASIT in all groups, with

only Groups 2 and 3 having additional improvement in

VAS score by the 24 month end-point. Seasonality of clin-

ical signs was not statistically associated with the out-

come measure of VAS at either 12 or 24 months

(P = 0.984 and P = 0.659, respectively). There was also

no statistical difference in clinical response between

horses that received treatment from a single vial versus

two treatment vials.

An overall decrease in concomitant use of anti-pruritic

therapies was noted with ASIT therapy. At study onset,

nine of 19 horses (47%) were receiving oral and/or topical

treatment for control of their AD when ASIT was first initi-

ated (Table 1). At the conclusion of the study, three

horses (27%) required additional anti-pruritic therapy,

while eight of 11 (73%) horses completing the study did

not receive or require additional anti-pruritic therapy. Of

the three that continued to require adjunctive treatment,

two received occasional oral corticosteroids to provide

some additional relief of clinical signs, whereas the third

horse received oral antihistamines (cetirizine) seasonally.

Two of these three horses had a favourable global

assessment score (GAS) and continued on ASIT at the

conclusion of the study. Overall, nine of 11 horses that

completed the 24 month assessment were deemed to

have a positive GAS and continued on ASIT after study

close-out.

Five adverse reactions were reported by the owners to

the primary investigator throughout the 24 month treat-

ment period. Four cases (horses 1, 16, 18 and 19) devel-

oped localized reactions at their ASIT injection sites

during the induction phase but resolved with adjustment

in ASIT dose volume. The remaining case (horse 12) had

prolonged tube clotting times noted at subsequent blood

sampling time points.

There was excellent positive correlation between aller-

gen-specific IgE concentrations [IgE] determined at the

initiation of the study and the immediate IDT reactions

(P < 0.00001) as well as the delayed IDT reactions

(P < 0.00001). There was also excellent positive correla-

tion between allergen-specific IgG concentrations [IgG]

determined at Time 0 and the immediate IDT reactions

(P = 0.0003), but not between serum [IgG] and delayed

IDT reactions (P = 0.269).

Following prolonged ASIT (at the 12 month evaluation)

concentrations of allergen-specific IgE were reduced 5–
109 initial levels (P < 0.05) and remained at these lower

Table 1. Metadata for 19 horses enrolled in the allergen-specific immunotherapy study

