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Background - Culicoides hypersensitivity (CH), an intensely pruritic and seasonal allergic dermatitis, is a com-
mon allergic disease affecting horses worldwide. Currently, there is no validated clinical scoring system for the
quantification of clinical signs associated with CH.

Objectives — To (i) determine the best cut-off point of three scoring systems, (ii) test the accuracy of each sys-
tem when compared to the clinical diagnosis of an experienced veterinarian and (iii) assess agreement between
systems.

Animals - Icelandic horses (n = 20); eight with CH and 12 unaffected, from a research herd receiving no treat-
ments for allergic dermatitis.

Methods and materials — Lesion scores were recorded biweekly from April until September with three clinical
scoring systems (A, B and C) by a single observer initially blinded to CH status. Separate logistic regression analy-
ses for each time point were used to determine appropriate cut-offs for CH classification. Spearman’s rho and
Cohen's kappa were calculated to analyze correlation of scores and agreement of CH categorization between
systems, respectively.

Results — The best allergic cut-off scores for system A, B and C were determined to be three, eight and 12,
respectively. For each system median areas under the curve (>0.85) were excellent and discriminatory ability for
correctly classifying CH status was strong. Excellent correlation between scores for each system (Spearman’s
rho > 0.96) and excellent intersystem agreement for CH categorization (kappa > 0.73) were found across scoring
time points.

Conclusion and clinical importance — Results support the use of these scoring systems as templates for the
future standardization of a CH clinical scoring system.

specific IgE antibodies against Culicoides salivary gland

Introduction S .
allergens.”"® Clinical signs of CH are not observed in Ice-

The most common cause of allergic dermatitis in horses
worldwide is the seasonally recurrent, intensely pruritic,
immunoglobulin E (IgE)-mediated hypersensitivity reac-
tion to salivary proteins (allergens) of the Culicoides
midge."® This disease has been referred to as Culicoides
hypersensitivity (CH), insect bite hypersensitivity (IBH),
sweet itch, summer eczema or Queensland itch in the
veterinary literature. A large volume of research exists
confirming Culicoides species as the causal agent of this
allergic disease, including the production of Culicoides-

Accepted 28 June 2019

Sources of Funding: The research horses in this study were par-
tially supported by funding from the Harry M. Zweig Memorial
Fund for Equine Research at Cornell University.

Conflicts of Interest: No conflicts of interest have been declared.
This study was presented at the North American Veterinary Der-
matology Forum, 2019, Austin, Texas. Vet Dermatol 2019; 30:
301-302 (Abstract).

© 2019 ESVD and ACVD, Veterinary Dermatology

landic horses while living in their native Iceland, which is
free of Culicoides spp, whereas signs frequently occur
after export.®”°'2 Native Icelandic horses that have
been exported also have a higher prevalence of CH (34.5—
60%) than Icelandic horses born in a country where Culi-
coides species are indigenous.’'%'® Therefore, this aller-
gic disease can be precisely referred to as CH.®

The diagnosis of CH is still based largely on expert
assessment utilizing the presence of the representative
lesions in combination with the history of seasonal pruri-
tus in the summer months and improvement of clinical
signs in response to environmental management.’"’
However, due to the lack of a standardized clinical scoring
system, quantification of disease severity and response
to therapeutic intervention varies between research stud-
ies, hampering the ability to compare study outcomes
between existing publications. Protocols for determining
CH status vary significantly and range from owner-com-
pleted questionnaires to demonstration of representative
clinical signs.'017:18.19
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Advances in allergen discovery for CH provide a base-
line for both improved diagnostic methods with specific
allergen(s) and new promising tools for targeted allergen
immunotherapy (AIT) using the major allergens of Culi-
coides," %21 and active vaccination against interleukin-
5 (IL-5).2% Therefore, an accepted clinical scoring system
to quantify the severity of CH would allow for a more uni-
form evaluation of clinical response to therapeutic or pre-
ventative approaches. Clinical scoring systems have been
used in research studies to describe CH status and pro-
vide a quantitative result for treatment interventions;
however, formal publications of these scoring systems
are limited.'"92223 Currently, there is no accepted and
validated scoring system for CH that objectively quanti-
fies in a single assessment the severity of the clinical
lesions associated with CH. To the best knowledge of the
authors, multiple systems are being used without
accepted cut-off values or formal validation.

The objectives of this study were to evaluate and com-
pare three clinical scoring systems that are currently used
in research settings to aid in quantification of CH lesions
as well as to monitor response to therapeutic interven-
tions. We hypothesized that each scoring system evalu-
ated would have high discriminatory ability to correctly
classify the CH status of both affected and unaffected
horses, and that all systems would agree well with one
another.

