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Abstract: Urticaria, independent of or associated with allergies, is commonly seen in horses and
often shows a high reoccurrence rate. Managing these horses is discouraging, and efficient treatment
options are lacking. Due to an incidental finding in a study on horses affected by insect bite hyper-
sensitivity using the eosinophil-targeting eIL-5-CuMV-TT vaccine, we observed the prevention of
reoccurring seasonal urticaria in four subsequent years with re-vaccination. In an exploratory case
series of horses affected with non-seasonal urticaria, we aimed to investigate the role of eosinophils in
urticaria. Skin punch biopsies for histology and qPCR of eosinophil associated genes were performed.
Further, two severe, non-seasonal, recurrent urticaria-affected horses were vaccinated using eIL-5-
CuMV-TT, and urticaria flare-up was followed up with re-vaccination for several years. Eotaxin-2,
eotaxin-3, IL-5, CCR5, and CXCL10 showed high sensitivity and specificity for urticarial lesions, while
eosinophils were present in 50% of histological tissue sections. The eIL-5-CuMV-TT vaccine reduced
eosinophil counts in blood, cleared clinical signs of urticaria, and even prevented new episodes
of urticaria in horses with non-seasonal recurrent urticaria. This indicates that eosinophils play a
leading role in urticaria in horses, and targeting eosinophils offers an attractive new treatment option,
replacing the use of corticosteroids.

Keywords: urticaria; horses; IL-5 vaccination; eosinophils

1. Introduction

Urticaria, also called hives, is common in horses [1]. Comparably to humans, clinical
signs of urticaria in horses are well-defined raised areas with lumps, wheals, or rings, which
occur in the superficial dermis [2]. In severe cases, whole areas, e.g., the head or other
mucosal areas, may become swollen. The pathogenesis of urticaria in horses primarily com-
prises IgE-mediated reactions, including mast cell degranulation accompanied by basophil
degranulation, similar to type I allergies. Chemical mediators, such as vasoactive histamine,
heparin, cytokines, prostaglandins, leukotrienes, and others, lead to an increase in vascular
permeability (angioedema) and inflammation, which in turn causes wheal formation [2–4].
Skin biopsies reveal mild to moderate perivascular to interstitial aseptic dermatitis with
numerous eosinophils and lymphocytes, including variable dermal oedema [4].
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Comparably to humans, causes of urticaria in horses are various and include immuno-
logical causes and non-immunological causes, and urticaria may present with or without
pruritus [2]. Immunological causes are, in particular, atopic dermatitis, food allergies,
inhaled allergens, insect-bite hypersensitivity (IBH), vaccines, and drugs (penicillin, tetra-
cycline, sulfonamides, neomycin, ciprofloxacin, streptomycin, aspirin, phenylbutazone,
flunixin, phenothiazines, guaifenesin, ivermectin, moxidectin, pethidine, iron, dextrans,
hormones, vitamin B complex, and liver extracts), vasculitis, contact with a substance
or material, infections (bacterial (e.g., strangles), viral (e.g., horse-pox), fungal, parasitic
(e.g., Trypanosoma equiperdum), protozoal), and snakebites. Non-immunologic causes
include dermatographism and pressure, cold temperature, heat, sunlight, psychological
stress, and exercise [2].

A challenge for the long-term clinical management and cure of equine recurrent
urticaria is the identification of the underlying cause. Identification of the underlying
cause and etiology of equine recurrent urticaria is often discouraging because recurrence
is common [1]. Acute signs are often treated with systemic steroids, although severe side
effects might occur, especially with long-term use, such as osteoporosis and laminitis [5].
Thus, there is a need for prevention and treatment options in horses which are affected by
urticaria, and in particular, by recurrent urticaria.

Here, we investigate the potential role of eosinophils in urticaria through histology,
the gene expression profile of urticaria wheals, and by targeting eosinophils using the
eIL-5-CuMV-TT vaccine in a case series of urticaria-affected horses. The eIL-5-CuMV-
TT vaccine is a virus-like particle (VLP)-based vaccine, conjugated to multiple copies of
equine Interleukin (IL)-5 to overcome B-cell tolerance, inducing anti-IL-5 antibodies and
reducing levels of equine IL-5, the key cytokine exerting a central role in the differentia-
tion, recruitment, survival, and degranulation of eosinophils [6,7]. Our data reveal that
eosinophils were indeed found to infiltrate the skin during urticaria flare-ups, accompanied
by a significant upregulation of chemoattractant genes to recruit eosinophils. Further-
more, the eIL-5-CuMV-TT vaccine was able to treat and prevent urticaria flare-ups in
vaccinated horses.

