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GRAPHICAL ABSTRACT

Background: Insect-bite hypersensitivity is the most common
allergic dermatitis in horses. Excoriated skin lesions are typical
symptoms of this seasonal and refractory chronic disease. On a

cellular level, the skin lesions are characterized by massive
eosinophil infiltration caused by an underlying allergic
response.

From athe Department of Dermatology, University Hospital Zurich, Schlieren; bEvax

AG,M€unchwilen; cETH Zurich, Institute of Molecular Biology & Biophysics, Zurich;
dthe Department of Dermatology, University Hospital Zurich, Zurich; eThurland-

praxis, Niederuzwil; fthe Latvian Biomedical Research & Study Centre, Riga; gthe

Department for Clinical Research VPH, Vetsuisse Faculty of the University of Bern,

Clinical Immunology Group, Bern; hRIA Immunology, Inselspital, University of

Bern; and ithe Jenner Institute, Nuffield Department of Medicine, Henry Wellcome

Building for Molecular Physiology, University of Oxford.

Supported by funding of the Swiss National Science Foundation (SNF grant

CRSII3_154490), Stiftung und Verein Forschung f€ur das Pferd/Pro Pferd (grant

2014/02), the Commission for Technology and Innovation (CTI grant 25758.1 PFLS-

LS), and Benchmark Vaccines Limited, UK, through a licensing agreement with Evax

AG.

Disclosure of potential conflict of interest: A. Fettelschoss-Gabriel reports grants from

the University of Zurich and other support from University Hospital Zurich, personal

fees and nonfinancial support from Evax AG, and personal fees and nonfinancial

support from Evax and has a patent (PCT/EP2016/071078) pending to Benchmark

Animal Health Limited. V. Fettelschoss reports personal fees from Evax AG. F. Thoms

is an employee of HypoPet AG (formerly Saiba Biotech GmbH). A. Zeltins reports a

grant from EVAX AG and employment from the Latvian Biomedical Research and

Study Center, Riga, Latvia. T. M. K€undig reports grants from CTI, Sinergia SNF, and

MERIT and personal fees from Evax AG. M. F. Bachmann reports personal fees from

Evax AG and personal fees and nonfinancial support from Saiba GmbH and has a

patent (PCT/EP2016/071078) pending to Benchmark Animal Health Limited. The rest

of the authors declare that they have no relevant conflicts of interest.

Received for publication September 18, 2017; revised January 17, 2018; accepted for

publication January 29, 2018.

Corresponding author: Antonia Fettelschoss-Gabriel, PhD, Wagistrasse 14, CH-8952,

Schlieren, Switzerland. E-mail: Antonia.gabriel@usz.ch.

0091-6749

� 2018 The Authors. Published by Elsevier Inc. on behalf of the American Academy of

Allergy, Asthma & Immunology. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.jaci.2018.01.041

1

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:Antonia.gabriel@usz.ch
https://doi.org/10.1016/j.jaci.2018.01.041


Objective: To target these cells and treat disease, we developed a
therapeutic vaccine against equine IL-5 (eIL-5), the master
regulator of eosinophils.
Methods: The vaccine consisted of eIL-5 covalently linked to a
virus-like particle derived from cucumber mosaic virus
containing the tetanus toxoid universal T-cell epitope tt830-843
(CMVTT). Thirty-four Icelandic horses were recruited and
immunized with 400 mg of eIL-5–CMVTT formulated in PBS
without adjuvant (19 horses) or PBS alone (15 horses).
Results: The vaccine was well tolerated and did not reveal any
safety concerns but was able to induce anti–eIL-5 autoantibody
titers in 17 of 19 horses. This resulted in a statistically significant
reduction in clinical lesion scores when compared with previous
season levels, as well as levels in placebo-treated horses.
Protection required a minimal threshold of anti–eIL-5
antibodies. Clinical improvement by disease scoring showed
that 47% and 21% of vaccinated horses reached 50% and 75%
improvement, respectively. In the placebo group no horse
reached 75% improvement, and only 13% reached 50%
improvement.
Conclusion: Our therapeutic vaccine inducing autoantibodies
against self IL-5 brings biologics to horses, is the first successful
immunotherapeutic approach targeting a chronic disease in
horses, and might facilitate development of a similar vaccine
against IL-5 in human subjects. (J Allergy Clin Immunol
2018;nnn:nnn-nnn.)
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Insect-bite hypersensitivity (IBH) of horses, also known as
sweet itch, summer eczema, kasen, or Queensland itch, manifests
as chronic relapsing seasonal allergic dermatitis caused by the
biting of insects of the genus Culicoides.1-5