Methods and materials

Horses and Culicoides exposure

Twenty Icelandic horses (15 mares, four geldings and one stallion)
residing in a research herd were enrolled in the study in April 2017
before the Culicoides season and when there were no clinical signs
of CH present. Horses had either been imported from Iceland and
transported directly to the herd housing facility in Ithaca, NY, USA, or
had been foaled at this facility.24 Thus, all horses had lived in an envi-
ronment with the same local Culicoides exposure since they had
arrived in the USA or from the time of their birth. Horses were
housed in herds on large pastures year-round with free access to run-
in sheds and water. Grass hay was fed to the horses ad libitum in
April and May. Culicoides midges were present in the environment

and horses were naturally exposed to these insects from mid-May to
mid-October. No CH treatments, including fly preventatives or sys-
temic or topical antimicrobial therapy, were used on the horses
throughout the observation period. All horses were vaccinated
against rabies virus, tetanus, West Nile virus, Eastern and Western
encephalitis virus annually, and were dewormed on a regular basis.
The animal procedures were covered under a protocol approved by
the Institutional Animal Care and Use Committee of Cornell Univer-
sity (protocol #2017-0005). Upon completion of the study, all horses
continued to reside at the research facility.

Determination of CH history

The CH status of each horse was determined before the beginning of
the study by an independent investigator based on each animal’s
medical history before 2017 (Table 1). In addition, serological and cel-
lular immune responses to Culicoides had been monitored monthly
since the horses came to the United States (2012, 2013 or 2016) or
were foaled at the research facility (2012 or 2013). Eight Icelandic
horses (6-14-year-old; seven mares and one gelding) were consid-
ered to have CH based on seasonally recurrent and pruritic skin
lesions which regressed in the winter months. These lesions
included crusted papules, excoriations, lichenification, and/or alope-
cia on the face, chest and/or ventrum, and mane and/or tail rubbing.
Culicoides as the cause of clinical allergy in the allergic group was
supported by intradermal test results obtained in years before this
study and all allergic horses had been imported from Iceland. Twelve
healthy (control) Icelandic horses (4-11-year-old; eight mares, three
geldings and one stallion) had no history of clinical signs consistent
with CH. Control horses had either been imported from Iceland or
foaled at the facility.

Clinical scoring systems

Clinical scoring systems A, B and C are represented in Figures S1, S2
and S3; the scoring for systems A and B was performed as detailed
in the Figures. Severity of lesions was based on clinical judgement by
the observer where there were no explicit instructions provided.
Scoring for system C was performed as described previously with
the following modification: data points were organized in a different
arrangement.?? All points were summed to produce a total lesion
score for each time point. The ranges of possible lesion scores for
each system were as follows: A = 0-10; B = 0-504; C = 0-308.

Assessment of clinical scores

All horses were scored every two weeks from April to September
with the exception of a one-week interval between the first two scor-
ing time points. For scoring and recording of data, horses were

Table 1. Age, date of import and Culicoides hypersensitivity (CH) history of Icelandic horses (n = 20) in this study

Horse ID Date of birth Gender Origin Date imported to USA First year of CH CH (Y/N)
1 2005 Mare Iceland February 2012 2013 Y
2 2007 Mare 2013 Y
3 2006 Mare N
4 2004 Mare 2013 Y
5 2004 Mare 2013 Y
6 2003 Mare 2013 Y
7 2005 Mare July 2016 2016 Y
8 2009 Mare N
9 2009 Mare 2016 Y
10 2012 Mare N
11 2012 Stallion N
12 2011 Mare April 2013 N
13 2011 Gelding N
14 2011 Mare N
15 2011 Gelding 2015 Y
16 2011 Gelding N
17 2012 Gelding USA NA N
18 2012 Mare N
19 2012 Mare N
20 2013 Mare N
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brought into a barn with individual box stalls. Scoring began at
07:00 h each time. A single trained veterinary researcher who had no
previous experience with the scoring systems and who remained
blinded to the determined CH status until completion of data collec-
tion performed the clinical scoring.

Statistical analysis

For each time point, data were summed to provide a total lesion
score for each horse and system. Total lesion scores from the three
scoring systems were compared for each individual time point by
logistic regression analysis. Initial data points obtained in April (before
the horses showed clinical signs of CH) were excluded from statisti-
cal calculations due to the absence of lesions. Time periods were
assessed individually to address the repeated nature of the data and
fulfil model assumptions. Logistic regression analysis was performed
using commercially available software (JMP v11.0, SAS Institute;
Cary, NY, USA) to determine the receiver operator characteristic area
under the curve (ROC AUC). Based on ROC curves, the cut-off point
that maximized correct classification of CH status was determined
for each system and time point. Correlation of scores between sys-
tems for each time point was analyzed using Spearman’s rho. Agree-
ment of CH classification between the three systems was calculated
using Cohen's kappa. All data are presented as medians with ranges
unless otherwise noted.

Results

Clinical evaluation

Only minor clinical lesions were present during the first
four time points of evaluation (mid-April to the beginning
of May). In early May, the first Culicoides activity was
observed and the onset of clinical lesions began in late
May. As the summer progressed, clinical lesions and total
scores increased and peaked in July and August (Fig-
ure 1). A slight decline in lesions was noted in the begin-
ning of September. Clinical scores of nonallergic control
horses remained low during the entire evaluation period
with occasional mild mane and tail lesions during the
summer months (Figure 1). Time spent scoring a horse
with each system decreased as the observer became
more familiar with the systems; System A took three to
five minutes, System B 10-15 min and System C 15—
20 min.