Horse Breed

Age

(years) Sex Clinical signs Treatments

Visual analog scale score Global assessment

Group

number0

12

months

24

months

12

months

24

months

1 Welsh pony 17 FI Non-pruritic RU; (S) None known 7 4 4 0 0 1

2 Andalusian

cross

18 MC Pruritus; (S) None known 4 1 0 1 1 2

3 Draft cross 11 MC RU+ pruritus; (S) Anti-pruritic shampoo 9 NA NA NA NA 3

4† Arabian cross 13 FI Pruritus; (S) None known 10 7 2 1 1 1

5 Morgan 22 MC RU + pruritus; (S) Anti-pruritic shampoo

and oral hydroxyzine

7 7 3 1 1 2

6 Quarter horse 20 MC Pruritus; (P) Oral prednisone and

hydroxyzine

10 9 NA 0 NA 3

7 Andalusian

cross

2 MI Pruritus; (S) Oral hydroxyzine 7 6 3 1 1 1

8† Arabian 10 FI RU + pruritus; (S) Anti-pruritic shampoo 6 3 2 1 1 2

9 Quarter horse 22 FI Non-pruritic RU; (S) Oral dexamethasone

q four days

7 0 1 1 1 3

10† Thorough-bred 18 FI RU + pruritus; (P) None known 1 0 NA 1 Euth 1

11 Thorough-bred 10 MC Pruritus; (S) None known 8 2 NA 1 NA 2

12† Fox trotter 6 FI Pruritus + EG; (S) None known 10 7 NA 1 NA 3

13 Nakota 10 MC RU + pruritus; (S) None known 7 5 7 0 0 1

14 Thorough-bred 5 MC RU + pruritus; (S) Unspecified

anti-pruritic therapy

0 NA NA NA NA 2

15 Tennessee

Walker

13 MC Pruritus; (S) None known 7 2 4 1 1 3

16 Thorough-bred 16 MC Pruritus; (S) Anti-pruritic shampoo 3 3 NA 0 NA 1

17 Quarter horse 6 MC RU+ pruritus; (P) None known 6 0 3 1 1 2

18 Morgan 7 FI Pruritus; (P) Oral cetirizine and

prednisone daily

5 6 5 1 1 3

19 Hanovarian 12 FI Non-pruritic RU; (P) None known 8 3 NA 1 NA 1

EG eosinophilic granuloma, Euth euthanized, FI intact female, MC castrated male, P perennial with seasonal, RU recurrent urticaria, S seasonal.

Global assessment score 0 no improvement/discontinued allergen-specific immunotherapy (ASIT); one improved/continued ASIT.

Group 1 ASIT selected from intradermal test (IDT) results.

Group 2 ASIT selection from ELISA results.

Group 3 ASIT selected from combination of IDT and ELISA results.
†Horses which were previously receiving ASIT based on serological testing prior to study enrolment with no clinical benefit/response.

© 2019 ESVD and ACVD, Veterinary Dermatology4

Radwanski et al.



levels throughout the remainder of the study period. For

most horses, allergen-specific [IgG] initially increased

between two to four times the initial levels, waned

slightly, then remained at levels higher than baseline for

the remainder of the evaluation period (Table S2). In a

minority of horses, allergen-specific [IgG] remained rela-

tively constant throughout the course of treatment

(Table S3).

When groups of allergens known to be cross-reactive

were analysed for co-reactivity based on equine IDT and

allergen-specific IgE responses,18,19 there were highly

significant correlations. These were noted for co-reactiv-

ity as assessed by immediate IDT (P < 0.0001), delayed

IDT (P < 0.0001) and IgE scores >150 EAU (P = 0.008).

Weed pollens known to cross-react in other species18

had significant correlation across immediate IDT, delayed

IDT and ELISA. Dust mites cross-reactivity19 also showed

significant correlation across immediate IDT, delayed IDT

and ELISA; while storage mite reactivity correlated only

between immediate and delayed IDT (Table 2).

Discussion

Results of this study support the hypothesis that a favour-

able response to ASIT in horses is associated with

decreased concentrations of allergen-specific IgE and

steady to increased concentrations of allergen-specific

IgG over time. These results could be consistent with a

regulatory T-cell effect on both IgE and IgG production,

induced by ASIT.20,21

A major objective of this study was to compare the clin-

ical responses of horses to ASIT that was formulated

based on different types of allergen screening tests (IDT

versus ELISA). Previous studies have demonstrated poor

correlation between IDT and serological testing results in

horses, and when IDT was used as the “gold standard”,

serological tests suffered from poor sensitivity and mar-

ginal specificity.11,19 However, the reverse would be true

if serological test results were used as the reference

standard. One retrospective study found no significant

difference in response rates or time of response of

horses to ASIT regardless of the test modality used for

ASIT formulation.12 The results of the current prospective

longitudinal evaluation are consistent with these observa-

tions, as significant differences in outcomes were not

detected regardless of the testing modality used for aller-

gen selection. There was also excellent agreement

between serum allergen-specific [IgE] and both immedi-

ate and delayed IDAT reactions. Therefore, we propose

that either test can be used to select allergens for ASIT.

We also analysed our data for evidence of cross-reac-

tivity between groups of pollen and dust mite allergens

that are known to be cross-sensitizing in other spe-

cies.18,19 The allergen groups chosen for analysis con-

sisted of only those that were tested on both the IDT and

ELISA panels. There were highly significant correlations

within each group as assessed by both immediate and

delayed IDT reactions and by the IgE assay. Although true

allergen cross-reactivity is best assessed by ELISA

inhibition assays, it was believed in our study that true

cross-reactivity occurred based on the highly statistically

significant values achieved; these values would be unli-

kely based on chance alone. Therefore, these findings

support the use of allergen cross-reactivity data to inform

the formulation of ASIT vaccines. Many horses will be

multi-sensitized and there are physical limitations on how

many individual allergens can be included in an allergenic

mix. Knowledge of cross-reactivity can assist in selection

of fewer allergens or the use of commercially available

mixes.

