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RESUMO 

Este estudo foi realizado para caracterizar os achados dermatológicos, 

oftalmológicos e morfológicos da pele de cavalos com Astenia Dérmica 

Regional Hereditária Equina (HERDA) e padronizar um ensaio de “High 

Resolution Melting” (HRM), para determinar a ocorrência de heterozigotos. As 

avaliações e a padronização do HRM foram realizadas em cinco cavalos 

afetados (GA) e cinco não afetados (GC). Adicionalmente, cinco animais 

heterozigotos (GH) foram utilizados para padronizar o HRM. A ocorrência de 

heterozigotos foi determinada em 690 animais. Diversas regiões da pele foram 

mensuradas com cutímetro no GA e GC. Biópsias de pele foram submetidas 

aos exames histopatológico e ultraestrutural. Avaliação histopatológica foi 

realizada por dois patologistas. O exame oftalmológico incluiu, além das 

avaliações rotineiras, aferição dos diâmetros da córnea, paquimetria e 

biometria. Foi extraído DNA do sangue colhido do GA, GC, GH e de 690 

cavalos e o HRM foi validado. Observou-se menor espessura de pele no GA. A 

sensibilidade e especificidade do diagnóstico histopatológico da pele 

dependeram do avaliador e da região, respectivamente. Foram observados 

menor espessura e maior curvatura e diâmetros da córnea no GA. O HRM 

apresentou elevadas acurácia e precisão. A frequência de heterozigotos foi de 

4,7%. Apesar do padrão regional dos sinais dermatológicos, a diminuição da 

espessura da pele não é regional. Para o diagnóstico histopatológico, 

recomenda-se realizar biópsia de pele no pescoço, garupa ou dorso. A 

relevância clínica dos achados oftalmológicos deve ser investigada. O ensaio 

de HRM padronizado será útil na seleção dos acasalamentos, visando 

minimizar a ocorrência da doença. 

 

Palavras chave: HERDA, cavalos, Ciclofilina B, diagnóstico, High Resolution 

Melting.
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ABSTRACT 

The present study was conducted to characterize the dermatological, 

ophthalmological, and morphological findings from horses affected with 

Hereditary Equine Regional Dermal Asthenia (HERDA) and to standardize a 

High Resolution Melting (HRM) genotyping assay to determine the frequency of 

carriers. The evaluations and HRM standardization were performed in five 

affected (AG) and five non-affected (CG) horses. Additionally, five 

heterozygous (HG) horses were used to HRM standardization. The frequency 

of carriers was determined in 690 horses. Several skin regions of both groups 

were measured with a cutimeter Skin biopsies were submitted to 

histopathological and ultrastructural evaluations. Histopathological evaluation 

was performed by two pathologists. Ophthalmology included, besides the 

routine evaluations, corneal diameters measurement, pachymetry, and 

biometry. HRM was validated using purified DNA from blood samples of the 

AG, CG, HG and 690 horses. Skin thickness decrease was observed in the AG. 

Histopathological sensitivity and specificity to diagnose HERDA was dependent 

on the evaluator and region, respectively. HERDA horses exhibited decreased 

corneal thickness and increased corneal curvature and corneal diameters. The 

HRM assay resulted in high accuracy and precision. The estimated carrier 

frequency was 4.7%. Despite of the regional pattern of the dermatological 

signs, the decrease of skin thickness from HERDA horses is not regional. Skin 

samples of the neck, croup or back are recommended to diagnose HERDA. 

The relevance of the ocular findings should be further investigated. The 

standardized HRM assay will be useful in the management of breeding 

programs to minimize the occurrence of this disease. 

 

Keywords: HERDA, horses, Cyclophilin B, diagnosis, High Resolution Melting. 
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INTRODUÇÃO 

 

A Astenia Dérmica Regional Hereditária Equina (HERDA), também 

conhecida como Astenia Cutânea, é uma doença genética caracterizada 

clinicamente por pele frouxa, fina, hiperextensível e frágil que lacera facilmente 

ao menor trauma, formando extensas cicatrizes (LERNER, D. e MCCRACKEN, 

M., 1978; WHITE, S. D. et al., 2004; BORGES, A. S. et al., 2005). Esta 

enfermidade é causada pela mutação pontual (c.115G>A) no gene que codifica 

a proteína Ciclofilina B (CypB) (TRYON, R. C. et al., 2007), exercendo efeito 

negativo sobre o metabolismo do colágeno (BACHINGER, H. P., 1987; 

STEINMANN, B. et al., 1991). As lesões afetam predominantemente as regiões 

dorsais da cernelha até a garupa (WHITE, S. D. et al., 2004; BORGES, A. S. et 

al., 2005). Quando as lesões são manipuladas alguns animais podem 

apresentar resposta dolorosa (BORGES, A. S. et al., 2005). A astenia cutânea 

apresenta padrão de herança autossômico recessivo (TRYON, R. et al., 2005; 

WHITE, S. et al., 2007) e acomete linhagens específicas de cavalos da raça 

Quarto de Milha (QM) ou raças que possuam o QM em sua base (FINNO, C. et 

al., 2009). 

HERDA é comumente observada em certas linhagens de cavalos QM, 

utilizados em competições esportivas de apartação e rédeas (FINNO, C. et al., 

2009; TRYON, R. C. et al., 2009). Os produtos desses cruzamentos são em 

geral animais que apresentam desempenho atlético excelente (RASHMIR-

RAVEN, A. et al., 2004), consequentemente, a astenia cutânea é cada vez 

mais prevalente e importante para o negócio do cavalo QM (TRYON, R. C. et 

al., 2009; WHITE, S. D. e BOURDEAU, P., 2011). A frequência de animais 

heterozigotos na população de QM tem sido estimada entre 1,6% e 9,2% 

(TRYON, R. C. et al., 2007; TRYON, R. C. et al., 2009; WHITE, S. D. e 

BOURDEAU, P., 2011; ISHIKAWA, Y. et al., 2012). A frequência de 

heterozigotos do alelo mutante responsável pela HERDA em cavalos de 

linhagem exclusiva de apartação foi estimada em 28 % (TRYON, R. C. et al., 

2009). 

A consanguinidade observada nos cavalos afetados é devida à 

existência de um ancestral comum, o qual aparece nas linhas alta e baixa dos 

pedigrees desses animais (RASHMIR-RAVEN, A. et al., 2004). Esse garanhão, 
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conhecido como Poco Bueno (1944-1969), foi grande campeão de diversas 

provas de apartação e produtor de campeões. Existe a hipótese de que sua 

demasiada utilização seja justificada pelo fato de conferir a sua progênie certa 

vantagem competitiva em relação a outras linhagens de QM de apartação 

(RASHMIR-RAVEN, A. et al., 2004; TRYON, R. C. et al., 2007).  

As competições de apartação iniciaram-se no século XIX e cresceram 

consideravelmente durante o século passado, impulsionadas por premiações 

milionárias. O sucesso dos eventos de apartação e as premiações têm um 

profundo impacto na seleção dos garanhões utilizados nos cruzamentos. A 

existência de um grande número de heterozigotos tem contribuído para o 

aumento dos casos de HERDA nas últimas duas décadas (RASHMIR-RAVEN, 

A. et al., 2004; TRYON, R. C. et al., 2007).  

Um estudo realizado em 2004 demonstrou que entre os melhores 

garanhões QM competindo em provas de apartação, 14 deles eram 

heterozigotos (RASHMIR-RAVEN, A. et al., 2004). Esses garanhões já haviam 

ganhado mais de 70,3 milhões de dólares em premiações. No período de 1998 

a 2002, mais de 1241 filhos e filhas desses garanhões haviam sido vendidos 

em leilões e tinham arrecadado 26,8 milhões de dólares. (RASHMIR-RAVEN, 

A. et al., 2004). O estudo ainda sugeriu que metade da prole desses 

garanhões, com valor aproximado de 13 milhões de dólares, também eram 

heterozigotos (RASHMIR-RAVEN, A. et al., 2004). No período de 1999 a 2004, 

13% dos melhores garanhões QM de apartação, que se mantiveram no topo da 

classificação da Associação Nacional do Cavalo de Apartação dos Estados 

Unidos da América (NCHA), eram heterozigotos para HERDA. Esses animais 

arrecadaram 27 milhões de dólares em vendas de progênie, o que 

correspondeu a 22,8 % da arrecadação total no mesmo período (RASHMIR-

RAVEN, A. et al., 2004). 

A associação americana de criadores do cavalo QM (AQHA) e a 

associação brasileira de criadores do cavalo QM (ABQM) estimam, 

respectivamente, que a população de cavalos desta raça no mundo e no Brasil 

seja de 3,026 milhões e 358.000 animais. Assim, conhecer a frequência de 

animais heterozigotos para o alelo mutante de HERDA é vital para estimar os 

impactos econômicos diretos e indiretos que esta enfermidade pode 

potencialmente causar. 
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Pelo exposto, fica evidente a importância da doença tanto para o animal 

quanto para o negócio do cavalo QM. O conhecimento aprofundado dos 

achados clínicos e morfológicos em cavalos afetados pela HERDA, bem como 

o diagnóstico precoce e preciso são muito importantes para minimizar o 

sofrimento do animal. Além disso, compreender a distribuição do alelo mutante 

em populações específicas de QM é um ponto de partida fundamental para se 

evitar a propagação desta doença genética e diminuir as perdas econômicas. 

Desta forma, este trabalho foi idealizado visando caracterizar os achados 

dermatológicos, oftalmológicos e morfológicos da pele em cavalos QM afetados 

pela HERDA e padronizar um ensaio de genotipagem baseado na técnica de 

“High Resolution Melting” (HRM), para determinar a ocorrência de 

heterozigotos para o alelo mutante desta enfermidade. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

REVISÃO DE LITERATURA



 

 

5 

5
 

REVISÃO DE LITERATURA 

 

Importância e funções do colágeno 

O colágeno é uma proteína fundamental do organismo, sendo o principal 

componente da matriz extracelular (KOIDE, T. e NAGATA, K., 2005). Os 

diferentes isotipos de colágeno compreendem aproximadamente um terço da 

proteína corpórea total dos organismos vertebrados (MINOR, R. R., 1980). A 

maioria dos processos patológicos leva a alguma alteração na síntese e/ou 

degradação do colágeno (MINOR, R. R., 1980). Assim, fica evidente a 

importância dessa proteína no contexto de saúde e doença. 

Essas proteínas desempenham funções estruturais e de manutenção da 

integridade tecidual (BYERS, P. H., 2000; MYLLYHARJU, J. e KIVIRIKKO, K. 

I., 2001), proporcionando aos tecidos força de tensão, flexibilidade e 

extensibilidade (MINOR, R. R., 1980). Além disso, os colágenos estão 

envolvidos com a adesão celular, quimiotaxia, migração celular e remodelação 

tecidual durante o crescimento, diferenciação, morfogênese e cicatrização 

(MYLLYHARJU, J. e KIVIRIKKO, K., 2004). 

 

Estrutura e biossíntese do colágeno 

O colágeno possui estrutura molecular formada por cadeias alfa 

dispostas em tripla hélice (MINOR, R. R., 1980; KOIDE, T. e NAGATA, K., 

2005). Além disso, é caracterizado por apresentar sequências com repetições 

de três aminoácidos, respeitando a fórmula (Glicina-X-Y)n (MINOR, R. R., 1980; 

BRODSKY, B. e PERSIKOV, A. V., 2005; KOIDE, T. e NAGATA, K., 2005). Os 

aminoácidos hidroxiprolina e hidroxilisina, os quais são exclusivos da molécula 

de colágeno, são formados pela hidroxilação dos resíduos de prolina e lisina, 

respectivamente (MINOR, R. R., 1980; KOIDE, T. e NAGATA, K., 2005). 

Embora a prolina e a hidroxiprolina ocupem frequentemente as posições X e Y 

das sequências repetidas triplas do colágeno (MINOR, R. R., 1980; BRODSKY, 

B. e PERSIKOV, A. V., 2005), diferentes aminoácidos podem ocupar estas 

posições (MYLLYHARJU, J. e KIVIRIKKO, K., 2004). A distribuição e 

frequência em que esses aminoácidos aparecem na molécula de colágeno são 

requisitos obrigatórios para a formação de sua estrutura molecular em tripla 

hélice (MINOR, R. R., 1980). 
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Cada isotipo de colágeno é formado por uma combinação única de três 

cadeias alfa (BRODSKY, B. e PERSIKOV, A. V., 2005; KOIDE, T. e NAGATA, 

K., 2005), as quais são o produto da expressão de um único gene e possuem 

sequência de aminoácidos particular (MINOR, R. R., 1980). Assim, a síntese 

dos diferentes isotipos de colágeno é um processo complexo que envolve a 

transcrição de inúmeros genes (BYERS, P. H., 2000) e modificações pós-

tradução realizadas por diferentes enzimas e interações proteicas que 

permitem o agrupamento das diferentes cadeias alfa e a formação de fibras 

colágenas funcionais (MINOR, R. R., 1980; KOIDE, T. e NAGATA, K., 2005). 

 

Doenças genéticas envolvendo o colágeno 

As mutações pontuais, deleções ou inserções nos genes responsáveis 

pela síntese das cadeias alfa e das proteínas envolvidas nas modificações pós-

tradução, durante a biossíntese do colágeno, podem originar doenças 

genéticas envolvendo esta proteína (MINOR, R. R., 1980; BURROWS, N. P., 

1999). Estas doenças têm sido descritas em humanos (BEIGHTON, P. et al., 

1998; BURROWS, N. P., 1999; MAO, J. R. e BRISTOW, J., 2001) e animais 

domésticos (O'HARA, P. J. et al., 1970; BECKER, U. e TIMPL, R., 1976; 

LERNER, D. e MCCRACKEN, M., 1978; MINOR, R. R., 1980; SEQUEIRA, J. L. 

et al., 1999). 

Em humanos, a doença genética envolvendo a biossíntese do colágeno 

mais conhecida é a síndrome de Ehlers-Danlos (EDS) (BEIGHTON, P. et al., 

1998; BURROWS, N. P., 1999; DE PAEPE, A. e MALFAIT, F., 2012). Esta é 

composta por um grupo heterogêneo de doenças caracterizadas por fragilidade 

do tecido conjuntivo que afetam principalmente a pele, ligamentos, 

articulações, vasos sanguíneos e órgãos internos (BURROWS, N. P., 1999; DE 

PAEPE, A. e MALFAIT, F., 2012). A classificação da EDS tem sido modificada 

ao longo do tempo (BEIGHTON, P. et al., 1998; BURROWS, N. P., 1999). 

Recentemente, esta síndrome foi classificada em 12 doenças diferentes, 

baseada nas características clínicas, no padrão de herança e na alteração 

molecular e/ou bioquímica envolvida (DE PAEPE, A. e MALFAIT, F., 2012). 

Na Medicina Veterinária, a caracterização desta doença baseada 

somente nos achados clínicos é bastante difícil, uma vez que a mesma é 

similar a mais de um subtipo de EDS. A doença genética caracterizada por 
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fragilidade do tecido conjuntivo que acomete a pele dos animais domésticos 

tem sido referida como dermatosparaxis, EDS, astenia cutânea e hiperelastose 

cutânea (O'HARA, P. J. et al., 1970; BECKER, U. e TIMPL, R., 1976; LERNER, 

D. e MCCRACKEN, M., 1978; MINOR, R. R., 1980; SEQUEIRA, J. L. et al., 

1999; WHITE, S. D. et al., 2004). Esta doença tem sido descrita em diferentes 

espécies, incluindo bovinos (KAWAGUCHI, T. et al., 1988), caninos 

(ANDERSON, J. H. e BROWN, R. E., 1978), felinos (PATTERSON, D. F. e 

MINOR, R. R., 1977), coelhos (BROWN, P. J. et al., 1993), equinos (LERNER, 

D. e MCCRACKEN, M., 1978) e ovinos (HELLE, O. e NES, N. N., 1972). Deve-

se ressaltar que a ocorrência desta enfermidade é rara e as descrições clínicas 

são escassas. Todavia, a partir do ano 2000 uma forma hereditária de astenia 

cutânea passou a ser diagnosticada em grande número de cavalos. Desta 

maneira, a doença passou a ser estudada por diferentes pesquisadores e 

atraiu grandes investimentos para identificar a causa específica da 

enfermidade. 

 

Astenia cutânea em equinos 

O primeiro relato de astenia cutânea em equinos foi descrito em dois 

cavalos Quarto de Milha (QM) que apresentavam áreas de pele hiperextensível 

e frágil na região torácica (LERNER, D. e MCCRACKEN, M., 1978). Na década 

de 80 foram relatados alguns casos da doença. O primeiro desses casos foi 

descrito em um cavalo Puro Sangue Inglês, castrado, com seis anos de idade, 

que apresentava feridas de pele situadas no dorso e na cernelha, 

caracterizadas por cicatrizes atróficas e pele “elástica” que demorava em 

retornar a sua forma original após ser esticada (SOLOMONS, B., 1984). O 

terceiro caso da doença foi relatado em uma potranca meio sangue Árabe, com 

dois anos de idade, que apresentava grandes áreas de pele hiperextensível e 

frágil, intercaladas com áreas de pele normal, a qual lacerava facilmente 

(GUNSON, D. et al., 1984). Esses autores observaram ao exame 

histopatológico quantidades reduzidas de colágeno na derme e fibras de 

colágeno fragmentadas e desorganizadas (GUNSON, D. et al., 1984). Ainda 

nesta década, foram relatados casos em um potro Hanover (WITZIG, P. et al., 

1984) e dois cavalos QM (HARDY, M. et al., 1988) que possuíam pele fina e 

acentuada fragilidade e hiperextensibilidade de pele. 
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Esta enfermidade só foi novamente diagnosticada no início dos anos 

2000, onde uma potranca QM apresentava fragilidade e hiperextensibilidade de 

pele e, ao exame histopatológico, separação regional na porção média da 

derme profunda (BROUNTS, S. H. et al., 2001). A partir desse momento, 

apesar dos poucos relatos na literatura, número considerável de cavalos QM 

passou a ser diagnosticado com esta doença, tanto por médicos veterinários de 

campo como por centros de pesquisa. Um estudo realizado em 2004 

caracterizou os achados clínicos, morfológicos e imunohistoquímicos de 50 

cavalos QM afetados pela doença (WHITE, S. D. et al., 2004). Nesse estudo, o 

nome Astenia Dérmica Regional Hereditária Equina (HERDA) foi sugerido para 

a doença que acomete animais da raça QM, pelo fato dos animais afetados 

apresentarem lesões dermatológicas localizadas em algumas áreas do corpo, 

alterações histológicas e ultraestruturais na derme e diminuição da tensão da 

pele. 

O primeiro relato de caso de HERDA no Brasil descreveu três cavalos 

QM que apresentavam áreas da pele que eram facilmente esticadas quando 

tracionadas, formando uma prega que gradualmente achatava até voltar à sua 

posição original (BORGES, A. S. et al., 2005). Além disso, estas regiões 

laceravam com certa facilidade, resultando em cicatrizes circundadas por pele 

de espessura normal (BORGES, A. S. et al., 2005). 

A HERDA é uma doença que impossibilita a utilização do animal para a 

montaria e gera grandes prejuízos ao criador, sendo de grande relevância 

econômica para o mercado do cavalo QM (RASHMIR-RAVEN, A. et al., 2004; 

WHITE, S. D. et al., 2004; BORGES, A. S. et al., 2005; TRYON, R. C. et al., 

2009). HERDA acomete predominantemente cavalos QM, de ambos os sexos 

(SOLOMONS, B., 1984; STANNARD, A., 2000; WHITE, S. D. et al., 2004; 

BORGES, A. S. et al., 2005), de linhagens específicas utilizadas em 

competições de apartação (STANNARD, A., 2000; FINNO, C. et al., 2009; 

TRYON, R. C. et al., 2009). Todavia, esta enfermidade também pode acometer 

cavalos QM de linhagens utilizadas em provas esportivas de rédeas, trabalho e 

passeio e em outras raças que possuam o QM em sua base (RASHMIR-

RAVEN, A. et al., 2004). 

Os animais geralmente são jovens (WITZIG, P. et al., 1984) e 

aparentados (STANNARD, A., 2000). A ausência de sinais dermatológicos nos 
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progenitores e a avaliação do pedigree dos animais afetados evidencia que a 

astenia cutânea possui padrão de herança autossômico recessivo (RASHMIR-

RAVEN, A. et al., 2004; BORGES, A. S. et al., 2005; TRYON, R. et al., 2005; 

WHITE, S. et al., 2007). Acredita-se que a HERDA pode ser oriunda de um 

garanhão grande campeão de provas de apartação e produtor de campeões 

conhecido como Poco Bueno (RASHMIR-RAVEN, A. et al., 2004). 

Esta enfermidade tem sido diagnosticada em cavalos QM no Brasil 

(BORGES, A. S. et al., 2005), nos Estados Unidos (WHITE, S. D. et al., 2004; 

WHITE, S. et al., 2007) e no Reino Unido (RENDLE, D. I. et al., 2008). Estudos 

prévios demonstraram que a frequência de animais heterozigotos para HERDA 

oscila entre 1,6% e 9,2% (TRYON, R. et al., 2005; TRYON, R. C. et al., 2007; 

TRYON, R. C. et al., 2009; WHITE, S. D. e BOURDEAU, P., 2011; ISHIKAWA, 

Y. et al., 2012). A frequência estimada de cavalos heterozigotos de linhagens 

utilizadas exclusivamente em provas esportivas de apartação é superior a 28% 

(TRYON, R. C. et al., 2009). 

 

Sinais clínicos 

A astenia cutânea é caracterizada clinicamente por pele frouxa, fina, 

hiperextensível e frágil (LERNER, D. e MCCRACKEN, M., 1978; HARDY, M. et 

al., 1988; STANNARD, A., 2000; BROUNTS, S. H. et al., 2001; WHITE, S. D. et 

al., 2004; BORGES, A. S. et al., 2005), que lacera facilmente ao menor trauma, 

formando cicatrizes atróficas e/ou hipertróficas (pseudotumores ou quelóides) 

(BROUNTS, S. H. et al., 2001; WHITE, S. D. et al., 2004; BORGES, A. S. et al., 

2005; WHITE, S. et al., 2007). As cicatrizes atróficas são alopécicas, secas, 

cobertas por escamas e espessas nas bordas (BROUNTS, S. H. et al., 2001). 