No dorsal lesions, other than mane and tail lesions,
were present in any of the observed allergic horses.
To describe the distribution of lesions recorded in this
study, one time point at which clinical signs reached
greatest severity (July 25) was examined. At this time
point the distribution of lesions in the eight allergic
horses were as follows: ventrum in seven horses
(87.5%); tail, face and chest in each of six horses
(75%); mane in five horses (62.5%); distal limb in four
horses 50%; and shoulder in two horses (25%). Fig-
ure 2 illustrates clinical lesions representative of the
most commonly affected locations with lesions
approaching maximum severity. After July 25, clinical
lesions changed in intensity and chronicity but no new
body sites were affected.

Allergic cut-offs and discriminatory ability of the
three scoring systems

The ROC-AUC analysis was performed for each time
point to objectively determine the best preliminary allergic
cut-off for each scoring system. These cut-offs were
defined as the numeric scores at which the most horses
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Figure 1. Median scores for CH affected horses (n = 8; red line) and
unaffected horses (n = 13; blue line) for each scoring system (top to
bottom, a—c) during the observation period.

The grey area corresponds to the time without Culicoides exposure.
For the remaining observation period, Culicoides were present in the
environment of the horses. Dotted lines represent the allergic cut off
values determined by ROC analysis. Y-axes represent the total possi-
ble range of scores for each system and have broken axes to display
maximum attainable score. CH affected, Culicoides hypersensitive;
Unaffected, not Culicoides hypersensitive.

were correctly classified (i.e. CH affected horses were
correctly defined as affected and control horses were cor-
rectly defined as unaffected). Using the median of the
cut-off scores across all time points, scores >3, 8 and 12
were defined as the overall cut-off points that supported
the classification of CH by scoring systems A, B and C,
respectively (Table 2).

The ROC-AUC analysis also was used to determine the
discriminatory ability of each system: the system'’s ability
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Figure 2. Photographs of clinical lesions representing the most commonly affected locations in this study demographic.
Images represent moderate to severely affected horses. Lesions affecting the (a) ventrum, (b) chest, (c) face and (d) tail.

to correctly classify horses that were CH affected or unaf-
fected. All three systems demonstrated good accuracy
(high discriminatory ability) with median AUCs across all
time points of >0.80 (System A = 0.85, System B = 0.87
and System C = 0.87; Table 2).

Using these objectively determined cross-seasonal
allergic cut-off points, horses’ classifications were then
assessed for each scoring system at each time point. Fig-
ure 3 illustrates which horses were correctly or incor-
rectly classified, and groups the horses into CH affected
and unaffected. These groupings reveal that the same
horses were incorrectly classified by the scoring systems
at similar time points. Additionally, the figure demon-
strates that the highest number of correctly classified
horses occurred in the peak Culicoides allergic season,
August to September.

4

Scoring system agreement

Correlation of summed scores between systems for each
time point was analyzed by Spearman’s rho calculations
(Table 3). The median (range) of Spearman’s rho across
all eight observations between May and September was
as follows: System A compared to system B was 0.97
(0.93-1.0); System A compared to System C was 0.96
(0.94-1.0); and System B compared to System C was
0.99 (0.99-1.0), indicating strong correlations for all com-
parisons.

Agreement between classifications for each time point
was analyzed using Cohen's kappa as a measurement of
agreement beyond chance (Table 3). The median (range)
kappa values across all eight observations between May
and September were as follows: System A compared to
System B was 0.77 (0.56-1); System A compared to
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Table 2. Logistic regression analysis ROC-AUC for each of the three scoring systems for Culicoides hypersensitivity

Scoring system

A B C
Time point AUC Cut-off AUC Cut-off AUC Cut-off
5/30/17 0.802 1 0.838 1 0.854 6
6/13/17 0.688 5 0.698 10 0.708 24
6/27/17 0.823 2 0.870 17 0.865 19
71117 0.859 1 0.875 19 0.856 25
7/25/17 0.917 4 0.942 6 0.932 8
8/8/17 0.833 4 0.833 16 0.839 10
8/22/17 0.865 4 0.885 4 0.922 6
9/5/17 0.927 2 0.927 2 0.943 11
Median 0.846 3 0.873 8 0.865 1.5
Range 0.688-0.927 1-5 0.698-0.942 1-19 0.708-0.943 2-25
Scoring systems A-C are described in detail in Figures S1—-S3.
Clinical scoring allergic cut-off points are reported for each sampling date.
In addition, the median (range) is presented across time points.
Only the eight time points in season when clinical signs occurred were considered.
AUC, area under the curve; ROC, receiver operating characteristic.
Horse ID
Unaffected CH affected Discussion

5/30
6/13
6/27
7/11
7/25
8/8

8/22

9fs
b 1 [ oo 15 ie o[ o ol o s e [7 (o [ o]
5/30
6/13
6/27
7/11
7/25
8/8

Time Point

8/22
9/5

5/30
6/13
6/27
7/11
7/25
8/8
8/22

9/5
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Figure 3. Classification of individual horses (n = 20, eight CH
affected and 12 unaffected) for each time point and each scoring
system based on the median cut-off identified by ROC-AUC analysis.
Scoring systems: a to ¢, top to bottom. Blue squares represent
horses that were classified correctly and red squares represent
horses that were classified incorrectly. Horses are listed as individu-
als under their horse ID, are grouped into unaffected and CH
affected, and are arranged to group the incorrectly classified horses.
CH affected, Culicoides hypersensitive; Unaffected, not Culicoides
hypersensitive.

