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Abstract

Insect bite hypersensitivity (IBH) is a chronic recurrent dermatitis
characterized by intense itching and represents the most frequent
allergic skin disease in horses. The disease is, on one hand, charac-
terized by allergic pruritus mediated by IL-31; but on the other hand,
it is also IgE type |-mediated, however, with involvement of eosino-
phil-driven delayed type hypersensitivity (DTH) IVb characteristics.
In the latter case, the dominant role of eosinophils might also be ex-
plained by an accumulation of IL-5-positive Th2 cells, which might be
mediated and induced by the chronic allergen exposure during the
life of an allergic individual. By differentiating between the two types
of hypersensitivity reaction in IBH, we place particular emphasis on
a potential shift of the allergic mechanism through chronic allergen
exposure during the natural course of disease. Accordingly, we sug-
gest individual allergic state should be considered when treating an
allergic patient to enhance treatment success.

Introduction

IBH (also known as “summer eczema” or “sweet itch”) represents
the most common allergy in horses and on average affects more than

*Corresponding author: Antonia Fettelschoss Gabriel, Department of Derma-
tology, University Hospital Zurich, Wagistrasse 12, CH - 8952 Schlieren, Switzer-
Ind, Tel: +41 432533097; E-mail: antonia.gabriel@usz.ch

Citation: Lam J, Fettelschoss V, Olomski F, Rhiner T, Birkmann K, et al. (2020)
Chronic Allergen Exposure Might Shift Allergic Mechanisms in Horses with Insect
Bite Hypersensitivity. J Clin Immunol Immunother 6: 017.

Received: March 25, 2020; Accepted: March 31, 2020; Published: April 07,
2020

Copyright: © 2020 Lam J, et al. This is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits unrestrict-
ed use, distribution, and reproduction in any medium, provided the original author
and source are credited.

10% of the equine population worldwide with varying incidences in
different geographical regions ranging from 3% up to 60% [1]. This
highly debilitating disease manifests as a chronic seasonally relaps-
ing pruritic dermatitis, and is caused by insect bites mainly of the
genus Culicoides [2]. Skin lesions typically occur along the dorsal
and ventral bodyline and do look eczema-like, with hyperkeratotic
scales, excoriations due to scratching, bloody crust formation, result-
ing in lichenification. Histopathological hallmarks are oedema, mast
cell degranulation, perivascular infiltration of eosinophils, dendritic
cells and CD4+ T cells leading to dermal fibrosis and hyperplasia and
hyperkeratosis of the epidermis during chronicity [3.,4].

The important underlying allergic mechanism of IBH not only in-
volves Interleukin (IL)-31, a Th2 cell-derived cytokine that mediates
intense pruritus by targeting peripheral nerves [5], but is also classi-
fied as an IgE-mediated or type I allergy [6], where B cells undergo
class switch during sensitization process and produce allergen-specif-
ic IgE that binds to high affinity FceRI receptors on pre-sensitized ba-
sophils and mast cells, ultimately leading to a release of effector cell
mediators [7]. So far allergen-specific immunotherapy (ASIT) did not
show proof of concept in placebo-controlled clinical trials [8,9], de-
spite the clear mechanistic evidence of the IgE-mediated hypersensi-
tivity (type I). Also, IBH-like symptoms could be induced in healthy
horses after intradermal transfer of the allergen in combination with
not only IgE, but also IgG antibodies from IBH-affected horses [10].
In another study, treatment of histamine H1-antagonist Cetirizine
could not reduce dermatitis compared to placebo-control group [11].
This suggests the involvement of additional hypersensitivity mech-
anisms. Evidence emerged that cell-mediated hypersensitivity, also
called type IV allergy or DTH may play a role [12]. Type IV allergies
can be subdivided into type a-d, dependent on cell types involved
[13]. Already in 1994, hypersensitivity type IV characteristics were
described for IBH-affected horses [3], which has been later recon-
firmed by showing a close positive correlation of eosinophil levels
in blood with IBH severity, while IgE levels did not correlate with
severity [1]. Furthermore, eosinophil accumulation is a clinical man-
ifestation of IBH, forming dense perivascular clusters in the deeper
dermis and ultimately resulting in acute skin inflammation [14,15].

Therefore, eosinophils are nowadays known to contribute to an
additional IBH mechanism by not only playing a key role in the
late phase of IgE-mediated hypersensitivity (type I) but also in the
cell-mediated hypersensitivity (type IVb) reactions [13].