As cicatrizes hipertróficas possuem massas firmes semelhantes a tumores em 

suas bordas (BORGES, A. S. et al., 2005). Além disso, os animais afetados 

podem apresentar hematomas e seromas sem evidências de lesão prévia 

devido à fragilidade com que a pele é unida aos tecidos mais profundos 

(SCHOTT II, H. C. e PETERSEN, A. D., 2005), os quais podem evoluir para 

úlceras e cicatrizes (WHITE, S. D. et al., 2004; WHITE, S. et al., 2007). A pele 

dos cavalos afetados possui consistência macia à palpação (BROUNTS, S. H. 

et al., 2001; WHITE, S. D. et al., 2004), sendo facilmente estendida quando 

puxada e formando uma prega que volta gradualmente a posição original 
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(BORGES, A. S. et al., 2005). Pode ser observada a presença de dor quando a 

pele hiperextensível ou as cicatrizes são manipuladas (RASHMIR-RAVEN, A. 

et al., 2004).  

Embora as lesões sejam predominantemente observadas ao longo das 

regiões dorsais (BROUNTS, S. H. et al., 2001; BORGES, A. S. et al., 2005; 

RENDLE, D. I. et al., 2008), essas também podem ser raramente observadas 

nos membros (WHITE, S. D. et al., 2004). Algumas regiões da pele que 

apresentam lesões podem ser circundadas por pele clinicamente normal 

(GUNSON, D. et al., 1984; BORGES, A. S. et al., 2005). Apesar de ser 

genética (TRYON, R. et al., 2005; TRYON, R. C. et al., 2007), a enfermidade 

pode demorar vários meses para que as características clínicas se tornem 

evidentes (RASHMIR-RAVEN, A. et al., 2004). As lesões geralmente começam 

a ser observadas a partir de um ano e meio de idade (RASHMIR-RAVEN, A. et 

al., 2004; WHITE, S. D. et al., 2004; TRYON, R. C. et al., 2007), quando os 

animais iniciam o processo de doma (HARDY, M. et al., 1988; WHITE, S. et al., 

2007), e podem piorar progressivamente tanto em frequência como em 

gravidade com o avanço da idade (WHITE, S. D. et al., 2004). Assim, alguns 

animais podem ser adquiridos sem que sinais evidentes da doença estejam 

presentes no momento da compra e podem vir a manifestá-los posteriormente, 

quando iniciados na doma ou postos no trabalho. Todavia, trauma cutâneo 

pode expor o fenótipo da doença antes dos seis meses de idade (RASHMIR-

RAVEN, A. et al., 2004; TRYON, R. et al., 2005). 

Os cavalos com HERDA possuem boa saúde e condição corporal 

(GUNSON, D. et al., 1984; BROUNTS, S. H. et al., 2001). Além dos sinais 

dermatológicos, os animais afetados não apresentam qualquer alteração clínica 

nas articulações ou nos órgãos internos (WHITE, S. D. et al., 2004; BORGES, 

A. S. et al., 2005; WHITE, S. et al., 2007). Estudo prévio demonstrou que a 

incidência de ulceras de córnea foi significativamente maior nos cavalos com 

HERDA do que em cavalos controle (MOCHAL, C. A. et al., 2010). Além disso, 

as alterações na síntese do colágeno não são restritas a pele e também são 

observadas nos olhos (MOCHAL, C. A. et al., 2010), tendões, ligamentos 

(ISHIKAWA, Y. et al., 2012; BOWSER, J. E. et al., 2013) e vasos sanguíneos 

(BOWSER, J. E. et al., 2013). Os animais afetados apresentam redução da 

espessura da pele (HARDY, M. et al., 1988; BROUNTS, S. H. et al., 2001; 
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BORGES, A. S. et al., 2005) e da córnea (MOCHAL, C. A. et al., 2010) e 

diminuição da força de tensão da pele (GRADY, J. et al., 2009; BOWSER, J. E. 

et al., 2013), tendões e ligamentos (BOWSER, J. E. et al., 2013). A amplitude 

da diminuição da força de tensão na pele é mais evidente nas regiões onde os 

sinais clínicos são observados (BOWSER, J. E. et al., 2013). 

 

Alterações histopatológicas 

Ao exame histopatológico as áreas de pele afetadas apresentam fibras 

de colágeno finas, fragmentadas, dispersas e desorganizadas na região 

profunda da derme (GUNSON, D. et al., 1984; WHITE, S. D. et al., 2004; 

BORGES, A. S. et al., 2005; WHITE, S. et al., 2007). Isto leva a um arranjo 

frouxo das fibras colágenas dentro da derme profunda (GUNSON, D. et al., 

1984; BORGES, A. S. et al., 2005), acompanhado por leve acúmulo de material 

granular entre as fibrilas (BROUNTS, S. H. et al., 2001). A epiderme, folículos 

pilosos, glândulas sebáceas e glândulas sudoríparas são histologicamente 

normais (GUNSON, D. et al., 1984; HARDY, M. et al., 1988; WHITE, S. D. et 

al., 2004; BORGES, A. S. et al., 2005). 

Previamente, foi demonstrado que as lesões dermatológicas observadas 

em uma potranca QM estavam associadas a uma separação dérmica zonal 

observada à microscopia, a qual consistia em uma área linear horizontal de 

feixes de fibras colágenas frouxas localizadas por toda a região média da 

derme profunda (BROUNTS, S. H. et al., 2001). Dentro desta área existia 

separação dos feixes colágenos e perda da densidade da derme (BROUNTS, 

S. H. et al., 2001). Entretanto, esta alteração histopatológica tem sido pouco 

observada, podendo ser meramente um artefato de coleta ou processamento 

das amostras de pele (WHITE, S. D. et al., 2004). 

As fibras colágenas dos cavalos afetados, incluindo as áreas 

clinicamente normais, são mais pálidas na coloração de Hematoxilina e Eosina 

do que as fibras colágenas de cavalos não afetados pela doença 

(SOLOMONS, B., 1984; HARDY, M. et al., 1988; BORGES, A. S. et al., 2005). 

As alterações na afinidade aos corantes pelas fibras colágenas podem ser 

devidas à capacidade com que o corante consegue penetrar na fibra (LANIR, 

Y. et al., 1984). A espessura da fibra de colágeno é um fator que pode 

influenciar esta afinidade (LANIR, Y. et al., 1984). As colorações especiais 
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como o tricrômico de Masson e a coloração de Calleja têm sido utilizadas no 

intuito de auxiliar o diagnóstico histopatológico (WHITE, S. D. et al., 2004; 

BORGES, A. S. et al., 2005). Todavia, o poder de auxilio ao diagnóstico 

histopatológico do tricrômico de Masson tem sido questionado (WHITE, S. D. et 

al., 2004). A coloração de Calleja não evidencia qualquer anormalidade das 

fibras elásticas nos cavalos afetados (HARDY, M. et al., 1988; WHITE, S. D. et 

al., 2004; BORGES, A. S. et al., 2005). 

Algumas áreas com lesões dermatológicas características podem ser 

consideradas como pele não afetada ao exame histopatológico (BROUNTS, S. 

H. et al., 2001). Entretanto, áreas sem alterações dermatológicas evidentes 

podem ser consideradas afetadas (WHITE, S. D. et al., 2004). Nenhuma 

evidência histológica de anormalidades associadas ao colágeno tem sido 

encontrada em outros tecidos e órgãos internos (WHITE, S. D. et al., 2004; 

WHITE, S. et al., 2007). 

 

Alterações ultraestruturais 

A principal alteração ultraestrutural observada à microscopia eletrônica 

de transmissão na derme dos animais afetados é a presença de fibrilas de 

colágeno fragmentadas, aleatoriamente orientadas e unidas de forma frouxa 

dentro das fibras de colágeno (GUNSON, D. et al., 1984; HARDY, M. et al., 

1988; BROUNTS, S. H. et al., 2001; WHITE, S. D. et al., 2004). Além disso, 

grande quantidade de material amorfo é observada entre as fibrilas de 

colágeno (GUNSON, D. et al., 1984; HARDY, M. et al., 1988). As alterações 

ultraestruturais podem não ser observadas em áreas de pele que apresentam 

ou não alterações dermatológicas evidentes (GUNSON, D. et al., 1984; 

BORGES, A. S. et al., 2005). Os cavalos afetados possuem grande 

variabilidade no diâmetro das fibrilas de colágeno da derme (HARDY, M. et al., 

1988; BROUNTS, S. H. et al., 2001), as quais são distribuídas de forma 

esparsa e raramente arranjadas em feixes (HARDY, M. et al., 1988).  Quando 

observadas à microscopia eletrônica de varredura, as fibrilas de colágeno da 

córnea de cavalos afetados apresentam-se desorganizadas, entrelaçadas e 

com desarranjo multifocal do padrão lamelar normal (MOCHAL, C. A. et al., 

2010). 
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Etiologia 

A alteração molecular responsável pelos achados dermatológicos 

observados nos animais afetados pela astenia cutânea foi caracterizada pela 

primeira vez em 2007. Nesse estudo, os pesquisadores verificaram que esta 

enfermidade é causada pela mutação pontual (c.115G>A) com perda de 

sentido (missense mutation) no gene que codifica a proteína Ciclofilina B 

(CypB) (TRYON, R. C. et al., 2007).  Esta mutação exerce efeito negativo sobre 

o metabolismo do colágeno (BACHINGER, H. P., 1987; STEINMANN, B. et al., 

1991), ao promover a substituição de um resíduo de glicina para um de 

arginina no domínio N-terminal da CypB (TRYON, R. C. et al., 2007). 

A CypB pertence à família das proteínas denominadas Peptidilprolil 

Isomerases (PPI) (KOIDE, T. e NAGATA, K., 2005). As PPI, entre outras 

funções, participam no dobramento de algumas proteínas (BUKRINSKY, M. I., 

2002). A CypB participa na formação da estrutura em tripla hélice da molécula 

de colágeno, devido as suas funções de isomerização cis-trans dos resíduos 

de prolina e de formação de complexo proteicos com diversa proteínas 

(BACHINGER, H. P., 1987; KOIDE, T. e NAGATA, K., 2005). Um estudo 

recente demonstrou que a mutação observada em cavalos com HERDA não 

afeta a atividade PPI da CypB, mas altera a interação desta com proteínas 

essenciais envolvidas na biossíntese do colágeno, afetando assim o 

dobramento do colágeno (ISHIKAWA, Y. et al., 2012). Além disso, esse mesmo 

estudo evidenciou que o colágeno de animais afetados contém menor 

quantidade de modificações pós-tradução dos resíduos de lisina (ISHIKAWA, 

Y. et al., 2012). A interação entre a CypB e outras proteínas e as modificações 

pós-tradução da lisina são cruciais para a correta biossíntese do colágeno 

(KOIDE, T. e NAGATA, K., 2005; ISHIKAWA, Y. et al., 2012). Desse modo, o 

mecanismo exato pelo qual a mutação na CypB causa a doença clínica 

permanece obscuro. 

 

Diagnóstico 

O diagnóstico presuntivo é baseado no histórico, avaliação do pedigree, 

exame dermatológico e exame histopatológico (RASHMIR-RAVEN, A. et al., 

2004). O diagnóstico definitivo depende da presença da mutação pontual 

(c.115G>A) no gene que codifica a CypB (TRYON, R. C. et al., 2007). As 
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características dermatológicas observadas em cavalos QM afetados, aliadas ao 

histórico de aparecimento das primeiras lesões durante o processo de doma de 

animais jovens (18 meses a dois anos) e com a presença de um ancestral 

comum no pedigree, são em muitos casos suficientes para o diagnóstico 

presuntivo (STANNARD, A., 2000). Cavalos com HERDA, mesmo com 

avaliações dermatológicas frequentes, podem parecer saudáveis no primeiro 

ano e meio de vida e somente após esta idade apresentarem sinais clínicos 

graves da doença (WHITE, S. et al., 2007). 

As biópsias de pele para a avaliação histopatológica podem ser válidas 

(RASHMIR-RAVEN, A. et al., 2004), mas não são conclusivas para o 

diagnóstico (WHITE, S. D. et al., 2004; BORGES, A. S. et al., 2005). Biópsias 

de pele nos casos suspeitos de HERDA devem ser feita de maneira incisional, 

uma vez que a biópsia com "punch" pode não ser profunda o suficiente a ponto 

de obter um fragmento de pele que contenha a derme profunda, local onde as 

alterações histopatológicas são observadas nos animais afetados (BROUNTS, 

S. H. et al., 2001; BORGES, A. S. et al., 2005). O uso do exame histopatológico 

para diagnóstico da astenia cutânea pode ser de difícil interpretação (WHITE, 

S. et al., 2007). O exame ultraestrutural tem sido demonstrado como 

ferramenta útil no diagnóstico, porém não é conclusivo (BROUNTS, S. H. et al., 

2001; WHITE, S. D. et al., 2004; BORGES, A. S. et al., 2005). O diagnóstico 

definitivo deve ser baseado nos exames clínico, dermatológico e morfológicos e 

na avaliação molecular da CypB.  

 

Tratamento, controle e prognóstico 

Por se tratar de uma enfermidade genética, não existe tratamento 

curativo para a astenia cutânea (RASHMIR-RAVEN, A. et al., 2004). 

Entretanto, o tratamento das feridas pode melhorar a qualidade de vida dos 

animais afetados (RASHMIR-RAVEN, A. et al., 2004; BADIAL, P. R. et al., 

2013). Os cavalos são menos propensos a desenvolver lesões durante o 

inverno, sugerindo que o sol ou o calor possam estar relacionados com o 

desenvolvimento e progressão das lesões (RASHMIR-RAVEN, A. et al., 2004). 

A pele dos animais afetados parece apresentar menor número de lesões 

quando esses são mantidos em baias, onde ficam protegidos da ação solar 

direta e de outros cavalos (RASHMIR-RAVEN, A. et al., 2004). 
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 A seleção e o direcionamento dos acasalamentos (TRYON, R. et al., 

2005) são medidas de controle por reduzir a ocorrência desta doença 

(RASHMIR-RAVEN, A. et al., 2004). Os cavalos afetados e seus progenitores 

devem ser retirados dos sistemas de acasalamento, pois produzirão animais 

afetados ou heterozigotos do alelo mutante (STANNARD, A., 2000). 

Os animais afetados não apresentam alterações reprodutivas (WHITE, 

S. et al., 2007), portanto, as fêmeas afetadas podem ser utilizadas como 

receptoras de embriões. Os cavalos afetados não podem ser montados e a 

grande maioria é submetida à eutanásia devido à gravidade e ao desconforto 

associado às lesões (BROUNTS, S. H. et al., 2001; WHITE, S. et al., 2007; 

FINNO, C. et al., 2009).  

 

Considerações finais 

A astenia cutânea é uma doença extremamente importante para o 

negócio do cavalo QM, podendo gerar prejuízos econômicos diretos e indiretos 

ainda incógnitos. HERDA é uma enfermidade autossômica recessiva 

decorrente da mutação pontual (c.115G>A) no gene codificador da CypB, que 

acarreta alterações dermatológicas características. A doença é clinicamente 

presente apenas quando em homozigose e pode ser de difícil diagnóstico antes 

de 18 meses de vida. Embora as informações obtidas durante os exames 

dermatológico, histopatológico e ultraestrutural sejam úteis para o diagnóstico 

presuntivo, o diagnóstico definitivo só pode ser confirmado mediante avaliação 

molecular da CypB. 
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O artigo a seguir foi redigido em conformidade com as normas do periódico 

científico “Veterinary Dermatology” 

 

Dermatological and morphological findings in Quarter Horses affected with 

Hereditary Equine Regional Dermal Asthenia 

 

Abstract 
Background: Hereditary equine regional dermal asthenia (HERDA) is an 

autosomal recessive disorder that affects mainly Quarter horses (QH). HERDA 

horses demonstrate characteristic skin abnormalities related to an improper 

collagen biosynthesis due to a c.115G>A missense mutation of the cyclophillin 

B gene. 

Hypothesis/Objectives: This study was conducted to characterize the skin 

thickness and the morphological abnormalities and investigated both 

interobserver agreement, and diagnostic accuracy on histopathological 

examination of HERDA horses. 

Animals: Five affected QH from a research herd and five unaffected QH from a 

stud farm. 

Methods: Several body regions were measured and skin biopsies taken and 

submitted to histopathological and ultrastructural examinations. Disease status 

was confirmed by DNA testing in all horses. 

Results: All evaluated regions were thinner in the affected horses. Difference of 

the skin thickness ≥ 38.7% between affected and unaffected animals resulted 

significant statistical values. Morphological examination evidenced collagen 

abnormalities in the skin of the affected animals. The interobserver agreement 

on histopathological examination was fair to substantial. Histopathological 

sensitivity to diagnose HERDA was dependent on the evaluator and ranged 

between 73% and 88%, while specificity was influenced by the sampled region 

and ranged between 35% and 75 %.  
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Conclusions and clinical importance: Despite of the regional pattern of the 

dermatological signs, the decrease of skin thickness from HERDA horses was 

not regionally distributed. Difference in the skin thickness between both groups 

was prominent in some dorsal and trunk areas. Histopathological examination is 

informative but it is not conclusive for diagnosis. Skin samples of the neck, 

croup or back are recommended to diagnose HERDA. 

Keywords: HERDA, horses, skin thickness, collagen fibril diameter, cyclophillin 

B 

Introduction 
First described as Hyperelastosis Cutis in two Quarter Horses (QH) 1, 

Hereditary Equine Regional Dermal Asthenia (HERDA) is an autosomal 

recessive disorder 2,3 frequently observed in QH and their lineages 4. It is 

clinically characterized by loose, hyperextensible and abnormally fragile skin, 

which is easily torn by minor trauma, with seromas, haematomas, ulcers, 

scarring and tumor-like masses developing primarily along the dorsum 2,5,6. A 

painful response may occur when the skin is manipulated 6-8
_ENREF_7. The 

skin’s tensile strength of affected horses is two-to threefold lower than in 

unaffected ones 9 and is more evident at the withers compared with the forelimb 

or abdomen 10. Collagen abnormalities are not limited to the skin and might also 

affect the eyes 11, tendons, ligaments 10,12, and vessels 10. The onset of lesions 

occurs at an average age of 1.5 years, when the horse starts ridden exercise 

and after considerable financial and emotional investments have been done 
2,7,13. 

This disease is caused by a c115G>A missense mutation of the equine 

cyclophilin B (CypB) gene 12,13. CypB has been implicated in protein folding of 

collagens via their cis-trans peptidyl-prolyl isomerase function 14. However, a 

recent study evidenced that the CypB peptidyl-prolyl isomerase function 

between HERDA affected horses and clinically normal horses was similar 12. 

Although this mutation prevents the interaction between CypB and the P-

domain of calnexin/calreticulin, which are essential proteins involved in collagen 

biosynthesis, and affects the post-translational modifications of lysine residues, 

the exact mechanism by which this mutation causes disease remains unknown 
12. 
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HERDA has become increasingly prevalent and important in the QH 

industry 15,16. The frequency of carriers among the QH population have been 

estimated between 1.6 % and 9.2 % 12,13,15,16. Previously, it was showed that 

fourteen high-performance cutting horses were HERDA carriers and have 

earned millionaire awards in competitions and offspring sold 7,16. Thorough 

knowledge of the dermatological and morphological findings of HERDA horses 

and the accurate diagnosis are very important to minimize animal suffering and 

economical losses. However, only few studies have reported the 

dermatological, morphological and molecular findings of QH affected by HERDA 

worldwide 2,5,6,9,12,13. One study described the dermatological, morphological, 

and ultrastructural findings in 50 HERDA horses 2. Nevertheless, the skin 

thickness from distinct regions from HERDA horses and its association with the 

regional clinical pattern of this disease, and the accuracy of histopathological 

diagnosis for HERDA have not been previously evaluated.  

We hypothesized that the skin in HERDA horses is thinner than 

unaffected animals and is not regionally restricted, and the histopathological 

evaluation is an accurate tool to support the clinical diagnosis. The purposes of 

this study were to measure skin thickness of several body regions comparing 

HERDA and unaffected animals, as well as to identify any association with the 

regional pattern of this disease. In addition, we further characterized the 

morphological abnormalities of the skin in HERDA horses and investigated both 

interobserver agreement, and diagnostic accuracy on histopathological 

examination to diagnose HERDA.  

Material and methods 
Animals 

Affected horses belonging to the HERDA research herd from São Paulo 

State University, Botucatu, São Paulo, Brazil, and unaffected healthy (non 

carriers of the c115G>A missense mutation) horses from a commercial stud 

farm were used herein. HERDA affected animals were donated by the owners 

for research purposes. Animals of both groups were of the QH breed. Affected 

and unaffected horses were confirmed by DNA testing as homozygous and wild 

type individuals, respectively. This study was approved by the São Paulo State 

University Institutional Animal Care and Use Committee (protocol n.70/2008). 
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Dermatological examination 
Dermatological examination was performed in six affected and five 

unaffected horses. Affected horses (three geldings and three mares) ranged in 

age from 2 to 10 years, while unaffected horses (five mares) ranged in age from 

6 to 16 years. Dermatological examination _ENREF_14included inspection and 

palpation to identify any injured areas affected by lesions (i.e., ulcers, scarring, 

tumor-like masses, seromas, and haematomas); and/or loose, hyperextensible, 

and thin skin. Twenty-five different skin regions (Figure 1) distributed along the 

body were measured with a cutimeter (Walmur nº 2860, Porto Alegre, RS, 

Brazil) to map the skin thickness of animals from both groups. 