2. Materials & Methods
2.1. Horses

All of the horses involved in this study were client-owned horses. All clinical studies
had been approved by the respective cantonal veterinary authorities, license numbers
25152, 28780, 29968, 33558, and 33608. All horse owners gave written informed consent.
All horses were located in Switzerland. IBH & (seasonal) urticaria with eIL-5-CuMV-TT
vaccination. Three Icelandic horses from an IBH trial [6–8] showed additional seasonal
clinical signs of urticaria. E-UAS was followed during an untreated year, a placebo year,
and up to four vaccination years. Recurrent urticaria-affected (non-IBH) & healthy horses for
biopsy collection: For 2 mm punch biopsies, including 12 recurrent urticaria-affected (no
IBH) non-Icelandic horses and 24 healthy non-Icelandic horses. For 6 mm punch biopsies,
including 6 recurrent urticaria-affected (no IBH) non-Icelandic horses. Case reports recurrent
urticaria (non-IBH) with eIL-5-CuMV-TT vaccination: two non-Icelandic horses with recurrent
urticaria (no IBH) received vaccination.

2.2. Exploratory Urticaria Activity Score (E-UAS)

An Urticaria Activity Score (UAS) was applied, which examines the severity of the
urticaria using the area of hives on the affected skin of the horse. An exploratory ur-
ticaria activity (E-UAS) score ranges from 0 to 3, wherein 0 corresponds to no urticaria
(hives/wheels), 1 corresponds to up to one-third (≤1/3) of the body affected, 2 corresponds
to more than one-third up to half of the body affected (1/3 < x ≤ 1/2), and 3 corresponds
to more than half of the whole body affected (>1/2). A similar test and score for the
determination of urticaria symptoms has been established for human urticaria [9].
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2.3. Blood Collection and Differential Blood Analysis

Blood was collected from the V. jugularis at the intersection of the proximal to median
third of the neck. For the differential blood analysis, 3 mL of fresh EDTA blood was
collected in tubes provided by IDEXX Diavet (Freienbach, Switzerland) and was measured
by IDEXX Diavet.

2.4. Skin Punch Biopsies

Skin punch biopsies (Stiefel) were collected according to the manufacturer’s instruc-
tions in horses with recurring non-seasonal urticaria (without the presence and history
of clinical signs of IBH) prior to vaccination. Either 6 mm diameter punch biopsies
from lesional biopsies (n = 6) were collected for paraffin embedding and preparation
of hematoxylin-eosin (H&E) stained slides, or 2 mm were collected for RNA isolation
and subsequent qPCR. Two mm punch biopsies were collected from lesional (L) (n = 12)
and non-lesional (NL) (n = 11) skin of urticaria-affected horses and healthy (H) skin of
non-urticaria-affected horses (n = 24) and placed into RNAlater™ stabilization solution
(Thermo Fischer, Waltham, MA, USA) for RNA extraction, as described previously [10].
Biopsy processing for qPCR, including the primers used, was described in [11]. The levels
of mRNA expression from genes involved in eosinophil recruitment were quantified in
both samples of urticaria-affected horses, and compared to healthy skin.

2.5. eIL-5-CuMV-TT Vaccine Production and Vaccination of Horses

This was described in [6]. Briefly, eIL-5 homodimers were coupled to VLP CuMV-
TT using an SMPH crosslinker, and uncoupled eIL-5 was removed by size exclusion
chromatography. Horses were vaccinated subcutaneously using 0.3 mg in 1 mL of eIL-
5-CuMV-TT vaccine without the presence of adjuvants. Placebo horses in the IBH trial
received 1 mL of PBS. In the first vaccination year, horses received a basic vaccination
regimen consisting of three vaccine injections in weeks 0, 4, and 18 ± 2. In subsequent
vaccination years, horses received a single yearly booster.

2.6. Statistics

All graphs comparing vaccinated horses versus placebo horses show the mean and
standard error of the mean (SEM). Statistical analysis by the Kruskal–Wallis test corrected
for multiple comparisons. Considered to be statistically significant were p-values lower
than 0.05: * p < 0.05; ** p < 0.01; *** p < 0.001; **** p < 0.0001.

3. Results
3.1. Clinical Effect on Seasonal Urticaria in Interleukin (IL)-5 Vaccinated IBH Horses

Commonly, horses with a single hypersensitivity such as IBH, severe equine asthma
(formerly known as recurrent airway obstruction (RAO)), or urticaria are predisposed to de-
velop additional allergies and may suffer from multiple hypersensitivities [12]. As such, in
a clinical study with horses affected by IBH [6–8], we noted that three horses, in addition to
IBH, also showed re-occurring seasonal urticaria during summer, which was most probably
insect-related. During the course of the long-term study, horses showed urticaria flare-ups
in an untreated season and a placebo-treated season (Figure 1A,C). Interestingly, once vac-
cinated using the eIL-5-CuMV-TT vaccine targeting eosinophilia, horses stopped showing
clinical signs of urticaria during all four observed and vaccinated seasons (Figure 1A,C).
Along the same lines, a trend towards higher eosinophil levels in blood was found when
horses showed more severe clinical signs of urticaria (Figure 1B).
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Figure 1. Clinical effect on seasonal urticaria in IL-5 vaccinated IBH horses. Horses affected by in-

sect-bite hypersensitivity (IBH) participated in a vaccination trial using the eIL-5-CuMV-TT vaccine. 