System C was 0.73 (0.58-0.89); and System B compared
to System C was 0.88 (0.78-1.0), indicating substantial
agreement for all comparisons.

© 2019 ESVD and ACVD, Veterinary Dermatology

The three scoring systems investigated in this study had
excellent discriminatory ability as well as significant
agreement with each other, making them good candi-
dates for consideration in the development of a standard-
ized clinical scoring system. The natural Culicoides
exposure experienced by this research herd from May to
September allowed confirmation of the characteristic
seasonality of CH with clinical lesions peaking in the
warmest summer months, as described previously.” The
ability of each of the three scoring systems to correctly
classify a horse's CH status was generally good through-
out the entire season as evidenced by high ROC-AUC val-
ues (median > 0.85). However, peak lesion dates also
coincided with the highest accuracy and smallest number
of horses incorrectly classified by the scoring systems.
Figure 3 demonstrates that there was a notable pattern
in which horses were incorrectly classified by the scoring
systems. Each system incorrectly classified the same
horses throughout the sampling period. For example,
Horse 20, an unaffected control, had significant loss of
mane with associated excoriations due to frequent
attempts to eat grass under the wooden fence. This
horse was routinely incorrectly classified by systems A
and B, and to a much lesser extent System C. In addition,
CH-affected horses 1 and 2 were incorrectly classified as
“unaffected” by all scoring systems at virtually all time
points due to their very mild clinical lesions. This may
have been due to a change in their allergic status or the
fact that the mild clinical lesions were not detected by the
proposed allergic cut-off points used herein. These pat-
terns highlight the fact that clinical scoring systems are
inaccurate in the face of very mild clinical lesions and that
the entire clinical picture of the horse and its behaviours
must be taken into consideration when using them.
Therefore, the CH scoring systems should be used judi-
ciously when few lesions are present outside of peak
allergy season.?

Very strong correlation of scores between systems
was found, indicating that the observer’'s scores agreed
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Table 3. Individual Spearman’s rho calculations and Cohen'’s kappa calculations comparing systems to one another for each sampling date, as well

as median (range) across time points

Time point Correlation A-B Correlation A-C Correlation B-C Kappa A-B Kappa A-C Kappa B-C
30/5/17 0.972 0.962 0.998 0.765 0.765 1.000
13/6/17 0.929 0.936 0.992 0.560 0.659 0.886
27/6/17 0.961 0.956 0.991 0.894 0.886 0.783
11/7/17 0.979 0.973 0.995 1.000 0.875 0.875
25/7/17 0.976 0.962 0.989 0.700 0.700 1.000
8/8/17 0.976 0.968 0.993 0.783 0.667 0.875
22/8/17 0.956 0.949 0.993 0.688 0.579 0.875
5/9/17 0.999 0.996 0.997 0.886 0.765 0.875
Median 0.974 0.962 0.993 0.774 0.7325 0.875
Range 0.929-0.999 0.936-0.996 0.989-0.998 0.560-1.000 0.579-0.886 0.783-1.000

Only the eight time points in season when clinical signs occurred were considered.

well with one another from system to system. This was
demonstrated by Spearman’s rho ranging from 0.96 to
0.99, where perfect correlation is reported as a 1.0. All
three clinical scoring systems also demonstrated sub-
stantial agreement with one another for classification of
CH status as validated in the Cohen’s kappa ranging from
0.73 to 0.88. Kappa values of 0.61-0.80 are considered
substantial and 0.81-1.00 almost perfect agreement.?%:26
This excellent correlation and agreement supports the
use of all three systems for future development of a stan-
dardized clinical scoring system.

The Icelandic horses residing in this research herd pro-
vided an unique clinical situation for an initial comparison
of the three scoring systems. All horses lived in the same
environment, received the same diet, vaccinations and
deworming schedules, and shared the same risk of expo-
sure to the local fly and midge populations. This unique
situation would be impossible to achieve with client-
owned horses at different locations and with multiple
environmental variables that might confound compar-
isons. However, the small number of horses with CH in
the herd (n = 8) and the use of a single breed located at
one site may have influenced the results. The most com-
mon locations for lesion development included the face,
ventral midline, mane, tail and chest (Figure 2). Lesions
on the dorsum, other than the mane and tail, which have
been commonly reported in other countries'®"® were not
noted in the present study. This lesion variability was
likely to have been associated with specific Culicoides
species having preferred landing sites, as well as local
environmental influences.' Additionally, a single obser-
ver in this preliminary study was chosen to reduce vari-
ability and allow for a better direct comparison of scoring
systems. Moving forward, these systems should be com-
pared in various breeds and geographical locations, using
multiple observers with variable levels of practice experi-
ence in equine dermatology, to identify areas where
repeatability may be compromised.