Histopathology  
Incisional biopsy specimens were obtained bilaterally from cheek (region 

3), lateral neck (region 7), withers (region 11), back (region 14), loin (region 17) 

and croup (region 20) of affected (excepting one mare that died before 

sampling) and unaffected horses (Figure 1). Before taking the biopsy 

specimens, a local anesthetic drug (2% lidocaine Xylestesin®, Cristália, São 

Paulo, SP, Brazil) was used. All sampled regions were obtained from areas 

without ulcers, scarring, tumor-like masses, seromas or haematomas. These 

regions were selected due to ease of collecting when the animal was restrained 

in the chute. Biopsies were placed in 10% neutral buffered formalin, routinely 

processed, embedded in paraffin wax, and stained with haematoxylin and eosin 

(H&E), and Masson’s trichrome (MT) stain. All 120 skin samples, i.e., 60 from 

each group, were subsequently blinded examined by two evaluators with 

experience in equine dermatology, herein called A and B, to characterize the 

histopathological abnormalities of affected animals, the diagnostic agreement 

between evaluators, and the accuracy of the histopathological examination to 

diagnose HERDA. Samples were subjectively evaluated following the scale 

previously described 2 with modifications. The evaluated criteria were: 

(A) Collagen fiber arrangement: 1 = fibers close together (normal); 2 = 

single fibers separated from each other; 3 = tightly grouped fibers arranged in 

clusters, separated from other clusters; 

(B) Collagen fiber thickness: 1 = very thin; 2 = slightly thin; 3 = normal; 
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(C) Percentage of normal staining of collagen fibers with Masson’s 

trichrome. 1 = 0%; 2 = 25%; 3 = 50%; 4 = 75%; 5 = 100%; 

(D) Overall assessment: 0 = unlikely to be affected; 1 = suggestive of the 

disease; 2 = very suggestive of the disease; 3 = certain of being affected; 

(E) Inflammation, trauma (tearing), and fibrosis: 0 = absent, 1 = present. 

Ultrastructure 
Skin biopsies for ultrastructural analysis were randomly obtained from the 

right withers (region 11) and croup (region 20) (Figure 1) in two affected and 

one unaffected horses. Biopsies were oriented longitudinally and transversally 

and were put in full-strength modified Karnovsky’s fixative. Then sections were 

transferred to half-strength Karnovsky’s fixative before postfixation in 2% 

osmium tetroxide, reduced with 2.5% potassium ferrocyanide. After fixation, 

tissue was washed in 0.2 M sodium cacodylate, and dehydrated through a 

graded ethanol series, before infiltration and embedment in Spurr’s epoxy resin 

for 48 h. Thick sections were cut, mounted on glass slides and stained with 

Toluidine blue O and examined by light microscopy. Thin sections were cut, 

mounted on 150 mesh copper grids, stained with 6% methanolic uranyl acetate 

and Reynold’s lead citrate, and examined in the Zeiss 10C transmission 

electron microscope (Carl Zeiss electron microscopes, Thornwood, NY, USA) at 

60 kv accelerating voltage. Biopsies were evaluated for both longitudinal and 

transversal sections and images were taken to characterize the ultrastructural 

abnormalities between animals of both groups. In addition, morphometric 

analysis of the diameter of 100 collagen fibrils was performed in the transversal 

images using the Zeiss KS-300 software (Carl Zeiss electron microscopes, 

Thornwood, NY, USA) to measure the collagen fibril diameter between affected 

and unaffected horses. 

DNA isolation, PCR and sequence analysis 
Blood samples were collected from all horses. Genomic DNA was 

isolated from blood samples using the IllustraTM Blood GenomicPrep Mini Spin 

Kit (GE Healthcare, Piscataway, NJ, USA), following the manufacturer’s 

instructions. The relative purity and quality of the isolated DNA was determined 

by spectrometry (Nanodrop® 1000 Spectrophotometer, Thermo Scientific™). A 
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forward (5’-CGGTGGATGCTGCGTTTCT-3’) and reverse (5’-

AAGTTCTCGTCTGGGAAGCGTTCA-3’) primers were used to amplify a 389 

base pairs (bp) fragment of the equine CypB gene (Gene ID:100066834) exon 

1. Primers were designed with PrimerQuest® software from Integrated DNA 

Technologies Inc (IDT, Coralville, IA, USA). 

The 50 μl PCR reaction contained 0.3 μM of each primer, 2 μl template 

DNA, 25 μl GoTaq® Green Master Mix (Promega, Madison, WI, USA) and 

nuclease-free water to complete the final volume. Amplification conditions were 

as follows: initial denaturation at 95 ºC for 2 min followed by 35 cycles of 

denaturation at 95 ºC for 30 s, annealing at 55 ºC for 30 s, and extension at 72 

ºC for 1 min, followed by a final extension at 72 ºC for 5 min. PCR was 

performed using a Mastercycler® (Eppendorf, São Paulo, SP, Brazil). The 

correct fragment length was confirmed using agarose gel electrophoresis. The 

PCR products were purified, submitted to automated direct sequencing, and 

analyzed.  

Statistics 
Skin thickness measurements were transformed to a log10 scale for 

analysis and are presented as the geometric mean with 95% confidence 

intervals. A linear mixed model (PROC MIXED; SAS Institute, 2011) was used 

to compare the mean skin thickness (mm) between groups and sides. A similar 

model was used to compare the mean collagen fibril diameter (nm) between 

groups and sampled regions. Interaction terms were included in both models. A 

compound symmetry covariance structure resulted in the best fit and was used 

to model the correlation between the skin thickness measurements within the 

same animal. The Tukey´s test was used to adjust the P-values resulting from 

multiple comparisons.  

The Fisher's Exact Test (PROC FREQ; SAS Institute, 2011) was used to 

test the association between each evaluated histopathological criteria and 

groups. Kappa statistic was calculated in order to evaluate the degree of 

agreement between the pathologists. Kappa values were interpreted as follows: 

<0 indicates less than chance agreement; 0.01-0.2 indicates slight agreement; 

0.21-0.4 indicates fair agreement; 0.41-0.6 indicates moderate agreement; 

0.61-0.8 indicates substantial agreement; and >0.81 indicates almost perfect 
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agreement 17
_ENREF_14. The Kappa (binary variables) and weighted Kappa 

(ordinal variables) coefficients were estimated to assess the agreement 

between pathologists.  A Z-test was used to test the hypothesis that the Kappa 

coefficient was zero.  

The accuracy of the histopathology to diagnose HERDA was assessed 

by estimating sensitivity and specificity. Overall assessment was classified into 

a binary score (0 = unlikely to be affected and 1 = all other classifications) and 

was the criterion used to define a horse as affected or not affected. A logistic 

regression model (PROC GENMOD; SAS Institute, 2011) was constructed to 

estimate adjusted sensitivity and specificity. Evaluator, side, region and skin 

thickness were included in the models as possible predictors. All analyses were 

conducted at a level of significance = 0.05. 

Results 
Dermatological data 

Although we have not followed the affected animals since birth, the 

owners reported that the onset of clinical signs was first observed from 1.5 to 3 

years old. Additionally, the owners informed that three horses (two males and 

one female) were agnate sibling with one sire, two horses (one male and one 

mare) were agnate sibling with other sire and one horse (one mare) was not 

related to the previous sires. Three stallions were castrated when they arrived in 

the research herd, and any healing abnormality was associated with the 

surgical procedure. 

Hyperextensible skin, atrophic scar and tumor-like masses were the 

lesions most commonly observed on physical examination. Skin palpation 

evidenced hyperextensible and thin skin distributed in some areas of the 

HERDA horses (Figure 1). Swelling (seromas and/or haematomas), ulcers, 

atrophic scars and tumor-like masses were also observed in some affected 

horses. At palpation, all hyperextensible areas felt thinner than in control 

horses. A painful response was observed, mainly along the dorsal areas 

(withers to croup), when the hyperextensible skin was handled. The affected 

horses had areas of thin and hyperextensible skin surrounded by apparently 

normal skin.  
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Four affected horses had atrophic scars on the right lateral thorax and 

three horses on the left back, croup, and right cannon bone. Atrophic scars 

were also present on the neck, pastern, right withers, right knee, left loin, left 

lateral thorax, left stifle joint region, and left cannon bone in two horses and on 

the coronary band, right shoulder, right back, right stifle joint region, left withers, 

left brisket, and left knee in one horse. Tumor-like masses were observed in 

both sides of the lateral thorax and right cannon bone in two horses and in right 

and left sides of the withers, back, and stifle joint region, left shoulder and right 

croup in one horse. Swelling and ulcer (open wound) were the least prevalent 

lesions. Swelling was observed only on the left hock of two horses and ulcer on 

the right back and loin areas in one horse. White hair at areas of hair re-growth 

was observed in hyperextensible areas over the dorsum in two affected 

animals. None HERDA horse had joint laxity or hypermotility, or orthopaedic 

abnormalities. The affected animals exhibited several recurrent wounds over 

time that always healed well after medical wound care. 

It was not observed significant difference in the overall skin thicknesses, 

obtained by cutimeter measurements, between the left and right sides of 

affected (P = 0.95) and control (P = 0.56) groups. Thereby, the mean value of 

the left and right sides of each region was used for further statistical analysis. 

The mean of the overall skin thicknesses of the affected group (mean [95% 

confidence interval], 3.47 mm [3.35 mm - 3.59 mm]) was significantly (P < 

0.001) lower than the control group (mean [95% confidence interval], 5.03 mm 

[4.81 mm - 5.26 mm]). All measured regions were thinner in the affected horses 

(Table 1). However, skin thickness of the affected group was only significantly 

lower than the control in some dorsal and trunk regions (Table 1). Statistical 

significance was only observed when the magnitude of difference in the skin 

thickness between affected and unaffected animals was ≥ 38.7 % (P = 0.038) 

(Table 1). The loin region showed the greatest difference of the skin thickness 

(62.46 %) between groups (Table 1). 

Histopathology  
One mare died before the histopathological study has been done. Then, 

histopathology investigation was performed in 10 horses (five of each group). A 

total of 12 samples from each horse were harvested for routine and additional 
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staining. At palpation, the majority of areas from HERDA horses submitted to 

biopsy felt thinner than controls animals. The most consistent and suggestive 

histopathological finding was the reduction of collagen fibers density in the deep 

dermis of affected horses, which created a loose arrangement of collagen fibers 

within the deep dermis. In some sections, all HERDA horses showed no 

abnormalities for collagen fibers.  

The analyzed criteria depended on pathologist, and a separately 

statistical analysis was made for each evaluator. It was not observed statistical 

effect for sides and regions. Both evaluators observed statistical significance 

between groups for collagen fiber arrangement (P = 0.02 [A] and P = 0.013 [B]), 

collagen fiber thickness (P <0.0001 [A] and P <0.0001 [B]), percentage of 

normal staining of collagen fibers with MT (P <0.0001 [A] and P = 0.0001 [B]), 

and overall assessment (P <0.0001 [A] and P = 0.015 [B]). None evaluator 

found statistical significance between groups for the presence or absence of 

inflammation, trauma (tearing), and fibrosis (P = 0.239 [A] and P = 1.0 [B]). 

Both evaluators classified most skin sections of each group into the same 

score in each criterion. Most of the sections for control and affected groups 

were ranked for the overall assessment criterion as unlikely to be affected 

(score 0) and as suggestive of the disease (score 1), respectively (Table 2). In 

addition, 7 % (4/60) and 5 % (3/60) of sections from affected horses were 

considered as real positives (score 3 [certain of being affected]) by evaluators A 

and B, respectively, while 12 % (7/60) and 27 % (16/60) of the sections were 

considered as false negatives (score 0 [unlikely to be affected]) (Table 2). 

Overall assessment classification of the control horses within the scored 0 

(unlikely to be affected) was observed in 52 % (31/60) and 53 % (32/60) of the 

sections analyzed by evaluators A and B, respectively (Table 2). Evaluator B 

considered 2% (1/60) of the control group skin sections as false positives (score 

3 [certain of being affected]) for the overall assessment criterion (Table 2). 

For collagen fiber arrangement, the sections were mainly rated in the 

score 1 (fibers close together) and score 2 (single fibers separated from each 

other) for the control and affected groups, respectively (Table 2). Sections from 

control horses were mostly ranked within the score 3 (normal) and affected 
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horses within the score 2 (slightly thin) for collagen fibers thickness (Table 2). 

Regarding the percentage of collagen fibers staining with MT, most of the 

sections from the affected horses had 25 % (score 2) of collagen fibers staining 

for both pathologists, while control horses had 25 % (score 2) and 50 % (score 

3) for evaluators A and B, respectively. 

The Kappa agreement values were considered fair for overall 

assessment, moderate for arrangement and thickness of the collagen fibers and 

for the presence or absence of inflammation, trauma (tearing), and fibrosis, and 

substantial for percentage of collagen fibers stained by MT (Table 3). 

Sensitivity and specificity were calculated to evaluate the diagnostic 

accuracy of the rearranged overall assessment criterion. It was observed 

significant effect for sensitivity between evaluators (P = 0.0348) and for 

specificity among regions (P = 0.0192). Sensitivity determined by pathologists A 

and B was 88% and 73%, respectively. Specificity for the sampled regions 3, 7, 

11, 14, 17 and 20 (Figure 1) was 40 %, 75 %, 35 %, 60%, 35 % and 70 %, 

respectively. 

Ultrastructure 
HERDA horses showed fragmented, randomly orientated and loosely 

packed collagen fibrils, amorphous material between fibrils and variability 

among collagen fibril diameter. In contrast, the collagen fibrils from control 

horses had a uniform, parallel and extended cylindrical shape, and 

homogenous collagen fibril diameter.  

The morphometric analysis demonstrated that collagen fibril diameter in 

affected horses (44.92 nm ± 0.39) was significantly higher than in the control 

horse (35.79 nm ± 0.32) (P < 0.0001). In addition, the diameter of collagen 

fibrils from withers (43.08 nm ± 0.43) was significantly lower than in the croup 

area (46.77 nm ± 0.62) (P < 0.0001) only in the affected horses. 

Molecular analysis 
Primers used amplified a fragment of 389 bp, which was directly 

sequenced. The sequence obtained was blasted (http://www.ncbi.nlm.nih.gov), 

against genome sequences deposited in GenBankTM, confirming that the 

product was the equine CypB gene. All affected horses had a c.115G>A 
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missense mutation of the CypB gene while all control horses were considered 

wild type. 

Discussion 
The gender and age of onset of clinical signs informed by the owners of 

the HERDA affected horses were similar to previous studies 2,3,5-7. Mendelian 

autossomal recessive mode of inheritance of this disease among QH has been 

reported 3. Herein, the presence of a common ancestor dating back four 

generations in both sides of the pedigree of the affected horses and the 

absence of clinical signs in their sires and dams match with this inheritance trait. 

The c.115G>A missense mutation in CypB gene has been linked with an 

impaired collagen biosynthesis, biomechanical alterations of the skin and the 

clinical presentation of this disease in HERDA horses 9,11-13   Similarly, we 

observed this missense mutation in all clinically affected animals.  

The dermatological signs observed in the HERDA horses were similar to 

described previously 1,2,5,6,18. The most common lesions observed were 

hyperextensible skin, atrophic scar and tumor-like masses. A previous study 

showed that hyperextensible skin and atrophic scars were the second and third 

most common dermatological signs observed, and were recorded in 18 and 16 

out of 50 horses, respectively 2. Although that study 2 showed that seromas 

and/or haematomas were the most common lesions observed, we only 

identified this type of lesion in the hock of two affected horses. Similarly to 

previous studies 2,5,6 we observed hyperextensible areas mostly distributed 

along the dorsal areas. It was also observed skin thickening (tumor-like 

masses) at the edges of ulcers and around normal or hyperextensible areas. 

Horses with HERDA 6 and humans affected by Ehler-Danlos syndrome suffered 

from similar tumor-like masses 19. 

Herein, we performed a broad characterization of the skin thickness of 

HERDA affected horses. Similarly to previous studies 8,9, skin of the affected 

horses was thinner than in non-affected animals. Although the dermatological 

lesions observed and hyperextensible and thin skin palpation in the present 

study showed a regional pattern mostly seen at the dorsal areas (Figure 1), all 

measured skin regions were thinner in the affected horses than controls 

indicating that the skin thinning is not regionally distributed. Similarly, previous 
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studies have demonstrated that the biochemical skin properties from HERDA 

horses are not restricted to dorsal regions 9,10. A difference greater than 30 % 

was predominantly observed over the dorsal areas (whiters to loin) and in the 

trunk regions (Table 1), coinciding with the areas where the hyperextensible 

and thin skin were predominantly seen (Figure 1). Recently, a pairwise 

comparison has evidenced that the magnitude of difference in the skin 

biochemical properties from horses with HERDA corresponded with the region 

where the dermatological lesions are commonly observed 10. The more 

pronounced difference of the skin thickness observed in some areas may 

contribute with the regional dermatological pattern observed in HERDA horses. 

The name Hereditary Equine Regional Dermal Asthenia was suggested 

for this disease since the affected animals have predominant clinically skin 

lesions in certain areas of the body, morphological dermis alterations and loss 

of normal skin strength 2,9. It is intriguing that affected horses have a regional 

presentation of this disease and did not have a skin thinning, improper 

biochemical properties and abnormal collagen synthesis regionally distributed 
2,9,12. It has been theorized that ultra violet (UV) light exposure contributes for 

the regional dermatological pattern of the disease besides self-trauma and/or 

trauma caused by another horse 7,9. Evidences that UV exposure lead to 

abnormal skin collagen production and/or degradation due to either impaired 

collagen crosslink or metalloproteinase up-regulation have been demonstrated 
20-22. The improper collagen post-translational modifications 12, associated with 

the broad sun exposure in some body areas might be a reasonable explanation 

for the regional distribution of the skin lesions in HERDA horses. 

Similarly with previous studies 2,6,23,24, the main histopathological findings 

observed herein included alterations in distribution, orientation and density of 

collagen fibers. In agreement with the dermatological data, some histological 

sections were considered as normal skin. Previously, it was shown that skin 

sections from HERDA horses could be considered as normal skin 5,8. 

Although the analyzed criteria depended on pathologist, both evaluators 

observed significant differences for the same criteria between both groups. 

Statistical difference for collagen fiber arrangement and thickness, percentage 
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of normal staining with MT, overall assessment and presence of inflammation 

has been described 2,5. However, those researches showed that the statistical 

difference for each criterion was sometimes only observed for one of the 

evaluators. Similar to a previous study 2, significant difference for the presence 

or absence of inflammation, trauma and fibrosis between HERDA and control 

horses was not observed herein. The discrepancy between classifications of the 

skin sections observed previously 2,5 and in the present study demonstrates the 

subjectivity of the performed histopathological evaluation. In addition, our 

results evidenced that some sections were ranked in the expected scores, 

several in the intermediates scores and some were mistaken scored. For the 

control horses, and unlike the affected group, the majority of the skin sections 

were classified in the expected score (Table 2). Histopathological examination 

from HERDA affected animals is informative and should be done to support the 

definitive diagnosis despite its subjectivity. 

Regardless of the variability in the classification of the evaluated 

histopathological criteria, the agreement between both pathologists was fair to 

substantial depending on the analyzed criterion (Table 3). The prevalence of the 

finding under consideration affects the kappa agreement values 17,25. Thereby, 

the intermediate kappa agreement between the evaluators observed herein 

could be attributed to the low frequency of well evident lesions to characterize 

each analyzed criterion in the sampled sections. 

The diagnostic accuracy was based only in the overall assessment 

criterion. The rearrangement of this criterion favors sensitivity over specificity 

since distinct scores were put together to describe a sample as positive. 

Sensitivity was significantly dependent on evaluator and ranged from 73 % to 

88 %. Additionally, sensitivity was not affected by region, skin thickness or 

magnitude of difference in the skin thickness suggesting that a skin sample 

collected from the same regions performed herein or from thin areas felt on 

dermatological examination might not facilitate the diagnosis of a true positive. 

Specificity showed a significant difference among sampled regions and ranged 

from 35 % to 75 %. In ascending order the regions that showed better results 

for diagnosis a true negative were back, croup, and neck. Intriguingly, the 

specificity was higher in the neck than in the dorsal trunk region, where the 
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clinical signs were more evident in affected horses. Our results evidenced that a 

diagnosis based exclusively on the histopathological examination may generate 

many false positive and false negative results and thus should be avoided. 

Clinical data, dermatological examination and molecular test should be included 

for the definitive diagnosis. 

Similarly to previous ultrastructural studies in skin sections of HERDA 

horses 2,8,23,24 we observed fragmented, randomly orientated and loosely 

packed collagen fibrils, amorphous material between fibrils and variability 

among collagen fibril diameter in the affected horses. Great variation in collagen 

fibril diameter has been described in HERDA horses 8,24 and humans affected 

with Ehlers-Danlos syndrome 26. Herein, the mean collagen fibril diameter in 

HERDA horses was significantly greater than in the control horse. Humans 

affected with Ehlers-Danlos syndrome type VI due to lysyl-hydroxylase 

mutations exhibited collagen fibril diameters greater than control samples 27,28. 

Previous studies have demonstrated that this disease leads to increased 

content of soluble collagen and reduction in tensile strength of the skin 9,10 

_ENREF_9. In addition, morphological evidences of abnormal collagen synthesis 

in the deep dermis of affected horses have been described 2,6,8,18,23,24. It has 

been showed that CypB mutation in HERDA horses cause improper collagen 

synthesis due to impaired protein-protein interaction during collagen synthesis, 

leading to a delay in collagen folding and a decrease in post-translational 

modifications of lysine residues 12. Lysine post-translational modifications are 

fundamental to formation and stability of collagen intermolecular cross-links, 

which have a pivotal role to insoluble collagen maturation and development of 

high tensile strength collagen fibrils 29,30. Recently, it was showed that the 

collagen fibril diameter increases significantly in the absence of a lysyl-

hydroxylase isoform 31. The increased collagen fibril diameter observed herein 

in affected, but not in the control horses supports the reduced protein-protein 

interaction during collagen biosynthesis and reduced tensile strength observed 

in HERDA horses. 

In conclusion, the clinical picture of hyperextensible skin, atrophic scar 

and tumor-like masses, mainly distributed along the dorsal areas, are the most 
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common lesions. Although the regional pattern of the dermatological signs, the 

decrease of the skin thickness in HERDA horses is not regionally distributed. 

However, the magnitude of difference in the skin thickness is prominent in some 

dorsal areas and trunk regions. The histopathological examination accuracy to 

diagnosis a true positive and a true negative skin sample depends on evaluator 

and region, respectively. Therefore, in order to diagnose HERDA, we 

recommend taking skin samples of the neck, croup, or back since it does not 

affect the diagnosis of a true positive, but facilitates the diagnosis of a true 

negative. The use of clinical, dermatological, and histopathological data 

associated with the molecular test can help to confirm the disease.  
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Table 1. Geometric mean, confidence interval (95% CI), ratio and percentage difference of 

the skin thickness measurements between affected (n=6) and control (n=5) groups. 