Three horses in addition showed re-occurring seasonal urticaria. (A) E-UAS showing the highest 

urticaria activity of horses in untreated (no treatment), placebo-treated, or eIL-5-CuMV-TT (DV) in 

1st, 2nd, 3rd, and 4th vaccination years. (B) E-UAS and contemporaneous eosinophil levels in blood 

from the three horses in placebo and/or untreated year during urticaria flare-up. (C) Representative 

photographs of a horse during placebo and vaccine treatment at the same time point in both years 

(placebo, upper line; eIL-5-CuMV-TT vaccinated, lower line). 

3.2. Eosinophilic Gene Expression and Eosinophil Infiltration into Urticaria-Affected Skin 

The unexpected finding of preventing re-occurring seasonal urticaria in horses when 

targeting self-IL-5 using the eIL-5-CuMV-TT vaccine led to the recruitment of horses af-

fected by recurrent urticaria in the absence of clinical signs of IBH.  
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rent urticaria horses showing clinical signs of urticaria at the time point of biopsy collec-

tion, with a special interest in levels of mRNA expression from genes involved in 

Figure 1. Clinical effect on seasonal urticaria in IL-5 vaccinated IBH horses. Horses affected by
insect-bite hypersensitivity (IBH) participated in a vaccination trial using the eIL-5-CuMV-TT vaccine.
Three horses in addition showed re-occurring seasonal urticaria. (A) E-UAS showing the highest
urticaria activity of horses in untreated (no treatment), placebo-treated, or eIL-5-CuMV-TT (DV) in
1st, 2nd, 3rd, and 4th vaccination years. (B) E-UAS and contemporaneous eosinophil levels in blood
from the three horses in placebo and/or untreated year during urticaria flare-up. (C) Representative
photographs of a horse during placebo and vaccine treatment at the same time point in both years
(placebo, upper line; eIL-5-CuMV-TT vaccinated, lower line).

3.2. Eosinophilic Gene Expression and Eosinophil Infiltration into Urticaria-Affected Skin

The unexpected finding of preventing re-occurring seasonal urticaria in horses when
targeting self-IL-5 using the eIL-5-CuMV-TT vaccine led to the recruitment of horses affected
by recurrent urticaria in the absence of clinical signs of IBH.

At first, skin punch biopsies were collected from healthy horses and non-IBH recurrent
urticaria horses showing clinical signs of urticaria at the time point of biopsy collection, with
a special interest in levels of mRNA expression from genes involved in eosinophil recruit-
ment. Eosinophilic chemotactic chemokines eotaxin-2 (Figure 2B) and eotaxin-3 (Figure 2C)
were significantly upregulated in lesional urticaria-affected skin when compared to healthy
skin. Eotaxin-1 (Figure 2A) showed no difference in expression levels among the groups. IL-
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5 was significantly increased in both urticaria-affected samples when compared to healthy
samples (Figure 2D). Comparably, CCR5 (Figure 2E) and CXCL10 (Figure 2F), which were
both also involved in the recruitment of eosinophils [11], were found to be significantly
increased in both urticaria-affected samples when compared to healthy samples. When
comparing the predictive values for these genes, the highest sensitivity and specificity were
found for CXCL10, CCR5, eotaxin-2, and IL-5 (Figure 2G, Table 1).
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Figure 2. Eosinophilic gene expression in urticaria-affected skin. Relative mRNA expression of
eosinophilic genes eotaxin-1 (A), eotaxin-2 (B), eotaxin-3 (C), IL-5 (D), CCR5 (E), and CXCL10 (F)
in healthy horses (H, n = 24) and urticaria-affected (non-IBH) horses with lesional (L, n = 12) and
non-lesional (NL, n = 11) biopsies including sensitivity/specificity ROC analysis per gene for lesional
versus healthy biopsies (G). * p < 0.05; ** p < 0.01; *** p < 0.001; **** p < 0.0001.
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Table 1. Sensitivity and specificity ROC analysis per gene for lesional versus healthy biopsies.

Gene/AUC Area Standard Error 95% Confidence Interval p Value

Eotaxin 1 0.5486 0.1069 0.3391–0.7581 0.6385

Eotaxin 2 0.8715 0.06312 0.7478–0.9952 0.0003

Eotaxin 3 0.7569 0.08557 0.5892–0.9247 0.013

CXCL10 0.9722 0.02278 0.9276–1 <0.0001

IL-5 0.8785 0.05782 0.7652–0.9918 0.0003

CCR5 0.9063 0.04992 0.8084–1 <0.0001

Secondly, skin punch biopsies from six urticaria-affected horses were collected for
histological analysis on H&E-stained tissue. Three biopsies of lesional skin showed vast
numbers of perivascular eosinophils and lymphoplasmacellular infiltrates in the dermis
(Figure 3A,B), and three biopsies of lesional skin were without eosinophil involvement
(Figure 3C,D).
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Figure 3. Eosinophil infiltration into urticaria-affected skin. Two representative skin biopsies of a
fresh lesion from two urticaria-affected (non-IBH) horses stained with H&E. An overview of the skin
biopsy (scale bar = 500 µm) of horse x (A) and horse y (C) and corresponding enlarged section (scale
bar = 100 µm) of horse x (B) and horse y (D) are shown. (A,B) shows moderate lymphoplasmacellular
and eosinophilic perivascular inflammation, (C,D) no evidence of inflammatory infiltrates.