Culicoides species midges are found in various areas of the
world.6-8 The incidence of IBH correlates strongly with the
geographic distribution of Culicoides species, showing the high-
est incidence in some parts of Australia (60%).9-11 Overall,
approximately 10% of all horses worldwide are affected by
IBH,12-15 and in principle, all breeds can succumb to the allergic
disease. During warmer months of the year, IBH-affected horses
experience hairless, weeping, and sometimes even ulcerative le-
sions caused by inflammation and severe itching. Lesions are
characterized by hyperkeratosis, lichenification of the skin,
bleeding, swelling, scales, and crust formation. Histologic hall-
marks of IBH lesions are thickening of the stratum corneum,
epidermis, and dermis, with abundant fibrosis in the latter.9

Commonly, secondary infections with bacteria, mites, and fungi
can cause further local irritation, enhancing lesion formation.
Although IBH was first described in 1840 and is currently the
best characterized allergic disease in horses, treatment options
are still poor, and currently, no satisfactory treatment of IBH is
available.9,16

IBH is classified as IgE-dependent type I allergy,17 with a
strong involvement of type IV allergic hypersensitivity reac-
tions.4,18 In addition to IgE-mediated cross-linking of FcεRI
on mast cells and basophils with subsequent histamine release,
type I allergies also consist of a late-phase reaction with eosin-
ophilia and recruitment of eosinophils into the allergic site. In-
tradermal injection of Culicoides species extract into
IBH-affected horses leads to recruitment of TH2 cells and

eosinophils to the injection site.19 Moreover, in addition to
the role of IgE and type I allergy in the setting of IBH, an
involvement of cell-mediated type IV allergic reactions, also
called delayed-type hypersensitivity, has been discussed in
recent years.16

Type IV allergies can be divided into 4 subgroups: (ie, types
IVa, IVb, IVc, and IVd) depending on the cell types involved.
Type IVb allergy is strongly associated with IL-5–producing TH2
cells, eosinophilia, and eosinophilic type of inflammation20 and
reflects the clinical manifestations of skin inflammation in IBH,
which are characterized by edema and eosinophil accumulation
in perivascular clusters in deeper parts of the dermis.21 These
enhanced eosinophils counts represent the predominant inflam-
matory cell type accumulating in IBH lesions.21,22 Activated eo-
sinophils release granule enzymes and other effector molecules,
such as histamine, eosinophil-derived neurotoxin, cysteinyl leu-
kotrienes, and major basic protein. Major basic protein triggers
degranulation of mast cells and basophils, thereby further
enhancing allergic symptoms.23 Cysteinyl leukotrienes derived
from arachidonic acid are inflammatory mediators contributing
on multiple levels to an allergic reaction, thereby making an
eosinophil a very effective cell type to cause strong allergic symp-
toms during late-phase and delayed-type reactions. Therefore
eosinophil degranulation can mediate hyperreactivity, inflamma-
tion, and local tissue damage, thus potentially driving the pathol-
ogy of IBH.24

To dampen eosinophil activity, we decided to target the
lineage-specific eosinophil master regulator IL-5, which is a
TH2-type cytokine producedmainly by TH2 cells and also bymast
cells. Eosinophil development in the bone marrow is critically
dependent on IL-5.25,26 Moreover, eosinophil release into blood
circulation is mediated by IL-5, and the cytokine plays a key
role in eosinophil activation.27 Also, IL-5 increases survival of
tissue-resident inflammatory eosinophils.28 Mice either vacci-
nated against murine IL-5 or IL-5–deficient knockout mice
show strongly reduced levels of blood eosinophils and
eosinophil-mediated inflammation.26,29 Furthermore, mepolizu-
mab, a humanized anti–IL-5 mAb, significantly reduced circu-
lating eosinophil counts in human subjects and has shown
clinical efficacy in patients with eosinophil-mediated diseases,
such as eosinophil-mediated asthma and hypereosinophilic syn-
drome.30-34 Thus blocking IL-5 can lead to effective control of
IBH.

Instead of targeting IL-5 with mAbs,35 which is not a realistic
approach because of the weight of a horse, we developed a
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