 Control Group  Affected Group     
Region Mean (mm) 95% CI  Mean (mm) 95% CI  Ratio Difference (%) P-value 

1 3.36 2.84 - 3.96  2.34 1.99 - 2.76  1:1.4 30.19 0.620 
2 3.82 3.24 - 4.50  2.46 2.09 - 2.91  1:1.5 35.46 0.152 
3 4.01 3.40 - 4.73  3.47 2.94 - 4.09  1:1.2 13.54 1.000 
4 4.10 3.48 - 4.84  3.57 3.02 - 4.21  1:1.2 13.06 1.000 
5 3.73 3.16 - 4.40  3.23 2.73 - 3.81  1:1.2 13.55 1.000 
6 4.29 3.64 - 5.06  3.65 3.10 - 4.31  1:1.2 14.87 1.000 
7 3.99 3.38 - 4.71  3.24 2.74 - 3.82  1:1.2 18.81 1.000 
8 5.37 4.55 - 6.34  3.47 2.94 - 4.10  1:1.5 35.34 0.159 
9 4.22 3.58 - 4.98  3.17 2.69 - 3.75  1:1.3 24.75 0.971 

10 4.29 3.64 - 5.06  3.15 2.67 - 3.72  1:1.4 26.53 0.911 
11 5.60 4.75 - 6.61  3.79 3.22 - 4.48  1:1.5 32.24 0.407 
12 4.91 4.16 - 5.79  3.52 2.99 - 4.16  1:1.4 28.24 0.802 
13 4.29 3.64 - 5.06  2.67 2.26 - 3.15  1:1.6 37.85 0.057 
14 8.08 6.85 - 9.53  3.36 2.85 - 3.97  1:2.4 58.36 <0.001 
15 7.05 5.98 - 8.32  3.84 3.25 - 4.53  1:1.8 45.61 0.001 
16 5.60 4.74 - 6.60  3.43 2.91 - 4.05  1:1.6 38.73 0.037 
17 10.12 8.58 - 11.95  3.80 3.22 - 4.48  1:2.7 62.46 <0.001 
18 7.10 6.02 - 8.38  4.64 3.93 - 5.47  1:1.5 34.73 0.197 
19 4.65 3.94 - 5.49  2.85 2.42 - 3.37  1:1.6 38.70 0.038 
20 9.24 7.83 - 10.90  6.67 5.65 - 7.87  1:1.4 27.79 0.835 
21 6.68 5.66 - 7.88  5.13 4.34 - 6.05  1:1.3 23.26 0.991 
22 4.56 3.87 - 5.38  3.77 3.20 - 4.45  1:1.2 17.31 1.000 
23 3.65 3.09 - 4.30  2.82 2.39 - 3.33  1:1.3 22.58 0.995 
24 4.16 3.52 - 4.90  3.52 2.99 - 4.16  1:1.2 15.25 1.000 
25 4.95 4.19 - 5.83  3.28 2.78 - 3.87  1:1.5 33.72 0.272 

1. Molar region, 5 cm caudal of the lips commissure. 2. Cranial third of the cheek region. 3. 
Caudal third of the cheek region. 4. Third cervical vertebra region. 5. Fifth cervical vertebra 
region. 6. Middle third of the dorsal neck region. 7. Caudal third of the dorsal neck region. 8. 
Scapula region. 9. Triceps region. 10. Lateroproximal forearm region. 11. Withers region, 20 
cm ventral of median line. 12. Barrel region, 20 cm ventral of 11. 13. Girth region, 20 cm 
ventral of 12. 14. Back region, 20 cm ventral of the median line and 25 cm caudal of 11. 15. 
Barrel region, 20 cm ventral of 14. 16. Belly region, 20 cm ventral of 15. 17. Loin region, 20 
cm ventral of the median line and 25 cm caudal of 14. 18.  Barrel region, 20 cm ventral of 17. 
19. Belly region, 20 cm ventral of 18. 20.  Croup region at the middle point of the quarters. 
21. Lateral region of the thigh. 22. Posterior region of the thigh. 23. Brisket region. 24. Sternal 
region. 25. Belly region, 25 cm lateral to the belly button. 
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Table 2. Frequencies distribution of the skin sections ranked by score level between affected (AG) and control (CG) groups by both evaluators (A and B) 

for overall assessment (OA), collagen fiber arrangement (CA) and collagen fiber thickness (CT). 

 OA  CA  CT 

Evaluator A B  A B  A B 

Score CG AG CG AG  CG AG CG AG  CG AG CG AG 

0 52% (31/60) 12% (7/60) 53% (32/60) 27% (16/60)  --- --- --- ---  --- --- --- --- 

1 30% (18/60) 48% (29/60) 28% (17/60) 37% (22/60)  57% (34/60) 38% (23/60) 55% (33/60) 35% (21/60)  5% (3/60) 20% (12/60) 0% (0/60) 17% (10/60) 

2 18% (11/60) 33% (20/60) 17% (10/60) 32% (19/60)  38% (23/60) 42% (25/60) 43% (26/60) 52% (31/60)  42% (25/60) 65% (39/60) 48% (29/60) 63% (38/60) 

3 0% (0/60) 7% (4/60) 2% (1/60) 5% (3/60)  5% (3/60) 20% (12/60) 2% (1/60) 13% (8/60)  53% (32/60) 15% (9/60) 52% (31/60) 20% (12/60) 

OA: 0 = unlikely to be affected; 1 = suggestive of the disease; 2 = very suggestive of the disease; 3 = certain of being affected. CA: 1 = fibers close 
together (normal); 2 = single fibers separated from each other; 3 = tightly grouped fibers arranged in clusters, separated from other clusters. CT: 1 = very 
thin; 2 = slightly thin; 3 = normal. --- = Non-existent score for this criteria. 
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Table 3. Kappa values, and 95 % confidence interval (CI) and interpretation, 

and P-values of the Kappa agreement statistics between both pathologists for 

collagen fiber arrangement (CA), collagen fiber thickness (CT), overall 

assessment (OA), percentage of collagen fibers stained by Masson’s trichrome 

(MT), number of elastic fibers (EF) and presence or absent of inflammation, 

trauma (tearing), and fibrosis (PA). 

Criterion Kappa value (95 % IC) Interpretation P-value 
CA 0.472 (0.340 – 0.603) Moderate < 0.0001 
CT 0.494 (0.359 – 0.629) Moderate < 0.0001 
OA 0.393 (0.272 – 0.514) Fair < 0.0001 
MT 0.640 (0.530 – 0.750) Substantial < 0.0001 
PA 0.442 (0.151 - 0.733) Moderate 0.0027 
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Figure 1. Percentage distribution from HERDA affected horses (gray scale) that 

exhibited hyperextensible and thin skin areas at palpation during dermatological 

examination. Numbers inside circles indicate the regions where the skin 

thickness was measured with cutimeter, and samples for the histopathology 

(regions 3, 7, 11, 14, 17 and 20) and ultraestrucutural (regions 11 and 20) 

studies were collected. 1. Lip commissure region. 2. Rostral masseteric region. 

3. Caudal masseteric region. 4. Region of the third cervical vertebra. 5. Region 

of the fifth cervical vertebra. 6. Cranial region of the trapezius muscle (cervical 

part). 7. Caudal region of the trapezius muscle (cervical part). 8. Dorsal scapular 

region. 9. Caudal region of the scapulohumeral joint. 10. Lateral region of the 

elbow joint. 11. Region of the tenth thoracic vertebra. 12. Lateral thoracic region 

at the middle point of the ninth intercostal space. 13. Laterocranial thoracic 

region (caudal to the elbow). 14. Region of the fifteenth thoracic vertebra. 15. 

Lateral thoracic region at the middle point of the twelfth intercostal space. 16. 

Laterocranial abdominal region. 17. Region of the second lumbar vertebra. 18. 

Paralumbar fossa region. 19. Pre-inguinal region. 20. Dorsal region of the 

superficial gluteal muscle. 21. Lateral femoral region. 22. Caudal femoral region. 

23. Pectoral region. 24. Sternal region. 25. Middle point of the ventral abdominal 

region. 
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O artigo a seguir foi redigido em conformidade com as normas do periódico 

científico “Veterinary Ophthalmology” 

 

Corneal thickness and curvature, and ocular dimensions in Hereditary Equine 

Regional Dermal Asthenia Quarter Horses. 

 

Abstract 

Objectives: The present investigational study was conducted to compare the 

thickness of different corneal regions, corneal curvature, and ocular dimensions 

between horses affected with Hereditary Equine Regional Dermal Asthenia 

(HERDA) and unaffected ones. 

Animals: Five HERDA affected Quarter horses and five non-affected healthy 

Quarter Horses were used. 

Methods: Schirmer’s test, tonometry, and corneal diameter measurements were 

achieved in both eyes of all horses prior to ophthalmologic examination. 

Ultrasonic pachymetry was performed to measure central, temporal, nasal, 

dorsal, and ventral corneal thicknesses from all horses. B-mode ultrasound 

scanning was performed on both eyes from each horse to determine the 

dimension of ocular structures and to calculate corneal curvature.  

Results: Each corneal region measured in the affected group was thinner than 

its counterpart in the non-affected group. However, significant differences 

regarding corneal thickness were only observed for the central and dorsal 

regions. HERDA affected horses showed a significantly higher corneal 

curvature and corneal diameters than unaffected animals. Ophthalmologic 

examination revealed mild corneal opacity in one eye of one animal and in both 

eyes of three affected animals. There was no significant difference between 

groups for schirmer’s test, intraocular pressure, and ocular dimensions. 

Conclusions: HERDA affected horses exhibit decreased corneal thickness in 

several regions of the cornea, increased corneal curvature and corneal 

diameters, and mild corneal opacity. Additional research is needed to 

understand whether the increased corneal curvature is critical for the visual 

accuracy of the affected horses. 

Keywords: HERDA, horses, cyclophillin B, corneal pachymetry, keratometry 
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Introduction 

Ehlers-Danlos syndrome (EDS) is a group of genetic connective tissue 

disorders caused by collagen biosynthesis abnormalities that affects humans. 

[1] These diseases have been related to mutations in genes encoding for fibrilar 

collagen isotypes or enzymes required during collagen biosynthesis. [2] Skin 

hyperextensibility, articular hypermobility, easy bruising, and connective tissue 

fragility are the cardinal clinical signs observed in patients suffering from EDS. 

[2, 3] However, depending on the type of EDS, patients may present muscle, 

tendon, ligament, bone, blood vessels, eye, and internal organs manifestations. 

[1] Ocular abnormalities, such as keratoconus, lens subluxation, blue sclera, 

scleral and corneal fragility or rupture, corneal opacity, microcornea, decreased 

corneal thickness, increased corneal curvature and high myopia have been 

described in humans with different types of EDS. [1, 3-7] 

Horses have been reported to be affected by a disease caused by disturb 

of the collagen biosynthesis. [8] The so-called Hereditary Equine Regional 

Dermal Asthenia (HERDA) [9-11] is observed in some Quarter Horses (QH) 

lineages [12, 13] and results from an autosomal recessive [14] c.115G>A 

missense mutation in the Cyclophilin B (CypB) gene. [15] The homozygous 

CypB mutation has been implicated in the impaired collagen folding observed in 

HERDA horses caused by improper interactions of the proteins required for 

collagen biosynthesis. [8]  

The main clinical signs observed in HERDA horses include 

hyperextensibility, thinning and fragility of the skin, scaring, tumor-like masses, 

ulcers, and swelling (seromas and/or haematomas) distributed along the dorsal 

areas. [9, 11, 16, 17] Additionally, affected horses exhibit reduced density and 

loose arrangement of collagen fibers within the deep dermis on 

histopathological examination. [9, 11, 17] Despite of the obvious dermatological 

and histopathological abnormalities observed in horses affected with HERDA, 

decreased corneal thickness, multifocal collagen fibers disorganization, and 

high incidence of corneal ulcers have been described. [18] 

To date only one study [18] has characterized the ophthalmological 

findings from HERDA horses. Nonetheless, there is a lack of information 

regarding measurements of corneal thickness of distinct regions, and 

determination of the corneal curvature and ocular dimension from HERDA 
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affected horses. We hypothesized that HERDA horses exhibit corneal thinning 

in all measured regions and increased corneal curvature, and intraocular 

distances. The purpose of the present study was to compare the thickness of 

different corneal regions, corneal curvature, and intraocular distances between 

HERDA and control horses. In addition, we performed ocular examination of 

affected and unaffected horses in order to contribute to the knowledge of the 

previously described [18] ophthalmological abnormalities observed in HERDA 

horses. 

Material and methods 

Animals 

Five HERDA affected QH and five unaffected healthy QH were used for 

this study. Affected horses belonged to the HERDA research herd of the São 

Paulo State University and unaffected horses to a commercial stud farm. 

HERDA affected horses (three geldings and two mares) ranged in age from 2 to 

10 years while controls (five mares) ranged from 6 to 16 years. HERDA status 

was supported in all animals by dermatological examination, pedigree analysis 

and DNA testing of the equine CypB gene. The DNA molecular diagnosis for 

the c.115G>A missense mutation in the CypB gene was performed in all 

animals, using blood samples, as described previously. [19] This study was 

approved by the São Paulo State University Institutional Animal Care and Use 

Committee (protocol n.70/2008). 

Schirmer’s test, tonometry and corneal diameter measurements 

Schirmer tear test I (STT I), tonometry and corneal diameter 

measurement were achieved in both eyes of each animal before ophthalmic 

examination. STT I was performed using a commercial tear test strip (Teste de 

Schirmer®, Ophthalmos, São Paulo, SP, Brazil). Prior to intra ocular pressure 

(IOP) measurement, all corneas were anesthetized with three drops of topical 

0.5% proxymetacaine chloridrate (Anestalcon®, Alcon, São Paulo, SP, Brazil). 

The IOP was performed by applanation tonometry (Tono-Pen® XL, Medtronic 

Solan, Jacksonville, FL, USA). At least three IOP values from each eye varying 

less than 5% were obtained during tonometry. The average of these three 

values was considered as the IOP for each eye. The horizontal (HCD) and 

vertical (VCD) corneal diameters were obtained from the lateral limbus to the 
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medial limbus along the central cornea using a Jameson caliper (Storz® 

Ophthalmic Instruments, Bausch & Lomb, Heidelberg, Germany). 

Ophthalmologic examination 

Sedation with 0.5 mg/kg of xylazine hydrochloride (Sedazine, Fort Dodge 

Animal Health, Fort Dodge, IA, USA) and auriculopalpebral nerve block with 

subcutaneous injection of 2.0 mL of 2% lidocaine cloridrate (Xylestesin®, 

Cristália, São Paulo, SP, Brazil) were done in all horses before ophthalmologic 

examination. Direct ophthalmoscopy (Beta® 200, Heine Optotechnik, 

Herrsching, Germany) and biomicroscopy (Kowa SL-15 slit lamp, Kowa 

optimed, Inc, Torrance, CA, USA) were performed. During ocular examination, 

we evaluated the presence of epiphora, blepharospasm, facial symmetry, 

photophobia, conjunctival hyperemia and corneal clarity as well as anterior 

chamber and lens abnormalities. Topical 1% sodium fluorescein staining 

(Fluoresceína sódica, Allergan, Guarulhos, SP, Brazil) was then performed. The 

pupils were dilated with three drops of topical 1% tropicamide (Mydriacyl®, 

Alcon, São Paulo, SP, Brazil). Both, ocular fundus and the optic disc were 

assessed using a 20D lenses and an indirect ophthalmoscope (Eyetec®, São 

Carlos, SP, Brazil). 

Pachymetry 

Corneal thickness was measured using a portable ultrasonic pachymeter 

(SP-100, Tomey Corporation, Nagoya, Japan) set at 1,640 m/s. When 

necessary, the corneas were anesthetized with topical 0.5% proxymetacaine 

chloridrate (Anestalcon®, Alcon, São Paulo, SP, Brazil). The probe was hold 

gently and directly on the central (CCT), temporal (TCT), nasal (NCT), dorsal 

(DCT) and ventral (VCT) regions of the cornea for thickness measurement. 

Three values were obtained from each corneal region. The average of these 

three values was considered as the corneal thickness for each eye. 

B-mode ultrasonographic biometry 

Sizes of ocular structures in millimeters were obtained using an 

ultrasound device (MyLabTM30 Vet, Esaote, Genova, Italy) with a linear 

multifrequency transducer set at 12 MHz using a transpalpebral approach. 

Horses were physically restrained during ultrasonographic scanning. The 

auriculopalpebral nerve block was done with subcutaneous infusion of 2.0 mL of 

2% lidocaine cloridrate (Xylestesin®, Cristália, São Paulo, SP, Brazil). Once 



 

 

45 

4
5
 

palpebral muscles lost tonus, three drops of topical 0.5% proxymetacaine 

chloridrate (Anestalcon®, Alcon, São Paulo, SP, Brazil) were used to 

anesthetize the cornea. With the eyelids closed, a liberal quantity of coupling 

gel was applied onto the surface of the upper and lower eyelids. The probe was 

placed vertically and horizontally on the eyelids with minimal or no pressure in 

order to obtain images of the ocular globe. Anterior chamber depth (ACD), lens 

thickness (LT), posterior chamber depth (PCD), and axial length (AL) (i.e., the 

overall distance from the anterior surface of the cornea to the end of the 

posterior chamber) of all eyes were obtained using the ultrasound’s calipers. 

The values were obtained using the measurement ultrasound software 

(MyLab®Desk software, Esaote, Genova, Italy). Three measures of each 

structure were performed using five different horizontal and vertical stills. 

Horizontal and vertical means were calculated separately and then used to 

obtain the mean for the corresponding eye. 

Keratometry 

Five vertical and horizontal images were recorded and used to calculate 

corneal curvature. Three measures of each image were obtained using the Ax-

area tool of the ultrasound device software (MyLab®Desk software, Esaote, 

Genova, Italy), which generated an empty circle drawn. Four points of the circle 

drawn were set on the hyperechoic corneal margin to estimate the overall 

corneal circumference in millimeters. Corneal circumference were obtained for 

each horizontal (K1) and vertical (K2) images and then each radius were 

calculated. The mean horizontal and vertical radius were calculated separately 

and then used to obtain the mean radius for the corresponding eye. This final 

value was considered as the corneal radius. The corneal radius values were 

used to generate the corneal curvature (CC) in diopters for each eye with the 

web-based calculator (http://augenklinik.uni-

wuerzburg.de/scripts2/kindex2e.php) as described previously. [20] 

Statistics 

A linear mixed model (PROC MIXED; SAS Institute, 2011) was used to 

compare variables measured between groups and sides. Interaction terms were 

included in the model. There was no significant difference for any variable 

between the left and right eyes and for the interaction between group and side 

in both groups. Thereby, the average between left and right eyes was used for 

http://augenklinik.uni-wuerzburg.de/scripts2/kindex2e.php
http://augenklinik.uni-wuerzburg.de/scripts2/kindex2e.php
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further statistical analysis. The Student’s t-test was used for comparisons 

between groups. A compound symmetry covariance structure resulted in the 

best fit and was used to model the correlation between corneal measured 

regions within the same animal. The Tukey´s test was used to adjust the P-

values resulting from multiple comparisons. All analyses were conducted at a 

level of significance = 0.05. 

Results 

Schirmer’s test, tonometry and corneal diameter measurements 

There was no significant difference for STT-I and IOP means between 

both groups (Table 1), even though affected horses showed lower values than 

the control group. The HCD was greater than VCD in both groups. HERDA 

affected horses (mean ± SD, 32.1 ± 1.4 mm) showed a significantly higher HCD 

(P=0.02) than the control group (mean ± SD, 30.3 ± 0.4 mm) (Table 1). In 

addition, VCD was significantly higher (P=0.03) in the HERDA group (mean ± 

SD, 23.7 ± 1.4 mm) than in the control group (mean ± SD, 21.2 ± 1.7 mm) 

(Table 1). 

Ocular examination 

Abnormalities in the eyes of the control horses were not observed. Mild 

corneal opacity was observed in one eye of one and in both eyes of three 

affected horses. No further abnormalities were detected in the remaining eye 

structures. All affected and control horses were fluorescein-negative. 

Pachymetry 

A first approach consisted in comparing the average overall corneal 

thickness (OCT) between both groups. The average of all measured regions 

was considered as the OCT for each horse. OCT in the HERDA group (mean ± 

SD, 816.54 ± 32.67 μm) was significantly lower (P=0.01) than in the control 

group (mean ± SD, 880.67 ± 29.85 μm). When compared separately, each 

corneal region measured in the affected group was thinner than its counterpart 

in the control group (Table 1). However, significant differences were only 

observed for the CCT (P=0.01) and DCT (P=0.006) measurements (Table 1). 

The CCT of both groups was thinner than the peripheral regions of the 

cornea. The DCT (P<0.0001), VCT (P<0.0001), NCT (P=0.03) and TCT 

(P<0.0001) of the affected group were significantly thicker than the CCT. On the 

other hand, only the DCT (P<0.0001) and VCT (P<0.0001) of the control group 
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were significantly thicker than the CCT. The comparison among peripheral 

regions showed that NCT of either affected (P=0.001) or control (P=0.0002) 

groups was significantly thinner than the VCT. Additionally, the NCT (P<0.0001) 

and TCT (P=0.0001) of the control group were significantly thinner than the 

DCT. 

B-mode ultrasonographic biometry and keratometry 

Biometry and keratometry of affected and control horses were performed 

using B-mode stills of the ocular globe and proper software in the 

ultrasonographic device. The transpalpebral approach was well tolerated by the 

animals allowing the acquisition of well-defined undeformed images due to 

minimal or no probe pressure on the eyes. Anterior chamber, anterior and 

posterior lens capsules, posterior chamber and retina were easily visualized in 

the B-mode images. No ocular alterations were observed during ultrasound 

examination. There was no significant difference in ACD, LT, PCD and AL 

between both groups. With regard to CC, the average in the HERDA group 

(mean ± SD, 22.9 ± 1.1 diopters) was significantly higher (P<0.0001) than in the 

control group (mean ± SD, 17.6 ± 0.5 diopters) (Table 1). There was significant 

difference between K1 (mean ± SD, 22.92 ± 0.36 diopters [affected group]; 

17.59 ± 0.22 diopters [control group]) (P < 0.001) and K2 (mean ± SD, 22.94 ± 

0.39 diopters [affected group]; 17.62 ± 0.16 diopters [control group]) (P < 0.001) 

in either affected or control groups. The mean degree of astigmatism (K2-K1) 

was not significant between both groups (P = 0.98) and were + 0.02 D and + 

0.03 D for affected and control groups, respectively. 

Discussion 

The main goals of this study were to compare the corneal thickness, 

corneal curvature, and ocular dimensions and to assess the ocular findings 

between HERDA affected and unaffected horses. The most interesting findings 

observed herein were that affected horses exhibited decreased corneal 

thickness in different regions of the cornea and increased corneal curvature. 