3.3. Two Case Reports of IL-5 Vaccination in Non-IBH Horses with Non-Seasonal Recurrent Urticaria

Two horses with non-intermittent recurrent urticaria were included in this case series,
being vaccinated using the eIL-5-CuMV-TT vaccine. Both horses received two initial
prime-boost vaccinations in weeks 0 and 4, with follow-up booster vaccinations to prolong
immunity. For both horses, husbandry conditions, feed, and pasture habits remained
unchanged during the whole duration of the study. Both horses were regularly vaccinated
and dewormed.

Horse 1 (*2011, Fell-pony/Appaloosa mixed breed) was suffering for approximately
two years from almost non-intermittently severe recurrent urticaria. This horse did not
show any clinical signs of IBH. Urticaria episodes were reoccurring during the whole year,
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notably during all four seasons of the year, however, the trigger was unknown. With time,
urticaria episodes were lasting longer and were getting more severe. Only high doses
of corticosteroids were able to cure the symptoms. Nevertheless, due to frequent and
severe relapses, the horse was enrolled to participate in our case study to test the eIL-5-
CuMV-TT vaccine in horses with recurrent non-seasonal urticaria. Eosinophil levels were
enhanced at early and initial time points of urticaria episodes. The horse was vaccinated
in weeks 0, 4, and 20. Interestingly, the subsequent day after receiving the booster of the
second and third vaccination, the horse showed urticaria wheals around the injection site,
which then disappeared the following day. Following the second vaccination onwards
using eIL-5-CuMV-TT, eosinophil counts in blood declined, and clinical signs of urticaria
disappeared, thus, replacing highly effectively the corticosteroid treatment, and even
preventing new episodes of urticaria (Figure 4A). The horse stayed remission-free for two
years and then the first urticaria flare-up post-vaccination appeared with severe clinical
signs at the head and neck, and eosinophil levels in the blood increased to 0.67 × 109/L
(normal range 0.01–0.32 × 109/L). One week later, the horse received an eIL-5-CuMV-TT
booster vaccination. Within one week, the de-novo wheal formation was stopped, and
existing clinical signs started to heal and disappear quickly. Approximately one year later,
another urticaria flare-up appeared and the horse received another booster vaccination
three weeks after the flare-up started. This time, when the booster vaccination was applied
later during the course of the flare-up, it took much longer, approximately four weeks, until
the horse was cleared from urticaria.
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Figure 4. Clinical efficacy of IL-5 vaccination in non-IBH horses with non-seasonal recurrent urticaria.
(A) Untreated, photographs of urticaria wheels before vaccination; post 2x eIL-5-CuMV-TT vacci-
nated, representative photographs of horse skin following second vaccination using eIL-5-CuMV-TT.
(B) Before, photographs of urticaria wheels before vaccination; post 2x eIL-5-CuMV-TT vaccinated,
representative photographs of horse skin following second vaccination using eIL-5-CuMV-TT.
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Horse 2 (*2003, Oldenburger) was suffering for several years from severe recurrent
urticaria. This horse never showed any clinical signs of IBH. Urticaria episodes were
reoccurring during the whole year, with a peak in autumn; the trigger was unknown.
With time, urticaria episodes were lasting longer and were getting more severe. Only high
doses of corticosteroids were able to cure the symptoms for a short duration. A skin punch
biopsy was taken by the treating veterinarian, showing a high number of perivascular
eosinophils. Due to frequent and severe relapses, the horse was enrolled to participate in
our case series to test the eIL-5-CuMV-TT vaccine in horses with recurrent non-seasonal
urticaria. The horse was vaccinated in weeks 0 and 4. Following the second vaccination
onwards using the IL-5-CuMV-TT, the clinical signs of urticaria disappeared (Figure 4B).
A booster vaccination was injected in week 12. In the subsequent year, the horse received a
booster vaccination in February, however, presented with a strong flare-up from October
until June in the following year. In order to prevent the severe autumn flare-up, the horse
was then boosted again in August to achieve a high antibody titer in autumn. Indeed,
there was no urticaria afterwards during all of autumn, winter and spring, until today. As
such, a booster prior to the expected main disease season was able to prevent new episodes
of urticaria.