In small animal dermatology, the Canine Atopic Der-
matitis Extent and Severity Index (CADESI) and Canine
Atopic Dermatitis Lesion Index (CADLI) scoring systems
have been developed to standardize the evaluation of ato-
pic dogs in clinical trials.?’" In the most recent itera-
tions, the use of fewer data points has been reported to
be effective in promoting efficiency and minimizing inter-
observer variation.®%3" The present study also supports
the use of fewer data points, which is evidenced by the

6

high discriminatory ability and excellent agreement of
scoring systems B and C with the simpler System A. Sys-
tem A was the most efficient system to use, taking
approximately 5 min per horse to complete, and CH-af-
fected horses often achieved the total maximum score of
10. Despite being the most efficient system, it is conceiv-
able that System A would not be able to discern differ-
ences in the severity of affected horses beyond a certain
clinical point. Additionally, System A may not be ideal
when quantifying response to treatment if subtle changes
in clinical lesions are considered noteworthy. Systems B
and C took much longer to score and never approached
their maximum total scores despite the fact that CH-af-
fected horses in this study population had severe clinical
lesions in multiple locations. This suggests that these
systems contain excessive categories, which may lead to
decreased efficiency.

It was not the aim of the current study to determine
which scoring system should be used moving forward
towards a standardized system. This choice requires fur-
ther studies evaluating each system, as well as a dialogue
amongst experts on CH and must take into consideration
study parameters such as the total number of clinical
scoring events, number of horses in the study, desired
details on the description of clinical lesions, and number
and experience of observers performing the clinical scor-
ing. Each system assessed in this study had notable limi-
tations. On the one hand, systems A and B gave minimal
guidance regarding how to score a lesion’s severity,
which may lead to increased interobserver variability. Sys-
tem C, on the other hand, had very detailed instructions
regarding how to score lesions but was cumbersome
with regard to how long it took to score an individual
horse. In moving towards adapting a standardized clinical
scoring system, further studies are required to assess
these limitations and provide data regarding how each of
these systems performs in different situations.

Culicoides hypersensitivity remains an allergic condi-
tion that is diagnosed based on a composite of clinical
parameters including clinical signs, distinctive seasonality
of lesions and response to Culicoides avoidance.?®
Although CH scoring systems cannot be used as stand-
alone diagnostic test, they are valuable in that they pro-
vide a method for numeric quantification of the allergic
response. This is particularly useful in research when
results across study populations and responses to thera-
peutic interventions are quantified and compared.
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However, the numerical cut-off points used for statistical
comparisons of the three scoring systems in the present
study should not be used to diagnose CH. If allergic cut-
offs are to be used for evaluation of clinical trials in the
future, further validation in independent populations of
horses during seasons of Culicoides activity in various
regions is recommended.

In conclusion, the results of this study support the use
of clinical scoring systems to aid in the quantification of
clinical signs associated with CH and to more objectively
monitor response to therapeutic interventions. Evaluation
of new pharmacological or immunotherapeutic options
for CH will benefit from a validated scoring system that
permits comparison of results between study popula-
tions. The three scoring systems compared here are good
candidates for further development of a standardized
tool.
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Supporting Information Figure S2. Scoring System B. According to and modified
from Geiben.®?

Figure S3. Scoring System C. According to and modified
from Fettelschoss-Gabriel 2

Additional Supporting Information may be found in the
online version of this article.

Figure S1. Scoring System A (courtesy of Bettina Wagner).

Résumé

Contexte — L'hypersensibilité aux piqures de culicoides (CH), dermatite allergiques saisonniere intensé-
ment prurigineuse, est une maladie allergique fréquente touchant les chevaux dans le monde entier. Aucun
systeme de notation n'est a ce jour validé pour la quantification des signes cliniques associés a CH.
Objectifs — Déterminer (i) le meilleur seuil de trois systemes de notation, (i) évaluer la précision de chaque
systeme comparé au diagnostic clinique d'un vétérinaire expérimenté et (i) déterminer la concordance
entre les systemes.

Sujets — Des chevaux islandais (n = 20); huit avec CH et 12 sains, issus d'un troupeau de recherche ne
recevant aucun traitement pour dermatite allergique.

Matériels et méthodes — Les scores |ésionnels ont été enregistrés deux fois par semaine d'avril a sep-
tembre avec trois systemes de notation (A, B et C) par un seul investigateur initialement aveugle au statut
CH. Les analyses de régression logistique pour chague point ont été utilisées pour déterminer le statut
approprié pour classifier en CH. Le rho de Spearman et le kappa de Cohen ont été calculés pour analyser
respectivement la corrélation entre les scores et la concordance de la catégorisation de CH entre les
systemes.

Résultats — Le meilleur des scores seuils des systemes A, B et C étaient respectivement trois, huit et 12.
Pour chaque systeme, les aires médianes sous la courbe (>0.85) étaient excellentes et la capacité de dis-
crimination pour une classification correcte du statut CH était forte. Une corrélation excellente entre les
scores pour chague systeme (rho de Spearman > 0.96) et un accord inter systéme excellent pour la catégo-
risation de CH (kappa > 0.73) ont été trouvés parmi la notation de chaque temps de mesure.