The equine corneal thickness has been showed to range from 800 to 

1,000 μm. [21, 22] In the present study, the thicknesses of all corneal regions 

measured as well as the OCT were lower in the affected group than in the 

control group. The CCT (mean ± SD, 741.2 ± 43.6) of the HERDA group 

showed the lowest thickness. Our results of CCT were similar with a previous 
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study [18] that evidenced a decrease in the central corneal region thickness 

(median, 735 μm) of HERDA horses. Herein, the DCT (mean ± SD, 838.7 ± 

38.6), TCT (mean ± SD, 835.0 ± 37.5) and VCT (mean ± SD, 869.6 ± 66.7) of 

affected horses were considered within the normal reference range. Humans 

with different types of EDS have shown an infrequent decrease of the corneal 

thickness even though other ocular anomalies have not been found. [3-5, 7] The 

collagen abnormality and the decrease in corneal thickness in HERDA horses 

have been hypothesized to predispose to corneal ulcer. [18] Nevertheless, we 

did not observe ocular abnormalities during ophthalmologic examination of the 

affected horses. We hypothesize that thinning of the cornea may not cause 

necessarily ophthalmological alterations of this structure in all affected horses. 

Previous studies in horses [22-24] and dogs [25] have evidenced that the 

central region of the cornea is thinner than the peripheral regions. Equine 

central and peripheral regions of the cornea have been shown ranging from 770 

μm to 893 μm and from 779 μm to 939 μm, respectively. [22-24, 26] Similarly, 

the peripheral parts of the cornea of both groups were thicker than the central 

region in the present study. Interestingly, only the CCT of HERDA horses was 

below the reference range.  

The range for corneal curvature of adult horses has been described 

between 16.46 D and 22.22 D. [20, 27, 28] The CC of the affected group (mean 

± SD, 22.9 ± 1.1 diopters) was significantly (P<0.0001) higher than the control 

group (mean ± SD, 17.6 ± 0.5 diopters) in the present study. A previous study 

showed that adult cats exhibited a lower mean degree of astigmatism than 

kittens due to decrease of corneal curvature with aging. [29] Although the mean 

degree of astigmatism for horses with no ophthalmic problems has been 

described as 1.3 D, [27] that study calculated this parameter based on 

keratometry in horses from 0 to 30 years old. Herein a similar and normal 

degree of astigmatism was observed for both groups. However, one affected 

horse showed a degree of astigmatism of -2.08 D and + 1.1 D in the left and 

right eyes, respectively. Increased corneal curvature, astigmatism and high 

myopia have been identified in humans affected by EDS. [2-5, 7]. The collagen 

biosynthesis abnormalities observed in humans affected by several forms of 

EDS [1-3] and horses with HERDA [8, 11, 30, 31] lead ultimately to fragility and 

loss of strength of the connective tissue. Therefore, the steeper cornea 
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observed in HERDA horses might be attributed to fragility and loss of strength 

of the corneal connective tissue. Additionally, the abnormal corneal curvature 

could impair the visual acuity of affected horses.  

Similarly with previous studies in horses, [24, 26, 27] HCD was greater 

than VCD for both groups. Corneal diameters values of the present study were 

significantly higher in the affected than in the control group. HCD and VCD have 

been shown to increase with the advance of age [24, 26] as well as be greater 

in taller and heavier breeds. [27] Nevertheless, the horses used herein 

belonged to the same breed and the affected horses were younger than the 

control ones. Unlike our results, microcornea has been found in humans 

affected by EDS. [1, 2, 7] Megalocornea has been described in Rocky Mountain 

Horses despite those animals did not have greater HCD and VCD values than 

control horses. [24] Additionally, horses with megalocornea showed an 

apparent short radius of curvature and a deep anterior chamber. [24] 

Dissimilarly, the affected horses described herein had normal deep anterior 

chamber and no ocular evidence of megalocornea. The relevance of the 

corneal diameter findings observed herein should be further investigated to 

understand whether the increased HCD and VCD might contribute to a clinical 

corneal abnormality. 

The biometry distance obtained for ACD, LT, PCD and AL were similar 

for both groups as well as with the values previously reported in equine eyes. 

[20, 26, 27] A previous study related a good correlation between A- and B-scan 

ultrasonographic biometry for equine eyes. [27] We consider that the B-mode 

biometry performed in the present study was a fast, easy and reliable 

procedure. 

Corneal opacity can occur as a result of corneal scar, inflammatory 

and/or infectious keratopathies and glaucoma. [32, 33] The normal findings in 

ophthalmologic examination, despite a non-painful discrete diffuse corneal 

opacity, and normal IOP values ruled out any corneal scar, keratopathies and 

glaucoma in the affected horses. Corneal transparency occurs partially as a 

result of corneal layers organization as well as stromal collagen fibril diameter 

and arrangement. [21, 34] Abnormalities in the collagen fibril diameter and 

organization have been described in HERDA horses. [8, 9, 18, 30, 35] Epithelial 

and stromal corneal opacity have been described in humans with EDS. [6] We 
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hypothesize that corneal opacity observed in affected horses might be occurred 

as a consequence of abnormal synthesis and organization of the corneal 

collagen fibrils. 

Normal tear production in horses has been shown to range from 10 to > 

30 mm wetting/min. [34, 36, 37] Herein, animals of either affected or control 

groups exhibited normal and similar precorneal tear film production despite a 

tear production increase has been described in HERDA horses. [18] Previously, 

both stability alterations and deficient production of tear films were observed in 

humans suffering from EDS. [4] These tear film abnormalities were attributed to 

either a possible autonomic dysfunction or alterations of the lacrimal gland 

extracellular matrix. [4] The increase in tear production of HERDA horses has 

been attributed to high incidence of corneal ulcers as a result of corneal 

collagen fibrils disarray. [18] However, corneal ulcers and/or other corneal 

alterations were not observed herein. In addition, we have taken care of the 

affected horses used in the present study since 2002 and ophthalmologic 

abnormalities and/or diseases were never observed in these animals. The 

normal STT-I results described in the present study occurred probably due to 

the absence of tear production reflex response as a result of any irritation of 

cornea, conjunctiva, or nasal mucosa. [38] 

In summary, the study reported herein revealed that HERDA horses had 

decreased corneal thickness in several regions of the cornea and increased 

corneal curvature and corneal diameters. These abnormalities might occur as a 

consequence of alterations in the corneal collagen biosynthesis and 

organization of affected horses. Additional research is needed to understand 

whether the increased corneal curvature is clinical relevant for the visual 

accuracy of the affected horses. 
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Table 1- Mean ± standard deviation and P-value of all measured variables in 

five HERDA affected horses and five unaffected horses. 

  Control Group  Affected Group  P-value 
STT (mm)  26.8 ± 3.4  24.6 ± 2.7  0.13 

IOP (mm Hg)  26.3 ± 2.4  24.0 ± 2.7  0.18 
HCD (mm)  30.3 ± 0.4  32.1 ± 1.4  0.02 
VCD (mm)  21.2 ± 1.7  23.7 ± 1.4  0.03 

CCT (μm)  819.9 ± 45.9  741.2 ± 43.6  0.01 
DCT (μm)  954.6 ± 56.4  838.7 ± 38.6  0.006 

VCT (μm)  919.7 ± 36.6  869.6 ± 66.7  0.08 
NCT (μm)  838.3 ± 29.8  798.0 ± 43.9  0.07 
TCT (μm)  870.7 ± 39.3  835.0 ± 37.5  0.12 

ACD (mm)  5.3 ± 0.3  5.6 ± 0.3  0.25 
LT (mm)  11.9 ± 0.6  11.8 ± 0.4  0.81 

PCD (mm)  20.5 ± 2.0  20.1 ± 0.5  0.55 
AL (mm)  37.9 ± 1.4  37.6 ± 0.2  0.62 

CC (diopters)  17.6 ± 0.5  22.9 ± 1.1  <0.0001 
Schirmer’s tear test (STT), intra ocular pressure (IOP), horizontal corneal 
diameter (HCD), vertical corneal diameter (VCD), central corneal thickness 
(CCT), dorsal corneal thickness (DCT), ventral corneal thickness (VCT), nasal 
corneal thickness (NCT), temporal corneal thickness (TCT), anterior chamber 
depth (ACD), lens thickness (LT), posterior chamber depth (PCD), axial length 
(AL) and corneal curvature (CC). A P-value of <0.05 was considered to be 
statistically significant. 
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O artigo a seguir foi redigido em conformidade com as normas do periódico 

científico “The Veterinary Journal” 

 

The use of high resolution melting for evaluation of hereditary equine regional 

dermal asthenia allele frequency among American Quarter Horses in Brazil 

 

Abstract 

Hereditary equine regional dermal asthenia (HERDA) is an inherited 

connective tissue fragility syndrome that occurs in the Quarter Horse (QH) and 

related breeds, and is caused by a c.115G>A missense mutation in the 

cyclophilin B (CypB) gene. Understanding the mutant allele distribution in the at-

risk population of horses is critical for managing this recessive trait. The present 

study describes a High Resolution Melting (HRM) genotyping assay of the CypB 

mutation and the allele frequency of this disease in the Brazilian QH population. 

The HRM assay described herein resulted in 100% sensitivity and specificity as 

well as high precision. The estimated HERDA allele and carrier frequencies 

were 0.024 and 4.7%, respectively. This mutant allele was more prevalent in 

reining and cutting horses, but was also observed in barrel racing and racing 

horses. Herein a reliable, sensitive, and precise HRM assay for the HERDA 

mutation was successfully established which will be useful for veterinary 

clinicians and in the management of QH breeding programs. 

Keywords: Allele frequency, Cyclophillin B, Genotyping, HERDA, High 

Resolution Melting. 

Introduction 

Hereditary equine regional dermal asthenia (HERDA) is a simple 

Mendelian autosomal recessive disease that affects mainly cutting, reining and 

pleasure bloodlines of Quarter Horses (QH) and related breeds (Tryon et al., 

2005; Finno et al., 2009; Tryon et al., 2009). HERDA typically affects the 

horses’ skin and is clinically characterized by loose, thin and hyperextensible 

areas of skin along the dorsal surface of the back which are easily damaged 
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after minor trauma (Rashmir-Raven et al., 2004; White et al., 2004; Borges et 

al., 2005). This disease is the result of a c.115G>A missense mutation in the 

cyclophilin B (CypB) gene (Tryon et al., 2007; Ishikawa et al., 2012). 

Since the mid-2000s, studies of HERDA have mainly focused on defining 

the phenotype and delineating the genetic and biochemical  basis of the 

disease (White et al., 2004; Tryon et al., 2005; Tryon et al., 2007; Grady et al., 

2009; Tryon et al., 2009; Mochal et al., 2010; White and Bourdeau, 2011; 

Ishikawa et al., 2012). Few studies have explored the frequency of carriers in 

specific QH populations (Tryon et al., 2005; Tryon et al., 2007; Tryon et al., 

2009; White and Bourdeau, 2011). One such study described the allele 

frequency for HERDA among QH and estimated the distribution of this disease 

for the whole population of QH registered with the American Quarter Horse 

Association (AQHA) (Tryon et al., 2009). Understanding the mutant allele 

distribution in specific QH populations is a critical starting point for preventing 

the spread of this genetic disease. 

The “gold standard” technique for genotyping mutations is DNA 

sequencing, even though this technique requires extensive automation, 

instrumentation and analysis and is relatively expensive, labor-intensive and 

time consuming (Reed et al., 2007; Norambuena et al., 2009). High-resolution 

melting (HRM) is a relatively new analytical method based on the DNA melting 

profile (Reed et al., 2007; Erali et al., 2008). HRM is less laborious and time 

consuming; providing a low-cost and reliable method for genotyping with 

minimal post-PCR processing requirements (Reed et al., 2007; Garritano et al., 

2009; Jimenez et al., 2009; Rebelo et al., 2011; Yue et al., 2011; Douarre et al., 

2012). The present study describes a HRM genotyping assay of the CypB gene 

mutation and frequency of CypB alleles among QH in Brazil. 

Material and Methods 

Animals 

This study was approved by Sao Paulo State University Institutional 

Animal Care and Use Committee (protocol n.70/2008). Six hundred and ninety 

QH located on different Brazilian stud farms and training centers were used. 



 

 

59 

5
9
 

Horses sampled were used for the disciplines of cutting (226), reining (215), 

barrel racing (133) and racing (116). Pedigree records were provided by owners 

under conditions of strict confidentiality. Pedigrees were inspected and overlap 

with previously identified carrier bloodlines was confirmed (Rashmir-Raven et 

al., 2004; Ishikawa et al., 2012). Five QH clinically affected with HERDA, five 

obligate carriers and five clinically normal unrelated QH were used as control 

samples for the standardization of the quantitative PCR (qPCR) and HRM 

assays. 

DNA isolation 

Blood samples were collected and the total DNA was isolated using the 

Illustra Blood GenomicPrep Mini Spin Kit (GE Healthcare, Little Chalfont, 

Buckinghamshire, UK), following the manufacturer’s instructions. The relative 

purity and quality of the isolated DNA was determined by spectrometry 

(Nanodrop® 2000 Spectrophotometer, Thermo Scientific™) and was higher than 

1.8 for all samples. All purified DNA samples were immediately stored at -80ºC 

until processing. 

Molecular evaluation of the control samples 

We amplified and sequenced control samples to be used for 

standardization of the qPCR and HRM assays. PCR was performed in duplicate 

using GoTaq® Green Master Mix (Promega, Madison, USA) to amplify a 428 

base pair (bp) amplicon of the equine CypB gene. Primers used for PCR 

amplification were designed with Primer Express® Software 3.0 (Applied 

Biosystems, Foster City, CA, USA). The PCR reaction contained 25 μL of 

GoTaq® Green Master Mix, 0.3 μM of both the forward (5’-

CGGTGGATGCTGCGTTTCT-3’) and reverse (5’-

AAGTTCTCGTCTGGGAAGCGTTCA-3’) primers and 2 μL of template DNA. 

Nuclease-free water was added to bring the total reaction to a final volume of 50 

μL. Amplification was performed with an initial denaturation step at 95 ºC for 5 

min. The samples were then subjected to 40 cycles of the following conditions: 

95 ºC for 30 s, annealing at 55 ºC for 30 s, and extension at 72 ºC for 1 min. 

The final extension was performed at 72 ºC for 5 min. The PCR products were 

purified and sequenced and the CypB genotypes were confirmed. 
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Standardization of qPCR and HRM assays 

Primers used for qPCR amplification were designed with Primer 

Express® Software 3.0 (Applied Biosystems, Foster City, CA, USA). The primer 

set were designed to amplify an 81 bp fragment of the equine CypB gene (Gene 

ID:100066834), containing the c.115G>A class 1 single nucleotide 

polymorphism (SNP) causative of HERDA (Tryon et al., 2007; Ishikawa et al., 

2012). HPLC purified forward (5’-TGTCTTCTTCCTGCTGTTGCCA-3’) and 

reverse (5’-GGCCAGACCTTGACAGTGACTT-3’) primers were used. All qPCR 

reactions were carried out with a 7500 Fast Real-Time PCR System (Applied 

BiosystemsTM, Foster City, CA, USA) and the MeltDoctorTM HRM Master Mix 

(Applied BiosystemsTM, Foster City, CA, USA). 

All unknown and control samples DNA concentrations were normalized 

to 20 ng/μL. The qPCR reactions were carried out in triplicate in a total of 20 μL 

each, containing 0.2 μM of each forward and reverse primer, 2 μL of template 

DNA, 10 μL of qPCR master mix and 7.2 μL of nuclease-free water. In addition, 

a no template control and a control sample of each genotype were included in 

triplicate in each plate. PCR conditions were: initial denaturation at 95 ºC for 10 

min and 40 cycles at 95 ºC for 15 s and 60 ºC for 60 s, followed by a high 

resolution melting curve from 65 ºC to 95 ºC with 0.1 ºC increase at each step. 

The amplification of specific alleles was confirmed by melting curve analysis. 

The qPCR results were analyzed with the HRM Software 2.0.1 (Applied 

BiosystemsTM, Foster City, CA, USA). Active melt region was set between 0% 

fluorescence intensity at post-melting region and 100% fluorescence intensity at 

pre-melting region. The pre-melting and post-melting regions were set between 

76.0 ºC and 76.5 ºC and 85.0 ºC and 85.5 ºC, respectively. The HRM software 

algorithm used those parameters to place all unknown samples into one of the 

three possible DNA variants. 

Validation of the HRM assay 

To confirm the HRM assay results, all heterozygous variants and 51 

randomly selected wild type samples were sequenced. Validation of the HRM 

technique was carried out by analysis of the sensitivity, specificity, repeatability 
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and reproducibility. Sensitivity and specificity were calculated by comparing the 

HRM against sequencing results. Repeatability was analyzed by placing ten 

replicates of each control genotype within the same run. Reproducibility was 

analyzed as described for repeatability on five different days. 

Allele frequency estimation 

Allele frequency was calculated for the whole sampled QH population 

and for subgroups defined by performance discipline. Allele frequency for the 

whole sampled QH breed in Brazil was estimated as the mean allele 

frequencies of all subgroups in order to avoid a sampling bias since animals 

sampled represented only a few disciplines. To estimate the number of HERDA 

carriers worldwide and in Brazil we calculated the lower and upper limits as 

described previously (Tryon et al., 2009). Pedigree analysis was performed for 

all carriers in order to identify bloodlines overlapping those previously identified 

as segregating the mutant allele in the US QH population (Rashmir-Raven et 

al., 2004; Ishikawa et al., 2012). 

Results 

HRM genotyping 

The standardized qPCR and HRM assays allowed the correct 

identification of all control samples. Each reference control genotype generated 

a different melting temperature and a distinct curve shape profile was observed 

among the homozygous genotypes and the heterozygous genotype (Figure 1). 

Correct genotype assignment of all samples submitted to both HRM and 

sequencing, resulted in 100% sensitivity and specificity of the HRM technique. 

Each control genotype replicate clustered within its specific melting temperature 

and/or curve shape profile during the repeatability and reproducibility analysis. 

Allele frequency estimation 

The QH samples analyzed were derived from 31 different stud farms 

and/or training centers and 200 different owners. Genotyped horses included 

215 males and 475 females. Genotyping identified 40 of them as HERDA 

carriers. Among the carriers, 6.9% (15/215) and 5.2% (25/475) were males and 
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females, respectively. The estimated allele frequency for the whole QH sampled 

population was 0.024, corresponding to a carrier frequency of 4.7% (Table 1). 

The HERDA allele frequency was highest in horses bred for reining (0.049) and 

cutting (0.038), corresponding to carrier frequencies of 9.8% and 7.5%, 

respectively (Table 1). A single carrier of each discipline was identified among 

sampled horses bred for racing and barrel racing (Table 1). No horses 

homozygous for the mutant allele were identified in the study population. 

The AQHA and the Brazilian Quarter Horse Association (ABQM) 

estimate a population of 3.026 million QH worldwide and a QH population of 

358 thousand in Brazil, respectively (American Quarter Horse Association, 

2011; Associação Brasileira de Criadores de Cavalo Quarto de Milha, 2011). 

Thus, using the allele frequency observed herein, we estimate that between 

51,644 and 95,127 and between 6,110 and 11,254 horses are HERDA carriers 

worldwide and in Brazil, respectively. 

Pedigree analysis 

Pedigree analysis evidenced that 38 carriers overlapped bloodlines and 

the common ancestor previously identified as segregating the mutant allele 

(Rashmir-Raven et al., 2004; Ishikawa et al., 2012). The pedigrees of the two 

remaining animals were unavailable for the analysis. 

Discussion 

The main goal of the study reported here was to estimate the allele 

frequency of the CypB mutant gene among QH in Brazil using an HRM 

genotyping approach. The standardized HRM assay we describe was a rapid, 

reliable, and cost effective method for genotyping the c.115G>A SNP of the 

equine CypB gene and estimating the HERDA allele frequency. Previous 

studies have demonstrated that HRM genotyping assays for single base 

variations are reliable as unique melting curve profiles are generated for each 

genotype (Garritano et al., 2009; Jimenez et al., 2009; Yue et al., 2011; Zhou et 

al., 2011; Kyselova et al., 2012; Trujillo et al., 2012).  

The validation of genetic tests (genotyping assays) is imperative to 

establish that these tests provide reliable results (Prence, 1999). The validation 
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procedure described herein included testing the sensitivity, specificity and 

precision (repeatability and reproducibility) of the HRM technique. The 

standardized assay proved to be highly sensitive, specific, and precise, with no 

false positive or negative results. Previous studies of HRM-based genotyping 

assays have demonstrated 100% sensitivity, with specificities ranging from 83% 

to 100% (Hung et al., 2008; Garritano et al., 2009; Krenkova et al., 2009; 

Norambuena et al., 2009) and high precision (repeatability and reproducibility) 

(Krenkova et al., 2009; Norambuena et al., 2009). Amplification of products up 

to 400 bp reportedly results in higher sensitivity and specificity (Reed et al., 

2007; Garritano et al., 2009). We amplified and analyzed an 81 bp fragment of 

the equine CypB gene, the small size of which may have contributed to the high 

sensitivity, specificity, and precision observed herein. 