4. Discussion

Our data shed light on an underestimated outsider in the pathogenesis of urticaria
in horses. Eosinophils and their recruitment into the skin seem to be closely linked with
urticaria lesions. Gene expression profiles highlight eotaxin-2, eotaxin-3, IL-5, CXCL10,
and CCR5 and, thus, remind us of similar patterns recently described in horses with
seasonal IBH [11]. Interestingly, not all histological skin sections revealed eosinophil
infiltration, which was found in 50% of biopsies only. Furthermore, the eIL-5-CuMV-
TT vaccine successfully treated and prevented urticaria flare-ups in seasonal, as well as
non-intermittent non-seasonal, chronic urticaria, and also in long-term studies with up
to four years of vaccination follow-ups. This suggests a leading role of eosinophils in the
development and progression of urticaria in horses. The clinical efficacy of vaccine-induced
neutralizing anti-IL-5 antibodies, which in turn limit eosinophil numbers in blood and
hence limit eosinophil availability for tissue migration [7], may depend on critical timing,
and showed enhanced efficacy in the preventive vaccination scenario. A limitation of this
study is the small number of patients.

To date, besides the histopathological presence of eosinophils in lesional urticaria
biopsies, the role of eosinophils in urticaria in horses is poorly understood. On a general
note, depending on the degranulation mechanism, degranulated eosinophils are no longer
visible in histological skin sections, which is in contrast to degranulated mast cells [13–15].
Hence, eosinophil presence on histological slides may depend on the degranulation status
of eosinophils, the time point of collection, and/or may be missed in particular at the end of
a flare-up. Bringing the histological findings with a 50% presence of eosinophils into context
with the qPCR data showing similar eosinophilic gene expression for lesional, as well as non-
lesional, samples during an urticaria flare-up, it may rather point towards a technical issue
during preparation causing the degranulation-mediated disappearance of eosinophils from
histological slides. As such, judging eosinophil involvement from a histological slide may
be difficult. For humans, the role of eosinophils in urticaria is somewhat controversially
discussed [16,17]. Approved options to treat humans affected by chronic spontaneous
urticaria (CSU) are antihistamines in up to a fourfold dosage and an anti-IgE monoclonal
antibody, omalizumab, which have demonstrated efficacy, however, not in all patient
groups [16,18]. Even though eosinophil involvement in urticarial wheals is, without doubt,
emphasized in various reports, therapies that target the IL-5/eosinophil pathway have
not yet shown conclusive results in placebo-controlled randomized trials in patients with
CSU [16]. Nevertheless, case studies were able to show successful treatment using anti-
IL-5 monoclonal antibodies. In 2018, a human patient with severe refractory eosinophilic
asthma and CSU was successfully treated with anti-IL-5 monoclonal mepolizumab [19].
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During CSU flares, some studies report blood eosinophilia, while others report eosinopenia.
Eosinopenia is not, per se, contradicting eosinophilia, because eosinophils might leave
the blood to be recruited to the skin [20]. This indicates that eosinophilia in blood or skin
may be very much dependent on the time point when the sample is taken. Along the
same lines, our data presented here and the controversial data in humans using anti-IL-
5-directed biologicals such as benralizumab or mepolizumab [21,22] may suggest that
the timing of therapy application might be a relevant factor for the efficacy of an anti-IL-
5/eosinophil targeting.

Furthermore, potential crosstalk between eosinophils and mast cells and/or basophils
might be affected when reducing the number of eosinophils. Our group previously pub-
lished a significant reduction of basophils in the blood upon eIL-5-CuMV-TT vaccination in
horses affected by IBH [23]. The underlying mechanism of such a bystander in basophil
reduction is not yet understood. It is possibly explained either by the reduced number of
eosinophils, which indirectly affects or diminishes the crosstalk of cells and hence lowers
the production of basophils, or by the removal of IL-5 may directly, as basophils express
the IL-5Ra [24–27]. Moreover, a human patient with eosinophilic asthma and an idiopathic
mastocytosis receiving mepolozumab showed an eosinophil reduction and surprisingly a
parallel significant reduction of mast cell-derived tryptase, strongly linked to mepolizumab
applications, thus, further suggesting an eosinophil-mast cell interaction controlled by
IL-5 [28].

5. Conclusions

In summary, eosinophils may play an unexpected emerging role in urticaria in horses.
Blocking IL-5 has shown a very good safety profile both in humans [29,30] and in horses [8].
In particular, the eIL-5-CuMV-TT has been shown to induce reversible antibody titers that
require a periodic vaccine booster to maintain antibody titers. To date, equine recurrent
urticaria has been challenging for veterinarians and owners, and limited information is
available regarding the long-term management of this condition [31]. Hence, exploring
new promising treatment options such as the eIL-5-CuMV-TT vaccine targeting eosinophils
will be important to treat, prevent and cure recurrent urticaria in horses in the future. In
particular, the timing of administration of IL-5-blocking agents might be an important
parameter to monitor and investigate in future efficacy studies.

Author Contributions: A.F.-G. planned, performed, and analyzed the experiments and clinical
studies, interpreted the data, and wrote the manuscript. K.B., F.J., N.W., S.H., V.I., G.K. and P.G.
planned, performed, and analyzed the experiments and clinical studies, and interpreted the data.
A.H., F.C. and P.S.-G. contributed to the discussion. All authors have read and agreed to the published
version of the manuscript.

Funding: This project was supported by funding from the Swiss National Science Foundation (SNF
grant CRSII3_154490), Stiftung und Verein Forschung für das Pferd/Pro Pferd (Grant 2014/02), of the
Commission for Technology and Innovation (CTI Grant 25758.1 PFLS-LS) and EVAX AG (CH).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: All horse owners gave written informed consent. All horses were
located in Switzerland.