Hypothesis for IBH Allergy Mechanism

In terms of the great relevance of eosinophils in IBH mechanisms,
it is worth mentioning its close connection to Th2 cells, more specif-
ically conventional Th2 (¢Th2) and pathogenic effector Th2 (peTh2)
cells. In humans, it has recently been shown that chronic allergen ex-
posure leads to a shift from allergic IL-5- Th2 cells (cTh2) towards
IL-5*- Th2 cells (peTh2). In detail, cTh2 has been described to mainly
express IL-4 and IL-13, thereby promoting B cell class switch to-
wards IgE antibody producing plasma cells, causing type I allergic
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reactions, but only low levels of IL-5. In contrast, the peTh2 cells are
highly positive for IL-5, which is a major source for eosinophil pro-
duction, recruitment and activation, leading to eosinophil-mediated
tissue damage. It has been suggested that chronic antigen exposure
promotes the transformation from cTh2 cells into peTh2 cells, thus
shifting dominating allergic molecular mechanism of allergy [16].

Also, IBH-affected horses are exposed to their allergens every
year. Thus, it is likely that allergic horses also shift from cTh2 towards
IL-5-producing peTh2 cells, which can be explained by the strong
correlation of eosinophils and IBH severity. We herewith suggest that
the early phase of IBH is dominated by a type I allergy including al-
lergen-specific cTh2 cells and IgE, whereas the chronic phase is char-
acterized by a transition of ¢Th2 cells towards IL-5- peTh2 cells. The
high amounts of T-cell derived IL-5 will lead to enhanced eosinophil
production followed by enhanced recruitment into the allergic skin
and subsequent cell activation causing tissue damage. By contrast,
pruritus remains constant in IBH-affected horses with the natural al-
lergy progression; however, the source may differ, i.e. of histaminic
or non-histaminic origin such as IL-31 (Figure 1).

Eosinophils (iEos)

Pruritus

Figure 1: Model of switching allergy mechanisms through chronic allergen exposure
during the natural course of IBH.

Allergic mechanisms of IBH are influenced by the duration of allergen exposure. The
early onset of IBH is classified as an IgE-mediated or type I allergy, which is primary
implied by the dominant role of conventional Th2 (cTh2) cells. As such, cTh2 express-
es IL-4 and IL-13, promoting B cell class switch towards IgE antibody producing plas-
ma cells and causing type I allergic reactions (left). With allergy progression, chronic
allergen exposure during the natural course of IBH might drive the differentiation
of ¢cTh2 into pathogenic effector (peTh2) cells, which are highly positive for IL-5
and thus a major source for eosinophil production, recruitment and activation (right).
By contrast to the mechanistic drive of IgE to eosinophils and ¢Th2 into peTH2 by
chronic allergen exposure, pruritus exacerbates constant itching throughout the course
of disease, whereby 1L-31 is a key player.

Discussion

IBH is well known and characterized, yet conventional treatment
options are not satisfactory and did not always result in an improve-
ment of allergy symptoms.

We currently suggested treating IBH-affected horses by targeting
eosinophils using a commercially not yet available virus-like particle-
(VLP-) based therapeutic vaccine. Its underlying mechanism involves

the successful induction of antibodies against IL-5 [1,17], which
critically contributes to eosinophil development, recruitment and
activation. Besides, other potential treatment options are nowadays
investigated, such as the induction of antibodies against IL-31, a Th2
cytokine mediating histamine independent allergic pruritus via nerve
cells in the skin [5], improved ASIT using recombinant allergens or
the selection of IL-10-/Treg-inducing adjuvants [7]. Once, new prod-
ucts will be available for commercial use, it is important to fully un-
derstand the mechanism behind IBH in order to define biomarkers for
opting for the best treatment outcome in terms of individual allergic
horse patients.

Our hypothesis suggests that the underlying allergic mechanisms
of IBH are influenced by the duration of allergen exposure. Early al-
lergy might be highly IgE-dependent, whereas IgE might rather be-
come negligible with allergy progression, while instead eosinophils
become more dominant in terms of allergy induction (Figure 1). This
novel insight suggests that treatment methods e.g. anti-histamines and
ASIT will be most beneficial when conducted in young animals with
a short history of allergy. On the contrary, more severe cases, already
showing chronic features, should be treated with agents decreasing
numbers of eosinophils such as corticosteroids or the IL-5-vaccine.
Also, when conducting clinical proof of concept studies, patient co-
horts should be carefully selected in order to show efficacy of thera-
pies.

Future management of allergic diseases might be determined by
taking into account the current dominating allergic response of each
allergic individual. Thus, more suitable choices for therapies will im-
prove the owner’s compliance leading to more satisfying therapeutic
effects.
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