Conclusions et importance clinique - Les résultats soutiennent I'utilisation de ces systemes de notation
comme modele pour de futures standardisations de systeme de notation cliniques de CH.

Resumen

Introduccion - la hipersensibilidad a los culicoides (CH), una dermatitis alérgica intensamente pruriginosa
y estacional, es una enfermedad alérgica comdn que afecta a los caballos en todo el mundo. Actualmente,
no existe un sistema de valoracion clinica validado para la cuantificacion de los signos clinicos asociados
con CH.

Objetivos - (i) determinar el mejor valor de corte de tres sistemas de puntuacién, (i) probar la precisién de
cada sistema en comparacion con el diagnéstico clinico de un veterinario experimentado v (iii) evaluar la
equivalencia entre los sistemas.

Animales - caballos islandeses (n = 20); ocho con CH y 12 no afectados, de un grupo de caballos de inves-
tigacion que no recibian tratamientos para la dermatitis alérgica.

Métodos y materiales - los valores de las lesiones se registraron cada dos semanas desde abril hasta
septiembre con tres sistemas de calificacién clinica (A, B y C) por un solo observador inicialmente descono-
cedor del estado de CH. Se utilizaron analisis de regresion logistica separados para cada punto de tiempo
para determinar los valores de corte apropiados para la clasificacion de CH. Se calcularon el valor rho de
Spearman y la kappa de Cohen para analizar la correlacion de valores y la equivalencia en la categorizacién
de CH entre sistemas, respectivamente.

Resultados - se determind que los mejores valores de corte de alergia para los sistemas A, By C eran
tres, ocho y 12, respectivamente. Para todos los sistemas, las areas medianas bajo la curva (> 0,85) fueron
excelentes y la capacidad discriminatoria para clasificar correctamente el estado de CH fue elevada. Se
determind una excelente correlacién entre los valores de cada sistema (rho de Spearman> 0,96) y una
excelente equivalencia entre sistemas para la categorizacién de CH (kappa > 0,73) en los puntos de tiempo
valorados.

Conclusion e importancia clinica - los resultados respaldan el uso de estos sistemas de puntuacién
como bases para la futura estandarizacion de un sistema de valoracion clinica de la CH.

Zusammenfassung

Hintergrund - Die Culicoides Hypersensibilitat (CH), eine hochst juckende und saisonale allergische Der-
matitis, ist eine haufige allergische Erkrankung, die Pferde weltweit betrifft. Zurzeit gibt es kein validiertes
Bewertungssystem fiir die Quantifizierung einer klinischen Erkrankung, die mit CH zusammenhangt.

Ziele - (i) Bestimmung des besten Cut-Off Punktes bei drei Bewertungssystemen, (i) Untersuchung der
Genauigkeit eines jeden Systems im Vergleich zur klinischen Diagnose eines erfahrenen Tierarztes und (iii)
Erfassung der Ubereinstimmung zwischen den Systemen.
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Tiere — Islandpferde (n = 20); acht mit CH und 12 nicht betroffene Tiere aus einer Versuchsherde, die keine
Behandlungen fur allergische Dermatitis erhielten.

Methoden und Materialien - Die Grade der Hautveranderungen wurden zweimal waéchentlich von April
bis September mit drei klinischen Bewertungssystemen (A, B und C) durch einen einzigen, anfangs dem
CH Status gegentiber geblindeten Untersucher, festgehalten. Eine separate logistische Regressionsana-
lyse wurde fir jeden Zeitpunkt verwendet, um entsprechende Cut-off Punkte fir eine CH Klassifizierung
zu bestimmen. Spearman’s RHO und Cohen’s Kappa wurden kalkuliert, um die Korrelation der Werte bzw.
die Ubereinstimmung der CH Kategorisierung zwischen den Systemen zu bestimmen.

Ergebnisse — Die besten allergischen Cut-Off Werte flr die Systeme A, B bzw. C wurden bei drei, acht
bzw. 12 festgelegt. Fir alle Systeme waren die Medianflachen unter der Kurve (>0,85) exzellent und die
charakterisierende Fahigkeit, um CH Status korrekt zu klassifizieren, war stark. Es wurde bei allen Bewer-
tungspunkten eine exzellente Korrelation zwischen den Werten fir jedes System (Spearman’s RHO >
0,96) und eine exzellente Ubereinstimmung zwischen den Systemen flr eine CH Kategorisierung (kappa >
0,73) festgestellt.

Schlussfolgerungen und klinische Bedeutung - Die Ergebnisse unterstitzen die Verwendung dieser
Bewertungssysteme als Vorlagen fur eine zukinftige Standardisierung eines klinischen Bewertungssys-
tems fr CH.
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Resumo

Contexto - A hipersensibilidade por Culicoides (CH), uma dermatite alérgica sazonal intensamente prurigi-
nosa, € uma doenca alérgica comum que afeta cavalos pelo mundo. Atualmente, nao ha um sistema de
escore clinico validado para a quantificagao dos sinais clinicos associados a CH.

Objetivos - (i) determinar o melhor ponto de corte de trés sistemas de escore, (ii) testar a acuracia de cada
sistema comparado ao diagndstico clinico de um veterinario experiente e (iii) avaliar a concordancia entre
0s sistemas.