HERDA is an important genetic disease that affects mainly QH lineages 

worldwide (White et al., 2004; Borges et al., 2005; Tryon et al., 2007; Rendle et 

al., 2008; Marshall et al., 2011; White and Bourdeau, 2011). The HERDA allele 

and carrier frequencies estimated here for the Brazilian QH population were 

0.024 and 4.7%, respectively. Previous studies estimated HERDA allele 

frequency of 0.021 (Tryon et al., 2009) and frequency of carriers between 1.6% 

and 9.2% (Tryon et al., 2007; Tryon et al., 2009; White and Bourdeau, 2011; 

Ishikawa et al., 2012). The variation in estimated allele and carrier frequencies 

which are higher in more recent and expansive studies, suggests that HERDA 

carriers may be being preferentially selected as bloodstock. This scenario 

demonstrates the importance of diagnostic testing and informed breeding 

strategies. Previous studies have demonstrated that some high-performance 

cutting horses are HERDA carriers (Tryon et al., 2009), which have earned 

millionaire awards in competitions (Rashmir-Raven et al., 2004). Additionally, it 

has been hypothesized that carriers might have some type of competitive 

advantage (Tryon et al., 2007). These observations suggest that breeding 

horses without the knowledge of the HERDA status, systematic inbreeding, and 

using performance criteria (earnings) as a sole mating selection criterion is a 

dangerous management practice that may lead to significant increases the 

number of carrier and affected animals. 
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In our study, reining horses showed a HERDA allele frequency of 0.049 

(carrier frequency, 9.8%) that was similar to the allele frequency of 0.046 

(carrier frequency, 9.3%) described previously (Tryon et al., 2009). Although a 

previous study demonstrated a prominent allele frequency of 0.142 (carrier 

frequency, 28.3%) (Tryon et al., 2009) for cutting horses, in the Brazilian 

population we found a HERDA allele frequency of 0.038 (carrier frequency, 

7.5%). Previously, an allele frequency of 0.006 (carrier frequency, 1.2%) for 

barrel racing horses have been described (Tryon et al., 2009), that was similar 

to the allele frequency observed in the present study (allele frequency, 0.004; 

carrier frequency, 0.8%). To our knowledge this is the first time that a racing-

bred horse was identified as being a HERDA carrier. The predominance of 

carriers in the reining and cutting subgroups is not surprising since horses of 

these two disciplines share common bloodlines (Tryon et al., 2009). The allele 

and carrier frequencies described herein for reining and cutting horses were 

similar suggesting that Brazilian breeders are using HERDA carriers in mating 

horses of these disciplines at the same rate. Continued reliance on HERDA 

carriers at this level for mating selection may lead to an increase in the 

frequency of carriers over the long term, and demonstrates the need for 

consideration of HERDA genotype when making mating selections, in an effort 

to reduce the incidence of this disorder. 

We estimate that between 51,644 and 95,127 and between 6,110 and 

11,254 horses are carriers for this disease worldwide and in Brazil, respectively. 

A previous study estimated that worldwide between 90,720 and 181,440 horses 

carrying the HERDA allele (Tryon et al., 2009). This difference may be 

attributed to different HERDA allele frequencies used in each study to perform 

the estimation. Such estimates should be carefully considered since the number 

of animals each discipline and/or of the breed actually sampled are small when 

compared to the whole QH population. However, both studies reveal fairly high 

carrier frequencies. Approximately 90,000 new QH were registered worldwide in 

2011 (American Quarter Horse Association, 2011). Therefore using the carrier 

frequency of 4.7% described here, we estimate that 4,230 new carrier will be 

registered in the coming year. 
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Conclusions 

In summary, we have successfully established a reliable, sensitive, and 

precise HRM assay for the HERDA mutation, which will be useful for owners 

and veterinarians managing QH breeding programs. Although the majority of 

HERDA carrier horses in Brazil belong to the reining and cutting industry, 

HERDA carriers were identified in horses of other disciplines, consistent with 

observations in the US QH population. These findings combined with the allele 

and carrier frequencies we report in Brazilian QH indicate that knowledge of 

HERDA status coupled with careful mating selection will be important to 

minimize the occurrence of this disease. 
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Tables 

 

Table 1 - HERDA carrier and allele frequencies for Quarter Horses and discipline 

subgroups. 

Population Total (n) Carrier (n) Carrier Frequency (%) Allele Frequency ± SE 

Total 690 40 4.7 0.024 ± 0.007 

Barrel 133 1 0.8 0.004 ± 0.004 

Cutting 226 17 7.5 0.038 ± 0.009 

Racing 116 1 0.9 0.004 ± 0.004 

Reining 215 21 9.8 0.049 ± 0.010 

SE – Standard deviation 
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Figures 

 

 

Figure 1. High-resolution melting analysis of a 81-bp fragment of the equine 

CypB containing the c.115G>A class 1 SNP. Genotypes are distinguished by 

both melting temperature and shape of the curves. Aligned (A) and normalized 

(B) melt curves plots indicate the differential clustering of the genotypes. The 

green, red and blue curves indicate the wild type, mutant and heterozygous 

genotypes, respectively. 
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DISCUSSÃO GERAL 

 

Os achados mais interessantes da presente tese foram que os cavalos 

afetados apresentaram diminuição da espessura da pele e da córnea em todas 

as regiões aferidas. A magnitude da diferença da espessura de pele foi maior 

nas regiões onde os animais afetados apresentavam as alterações 

dermatológicas. Anormalidades morfológicas do colágeno foram observadas na 

pele dos cavalos afetados. No exame histopatológico, a concordância entre 

avaliadores foi de considerável a substancial. Além disso, a sensibilidade para 

o diagnóstico histopatológico dependeu do avaliador e variou de 73 % a 88 %, 

enquanto a especificidade foi influenciada pela região amostrada e variou de 35 

% a 75 %. Os cavalos afetados também apresentaram aumento da curvatura e 

dos diâmetros vertical e horizontal da córnea e opacidade de córnea moderada. 

O ensaio de HRM padronizado resultou em 100 % de sensibilidade e 

especificidade, bem como, em elevada precisão diagnóstica. A frequência de 

heterozigotos estimada para o alelo mutante (c.115G>A) foi de 4,7 %, 

predominantemente observada em animais QM de linhagens utilizadas em 

provas de rédeas e apartação. 

Assim como em estudos prévios (BROUNTS, S. H. et al., 2001; GRADY, 

J. et al., 2009), a pele dos animais afetados foi mais fina do que nos animais 

controle. Embora as lesões dermatológicas observadas e a presença de pele 

hiperextensível e fina à palpação tenham apresentado padrão regional evidente 

nas regiões dorsais, todas as regiões de pele mensurada no grupo afetado 

foram mais finas do que no grupo controle, indicando que a espessura de pele 

não é regional. Estudos prévios têm demonstrado que as alterações das 

propriedades biomecânicas da pele de cavalos com HERDA não é restrita a 

pele (GRADY, J. et al., 2009; BOWSER, J. E. et al., 2013). Neste estudo, 

diferença superior a 30 % na espessura da pele foi observada 

predominantemente nas regiões dorsais e do tronco dos animais afetados, 

coincidindo com as áreas onde as alterações dermatológicas são comumente 

encontradas. Recentemente, um estudo evidenciou que nas regiões onde as 

alterações dermatológicas são observadas, a diferença nas propriedades 

biomecânicas da pele de animais com HERDA foi maior (BOWSER, J. E. et al., 
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2013). A pronunciada diferença na espessura de pele em algumas áreas pode 

contribuir para o padrão regional observado nos animais afetados. 

De maneira similar a estudos anteriores (GUNSON, D. et al., 1984; 

HARDY, M. et al., 1988; WHITE, S. D. et al., 2004; BORGES, A. S. et al., 

2005), os principais achados histopatológicos observados incluíram alterações 

na distribuição, orientação e densidade das fibras de colágeno. Algumas 

seções de pele foram consideradas pele não afetada. Anteriormente, foi 

demonstrado que seções de pele de animais afetados podem ser consideradas 

como pele não afetada (BROUNTS, S. H. et al., 2001; WHITE, S. et al., 2007). 

A diferença estatística observada neste estudo para os critérios arranjo e 

espessura das fibras de colágeno, porcentagem de fibras de colágeno coradas 

com tricrômico de Masson, avaliação global e presença ou ausência de 

inflamação tem sido descrita (WHITE, S. D. et al., 2004; WHITE, S. et al., 

2007). 

Apesar da variabilidade na classificação das seções de pele, levando em 

consideração os critérios histopatológicos definidos, a concordância entre 

avaliadores foi de considerável a substancial. A prevalência do achado afeta os 

valores da concordância kappa (FEINSTEIN, A. e CICCHETTI, D., 1990; 

VIERA, A. J. e GARRETT, J. M., 2005). Assim, os valores intermediários de 

concordância observados podem ser atribuídos à baixa frequência de lesões 

evidentes para caracterizar cada critério analisado nas seções amostradas. A 

sensibilidade do diagnóstico histopatológico foi afetada somente pelo avaliador, 

sugerindo que a colheita de biópsia nas mesmas regiões realizadas no 

presente estudo ou em áreas finas sentidas à palpação podem não facilitar o 

diagnóstico positivo. De maneira interessante, a especificidade foi maior no 

pescoço do que na região dorsal do tronco, onde os sinais dermatológicos dos 

animais afetados foram mais evidentes. O diagnóstico baseado exclusivamente 

no exame histopatológico pode gerar muitos resultados falsos positivos e falsos 

negativos, o que ressalta a importância da obtenção dos dados clínicos e da 

realização do exame dermatológico e da avaliação molecular para o 

diagnóstico definitivo. 

A espessura da córnea dos equinos varia de 800 a 1000 μm (ANDREW, 

S. E. et al., 2001; BROOKS, D., 2004). No presente estudo, todas as regiões 

aferidas na córnea apresentaram valores menores no grupo afetado. A região 
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central da córnea apresentou a menor espessura. Este resultado está em 

concordância com um artigo prévio (MOCHAL, C. A. et al., 2010), o qual 

demonstrou diminuição da espessura da região central da córnea de cavalos 

com HERDA. Alguns estudos tem demonstrado que humanos afetados com 

diferentes tipos de EDS podem apresentar diminuição da espessura da córnea 

(CAMERON, J. A., 1993; MACSAI, M. et al., 2000; PESUDOVS, K., 2004; 

GHARBIYA, M. et al., 2012). A alteração na biossíntese do colágeno e a 

diminuição da espessura de córnea observadas em animais com HERDA 

parecem predispor à ocorrência de úlceras de córnea (MOCHAL, C. A. et al., 

2010). Todavia, alterações oftalmológicas não foram observadas nos animais 

afetados do presente estudo. A diminuição da espessura da córnea pode não 

necessariamente levar a alterações oftalmológicas evidentes em todos os 

cavalos afetados. 

Estudos prévios em equinos (VAN DER WOERDT, A. et al., 1995; 

RAMSEY, D. T. et al., 1999; ANDREW, S. E. et al., 2001) e caninos (GILGER, 

B. C. et al., 1991) têm evidenciado que a espessura da córnea é menor na 

região central do que nas regiões periféricas. A espessura das regiões central e 

periféricas da córnea dos equinos tem sido caracterizada e varia de 770 μm a 

893 μm e de 779 μm a 939 μm, respectivamente (VAN DER WOERDT, A. et 

al., 1995; RAMSEY, D. T. et al., 1999; ANDREW, S. E. et al., 2001; PLUMMER, 

C. et al., 2003). No presente estudo, a região central da córnea de ambos os 

grupos foi mais fina do que as regiões periféricas. Além disso, apenas a região 

central da córnea dos animais afetados apresentou valores abaixo do intervalo 

de referência para a espécie. 

O intervalo da curvatura da córnea de cavalos adultos tem sido descrito 

entre 16.46 D e 22.22 D (SIVAK, J. G. e ALLEN, D. B., 1975; MCMULLEN, R. 

J. e GILGER, B. C., 2006; GRINNINGER, P. et al., 2010). Neste estudo, a 

curvatura da córnea dos animais do grupo afetado foi significativamente maior 

do que no grupo controle. Previamente, foi demonstrado que gatos adultos 

apresentam grau de astigmatismo médio menor do que o observado em 

filhotes, devido à diminuição da curvatura da córnea com o avanço da idade 

(MOODIE, K. L. et al., 2001). O grau de astigmatismo médio de cavalos sem 

alterações oftalmológicas e com idade entre 0 a 30 anos tem sido descrito 

como 1.3 D (GRINNINGER, P. et al., 2010). No presente estudo, foi observado 
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grau de astigmatismo médio dentro do intervalo de referência a espécie e 

similar entre os grupos. Todavia, um cavalo afetado apresentou grau de 

astigmatismo de -2.08 D no olho esquerdo e + 1.1 D no direito. Aumento da 

curvatura da córnea, astigmatismo e miopia grave têm sido descritos em 

humanos afetados com EDS (CAMERON, J. A., 1993; MACSAI, M. et al., 2000; 

PESUDOVS, K., 2004; DE PAEPE, A. e MALFAIT, F., 2012; GHARBIYA, M. et 

al., 2012). As anormalidades na biossíntese do colágeno observadas em 

humanos com EDS (BEIGHTON, P. et al., 1998; PESUDOVS, K., 2004; DE 

PAEPE, A. e MALFAIT, F., 2012) e cavalos com HERDA (BROUNTS, S. H. et 

al., 2001; BORGES, A. S. et al., 2005; GRADY, J. et al., 2009; ISHIKAWA, Y. et 

al., 2012) pode levar à fragilidade e à perda de resistência do tecido conjuntivo. 

Portanto, a maior curvatura de córnea observada nos cavalos afetados pode 

ser atribuída à fragilidade e à perda de resistência do tecido conjuntivo da 

córnea. O quanto esta alteração poderia comprometer a acuidade visual dos 

animais afetados deve ser investigado. 

A semelhança do que tem sido descrito em equinos (RAMSEY, D. T. et 

al., 1999; PLUMMER, C. et al., 2003; GRINNINGER, P. et al., 2010), o 

diâmetro horizontal da córnea foi maior que o vertical nos animais de ambos os 

grupos. Os diâmetros da córnea aferidos no presente estudo foram 

significativamente maiores no grupo afetado do que no grupo controle. Alguns 

estudos demonstraram que os diâmetros horizontal e vertical da córnea 

aumentam com o avanço da idade (RAMSEY, D. T. et al., 1999; PLUMMER, C. 

et al., 2003) e são maiores em cavalos de raças mais altas e mais pesadas 

(GRINNINGER, P. et al., 2010). Não obstante, todos os cavalos do presente 

estudo pertenciam à mesma raça e os cavalos do grupo afetado eram mais 

jovens que os animais do grupo controle. Diferente dos resultados 

apresentados neste trabalho, microcórnea tem sido descrita em humanos 

afetados com EDS (CAMERON, J. A., 1993; BEIGHTON, P. et al., 1998; DE 

PAEPE, A. e MALFAIT, F., 2012). Embora o aumento dos diâmetros horizontal 

e vertical da córnea não seja observado em cavalos da raça “Rocky Mountain” 

quando comparados a cavalos controle, a presença de megalocórnea, menor 

raio da curvatura da córnea e câmara anterior profunda têm sido descritos 

nesses animais (RAMSEY, D. T. et al., 1999). Os cavalos afetados do presente 

estudo apresentaram maior raio de curvatura de córnea, profundidade normal 
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da câmara anterior e nenhuma evidencia oftalmológica de megalocórnea. A 

relevância dos achados do diâmetro da córnea em cavalos afetados deve ser 

investigada para a melhor compreensão do quanto o aumento dos diâmetros 

da córnea contribuem para as alterações clínicas observadas. 

A validação de testes genéticos é indispensável para estabelecer sua 

confiabilidade (PRENCE, E., 1999). A validação do ensaio de HRM descrito no 

presente estudo incluiu avaliação da sensibilidade, especificidade e precisão 

(repetibilidade e reprodutibilidade). O ensaio de HRM padronizado apresentou 

elevada sensibilidade, especificidade e precisão. Além disso, nenhum resultado 

falso positivo ou falso negativo foi observado. Previamente, tem sido 

demonstrado que ensaios de genotipagem baseados em HRM apresentam 100 

% de sensibilidade, especificidade entre 83 % e 100 % (HUNG, C. et al., 2008; 

GARRITANO, S. et al., 2009; KRENKOVA, P. et al., 2009; NORAMBUENA, P. 

et al., 2009) e alta precisão (KRENKOVA, P. et al., 2009; NORAMBUENA, P. et 

al., 2009). A amplificação de produtos com até 400 pares de base resultam em 

elevada sensibilidade e especificidade (REED, G. et al., 2007; GARRITANO, S. 

et al., 2009). Neste estudo foi amplificado e analisado um fragmento de 81 

pares de base do gene da CypB equina, o que deve ter contribuído para as 

altas sensibilidade, especificidade e precisão observadas. 

A HERDA é uma doença genética importante que afeta algumas 

linhagens de cavalos QM no mundo todo (WHITE, S. D. et al., 2004; BORGES, 

A. S. et al., 2005; TRYON, R. C. et al., 2007; RENDLE, D. I. et al., 2008; 

MARSHALL, V. L. et al., 2011; WHITE, S. D. e BOURDEAU, P., 2011). A 

frequência de heterozigotos estimada para a população estudada no presente 

estudo foi de 4,7 %. Estudos anteriores têm estimado frequência de 

heterozigotos entre 1,6 % e 9.2 % (TRYON, R. C. et al., 2007; TRYON, R. C. et 

al., 2009; WHITE, S. D. e BOURDEAU, P., 2011; ISHIKAWA, Y. et al., 2012). 

As variações nas frequências de heterozigotos estimadas foram maiores nos 

estudos mais recentes e que testaram maior número de animais, sugerindo que 

heterozigotos possam estar sendo selecionados. Este cenário demonstra a 

importância dos testes de diagnóstico e estratégias para seleção de 

acasalamentos. Estudos anteriores têm demonstrado que cavalos de apartação 

que apresentam excelente desempenho atlético são heterozigotos do alelo 

mutante e têm arrecadado premiações milionárias em diferentes competições 
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(RASHMIR-RAVEN, A. et al., 2004; TRYON, R. C. et al., 2009). 

Adicionalmente, tem sido levantada a hipótese de que os animais heterozigotos 

possam ter algum tipo de vantagem competitiva (TRYON, R. C. et al., 2007). 

Estas observações sugerem que selecionar os acasalamentos sem 

conhecimento da presença do alelo mutante para HERDA e utilizar 

exclusivamente o histórico de desempenho atlético dos animais, bem como 

realizar acasalamentos consanguíneos sistemáticos são medidas de manejo 

arriscadas que podem levar ao aumento do número de animais heterozigotos e 

afetados. 

No presente estudo, cavalos QM de linhagens de rédeas e de tambor e 

baliza apresentaram frequências de heterozigotos estimadas de 9,8 % e 0,8 %, 

respectivamente, as quais foram similares às frequências descritas 

anteriormente (TRYON, R. C. et al., 2009). Embora um estudo prévio tenha 

demonstrado frequência de heterozigotos de 28,3 % para cavalos de apartação 

(TRYON, R. C. et al., 2009), a frequência de animais de apartação 

heterozigotos foi de 7,5 %. A predominância de heterozigotos nos subgrupos 

de rédeas e apartação não é surpreendente, uma vez que estas duas 

modalidades esportivas compartilham linhagens comuns (TRYON, R. C. et al., 

2009). Porém, neste estudo foi identificado pela primeira vez um animal 

carreador que pertenciam a uma linhagem de corrida. A frequência de 

heterozigotos observadas nos cavalos de rédeas e apartação do presente 

estudo foi similar para ambas as modalidades esportivas, sugerindo que os 

criadores brasileiros estão utilizando estes animais nos sistemas de 

acasalando na mesma proporção. A utilização destes heterozigotos para 

reprodução pode levar, em longo prazo, ao aumento da frequência de 

heterozigotos. Assim, o conhecimento da presença do alelo mutante para 

HERDA é fundamental e deve ser levado em consideração para a seleção dos 

acasalamentos, objetivando diminuir a incidência da doença. 
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CONCLUSÃO GERAL 

As lesões dermatológicas mais observadas nos animais afetados com 

HERDA foram pele hiperextensível, cicatrizes atróficas e hipertróficas e 

seromas e/ou hematomas, distribuídos principalmente nas regiões dorsais. 

Apesar do padrão regional dos sinais dermatológicos, a diminuição da 

espessura da pele nos cavalos afetados pela HERDA não é regional. Todavia, 

a magnitude da diferença da espessura da pele foi proeminente em algumas 

regiões dorsais e do tronco destes animais. A acurácia do exame 

histopatológico para diagnosticar as seções de pele como verdadeiro positivo e 

verdadeiro negativo dependeu do avaliador e da região amostrada, 

respectivamente. Desta maneira, a fim de se realizar o diagnóstico 

histopatológico da enfermidade, recomenda-se realizar a colheita de biópsia de 

pele no pescoço, garupa ou dorso, uma vez que a região não afeta o 

diagnóstico de um animal verdadeiro positivo, mas facilita o diagnóstico de um 

verdadeiro negativo. O uso de dados clínicos, dermatológicos e 

histopatológicos, associados ao teste molecular auxilia na confirmação do 

diagnóstico. 

Os animais afetados pela astenia cutânea possuem diminuição da 

espessura em diferentes regiões da córnea e aumento da curvatura e dos 

diâmetros horizontal e vertical da córnea. Outros estudos são necessários para 

a melhor compreensão do quanto o aumento da curvatura de córnea 

observado nos animais afetados é clinicamente relevante para sua acuidade 

visual. 

Na presente tese foi estabelecido um teste molecular de genotipagem 

baseado na técnica de HRM, o qual foi acurado e confiável para HERDA. Este 

teste poderá ser utilizado por criadores e médicos veterinários para a seleção 

dos acasalamentos. Embora a maioria dos animais heterozigotos deste estudo 

pertença às linhagens de rédeas e apartação, também foram identificados 

heterozigotos de outras linhagens. O conhecimento da presença do alelo 

mutante para HERDA, aliado a criteriosa seleção dos acasalamentos são 

importantes medidas para minimizar a ocorrência da doença. 
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AUTHOR GUIDELINES 
 
Content of Author Guidelines: 1. General, 2. Ethical Guidelines, 3. Submission of Manuscripts, 
4. Manuscript Types Accepted, 5. Manuscript Format and Structure, 6. After Acceptance.  
 
Relevant Documents: Copyright Transfer Agreement 
Useful Websites: Submission Site, Articles published in Veterinary Dermatology, Digital 
Photographic Guidelines, ARRIVE guidelines for reporting animal research, 
 
1. GENERAL  
Veterinary Dermatology is a bi-monthly, peer-reviewed, international journal which publishes 
papers on all aspects of the skin of mammals, birds, reptiles, amphibians and fish. Scientific 
research papers, clinical case reports and reviews covering the following aspects of 
dermatology will be considered for publication: 
 

 Skin structure (anatomy, histology, ultrastructure) 
 Skin function (physiology, biochemistry, pharmacology, immunology, genetics) 
 Skin microbiology and parasitology 
 Dermatopathology 
 Pathogenesis, diagnosis and treatment, including prophylaxis, of skin diseases 
 New disease entities  

 
Please read the instructions below carefully for details on the submission of manuscripts, the 
journal's requirements and standards as well as information concerning the procedure after a 
manuscript has been accepted for publication in Veterinary Dermatology. Authors are 
encouraged to visit the Blackwell Publishing Author Services site 
(http://authorservices.wiley.com) for further general information on the preparation and 
submission of articles and figures. 
 