There are several weaknesses of this study that must

be considered. The lack of a validated scale for

assessment of clinical signs of AD in horses prompted

the empirical use of a scale that was previously devel-

oped and validated for owner assessment of pruritus in

dogs22–24 and a previous study in horses.25 There are

known weaknesses of these methods, even as applied to

canine studies.24 Most notably, subjectivity and intra-

Table 2. Allergen cross-reactivity as assessed by intradermal testing and ELISA

Allergen group

IDT immediate IDT delayed ELISA >150
P value P value P value

1 Grass pollens

Meadow fescue (Festuca pratensis), perennial rye

(Lolium perenne), sweet vernal (Anthoxanthum odoratum)

0.368 0.018* 0.368

2 Tree pollens

Beech (Fagus grandifolia), birch mix (Betula nigra, B. populifolia,

B. lenta, oak mix (Quercus velutina, Q. rubra, Q. alba)

0.174 <0.001* 0.021*

3 Weed pollens

Cocklebur (Xanthium strumarium), ragweed mix (Ambrosia trifida, A. artemisiifolia)

0.5 0.066 0.063

4 Mites

Acarus siro, Dermatophagoides farinae, Tyrophagus putrescentiae

0.169 0.001* 0.368

5Mites

D. pteronyssinus, Lepidoglyphus destructor

0.007* 0.125 <0.001*

6 Storage mites

A. siro, T. putrescentiae, L. destructor

0.368 0.459 <0.001*

7 Dust mites

D. farinae, D. pteronyssinus

1.0 1.0 0.5

Concordance of reactivity to groups of related allergens is reported according to test type: immediate and delayed responses to intradermal testing

(IDT) and ELISA results.

A significant P value indicates discordance, lack of correlation(*), of results within the group of allergens tested.

*Significant P value.
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observer variability might arise with this defined VAS

scale. Specifically, in this study, our clinical evaluations

were limited to observations made by owners/care-givers

of the horses at 12 month intervals, rather than the inves-

tigators. This was due to the inability of owners to return

their horses to our hospital for follow-up evaluations due

to the great geographical distances the horses had to tra-

vel. The annual VAS evaluations were performed at the

same season as enrolment into the study to decrease

seasonal variations that exist in our geographical location.

Collection of serum samples was performed by the refer-

ring veterinarians. The lack of repeated clinical evaluation

by the investigators in addition to only annually recorded

VAS added an element of subjectivity to our study that

cannot be mitigated.

Secondly, we did not specifically rule out ARF in horses

with perennial yet seasonally exacerbated signs (n = 5).

Although AFR could cause similar clinical signs as aeroal-

lergen-induced AD or act in an additive manner to

increase the pruritic threshold, we believe that the sea-

sonal exacerbations in these case were so clinically

prominent that a treatment effect from ASIT could be

detected. Additionally, these five horses were reactive to

both seasonal aeroallergens (pollens) and non-seasonal

allergens (dust mites/mould) explaining the non-seasonal

yet seasonally exacerbated clinical signs. Overall there

was no statistical difference in VAS scores at month 12

between horses with strictly seasonal clinical signs and

those with perennial disease. However, at 24 months,

three of five horses with perennial disease had been lost

to follow up. In the remaining two horses, overall clinical

signs, especially seasonal exacerbation, had improved

resulting in owners continuing immunotherapy.

Thirdly, we cannot rule out the possibility that concur-

rent insect hypersensitivity affected our results. Seven-

teen of 19 horses had biting insect allergens included in

their ASIT formulas. The efficacy of ASIT for equine IH

has not been adequately addressed by randomized, con-

trolled trials and inclusion of these subjects may have

confounded results. In addition, horse owners were edu-

cated on how to improve biting fly avoidance strategies.