Animais - Cavalos islandeses (n = 20); oito com CH e 12 nao afetados, de um rebanho experimental, que
nao estavam recebendo nenhum tratamento para dermatite alérgica.
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Métodos e materiais — Os escores de lesao foram registrados a cada duas semanas de abril a setembro
com trés sistemas de escore clinico (A, B e C) por um Unico observador inicialmente cego ao status de CH.
Andlises de regressao logistica separadas para cada tempo experimental foram utilizadas para determinar
os pontos de corte apropriados para a classificagao de CH. O rho de Spearman e o Kappa de Cohen foram
calculados para analisar a correlacao dos escores e a concordancia da categorizagao de CH entre os siste-
mas, respectivamente.

Resultados — Os melhores escores alérgicos para os sistemas A, B e C foram trés, oito e 12, respectiva-
mente. Para cada sistema a mediana das dreas sob a curva (>0,85) foi excelente e a habilidade discrimi-
natéria de classificacao correta de CH foi alta. Observou-se excelente correlagao entre os escores para
cada sistema (Rho de Spearman > 0,96) e excelente concordancia entre sistemas para categorizagao de
CH (kappa > 0,73) ao longo dos tempos experimentais.

Conclusao e importancia clinica — Os resultados corroboram com o uso dos trés sistemas de escore
como modelos para uma futura padronizacao de um sistema de escore para CH.

10 © 2019 ESVD and ACVD, Veterinary Dermatology
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Figure S1. Scoring system A (courtesy of Bettina Wagner).

1 mild, mane OR
tail

1 few broken hairs, 1
location

1 mild dermatitis, 1
location

2 moderate, mane
and/or tail

2 several locations
broken hair

2 moderate, several
locations

3 intense mane
and tail

3 moderate hair loss
mane OR tail

3 severe dermatitis with
skin lesions

4 severe hair loss,
mane and tail

System A Date:
Weather:
Flies in enviro: None | Few Many
Skin
Pruritus Alopecia o Comment
Name ID# irritation
Pruritus Alopecia Skin irritation
0 no scratching 0 none 0 no skin irritation




Figure S2. Scoring system B. According to and modified after Geiben

Geiben T. Studies on summer eczema and on the influence of the immunomodulator Baypamun N®
on type I allergy in horses. Doctoral thesis 2003. Veterinary School Hannover, Germany - https://d-
nb.info/969238762/34 Accessed 03/07/2019

Evaluation of Skin Scoring Comparison Study
H 'sN Bo= Date
orse's Name Number
Coding
0 not present
1 very mild
2 mild
3 mild to moderate
4 moderate
5 moderate to severe
6 severe
Broken Crusts, Blood
i i s = Purulence
Region Wheals Papules Hairs Alopecia seabing Exudate
1
2
3
4
5
6
7
8
9
10
11
12
Photographs taken?
Remarks (weather,
Culicoides, etc...)
Visit Date i
(DD-MMM-YYYY) = = Signature
Version 1.0
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Figure S3. Scoring system C. According to and modified from Fettelschoss-Gabriel et al.

2018

Fettelschoss-Gabriel A, Fettelschoss V, Olomski F et al. Active vaccination against Interleukin-5 as long-term

treatment for insect bite hypersensitivity in horses. Allergy 2018; 142: 1,194-1,205.

[SCORE SHEET LESION GRADING]

STUDY TITLE

STUDY ID

DATE, PLACE
OWNER

HORSE NAME / PATIENT ID

Points are given for each summer eczema site. Every site is judged for intensity on location,
size/diameter, blood, hairloss, scales, crust and lichenification. Per site intensities are graded from
1 to maximal 4 points. Total points is sum of all points. For more information, see page 4.

TAL POINTS
LOCATION O UPC] MIDDLEC] DOWN[C]  LIGHT(J STRONGO

SIZE / DIAMETER 10 20 30 40 _g_
BLOOD 10 20 30 € =1 R -
HAIRLOSS 10 20 30 40 9
SCALES 10 20 30 o 9
CRUST 10 20 30 o 9
LICHENIFICATION / SWELLING 10 20 30 40 °_
MANE POINTS
LOCATION [J UPC] MIDDLE[] DOWN[L] UGHTC] STRONGO

SIZE / DIAMETER 10 20 30 40 g_
BLOOD 10 20 30 40 =
HAIRLOSS 10 20 30 40 0_
SCALES 10 20 a0 o 9
CRUST 10 20 30 40 ‘L_
LICHENIFICATION / SWELLING 10 20 30 40 °_
BELLY POINTS
LOCATION O UP[] MIDDLEC] DOWN[] UGHT[] STRONGO