Data Availability Statement: Dataset available on request from the authors.

Acknowledgments: We thank all horse owners who participated with their horse(s) in our clini-
cal studies.

Conflicts of Interest: K.B., V.I. and A.F.-G. are involved in the development of active immunotherapies.
The authors F.J., N.W., S.H., V.I., G.K., A.H., P.G. and F.C. have no conflicts of interest to disclose. P.S.-G.
has received speaker fees and honoraria from AdBoards from AstraZeneca, G.S.K., and Novartis.



Vaccines 2024, 12, 562 10 of 11

References
1. Yu, A.A.; Rosychuk, R.A. Equine Dermatology. Vet. Clin. North Am. Equine Pract. 2013, 29, xi–xii. [CrossRef] [PubMed]
2. Akucewich, L.; Kunkle, G. Urticaria. Compendium: Equine Edition 2007, 100–111. Available online: https://www.vetfolio.com/

learn/article/urticaria (accessed on 14 May 2024).
3. Rüfenacht, S.; Marti, E.; von Tscharner, C.; Doherr, M.G.; Forster, U.; Welle, M.; Roosje, P.J. Immunoglobulin E-bearing cells and

mast cells in skin biopsies of horses with urticaria. Vet. Dermatol. 2005, 16, 94–101. [CrossRef] [PubMed]
4. Scott, D.W.; Miller, M.W. Skin immune system and allergic skin diseases. In Equine Dermatology; Elsevier: Amsterdam, The Nether-

lands, 2003; pp. 436–467. [CrossRef]
5. Cunningham, F.M.; Dunkel, B. Equine recurrent airway obstruction and insect bite hypersensitivity: Understanding the diseases

and uncovering possible new therapeutic approaches. Vet. J. 2008, 177, 334–344. [CrossRef]
6. Fettelschoss-Gabriel, A.; Fettelschoss, V.; Thoms, F.; Giese, C.; Daniel, M.; Olomski, F.; Kamarachev, J.; Birkmann, K.; Bühler, M.;

Kummer, M.; et al. Treating insect-bite hypersensitivity in horses with active vaccination against IL-5. J. Allergy Clin. Immunol.
2018, 142, 1194–1205. [CrossRef] [PubMed]

7. Fettelschoss-Gabriel, A.; Fettelschoss, V.; Olomski, F.; Birkmann, K.; Thoms, F.; Bühler, M.; Kummer, M.; Zeltins, A.; Kündig, T.M.;
Bachmann, M.F. Active vaccination against interleukin-5 as long-term treatment for insect-bite hypersensitivity in horses. Allergy
2018, 74, 572–582. [CrossRef] [PubMed]

8. Jonsdottir, S.; Fettelschoss, V.; Olomski, F.; Talker, S.C.; Mirkovitch, J.; Rhiner, T.; Birkmann, K.; Thoms, F.; Wagner, B.; Bachmann,
M.F.; et al. Safety Profile of a Virus-Like Particle-Based Vaccine Targeting Self-Protein Interleukin-5 in Horses. Vaccines 2020, 8,
213. [CrossRef] [PubMed]

9. Zuberbier, T.; Aberer, W.; Asero, R.; Bindslev-Jensen, C.; Brzoza, Z.; Canonica, G.W.; Church, M.K.; Ensina, L.F.; Giménez-Arnau,
A.; Godse, K.; et al. The EAACI/GA(2) LEN/EDF/WAO Guideline for the definition, classification, diagnosis, and management
of urticaria: The 2013 revision and update. Allergy 2014, 69, 868–887. [CrossRef] [PubMed]

10. Olomski, F.; Fettelschoss, V.; Jonsdottir, S.; Birkmann, K.; Thoms, F.; Marti, E.; Bachmann, M.F.; Kundig, T.M.; Fettelschoss-Gabriel,
A. Interleukin 31 in insect bite hypersensitivity-Alleviating clinical symptoms by active vaccination against itch. Allergy 2020, 75,
862–871. [CrossRef] [PubMed]

11. Jebbawi, F.; Chemintzer, A.; Pantelyushin, S.; Lam, J.; Rhiner, T.; Keller, G.; Waldern, N.; Canonica, F.; Fettelschoss-Gabriel, A.
Cytokines and chemokines in insect bite hypersensitivity (submitted).