Due to the high proportion of horses that are co-sensi-

tized to aeroallergens and biting insect allergens in our

region, it would not have been possible to conduct this

study if horses with IH were excluded. Yet, our results

were consistent at the 12 month evaluation with other

studies that have shown a noticeable clinical response to

ASIT for pruritic horses with AD,26 horses with urticaria27

and horses with combined AD and IH.25

In spite of these limitations, measurable benefit was

noted in most horses during the first 12 months of ASIT.

Overall, clinical improvement of VAS within the first year

following the initiation of ASIT was noted in 76.5% of the

horses treated and increased to nearly 82% with continu-

ation of ASIT for an additional year, despite four horses

that were improved after 12 months were subsequently

lost to follow-up. The response rates observed in this

study are consistent with, but greater than the response

rates previously reported for ASIT as a sole therapy for

pruritus in horses12 and less than the 92% response rate

reported for recurrent urticaria in horses.26 The treatment

effect measured in this study appeared to have not been

influenced by the seasonality of clinical signs or the num-

ber of allergens included in ASIT. Because of substantial

overlap in clinical signs in individual horses combined with

the limited number of horses with only non-pruritic urti-

caria in this study, we did not perform a pruritus versus

urticaria sub-group analysis.

Four horses (horse 1, 16, 18, 19) demonstrated adverse

events associated with ASIT during the induction proto-

col. The adverse event was characterized by localized

swelling or hive formation at the injection site which

when ASIT dosing was adjusted resolved and horses con-

tinued in the study. These cases highlight the importance

of regular client communication during ASIT induction

protocols, as these horses may not have continued ther-

apy to assess response without vaccine adjustments.

The remaining adverse reaction in horse 12 (clotting disor-

der) was unexpected. This horse had no clinical abnormal-

ities noted by the owner and was responding

exceptionally well to the ASIT with complete resolution of

the pruritus and eosinophilic granulomas (after failing a

prior ASIT protocol based on serological testing prior to

referral). Upon repeated blood sampling for IgE and IgG

serology, a prolonged clotting time was noted in the

serum separator tube. Haematological testing was per-

formed and no significant clotting dysfunction was identi-

fied. However, when ASIT was temporarily discontinued

and repeat sampling was performed, tube clotting time

returned to normal. When ASIT was restarted, the abnor-

mality was repeatable. Since this horse was used for

long-distance competitive trail riding, the owners elected

to permanently discontinue ASIT despite improvement in

clinical signs. To the best of the authors’ knowledge, no

similar, repeatable clotting disorders have been reported

in any species with ASIT therapy.

In conclusion, the results presented herein demon-

strate that most horses completing a minimum of

12 months on ASIT will have a favourable response that

prompts owners to continue with therapy. The type of

test used to select allergens for inclusion in the ASIT vac-

cine did not appear to influence outcome in this study

population. Local (injection site) reactions are relatively

common in horses and respond to dose adjustments.

Successful ASIT in horses is associated with reduction of

allergen-specific [IgE] and either increased or steady

levels of allergen-specific [IgG], which could theoretically

be associated with a T regulatory cell response as

described in other species. Randomized/controlled clinical

trials in horses with the use of a validated scale for

assessment of clinical signs of AD in horses are needed

to better characterize the clinical and immunological

responses to ASIT.
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Table S1. Allergens used for intradermal and serological

testing (ELISA for IgE and IgG).

Table S2. Relative concentrations of allergen-specific IgE

and IgG at varying times post immunotherapy in one

horse with moderate to high levels of allergen-specific

IgE at initiation of immunotherapy.

Table S3. Relative concentrations of allergen-specific IgE

and IgG at varying times post immunotherapy in one

horse with low to moderate levels of allergen-specific IgE

at initiation of immunotherapy

R�esum�e

Contexte – Les effets au long cours de l’immunoth�erapie sp�ecifique d’allerg�ene (ASIT) sur les concentra-

tions d’immunoglobulines E (IgE) et immunoglobulines G (IgG) circulantes chez le cheval n’ont pas �et�e

d�ecrits.

Objectifs – Documenter les changements de s�ev�erit�e clinique des chevaux avec dermatite atopique (AD)

et monitorer les concentrations d’IgG et d’IgE sp�ecifiques d’allerg�enes sur une p�eriode de deux ans

d’ASIT.