SIZE / DIAMETER 10 20 30 40 _g_
BLOOD 10 20 30 40 2
HAIRLOSS 10 20 30 40 9
SCALES 10 20 30 a0 0_
CRUST 10 20 a0 «a °
LICHENIFICATION / SWELLING 10 20 30 o 0
[SCORE SHEET LESION GRADING] 3
LEGS POINTS
LOCATION (0 UPC] MIDDLEC] DOWN[]  LIGHT[D STRONG[]
SIZE / DIAMETER 10 20 30 40 g
BLOOD 10 20 30 40 Z
HAIRLOSS 10 20 30 40 L
SCALES 10 20 30 40 °_
CRUST 10 20 30 «am 9
LICHENIFICATION / SWELLING 10 20 30 40 L
CROUP POINTS
LOCATION (0 UP[] MIDDLE[] DOWN[]  LGHT[D STRONGOD
SIZE / DIAMETER 10 20 30 40 0
BLOOD 10 20 30 40 Z
HAIRLOSS 10 20 30 40 L
SCALES 10 20 30 40 9_
CRUST 10 20 30 40 °,, .
LICHENIFICATION / SWELLING 10 20 30 40 0_
OTHER POINTS
LOCATION [0 UPC] MIDDLE[D DOWND  UGHT[J STRONGO
SIZE / DIAMETER 10 20 30 40 ,0
BLOOD 10 20 30 40 E
HAIRLOSS 10 20 30 40 0_
SCALES 10 20 30 40 L
CRUST 10 20 30 a9
LICHENIFICATION / SWELLING 10 20 30 40 0_
OTHER POINTS
LOCATION O UPC] MIDDLEL] DOWN[  LIGHT[] STRONG[]
SIZE / DIAMETER 10 20 30 40 o
BLOOD 10 20 30 40 Z
HAIRLOSS 10 20 30 40 L
SCALES 10 20 30 40 O_
CRUST 10 20 30 a0 9
LICHENIFICATION / SWELLING 10 20 30 40 °_

[SCORE SHEET LESION GRADING] 2
WITHERS POINTS
LOCATION [0 UPC] MIDDLE[] DOWN[]  LIGHT[D STRONG[J T
SIZE / DIAMETER 10 20 30 40 —
BLOOD 10 20 30 40 =
HAIRLOSS 10 20 30 40 0
SCALES 10 20 30 40 °_
CRUST 10 20 30 =
LICHENIFICATION / SWELLING 10 20 30 40 0
FLANK POINTS
LOCATION O UP] MIDLE[D DOWN[  LIGHT[] STRONG [ o
SIZE / DIAMETER 10 20 30 40 o
BLOOD 10 20 30 40 =
HAIRLOSS 10 25 30 40 e
SCALES 10 20 30 40 0_,
CRUST 10 20 30 «am 9
LICHENIFICATION / SWELLING 10 20 30 40 0
FACE POINTS
LOCATION O UPJ MIDDLELD DOWN[  LIGHT[J STRONG [ T
SIZE / DIAMETER 10 20 30 a0 o
BLOOD 10 20 30 40 —
HAIRLOSS 10 20 30 40 T
SCALES 10 20 30 o 2
CRUST =] 20 30 a0 9
LICHENIFICATION / SWELLING 10 20 30 40 0
EARS POINTS
LocaTioN O UPC] MIDDLE[] DOWN[L]  LIGHT[J STRONG[ P
SIZE / DIAMETER 10 20 30 40 o
BLOOD 10 20 30 40 T
HAIRLOSS 10 20 30 40 -
SCALES 10 20 30 40 °_
CRUST 10 20 30 «0 0
LICHENIFICATION / SWELLING 10 20 30 40 0
[SCORE SHEET LESION GRADING] 4
SHEATH / UDDER POINTS
0
Sheath GRADE 1] GRADE2[] GRADE3[] GRADE 40 s
Udder GRADE 100 GRADE200 GRADE3[] GRADE 4[] 0
TOTAL POINTS 0
NOTES
VETERINARY RESEARCHER

LESION SCORING

For IBH symptom scoring, the location (tail, mane, belly, flank, face, ear, leg, and the like) where 1BH
lesions occur are recorded. Each location is divided into 3 parts: up, middle, down. Further according lo
the number of lesions, each location is classified into light and strong. Dependent on how many parts are
affected (up / middie / down) and how many lesions per location are found (light / strong), 1 to 4 points can
be scored (1 point = one part affected, lesion light; 4 points = all three parts affected, lesion strong).
Moreover, these locations are classified for 6 further properties: size (diameter), blood, hair loss, scales,
crust, and lichenification / swelling. For all these properties also 1 to 4 points can be scored. Size is
divided into < 0.5 cm (1 point), 0.5 2 x > 1 cm (2 points), 1 2 x > 2 ¢m (3 points), and = 2 cm (4 points).
Blood is divided into intact epidermis (1 point), mild (2 points), moderate (3 points), and severe (4 points).
Hair loss is divided into mild (1 point), moderate (2 points), severe (3 points), and no hair (4 points).
Scales is divided into none (1 point), tiny, few (2 points), moderate, mid-size (3 points), and many, big (4
points). Crust is divided into none (1 point), tiny (2 points), half (3 points), and total (4 points).
Lichenification and/or swelling is divided into none (1 point), mild (2 points), moderate (3 points), and
severe (4 points).

Additionally, if sheath or udder is swollen, minimally 5 or maximally 20 points can be scored: grade 1 (5
points), grade 2 (10 points), grade 3 (15 points), and grade 4 (20 points). Finally, all points are added up
and are the IBH symptom score.
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