12. Kehrli, D.; Jandova, V.; Fey, K.; Jahn, P.; Gerber, V. Multiple hypersensitivities including recurrent airway obstruction, insect bite
hypersensitivity, and urticaria in 2 warmblood horse populations. J. Vet. Intern. Med. 2015, 29, 320–326. [CrossRef]

13. Mueller, S.; Aigner, T.; Neureiter, D.; Stolte, M. Eosinophil infiltration and degranulation in oesophageal mucosa from adult
patients with eosinophilic oesophagitis: A retrospective and comparative study on pathological biopsy. J. Clin. Pathol. 2006, 59,
1175–1180. [CrossRef]

14. Fettrelet, T.; Gigon, L.; Karaulov, A.; Yousefi, S.; Simon, H.-U. The Enigma of Eosinophil Degranulation. Int. J. Mol. Sci. 2021, 22,
7091. [CrossRef] [PubMed]

15. Kato, M.; Kephart, G.M.; Talley, N.J.; Wagner, J.M.; Sarr, M.G.; Bonno, M.; McGovern, T.W.; Gleich, G.J. Eosinophil infiltration and
degranulation in normal human tissue. Anat. Rec. 1998, 252, 418–425. [CrossRef]

16. Kocatürk, E.; Maurer, M.; Metz, M.; Grattan, C. Looking forward to new targeted treatments for chronic spontaneous urticaria.
Clin. Transl. Allergy 2017, 7, 1. [CrossRef] [PubMed]

17. Zuberbier, T.; Latiff, A.H.A.; Abuzakouk, M.; Aquilina, S.; Asero, R.; Baker, D.; Ballmer-Weber, B.; Bangert, C.; Ben-Shoshan, M.;
Bernstein, J.A.; et al. The international EAACI/GA2LEN/EuroGuiDerm/APAAACI guideline for the definition, classification,
diagnosis, and management of urticaria. Allergy 2022, 77, 734–766. [CrossRef] [PubMed]

18. Termeer, C.; Staubach, P.; Kurzen, H.; Strömer, K.; Ostendorf, R.; Maurer, M. Chronic spontaneous urticaria—A management
pathway for patients with chronic spontaneous urticaria. JDDG: J. der Dtsch. Dermatol. Ges. 2015, 13, 419–428. [CrossRef]
[PubMed]

19. Magerl, M.; Terhorst, D.; Metz, M.; Altrichter, S.; Zuberbier, T.; Maurer, M.; Bergmann, K.C. Benefit of mepolizumab treatment in
a patient with chronic spontaneous urticaria. JDDG: J. der Dtsch. Dermatol. Ges. 2018, 16, 477–478. [CrossRef]

20. Altrichter, S.; Frischbutter, S.; Fok, J.S.; Kolkhir, P.; Jiao, Q.; Skov, P.S.; Metz, M.; Church, M.K.; Maurer, M. The role of eosinophils
in chronic spontaneous urticaria. J. Allergy Clin. Immunol. 2020, 145, 1510–1516. [CrossRef]

21. Altrichter, S.; Giménez-Arnau, A.M.; A Bernstein, J.; Metz, M.; Bahadori, L.; Bergquist, M.; Brooks, L.; Ho, C.N.; Jain, P.; Lukka,
P.B.; et al. Benralizumab does not elicit therapeutic effect in patients with chronic spontaneous urticaria: Results from the phase
2b multinational, randomised, double-blind, placebo-controlled ARROYO trial. Br. J. Dermatol. 2024. [CrossRef]

22. Khoury, P.; Makiya, M.A.; Rahim, R.; Bowman, A.; Espinoza, D.; Schiffenbauer, A.; Koch, M.; Anderson, C.; Constantine, G.;
Maric, I.; et al. Mepolizumab incompletely suppresses clinical flares in a pilot study of episodic angioedema with eosinophilia. J.
Allergy Clin. Immunol. 2024, 153, 821–830.e6. [CrossRef]

23. Rhiner, T.; Fettelschoss, V.; Schoster, A.; Birkmann, K.; Fettelschoss-Gabriel, A. Targeting eosinophils by active vaccination against
interleukin-5 reduces basophil counts in horses with insect bite hypersensitivity in the 2nd year of vaccination. Vet. J. 2022, 288,
105896. [CrossRef]

24. Ochensberger, B.; Tassera, L.; Bifrare, D.; Rihs, S.; Dahinden, C.A. Regulation of cytokine expression and leukotriene formation in
human basophils by growth factors, chemokines and chemotactic agonists. Eur. J. Immunol. 1999, 29, 11–22. [CrossRef]