Sujets – Dix neufs chevaux de propri�etaires avec un diagnostic d’AD.

Mat�eriel et m�ethode – Trois groupes d’ASIT ont �et�e constitu�es au hasard �a partir des r�esultats obtenus

soit par intradermo-r�eactions (IDT) pour les allerg�enes r�egionaux (n = 7); par un test ELISA (enzyme-linked

immunosorbent assay) pour les IgE sp�ecifiques (n = 6); ou un r�esultat composite des deux tests (n = 6).

Les concentrations s�eriques d’IgE et IgG sp�ecifiques d’allerg�enes inclus dans l’ASIT ont �et�e mesur�es �a t0

et tous les quatre mois. Une �echelle visuelle analogue (VAS) a �et�e utilis�ee pour enregistrer la s�ev�erit�e des
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signes cliniques �a t0, 12 et 24 mois.

R�esultats – Les corr�elations positives ont �et�e document�ees entre les IgE et les r�esultats imm�ediats et

retard�es d’IDT (P < 0.00001), et entre les r�esultats d’IgG et d’IDT imm�ediats (P = 0.003). Les IgE sp�ecifi-

ques dans les sera ont diminu�e significativement (P < 0.05) pou les allerg�enes qui ont �et�e inclus dans

l’ASIT, tandis que les IgG diminuaient. Parmi tous les chevaux, le VAS moyen diminuait de 1,2 unit�es [95%

CI: 1.28, 1.14; (P < 0.0001)] �a chaque p�eriode de 12 mois d’ASIT. L’am�elioration des signes cliniques �etait

not�ee dans 76,5% des chevaux suivant les 12 mois d’ASIT et dans 82% des cas apr�es 24 mois d’ASIT.

Conclusions et importance clinique – Dans cette �etude pilote, l’ASIT chez les chevaux avec AD a

entrain�e une am�elioration clinique significative avec une diminution concomitante des IgE sp�ecifiques

d’allerg�enes et une �el�evation des IgG.

RESUMEN

Introducci�on – no se han encontrado publicaciones acerca de los efectos a largo plazo de la inmunoterapia

espec�ıfica con al�ergenos (ASIT) sobre las concentraciones de inmunoglobulina E (IgE) circulante y la inmu-

noglobulina G (IgG) en caballos.

Objetivos – documentar los cambios en la severidad de manifestaciones cl�ınicas de caballos con dermati-

tis at�opica (AD) y controlar las concentraciones de IgE e IgG espec�ıficas de al�ergenos durante un curso de

dos a~nos de ASIT.

Animales – Diecinueve caballos de propietarios particulares con un diagn�ostico condicional de AD.

M�etodos y materiales – se asignaron caballos al azar en tres grupos de ASIT seg�un los resultados obteni-

dos por pruebas intrad�ermicas (IDT) para alergenos regionales (n = 7); ensayo de inmunoabsorci�on ligado a

enzimas (ELISA) para IgE espec�ıfica (n = 6); o una combinaci�on de los resultados de ambas pruebas

(n = 6). Las concentraciones s�ericas de IgE e IgG espec�ıficas para los al�ergenos incluidos en ASIT se midie-

ron en el tiempo cero y a intervalos de cuatro meses. Se utiliz�o una escala an�aloga visual (VAS) para regis-

trar la gravedad de los signos cl�ınicos en los tiempos cero, 12 y 24 meses.

Resultados – se observaron correlaciones positivas entre la IgE y los resultados de IDT inmediatos y retra-

sados (P < 0,00001), y entre los resultados inmediatos de IDT e IgG (P = 0,003). La IgE espec�ıfica en el

suero disminuy�o significativamente (P < 0,05) para los al�ergenos que se incluyeron en ASIT, mientras que

la IgG aument�o. En todos los caballos, el valor promedio de VAS disminuy�o en 1,2 unidades [intervalo de

confianza (CI) del 95%: 1,28, 1,14; (P < 0,0001)] durante cada per�ıodo de 12 meses de terapia con ASIT.