2. ETHICAL GUIDELINES 
Veterinary Dermatology adheres to ethical guidelines given below for publication and research.  
 
2.1. Authorship and Acknowledgements 
Veterinary Dermatology adheres to the definition of authorship set up by The International 
Committee of Medical Journal Editors (ICMJE). According to the ICMJE criteria authorship 
should be based on 1) substantial contributions to conception and design of, or acquisition of 
data or analysis and interpretation of data, 2) drafting the article or revising it critically for 
important intellectual content and 3) final approval of the version to be published.  All of the 
authors should meet conditions 1, 2 and 3.  
Participation solely in the acquisition of funding or the collection of data (such as recruiting 
cases in multi-centre drug trials) does not justify authorship and, except in the case of complex 
large-scale or multi-centre research, the number of authors should usually not exceed six.  It is 
a requirement that all authors have been accredited as appropriate upon submission of the 
manuscript. Contributors who do not qualify as authors should be mentioned under 
Acknowledgements, e.g. statisticians hired to analyse data; this may also include clinicians who 
recruit cases for multi-centre clinical trials where the first 6 authors are given and the remaining 
people are acknowledged. 
Note to NIH Grantees: Pursuant to NIH mandate, Wiley-Blackwell will post the accepted version 
of contributions authored by NIH grant-holders to PubMed Central upon acceptance.  This 
accepted version will be made publicly available 12 months after publication.  For further 
information, see www.wiley.com/go/nihmandate 
 
2.2. Ethical Approvals  
When experimental animals are used the methods section must clearly indicate that adequate 
measures were taken to minimize pain or discomfort. Experiments should be carried out in 
accordance with the Guidelines laid down by the National Institute of Health (NIH) in the USA 
regarding the care and use of animals for experimental procedures or with the European 
Communities Council Directive of 24 November 1986 (86/609/EEC) and in accordance with 
local laws and regulations.   
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The Journal reserves the right to reject any paper where there is reason to believe that animals 
have been subjected to unnecessary or avoidable pain or distress. Where animals have been 
used in a study, the relevant research ethical or animal welfare or institutional review authority, 
under which the work was conducted, must be stated. Furthermore, manuscripts describing 
prospective studies involving client-owned animals should also include documentation of 
informed client consent.  
 
2.3 Clinical Trials 
Randomised clinical trials (RCTs) and systematic reviews should be reported with due regard 
for the REFLECT guidelines available at http://www.reflect-statement.org/statement/.  This is 
particularly important when preparing the abstract – see below.  
 
2.4 DNA Sequences and Crystallographic Structure Determinations 
Papers reporting protein or DNA sequences will not be accepted without a Genbank accession 
number. Other supporting data sets must be made available on the publication date from the 
authors directly.  
 
2.5 Conflict of Interest and Source of Funding 
Conflict of Interest: Authors are required to disclose any possible conflict of interest, this may 
include financial support including consultancies, speaker's fees; any gift, income, funding or 
other material benefit, unsolicited or otherwise, from a commercial company or individual, even 
if it was not restricted to the project described in the submission.  If in doubt consider asking the 
editor for guidance about declaring a possible conflict. If the author does not include a conflict of 
interest statement in the manuscript then the following statement will be included by default: 'No 
conflicts of interest have been declared'. 
Sources of funding: sources of institutional, private and corporate financial support for the work 
within the manuscript must be fully acknowledged. 
The “conflict of interest” and “sources of funding” statements should be included immediately 
before the abstract section of your manuscript. 
 
2.6 Appeal of Decision 
Authors who wish to appeal the reviewers' decision and/or comments on their submitted paper 
may do so by e-mailing the editor with a detailed explanation for why they find reasons to 
appeal the decision.  
 
2.7 Permissions  
If the whole or part(s) of previously published illustrations are used, permission must be 
obtained from the copyright holder concerned. It is the author's responsibility to obtain these in 
writing and provide copies to the Publishers. Images that have been sold commercially should 
not be submitted for publication. 
 
2.8 Copyright Assignment  
Authors submitting a paper do so on the understanding that the work and its essential 
substance have not been published before and is not being considered for publication 
elsewhere. Presentation or publication of part or all of the data in, for instance, congress 
proceedings, should be clearly declared when the paper is submitted.  
Upon acceptance of a paper, authors are required to assign copyright to the European Society 
of Veterinary Dermatology and the American College of Veterinary Dermatology. Assignment of 
Copyright is a condition of publication. (Papers subject to government or Crown copyright are 
exempt from this requirement; however, the form still has to be signed). 
Correspondence to the journal is accepted on the understanding that the contributing author 
licences the publisher to publish the letter as part of the journal or separately from it, in the 
exercise of any subsidiary rights relating to the journal and its contents.  
If your paper is accepted, the author identified as the formal corresponding author for the paper 
will receive an email prompting them to login into Author Services; where via the Wiley Author 
Licensing Service (WALS) they will be able to complete the license agreement on behalf of all 
authors on the paper. 
For authors signing the copyright transfer agreement 
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If the OnlineOpen option is not selected the corresponding author will be presented with the 
copyright transfer agreement (CTA) to sign. The terms and conditions of the CTA can be 
previewed in the samples associated with the Copyright FAQs below: 
CTA Terms and Conditions http://authorservices.wiley.com/bauthor/faqs_copyright.asp 
For authors choosing OnlineOpen 
If the OnlineOpen option is selected the corresponding author will have a choice of the following 
Creative Commons License Open Access Agreements (OAA): 
Creative Commons Attribution Non-Commercial License OAA 
Creative Commons Attribution Non-Commercial -NoDerivs License OAA 
To preview the terms and conditions of these open access agreements please visit the 
Copyright FAQs hosted on Wiley Author Services 
http://authorservices.wiley.com/bauthor/faqs_copyright.asp and visit 
http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--License.html. 
If you select the OnlineOpen option and your research is funded by The Wellcome Trust and 
members of the Research Councils UK (RCUK) you will be given the opportunity to publish your 
article under a CC-BY license supporting you in complying with Wellcome Trust and Research 
Councils UK requirements. For more information on this policy and the Journal’s compliant self-
archiving policy please visit: http://www.wiley.com/go/funderstatement. 
For RCUK and Wellcome Trust authors click on the link below to preview the terms and 
conditions of this license: 
Creative Commons Attribution License OAA 
To preview the terms and conditions of these open access agreements please visit the 
Copyright FAQs hosted on Wiley Author Services 
http://authorservices.wiley.com/bauthor/faqs_copyright.asp and visit 
http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--License.html. 
For questions concerning copyright, please visit Copyright FAQs  
 
3. SUBMISSION AND ACCEPTANCE OF MANUSCRIPT 
Manuscripts should be submitted electronically via the online submission site 
http://mc.manuscriptcentral.com/vde. If assistance is needed (or if, for some reason, online 
submission is not possible) the Editorial Office can be contacted at VDEedoffice@wiley.com 
and will readily provide any help users need to upload their manuscripts.  
 
4. MANUSCRIPT TYPES ACCEPTED 
Papers are invited in the following categories: Reviews, Scientific Papers, Brief 
Communications, Case Reports, Letters to the Editor and Book Reviews (by invitation from the 
journal). 
1) Reviews are by invitation from the journal or with approval from the Editor in Chief. 
2) Scientific Papers are experimental or observational, ideally hypothesis-driven prospective 
studies. 
3) Brief Communications are brief reports and will be limited to 1500 words (based on the text 
and not counting the words in the title, abstract and references) and up to four figures or tables 
or graphs. References should be limited to ten. 
4) Case Reports (or case series) will be limited to 1500 words (based on the text and not 
counting the words in the title, abstract and references) and up to four figures; they will be 
considered for publication primarily if they add new and useful information for the discipline of 
veterinary dermatology; consideration will be given to: 
a. Reports of new diseases or conditions, or variations on recently described diseases. 
b. Reports of diseases that are of zoonotic importance or are highly contagious. 
c. Reports that will make a significant change in how a disease is diagnosed or treated. 
Supplementary files containing additional text and figures may be allowed. 
 
5) Letters to the Editor: will be limited to 750 words, including references, and two (usually one) 
image / figure / table which may include one clinical image and one of histopathology; letters 
may cover a variety of topics and these may include but are not restricted to: 
a. The presentation of unusual case material that does not have sufficient merit to be published 
as a full case report. 
b. Briefly highlighting an issue with a previously published paper 
c. Seeking to generate discussion or awareness of a developing area. 
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6) Books for review should be sent to the Veterinary Dermatology Editorial Office at: 
Veterinary Dermatology 
Wiley-Blackwell 
9600 Garsington Road 
Oxford 
OX4 2DQ 
 
5. MANUSCRIPT FORMAT AND STRUCTURE 
5.1. Format 
Veterinary Dermatology operates a system of double-blinded review and the names of the 
authors will not be disclosed to the reviewers. Authors should therefore avoid including anything 
that could identify them within the text. This, for example, includes: the name of the institution at 
which the work was performed; initials of the authors; acknowledgements; and names of 
institutions on illustrations, etc. To enable double-blinded review, contributors (including 
acknowledgements) should only be named on the title page or uploaded separately as a 
supplementary file, and not on the manuscript. Authors should also avoid statements that could 
identify them through references (e.g. instead of 'we have previously shown that black is white', 
authors should write 'previous studies have shown that black is white'). 
The manuscript (including references and figure legends) must be A4 or 8.5x11 inch format with 
2.5cm margins, single-spaced typed, left justified, 12 point font using sans serif typeface such 
as Helvetica (Swiss), Arial or Verdana style. Each line and page of the manuscript text should 
be numbered consecutively from the title page. 
Authors are requested to write with the minimum of formatting and NOT to write over previous 
versions, which may contain hidden formatting. Do not enhance text and tables with 
unnecessary formatting (e.g. small capitals, headers). Software programs that automatically 
create endnotes and footnotes should not be used. 
Review Articles 
In general, review articles are only by invitation and by approval of the Editor in Chief. The 
structure will vary depending on content. Authors should study the format used in previous 
issues of the journal for further guidance. Authors wanting to submit a review article should 
contact the Editor in Chief with a brief description of the article and outline. 
Scientific Papers and Brief Communications 
Manuscripts should be arranged as follows: title; acknowledgements; abstract; text with 
subdivisions as given below; references; legends for illustrations. 
Case Reports 
These are usually a chronological description of the case describing the history, physical 
findings, differential diagnoses, diagnostic tests, specialist diagnostic procedures, diagnoses, 
treatments and outcome. 
Title Page 
The title of the article should be concise but informative. The first name, middle initial(s), and 
last name of each author must be given. Professional affiliations of the authors at the time of the 
study should be indicated using the symbols *,†,‡,§,¶, then **; †† etc., in this order; these are 
not superscripts. Titles (e.g. professor) and qualifications (e.g. DipACVD) are not required. 
If an author's affiliation has changed since the study was performed, the author's new affiliation 
should be identified. The name of the corresponding author, any conflicts of interest and 
sources of funding (see section 2.5) should be stated. If information in the text has been 
presented at a scientific meeting, this should be indicated. A short running title of no more than 
40 characters (counting letters and spaces) should also be included. The short running title will 
be used in the journal at the top of the page, see current publications. Keywords are NOT 
required. 
Abstract 
The abstract should be no more than 250 words and must be constructed using the 
subheadings given below. While this format is most appropriate for scientific studies, the 
authors of reviews, brief communications and case reports are encouraged to also provide a 
structured abstract using the following subheadings: 

 Background – A brief explanation of why the study was performed. 
 Hypothesis/Objectives – A statement of the principal hypothesis tested in the study, a 

brief statement of the major objectives, or both. 
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 Animals – A concise description of the number of animals used in the study including 
the population from which they were drawn (e.g. research colony, hospital population) 
and any special characteristics of the animals (e.g. disease status). 

 Methods – A statement of overall study design (e.g. randomized, blinded, placebo-
controlled clinical trial; retrospective study) and principal interventions or methods. 

 Reports of clinical trials should try to comply with the REFLECT guidelines 
http://www.reflect-statement.org/statement/. 

 Results – Concise statement of important results including numerical description of 
critical variables and statement of statistical significance. 

 Conclusions and clinical importance– A summary of conclusions based on results of the 
study and statement of clinical importance of these conclusions. The results should not 
be restated. 

Introduction 
State the purpose of the article. Summarise the rationale for the study or observation. Give only 
strictly pertinent references and do not review the subject extensively. Materials and Methods 
These should be described in sufficient detail to allow other workers to reproduce the results. 
References for study design and statistical methods should be to standard works (with pages 
stated) when possible rather than to papers where designs or methods were originally reported. 
Specify any statistics computer programs used. Report losses to observation (such as dropouts 
from a clinical trial). 
The methods of data collection and use of statistical analysis will be checked by the referees, 
editors and, if necessary, a statistician. It is highly recommended that authors consult a 
professional statistician for advice on complex statistical analyses. It is also recommended that 
authors provide details of which statistical methods and the p-value, if relevant, have been used 
for each component of the data set (e.g. P=0.08; ANOVA). 
Drugs and therapeutic agents should be given in the format: drug ingredient (trade name; 
manufacturer name, city, (state), country), e.g. fenbendazole (Panacur; Intervet-Schering 
Plough, Milton Keynes, UK). 
Drug names should follow the recommended International Non-Proprietary Names (rINN) - for 
more information see the Medicines and Healthcare Products Regulatory Agency (MHRA) 
website. Common examples include cefalexin, ciclosporin, meticillin and rifampicin. 
Products such as equipment or methods should be given as: Product name (Company name; 
town or city, (state) and country). e.g. Datex CD 200-02 (Datex; Hatfield, UK); or SuperScript® 
III First-Strand Synthesis kit (Invitrogen, Carlsbad, CA, USA). The detailed information about 
drugs, therapeutic agents and products need only be given once. 
Results 
Present your results in a logical sequence in the text, tables, and illustrations. Do not repeat in 
the text data in the tables or illustrations. In manuscripts describing more than one animal, all 
animals should be assigned a case number. 
Discussion 
The discussion should emphasise the new and important aspects of the study and the 
conclusions that follow from them. Include the implications of the findings and their limitations, 
including implications for future research. Relate the observations to other relevant studies. Link 
the conclusions with the goals of the study but avoid unqualified statements and conclusions not 
completely supported by your data. Avoid claiming priority and alluding to work that has not 
been completed. State new hypotheses when warranted, but clearly indicate them as such. 
Recommendations, when appropriate, may be included. 
Acknowledgements (should be made on the title page or as a separate supplementary file and 
not included on the manuscript). These are to indicate support, advice or technical help that 
does not justify authorship. Please use first and second (family) names, e.g. The authors would 
like to thank Fred Flintstone for assistance with statistical analysis. 
Funding sources should be included in the declared sources of funding (see section 2.5). 
Language and style 
The language of publication is English. Authors for whom English is a second language must 
have their manuscript thoroughly, and preferably professionally, edited by an English speaking 
person before submission to make sure that the English is of high quality. A list of independent 
suppliers of editing services can be found at 
http://authorservices.wiley.com/bauthor/english_language.asp. All services are paid for and 
arranged by the author, and use of one of these services does not guarantee acceptance or 
preference for publication. 
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5.2. Units, Abbreviations and Nomenclature 
All units of measurement must follow the SI system. Concentrations of solutions should be 
given as molar concentrations (e.g. mmol/L). All other concentrations should be expressed as 
percentages. Drug dosages should be given as: e.g. mg/kg; μg/kg; also use ‘once daily’, ‘twice 
daily’ etc. Spell out numbers one to nine, keep 10 onwards as numerals. However, use Arabic 
numerals for numbers used with units of measure (e.g. 9 kg, 5 h, 10 mmol/L). Use h, min, s, for 
hour, minute, second, respectively. Abbreviations of biological, medical, chemical and other 
terms should only be used when such abbreviations are both internationally recognized and 
unambiguous. The first use of an abbreviation must be explained by also giving the 
unabbreviated term. 
All biological, medical, chemical, and other names should be given in keeping with the latest 
international nomenclature. If an animal or micro-organism is being mentioned in the text for the 
first time, the binomial name should be given, e.g. carp (Cyprinus carpio). Thereafter, this can 
be abbreviated to C. carpio. Please check recent articles for information about the spelling of 
dog and cat breeds. 
 
5.3. Illustrations and Tables 
Figure legends must be given at the end of the manuscript. Sufficient information should be 
included to allow the figure to be understood without reference to the text. Authors wishing to 
use any previously published figures must submit written permission from the copyright holder. 
Figure legends should be written in the following style: 
1. Organ or tissue; animal identification, Case No. A sentence describing the change that is 
visible in the print. (For photomicrographs add: staining method with names of stains and 
counter stains and magnification, e.g. avidin biotin peroxidase complex method, Mayer's 
Haematoxylin counter stain) 
2. Graph or Table: statement of how data is expressed. Identification of symbols in table, graph, 
or photo: e.g. N = nucleus. 
Examples: 
1. Photomicrograph: Intra-epidermal, intact sub-corneal pustule showing small numbers of 
acantholytic cells and numerous neutrophils. H&E. 3. Table: Comparison of eosinophil counts 
over time between the control and treatment groups. Error bars indicate the mean ± the 
standard deviation 
 
5.3.1. Figures 
Figures should be initially saved in a neutral data format such as TIFF or EPS (JPEG format can 
be accommodated but must fulfil the format criteria given below). PowerPoint and Word 
graphics are unsuitable for reproduction. Please do not use any pixel-oriented programmes. 
Scanned figures (only in TIFF format) should have a resolution of 300 dpi (halftone) or 600 to 
1200 dpi (line drawings) in relation to the reproduction size. Photographic material should be of 
such quality that high-contrast reproductions can be made; photostats of photographs are 
unacceptable. Graphics created in the CMYK colour palette (print colours) are preferable to 
those created in RGB (screen colours) to maximise consistency of print reproduction. Images 
supplied in RGB will be converted to CMYK for printing; this may lead to some variations in 
colour representation. 
 
5.3.2. Graphs 
To ensure high-quality reproduction, symbols should be clear and even throughout and of 
sufficient size, that when reduced for publication, each item will still be legible. Graph axes 
should be labelled in sans serif (Helvetica or Arial) font. Letters, Numbers and Titles belong in 
the legends for illustrations, not on the illustrations themselves. When symbols, arrows, 
numbers or letters are used to identify parts of the illustrations, identify and explain each one 
clearly in a key. 
 
5.3.3. Clinical Photographs 
Clinical and histopathology (photomicrograph) figures must be no more than 19 cm in width and 
must be submitted at a resolution of 300 dpi. 
Limit figures to those that reduce or clarify the text. These should be free of extraneous 
material, and, where possible, if portions of the handler, for example, fingers or hands are to be 
included, particularly adjacent to lesions, should be gloved. 
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5.3.4. Photomicrographs For lower power objectives, thicker histological sections are 
preferable. Thinner sections are advisable for higher power objectives. Optimal Haematoxylin & 
Eosin staining ensures the differential eosinophilia of tissue components. Harris's Haematoxylin 
is preferred as it produces a bluish-black, nuclear stain. The microscope must be set up for 
Koehler illumination. In general, the 10x or 20x objective provides the best contrast and visibility 
of the subject in most sections. The 4x objective should be used only when necessary to show 
the overall pattern. 
Authors are not obliged to use length or scale bars, although reviewers/editors may recommend 
their use because it is deemed to be critical to the understanding of photomicrograph or electron 
micrograph images. Magnification (scale) bars should be approximately 1 cm long and placed in 
the lower right corner; 5mm above the lower margin and with the right end 5 mm from the right 
margin. For figures that consist of multiple parts, individual parts of the figure should be 
identified by capital 
letters embedded in the figure, rather than by describing the location of the part in the legend 
(e.g. top right). 
 
5.3.5. Tables should be limited to those containing data important to understanding and 
interpreting results and reducing or clarifying the text. Tables may be include within the wordfile 
containing the main text, placed after the figure legends; alternatively large tables should be 
submitted as separate table files. Number tables consecutively in the order of the first citation in 
the text and supply a brief title for each. Give each column a short or abbreviated heading. 
Place explanatory material in footnotes, not in the heading. Explain in the footnotes all non-
standard abbreviations that are used in each table. Identify statistical measures of variations 
such as standard deviation and standard error of the mean. Ensure that each table is cited in 
the text. If you use data from another published or unpublished source obtain written permission 
and acknowledge fully. 
Poor quality images may be removed from a manuscript and where critical to the content may 
lead to rejection of a manuscript. For more information about formatting images please click 
here. 
Please ensure that individual figures files are no larger than 5 MB, if your file is substantially 
bigger than this please contact the Editorial Office: VDEedoffice@wiley.com Tel: +44 (0) 1865 
476387 to discuss file saving options. 
 