https://doi.org/10.1016/j.cveq.2013.10.001
https://www.ncbi.nlm.nih.gov/pubmed/24267686
https://www.vetfolio.com/learn/article/urticaria
https://www.vetfolio.com/learn/article/urticaria
https://doi.org/10.1111/j.1365-3164.2005.00440.x
https://www.ncbi.nlm.nih.gov/pubmed/15842539
https://doi.org/10.1016/B0-72-162571-1/50009-X
https://doi.org/10.1016/j.tvjl.2007.10.005
https://doi.org/10.1016/j.jaci.2018.01.041
https://www.ncbi.nlm.nih.gov/pubmed/29627082
https://doi.org/10.1111/all.13659
https://www.ncbi.nlm.nih.gov/pubmed/30402930
https://doi.org/10.3390/vaccines8020213
https://www.ncbi.nlm.nih.gov/pubmed/32397549
https://doi.org/10.1111/all.12313
https://www.ncbi.nlm.nih.gov/pubmed/24785199
https://doi.org/10.1111/all.14145
https://www.ncbi.nlm.nih.gov/pubmed/31816097
https://doi.org/10.1111/jvim.12473
https://doi.org/10.1136/jcp.2005.031922
https://doi.org/10.3390/ijms22137091
https://www.ncbi.nlm.nih.gov/pubmed/34209362
https://doi.org/10.1002/(sici)1097-0185(199811)252:3%3C418::aid-ar10%3E3.0.co;2-1
https://doi.org/10.1186/s13601-016-0139-2
https://www.ncbi.nlm.nih.gov/pubmed/28078079
https://doi.org/10.1111/all.15090
https://www.ncbi.nlm.nih.gov/pubmed/34536239
https://doi.org/10.1111/ddg.12633
https://www.ncbi.nlm.nih.gov/pubmed/25918085
https://doi.org/10.1111/ddg.13481
https://doi.org/10.1016/j.jaci.2020.03.005
https://doi.org/10.1093/bjd/ljae067
https://doi.org/10.1016/j.jaci.2023.11.002
https://doi.org/10.1016/j.tvjl.2022.105896
https://doi.org/10.1002/(sici)1521-4141(199901)29:01%3C11::aid-immu11%3E3.0.co;2-b


Vaccines 2024, 12, 562 11 of 11

25. Yoshimura-Uchiyama, C.; Yamaguchi, M.; Nagase, H.; Fujisawa, T.; Ra, C.; Matsushima, K.; Iwata, T.; Igarashi, T.; Yamamoto, K.;
Hirai, K. Comparative effects of basophil-directed growth factors. Biochem. Biophys. Res. Commun. 2003, 302, 201–206. [CrossRef]
[PubMed]

26. Wright, A.K.; Weston, C.; Rana, B.M.; Brightling, C.E.; Cousins, D.J. Human group 2 innate lymphoid cells do not express the IL-5
receptor. J. Allergy Clin. Immunol. 2017, 140, 1430–1433.e4. [CrossRef] [PubMed]

27. Kolbeck, R.; Kozhich, A.; Koike, M.; Peng, L.; Andersson, C.K.; Damschroder, M.M.; Reed, J.L.; Woods, R.; Dall’Acqua, W.W.;
Stephens, G.L.; et al. MEDI-563, a humanized anti–IL-5 receptor α mAb with enhanced antibody-dependent cell-mediated
cytotoxicity function. J. Allergy Clin. Immunol. 2010, 125, 1344–1353.e2. [CrossRef] [PubMed]

28. Guillet, C.; Steinmann, S.; Lang, C.; Maul, J.-T.; Schmid-Grendelmeier, P. Eosinophil-mast cell interaction: Mepolizumab leads to a
reduction of clinical symptoms and serum tryptase in a patient with eosinophilic asthma and idiopathic mast cell activation. J.
Allergy Clin. Immunol. Pract. 2020, 9, 1393–1395.e1. [CrossRef] [PubMed]

29. Jackson, D.J.; Pavord, I.D. Living without eosinophils: Evidence from mouse and man. Eur. Respir. J. 2023, 61, 2201217. [CrossRef]
[PubMed]

30. Legrand, F.; Klion, A.D. Biologic therapies targeting eosinophils: Current status and future prospects. J. Allergy Clin. Immunol.
Pract. 2015, 3, 167–174. [CrossRef]

31. Loeffler, A.; Herrick, D.; Allen, S.; Littlewood, J.D. Long-term management of horses with atopic dermatitis in southeastern
England: A retrospective questionnaire study of owners’ perceptions. Vet. Dermatol. 2018, 29, 526-e176. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/s0006-291x(03)00153-0
https://www.ncbi.nlm.nih.gov/pubmed/12604332
https://doi.org/10.1016/j.jaci.2017.04.025
https://www.ncbi.nlm.nih.gov/pubmed/28502824
https://doi.org/10.1016/j.jaci.2010.04.004
https://www.ncbi.nlm.nih.gov/pubmed/20513525
https://doi.org/10.1016/j.jaip.2020.10.020
https://www.ncbi.nlm.nih.gov/pubmed/33096266
https://doi.org/10.1183/13993003.01217-2022
https://www.ncbi.nlm.nih.gov/pubmed/35953100
https://doi.org/10.1016/j.jaip.2015.01.013
https://doi.org/10.1111/vde.12685

	Introduction 
	Materials & Methods 
	Horses 
	Exploratory Urticaria Activity Score (E-UAS) 
	Blood Collection and Differential Blood Analysis 
	Skin Punch Biopsies 
	eIL-5-CuMV-TT Vaccine Production and Vaccination of Horses 
	Statistics 

	Results 
	Clinical Effect on Seasonal Urticaria in Interleukin (IL)-5 Vaccinated IBH Horses 
	Eosinophilic Gene Expression and Eosinophil Infiltration into Urticaria-Affected Skin 
	Two Case Reports of IL-5 Vaccination in Non-IBH Horses with Non-Seasonal Recurrent Urticaria 

	Discussion 
	Conclusions 
	References