Se observ�o mejor�ıa en los signos cl�ınicos en el 76,5% de los caballos despu�es de 12 meses de ASIT y en

el 82% despu�es de 24 meses en ASIT.

Conclusiones e importancia cl�ınica – en este estudio piloto, la ASIT en caballos con AD proporcion�o un

beneficio cl�ınico significativo asociado con una reducci�on concomitante de IgE espec�ıfica para al�ergenos y

elevaci�on de IgG.

Zusammenfassung

Hintergrund – Die Langzeitauswirkungen einer Allergen-spezifischen Immuntherapie (ASIT) auf die Kon-

zentrationen der zirkulierenden Immunglobulin E (IgE) und Immunglobulin G (IgG) bei Pferden ist bisher

noch nicht beschrieben worden.

Ziele – Eine Dokumentation der Ver€anderungen im klinischen Ausmaß der Ver€anderungen bei Pferden mit

atopischer Dermatitis (AD) und ein Monitoring der Allergen-spezifischen IgE und IgG Konzentrationen

w€ahrend einer zwei-j€ahrigen ASIT Dauer.

Tiere – Neunzehn Pferde in Privatbesitz mit einer vorbehaltlichen Diagnose von AD.

Methoden und Materialien – Es wurden drei ASIT Gruppen zuf€allig, basierend auf den Ergebnissen ent-

weder des Intradermaltests (IDT) f€ur regionale Allergene (n = 7); Enzyme-linked Immunosorbent Assay

(ELISA) f€ur spezifisches IgE (n = 6); oder einer Mischung der Resultate aus beiden Tests (n = 6), eingeteilt.

Die Serumkonzentrationen f€ur IgE und IgG spezifische Allergene, die in die ASIT inkludiert wurden, wurden

zum Zeitpunkt Null und danach in vier monatigen Intervallen gemessen. Eine Visual Analog Scale (VAS)

wurde verwendet, um die Schwere der klinischen Anzeichen zum Zeitpunkt Null, sowie nach 12 und 24

Monaten festzuhalten.

Ergebnisse – Es wurden positive Korrelationen zwischen IgE und sowohl f€ur Sofort- wie auch f€ur die

Sp€atreaktion der IDT Ergebnisse (P < 0,00001) und auch f€ur die Sofortreaktion des IDT und der IgE Ergeb-

nisse (P = 0,003) beschrieben. Spezifisches IgE im Serum nahm f€ur die Allergene, die in der ASIT inkludiert

wurden signifikant (P < 0,05) ab, w€ahrend die IgG zunahmen. Bei allen Pferden nahm der durchschnittliche

VAS Wert um 1,2 Einheiten [95% CI: 1,28; 1,14; (P < 0,0001)] w€ahrend einer jeden 12 monatigen ASIT

Periode ab. Es wurde eine Verbesserung der klinischen Anzeichen bei 76,5% der Pferde 12 Monate nach

der ASIT und bei 82% nach 24 Monaten der ASIT festgestellt.

Schlussfolgerungen und klinische Bedeutung – In dieser Pilotstudie erbrachte eine ASIT bei Pferden

mit AD eine signifikante klinische Verbesserung, die mit einer gleichzeitigen Verminderung der Allergen-

spezifischen IgE und einer Erh€ohung der IgG einherging.
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要約

背景 – 馬における循環免疫グロブリンE(IgE)および免疫グロブリンG(IgG)濃度に対するアレルゲン特異的

免疫療法(ASIT)の長期的な影響は報告されていない。

目的 – 本研究の目的は、アトピー性皮膚炎(AD)の馬の臨床的重症度の変化を文書化し、2年間のASIT期間

中のアレルゲン特異的IgEおよびIgG濃度をモニターすることである。

被験動物 – ADと条件付き診断された飼育馬19頭。
方法と材料 – 地域アレルゲン(n = 7)に対する皮内試験(IDT)、特異的IgE(n = 6)に対する酵素免疫測定法

(ELISA)、または両テスト結果(n = 6)の複合のいずれかによって得られた結果に基づいて、3つのASITグ
ループに無作為に割り当てた。ASITに含まれるアレルゲンに対する特異的IgEおよびIgG血清濃度を、0時
点に測定し、4ヶ月間隔で測定した。視覚的アナログ尺度(VAS)を用いて、0、12および24ヶ月の時点で臨

床徴候の重症度を記録した。

結果 – IgEと即時および遅延IDTの両方の結果(P < 0.00001)、および即時IDTとIgGの結果(P = 0.003)の間に

正の相関を記録した。ASITに含まれていたアレルゲンに対する血清特異的IgEは、有意に減少した

(P < 0.05)のに対し、IgGは増加した。すべての馬で、平均VASスコアはASIT療法の各12ヶ月の期間中に

1.2単位減少した[95%CI:1.28、1.14;(P < 0.0001)]。臨床症状の改善は、ASITから12ヵ月後の馬の76.5%およ
び24ヵ月後の82%に認めた。

結論および臨床的重要性 – 本予備的研究では、ADを有する馬のASITは、アレルゲン特異的IgEの付随的

な減少およびIgGの上昇と関連した有意な臨床的利益を提供した。

摘要

背景 – 过敏原特异性免疫治疗(ASIT)对马循环免疫球蛋白E(IgE)和免疫球蛋白G(IgG)浓度的长期影响尚未

见报道。
目的 – 记录马异位性皮炎(AD)临床严重程度的变化,并监测两年ASIT过程中过敏原特异性IgE和IgG浓度。
动物 – 19匹条件性诊断为AD的私家马。
方法和材料 – 根据区域过敏原的皮内试验(IDT)(n = 7); 酶联免疫吸附试验(ELISA)检测特异性IgE(n = 6); 或
综合两种试验(n = 6)结果,随机分为三个ASIT组。在零时和每隔四个月测量ASIT中包含的过敏原特异性IgE
和IgG的血清浓度。采用视觉模拟评分(VAS)记录0、12和24个月时临床症状的严重程度。
结果 – IgE与速发及迟发IDT结果均呈正相关(P < 0.00001),速发IDT与IgG结果呈正相关(P = 0.003)。对于包

含在ASIT中的过敏原,血清中的特异性IgE显著降低(P < 0.05),而IgG增加。在所有马匹中,ASIT治疗的每12
个月,平均VAS评分下降1.2单位[95%CI:1.28,1.14;(P < 0.0001)]。在ASIT治疗12个月后,76.5%的马匹临床症

状得到改善;ASIT治疗24个月后,82%的马临床症状得到改善。
结论和临床价值 – 在本项初步研究中,ASIT对AD患马具有显著的临床效果,与过敏原特异性IgE的降低和

IgG的升高有关。

Resumo

Contexto – Os efeitos a longo prazo da imunoterapia al�ergeno-espec�ıfica (ASIT) nas concentrac�~oes s�ericas
de imunoglobulina E (IgE) e imunoglobulina G (IgG) em equinos n~ao foram ainda relatados.

Objetivos – Documentar as alterac�~oes na gravidade dos sinais cl�ınicos da dermatite at�opica (DA) em equi-

nos e monitorar as concentrac�~oes de IgE e IgG al�ergeno-espec�ıficos durante um per�ıodo de dois anos de

imunoterapia.

Animais – Dezenove cavalos de propriet�arios diagnosticados com DA.

M�etodos e materiais – Os animais foram divididos de forma randomizada em três grupos de ASIT base-

ado nos resultados obtidos no teste al�ergico intrad�ermico (IDT) para al�ergenos regionais (n = 7); ensaio de

imunoabsorc�~ao enzim�atica (ELISA) para IgE espec�ıfica (n = 6); ou uma combinac�~ao dos resultados de

ambos os testes (n = 6). As concentrac�~oes s�ericas de IgE e IgG para os al�ergenos espec�ıficos inclu�ıdos na

ASIT foram mensurados nos tempos zero e em intervalos de quatro meses. Utilizou-se uma escala visual

anal�ogica de prurido (VAS) para registrar a gravidade dos sinais cl�ınicos nos tempos zero, 12 e 24 meses.

Resultados – Observou-se uma correlac�~ao positiva entre IgE e os resultados obtidos para reac�~oes imedia-

tas e tardias no IDT (P < 0,00001), e entre os resultados imediatos no IDT e IgG (P = 0,003). A concen-

trac�~ao s�erica de IgE reduziu significativamente (P < 0.05) para al�ergenos que foram inclu�ıdos na ASIT,

enquanto IgG aumentou. Em todos os cavalos, a m�edia do escore VAS reduziu em 1,2 unidades [95% CI:

1.28, 1.14; (P < 0,0001)] durante cada per�ıodo de 12 meses de tratamento com ASIT. Observou-se mel-

hora nos sinais cl�ınicos em 76,5% dos cavalos ap�os 12 meses de ASIT e em 82% ap�os 24 meses de ASIT.

Conclus~oes e importância cl�ınica – Neste estudo piloto, a ASIT proporcionou benef�ıcios cl�ınicos significa-

tivos associados �a reduc�~ao concomitante de IgE al�ergenos-espec�ıfico e elevac�~ao de IgG.
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Supporting Information  
 

Table S1 Allergens used for intradermal and serological testing (ELISA for IgE and IgG) 
 

    
Mites Red Cedar Moulds Other 

Acarus siro Cottonwood ‡  Penicillium mix Feather mix †  

Dermatophagoides 

farinae 

Elm Aspergillus mix Sheep wool †  

Dermatophagoides 

pteronyssinus 

Hazelnut ‡  Pullularia pullans/ 

Aurebasidium 

Cat dander 

Lepidoglyphus 

destructor  

Hickory/Pecan  Alternaria tenuis Human dander †  

Tyrophagus 

putrescentiae 

Maple- Box Elder Botrytis cinerea †  Mouse dander †  

 Mulberry  Mucor mix Goat dander †  

Grasses Oak Cladosporium herbarum Dog dander †  

Bermuda  Pine  Fusarium spp. †  Grain mill dust  

Johnson  Sycamore Curvularia/ Dreshlaria  

June grass Walnut, black Helminthosporium sativum †  

Meadow fescue ‡  Willow, Black  Cephalosporium acremonium  

Perennial Rye White Poplar †  Cephalothecium roseum †  

Quack grass  Olive ‡  Grain smut mix  

Red top ‡   Stemphylium ‡   

Sweet vernal  Weeds Rhodotorula mucilaginosa ‡   

Timothy  Scale ‡  Candida albicans ‡   

Sagebrush mix †  Firebush (Kochia)  Malassezia pachydermatis  

Velvet †  Nettle   

Smooth brome Cocklebur Insects  

Orchard ‡  Dandelion Moth †   

Alfalfa Dock/Sorrel mix Mosquito  

Clover grass/ red 

clover 

English plantain  House fly   

Corn Goldenrod Black ant  

Oat, 

common/cultivated ‡  

Lamb’s Quarter Flea  

Wheat Russian Thistle Cockroach mix (American / 

German) 

 

 Pigweed Culicoides  

Trees Ragweed mix May fly  

Alder Marsh Elder †  Horse fly  

Ash Mugwort †  Deer fly  

Bayberry / Wax 

myrtle 

Dandelion Caddisfly ‡   

Beech ‡  Sage mix ‡  Fire Ant ‡   

Birch Daisy †    

Hackberry ‡     

 
Key †  allergens tested with intradermal testing alone; ‡  allergens tested with ELISA alone.  

  



 

Table S2  Relative concentrations of allergen-specific IgE and IgG at varying times post immunotherapy 
in one horse with moderate to high levels of allergen-specific IgE at initiation of immunotherapy 
 

 
 
* Interpolated from four parameter logistic curve developed with a serial dilution of a reference reactive sera 
pool derived from clinically allergic horses. 
 
℗ Allergens included in immunotherapy regimen. 
  



Table S3  Relative concentrations of allergen-specific IgE and IgG at varying times post immunotherapy 
in one horse with low to moderate levels of allergen-specific IgE at initiation of immunotherapy 
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