5.4. References (Please note that EndNote™ and Refman™ software for the Journal of the 
American Veterinary Medical Association can be used for Veterinary Dermatology; please adapt 
to Vancouver style) 
Software programs for creating reference lists may be used but they should be set up so that 
they generate in-text citations and reference lists according to the instructions and examples 
given below. Authors bear primary responsibility for the accuracy of all references. References 
must be limited to those that are necessary and must be cited in the text by superscript 
numbers in order of citation. Journal titles in the Reference section should be abbreviated in 
accordance with the National Library of Medicine (NLM website) and Index Medicus . For 
references with more than 3 authors, only the first 3 authors should be listed, followed by "et al." 
The following is the style used for common types of references: 
Article in journal 
1. Müntener T, Doherr MG, Guscetti F, et al. The canine hair cycle – a guide for the assessment 
of morphological and immunohistochemical criteria. Vet Dermatol 2011; 22: 383-395. 
Book 
2. Scott DW. Large Animal Dermatology. Philadelphia, PA: Saunders, 1988; 457–458. 
Book chapter 
3. Muir P, Johnson KA, Manley PA. Fractures of the pelvis. In: Birchard SJ, Sherding RG, eds. 
Saunders manual of small animal practice. 2nd ed. Philadelphia: WB Saunders Co, 2000; 
1126–1132. 
Proceedings 
4. Moore MP, Bagley RS, Harrington ML, et al. Intracranial tumors, in Proceedings. 14th Annu 
Meet Vet Med Forum 1996; 331–334. 
Electronic material 
5. Animal and Plant Health Inspection Service website. Bovine spongiform encephalopathy 
(BSE). Available at: www.aphis.usda.gov/lpa/issues/bse/bse.html. Accessed Feb 18, 2003. 
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5.5. Supporting Information 
Supporting Information, such as data sets, additional figures, tables, video or audio files that will 
not be published in the print edition of the journal, but will be available via the online edition, 
may be submitted.  Supporting information must be important ancillary information that is 
relevant to the parent article but which does not or cannot appear in the printed edition of the 
Journal. Supporting information will be published as submitted, and will not be corrected or 
checked for scientific content, typographical errors or functionality. 
Supporting information should be uploaded at the time of manuscript submission using the file 
designation 'Supplementary material'. It should be clearly stated at the time of submission that 
the Supporting Information is intended to be made available through the online edition. The 
content of the Supporting Information must not be altered after the paper has been accepted for 
publication.  Authors should note that the publishers will not be held responsible for the content 
or functionality of any supporting materials supplied by the authors. Any queries (other than 
missing material) will be directed to the corresponding author of the article. 
The availability of Supporting Information should be indicated in the main manuscript by a 
paragraph, to appear after the References, headed "Supporting Information" and providing titles 
of figures, tables etc. In order to protect reviewer anonymity, material posted on the author's 
website cannot be reviewed. 
 
5.6. Animal Experiments 
Animal experiments are to be undertaken only with the purpose of advancing knowledge and in 
a manner that avoids unnecessary discomfort to the animals by the use of proper management 
and laboratory techniques. They shall be conducted in compliance with federal, state and local 
laws and regulations, and in accordance with the internationally accepted principles and 
guidelines for the care and use of agricultural, laboratory or experimental animals.  In the 
interests of the reproducibility of results, accurate information about any test animals used in the 
experiments (origin, inbreeding etc.), as well as information about the housing conditions (diet, 
environment etc.), should be given.  For further information and guidance on how to report on 
animal experiments see: ARRIVE guidelines for reporting animal research   
 
6. AFTER ACCEPTANCE 
Upon acceptance of a paper for publication, the manuscript will be forwarded to the Production 
Editor who is responsible for the production of the journal. 
 
6.1 Proof Corrections 
The corresponding author will receive an e-mail alert containing a link to a website. A working e-
mail address must therefore be provided for the corresponding author. The proof can be 
downloaded as a PDF (portable document format) file from this site; the file should be opened, 
read on screen, and printed out in order for any corrections to be added. Further instructions will 
be sent with the proof. Hard copy proofs will be posted if no e-mail address is available; in your 
absence, please arrange for a colleague to access your e-mail to retrieve the proofs.  Proofs 
must be returned to the Production Editor within one week of receipt. 
As changes to proofs are costly, we ask that you only correct typesetting errors. Other than in 
exceptional circumstances, all illustrations are retained by the publisher. Please note that the 
author is responsible for all statements made in their work, including changes made by the copy 
editor. 
 
6.2 EarlyView 
(Publication Prior to Print) Veterinary Dermatology is covered by Wiley-Blackwell's EarlyView 
service. EarlyView articles are complete full-text articles published online in advance of their 
publication in a printed issue. EarlyView articles are complete and final. They have been fully 
reviewed, revised and edited for publication, and the authors' final corrections have been 
incorporated. Because they are in final form, no changes can be made after online publication. 
The nature of EarlyView articles means that they do not yet have volume, issue or page 
numbers, so EarlyView articles cannot be cited in the traditional way. They are therefore given a 
Digital Object Identifier (DOI), which allows the article to be cited and tracked before it is 
allocated to an issue. After print publication, the DOI remains valid and can continue to be used 
to cite and access the article. 
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6.3 Author Services 
Online production tracking is available for your article through Wiley-Blackwell's Author 
Services. Author Services enables authors to track their article - once it has been accepted - 
through the production process to publication online and in print. Authors can check the status 
of their articles online and choose to receive automated e-mails at key stages of production. 
The author will receive an e-mail with a unique link that enables them to register and have their 
article automatically added to the system. Please ensure that a complete e-mail address is 
provided when submitting the manuscript. Visit authorservices.wiley.com/bauthor/default.asp for 
more details about online production tracking and for a wealth of resources including FAQs and 
tips on article preparation, submission and more.  For more substantial information on the 
services provided for authors, please go to authorservices.wiley.com/bauthor/default.asp 
 
6.4 OnlineOpen 
Available to authors of primary research articles who wish to make their article available to non-
subscribers upon publication in Veterinary Dermatology, or whose funding agency requires 
grantees to archive the final version of their article. With OnlineOpen the author, the author's 
funding agency, or the author's institution pays a fee (currently $3,000) to ensure that the article 
is made available to non-subscribers upon publication via Wiley Online Library, as well as 
deposited in the funding agency's preferred archive.  In addition to publication online via Wiley 
Online Library, authors of OnlineOpen articles are permitted to post the final, published PDF of 
their article on a website, institutional repository or other free public server. For more 
information, please visit: http://olabout.wiley.com/WileyCDA/Section/id- 406241.html. Any 
authors wishing to send their paper OnlineOpen will be required to complete the payment form 
available from our website at: https://authorservices.wiley.com/bauthor/onlineopen_order.asp. 
 
6.5 Author Material Archive Policy 
Please note that unless specifically requested, Blackwell Publishing will dispose of all hardcopy 
or electronic material submitted two months after publication. If you require the return of any 
material submitted, please inform the editorial office or production editor as soon as possible. 
 
6.6 Offprints and Extra Copies 
The figure legends, or, particularly when they are too large for inclusion as part of a Word file, 
as separate table files. A PDF offprint of the online published article will be provided free of 
charge to the corresponding author, and may be distributed subject to the Publisher's terms and 
conditions. Additional paper offprints may be ordered online. Please click on the following link, 
fill in the necessary details and ensure that you type information in all of the required fields: 
offprint.cosprinters.com/cos/bw/main.jsp?SITE_ID=bw&FID=USER_HOME_PG 
If you have queries about offprints please e-mail offprint@cosprinters.com 

mailto:offprint@cosprinters.com
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Author Guidelines 

 

Veterinary Ophthalmology publishes original material relating to all aspects of clinical and 
investigational veterinary and comparative ophthalmology. The following types of material will 
be published: 

 Original articles including clinical (prospective and retrospective clinical studies) and 
investigational studies. Research studies involving animals must have the approval of 
the institution's animal care and use committee and be acceptable to the Editor. 

 Review articles (including papers which clarify, summarize and critically evaluate the 
current literature). These will be invited by the Editor or a member of the editorial board. 

 Case reports (patient-based studies; either single or multiple animals). Authors of case 
reports rejected by our journal will be offered the option of having their manuscript, 
along with any related peer review comments, automatically transferred for 
consideration by the editorial team of Clinical Case Reports, an open access journal. 

 Viewpoint articles (papers which challenge existing concepts or present an alternative 
interpretation of available information) are usually invited by the Editor or a member of 
the editorial board. 

 Short communications: Brief research and clinical communications (limited to 6 pages 
and 12 references). 

 Letters to the editor. 

All original research and review articles will be peer reviewed by at least two independent 
referees. Submission  

EarlyView 

We are happy to announce that Veterinary Ophthalmology is now part of the Wiley-Blackwell 
Early View service. All articles will now be published online in advance of their appearance in a 
print issue. These articles are fully peer reviewed, edited and complete - they only lack page 
numbers and volume/issue details – and are considered fully published from the date they first 
appear online. This date is shown with the article in the online table of contents. Because Early 
View articles are considered fully complete, please bear in mind that changes cannot be made 
to an article after the online publication date even if it has not yet appeared in print. 

Beginning January 1, 2007, Veterinary Ophthalmology accepts manuscripts only through our 
submission website.  To submit a manuscript, please follow the instructions below: 

Getting Started  

1. Launch your web browser (supported browsers include Internet Explorer 6 or higher, 
Netscape 7.0, 7.1, or 7.2, Safari 1.2.4, or Firefox 1.0.4) and go to the Veterinary 
Ophthalmology ScholarOne Manuscripts homepage 
http://mc.manuscriptcentral.com/vop 

2. Log-in or click the 'Create Account' option if you are a first-time user of ScholarOne 
Manuscripts. 

3. If you are creating a new account: After clicking on 'Create Account' enter your name 
and e-mail information and click 'Next'.  Your e-mail information is very important. Enter 
your institution and address information as prompted then click 'Next. Enter a user ID 
and password of your choice (we recommend using your e-mail address as your user 
ID) and then select your area of expertise. Click 'Finish' when done. 

4. Log-in and select 'Author Center. 

Submitting Your Manuscript 

http://www.clinicalcasesjournal.com/
http://mc.manuscriptcentral.com/vop
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1. After you have logged in, click the 'Submit a Manuscript' link on the Author Center 
screen. 

2. Enter data and answer questions as prompted. 
3. Click on the 'Next' button on each screen to save your work and advance to the next 

screen. 
4. You will be prompted to upload your files: Click on the 'Browse' button and locate the 

file on your computer. Select the description of the file in the drop down next to the 
Browse button. When you have selected all files you wish to upload, click the 'Upload' 
button. 

5. Review your submission (in both PDF and HTML formats) before sending to the 
Editors.  Click the 'Submit' button when you are done reviewing. 

You may stop a submission at any phase and save it to submit later. After submission, you will 
receive a confirmation via e-mail. You can also log-on to ScholarOne Manuscripts at any time to 
check the status of your manuscript. The Editors will send you information via e-mail once a 
decision has been made. A covering letter, signed by all authors, must be included. This should 
state that the work has not been published and is not being considered for publication 
elsewhere, and that all authors meet the journal's criteria for authorship (see below). Information 
on any financial or other conflict of interest which may have biased the work should be provided 
(even if precautions were taken and authors are satisfied that bias was avoided). 

Copyright Transfer Agreement 

If your paper is accepted, the author identified as the formal corresponding author for the paper 
will receive an email prompting them to login into Author Services; where via the Wiley Author 
Licensing Service (WALS) they will be able to complete the license agreement on behalf of all 
authors on the paper. 

For authors signing the copyright transfer agreement 

If the OnlineOpen option is not selected the corresponding author will be presented with the 
copyright transfer agreement (CTA) to sign. The terms and conditions of the CTA can be 
previewed in the samples associated with the Copyright FAQs below: CTA Terms and 
Conditions http://authorservices.wiley.com/bauthor/faqs_copyright.asp. 

For authors choosing OnlineOpen 

If the OnlineOpen option is selected the corresponding author will have a choice of the following 
Creative Commons License Open Access Agreements (OAA): 

 Creative Commons Attribution License OAA 
 Creative Commons Attribution Non-Commercial License OAA. 
 Creative Commons Attribution Non-Commercial -NoDerivs License OAA  

To preview the terms and conditions of these open access agreements please visit the 
Copyright FAQs hosted on Wiley Author Services 
http://authorservices.wiley.com/bauthor/faqs_copyright.asp and visit 
http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--License.html.  

If you select the OnlineOpen option and your research is funded by The Wellcome Trust and 
members of the Research Councils UK (RCUK) you will be given the opportunity to publish your 
article under a CC-BY license supporting you in complying with Wellcome Trust and Research 
Councils UK requirements. For more information on this policy and the Journal’s compliant self-
archiving policy please visit: http://www.wiley.com/go/funderstatement. 

Manuscript Style 

http://authorservices.wiley.com/bauthor/faqs_copyright.asp
http://authorservices.wiley.com/bauthor/faqs_copyright.asp
ttp://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--License.html
http://www.wiley.com/go/funderstatement
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The manuscripts must be in Microsoft Word format (.doc or .docx). The manuscript (including 
footnotes, references, figure legends, and tables) must be double-space typed, using 12-point 
Times New Roman font, 1-inch margins, and left justification. Original Research papers and 
Review Articles should usually not be longer than 5000 words. Viewpoint articles will not 
normally exceed 2000 words, and reviews of books and information materials should be less 
than 1000 words long.  

Title Page 

The title page should include a descriptive title for the article, the names [first name, initials of 
middle name(s), surnames], qualifications and affiliations of all authors, and the full postal 
address, fax, e-mail (if available), and telephone number of the author to whom correspondence 
should be addressed. A suggested running title of not more than 50 characters including spaces 
should be included. 

Abstract and Keywords 

The abstract should be on a separate page and should not exceed 250 words. Where possible, 
the abstract should be structured. Suggested headings for abstracts of primary research are: 
Objective; Animal studied, Procedure(s), Results, and Conclusions. 

Key words are used by indexes and electronic search engines, and should appear after the 
abstract. Use the heading ‘Key words’, typed in bold and followed by a colon, and then the key 
words separated by commas. Include up to six key words. Also enter the key words where 
prompted during the submission process.  

Main Text 

This should begin on a separate page. Sections within the main text should be appropriately 
sub-headed: Introduction; Materials and methods, Results, and Discussion. Abbreviations and 
footnotes should be avoided where possible. 

References 

These should be in the Vancouver style. References should be numbered sequentially as they 
occur in the text and identified in the main text by arabic numbers in brackets after the 
punctuation. The reference list should be typed on a separate sheet from the main text, and 
references should be listed numerically. The following are examples of the style. All authors 
should be listed and journal titles and page ranges should not be abbreviated. If there are more 
than 3 more, please list the first 3 authors, followed by et al. 

1. Bagley LH, Lavach JD. Comparison of postoperative phacoemulsification results in dogs with 
and without diabetes mellitus: 153 cases (1991-1992). Journal of the American Veterinary 
Medical Association 1994; 205: 1165-1169. 

2. Barnett KC. Color Atlas of Veterinary Ophthalmology. Williams and Wilkins, Baltimore, 1990. 

3. Davidson MG. Equine ophthalmology. In: Veterinary Ophthalmology 2nd edition (ed. Gelatt 
KN). Lea and Febiger: Philadelphia, 1991; 576-610. 

4. Maggs DJ, Nasisse MP. Effects of oral L-lysine supplementation on the ocular shedding rate 
of feline herpesvirus (FHV-1) in cats (abstract). 28th Annual Meeting of the American College of 
Veterinary Ophthalmologists 1997; 101: 67-78. 

Please note that work that has not been accepted for publication and personal communications 
should not appear in the reference list, but may be referred to in the text (e.g. M. van der Burgh, 
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personal communication). Also, it is the authors’ responsibility to obtain permission from 
colleagues to include their work as a personal communication. 

Electronic Artwork 

Figures must be uploaded as separate files and not be embedded in the main text file. Please 
save vector graphics (e.g. line artwork) in Encapsulated Postscript Format (EPS), and bitmap 
files (e.g. half-tones) in Tagged Image File format (TIFF). Detailed information on our digital 
illustration standards is available on the Wiley Homepage at: 
http://authorservices.wiley.com/bauthor/illustration.asp. 

The figures should be referred to as ‘Fig.’ and numbered consecutively in the order in which 
they are referred to in the text. Captions to figures, giving the appropriate figure number, should 
be typed on a separate page at the end of the manuscript; captions should not be written on the 
original drawing or photograph. In the fulltext online edition of the journal, figure legends may be 
truncated in abbreviated links to the full screen version. Therefore, the first 100 characters of 
any legend should inform the reader of key aspects of the figure. Further guidelines regarding 
the submission of artwork can be found at 
http://authorservices.wiley.com/bauthor/illustration.asp 

Video Files 

The journal will consider up to 2 video files to accompany articles. For video files to be 
accepted, they must clearly show a dynamic condition that can not be adequately captured in 
still images. The Editor and/or Associate Editors will scrutinize all video submissions very 
carefully to assure they meet the intent of providing unique information. Video files of routine 
imaging findings will not be accepted. Up to 2 video files will be considered for each paper. 
Video files must be submitted in Quicktime format and each file must be less than 5MB in size. 
The video files will accompany the online version of the manuscript only; reference to the video 
file should be made in the print version of the paper. 

Tables 

Clear tables which contain essential data are welcome. Format tables with the table function in 
a word processor, such as MS Word, on a separate page with the legend typed above. Column 
headings should be brief, with units of measurement in parentheses. All abbreviations must be 
defined in footnotes to the table. Number tables consecutively in the order they occur in the text, 
with Arabic numerals. 

Acknowledgements 

Acknowledgements should be brief and must include reference to sources of financial and 
logistical support. Author(s) should clear the copyright of material they wish to reproduce from 
other sources and this should be acknowledged. 

Author Editing Services 

Authors for whom English is a second language may choose to have their manuscript 
professionally edited before submission or during the review process. Authors wishing to pursue 
a professional English-language editing service should make contact and arrange payment with 
the editing service of their choice. For more details regarding the recommended services, 
please refer to http://authorservices.wiley.com/bauthor/english_language.asp . Japanese 
authors can also find a list of local English improvement services at 
http://www.wiley.co.jp/journals/editcontribute.html. All services are paid for and arranged by the 
author, and use of one of these services does not guarantee acceptance or preference for 
publication. 

Peer Review 

http://authorservices.wiley.com/bauthor/illustration.asp
http://authorservices.wiley.com/bauthor/illustration.asp
http://authorservices.wiley.com/bauthor/english_language.asp
http://www.wiley.co.jp/journals/editcontribute.html
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All articles submitted for consideration as original clinical and investigational papers or review 
articles will be peer reviewed by at least two independent referees, one of which is an editorial 
board member, and a statistician, if appropriate. We aim to give authors a decision (rejection, 
rejection with encouragement to rework and resubmit, or acceptance subject to revision/copy 
editing) within three months of manuscript submission. 

Page Proofs and Offprints. 

Proofs will be sent via e-mail as an Acrobat PDF (portable document format) file. The e-mail 
server must be able to accept attachments up to 4 MB in size. Acrobat Reader will be required 
in order to read this file. This software can be downloaded (free of charge) from the following 
Web site: http://www.adobe.com/products/acrobat/readstep2.html 

This will enable the file to be opened, read on screen, and printed out in order for any 
corrections to be added. Further instructions will be sent with the proof. Proofs will be posted if 
no e-mail address is available; in your absence, please arrange for a colleague to access your 
e-mail to retrieve the proofs. 

Page proofs must be returned to Wiley Periodicals within 3 days of receipt, by fax if international 
or convenient, and by express mail: only typographical errors can be corrected at this stage. 

Authors will be provided with electronic offprints of their paper. Electronic offprints are sent to 
the first author at his or her first email address on the title page of the paper, unless advised 
otherwise. Consequently, please ensure that the name, address and email of the receiving 
author are clearly indicated on the manuscript title page if he or she is not the first author of the 
paper. Paper offprints may be purchased using the order form supplied with proofs. 

Further Information. 

If you wish to discuss prospective submissions or to clarify the guidance outlined above, please 
contact Dr. David A Wilkie at the editorial office (Tel: 1-614-292-8664; Fax 1-614-292-7667; 
email: wilkie.1@osu.edu). 

Further details about the peer review process and arrangements for the final submission of 
accepted articles and proofs will be sent to authors of accepted manuscripts and are available 
from the editorial office. 

Author Services 

Veterinary Ophthalmology currently offers article tracking for authors. This is a reminder to our 
authors to enroll in Wiley-Blackwell’s Author Services production tracking service  

You need to register in order to add your article to the article tracking system and be able to 
track your article online. As well as tracking the production of your article online, as a registered 
author you can also:  

 choose to receive e-mail alerts on article status 
 get free access to your article when it is published online (both HTML and PDF 

versions)  
 Authors, Editors and Contributors can receive a 25% discount on all Wiley books 

(including Wiley-Blackwell titles previously published by Blackwell Publishing)  
 nominate up to 10 colleagues to be notified upon publication and also receive free 

access  
 invite your co-authors to also track the article production  
 keep a list of favorite journals with quick links to Author Guidelines and submission 

information  

http://www.adobe.com/products/acrobat/readstep2.html
mailto:wilkie.1@osu.edu
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You can also register and choose not to receive e-mails, but simply check progress online at 
your own convenience. 

NIH Policy 

Wiley-Blackwell supports authors by posting the accepted version of articles by NIH grant-
holders to PubMed Central. The accepted version is the version that incorporates all 
amendments made during peer review, but prior to the publisher's copyediting and typesetting. 
This accepted version will be made publicly available 12 months after publication in the journal. 
The NIH mandate applies to all articles based on research that has been wholly or partially 
funded by the NIH and that are accepted for publication on or after April 7, 2008. For more 
information about the NIH's Public Access Policy, visit http://publicaccess.nih.gov 

OnlineOpen 

Available to authors of primary research articles who wish to make their article available to non-
subscribers on publication, or whose funding agency requires grantees to archive the final 
version of their article. With OnlineOpen, the author, the author's funding agency, or the author's 
institution pays a fee to ensure that the article is made available to non-subscribers upon 
publication via Wiley Online Open, as well as deposited in the funding agency's preferred 
archive. 

Prior to acceptance there is no requirement to inform an Editorial Office that you intend to 
publish your paper OnlineOpen if you do not wish to. All OnlineOpen articles are treated in the 
same way as any other article. They go through the journal's standard peer-review process and 
will be accepted or rejected based on their own merit. 

For the full list of terms and conditions, see 
http://wileyonlinelibrary.com/onlineopen#OnlineOpen_Terms  

Any authors wishing to send their paper OnlineOpen will be required to complete the payment 
form available from our website at: 
https://authorservices.wiley.com/bauthor/onlineopen_order.asp 

http://publicaccess.nih.gov/
http://onlinelibrary.wiley.com/journal/10.1111/%28ISSN%291463-5224/homepage/%20http:/wileyonlinelibrary.com/onlineopen#OnlineOpen_Terms.
https://authorservices.wiley.com/bauthor/onlineopen_order.asp
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Guide for Authors 

 

The Veterinary Journal (established 1875) is an international journal of veterinary research 
that publishes original papers and reviews on all aspects of veterinary science. Contributions 
reporting investigative work in the scientific disciplines involving veterinary species are 
particularly welcome where they make a significant contribution to the field. The Editors will be 
pleased to consider suggestions for Special Issues on subjects of topical importance. The 
journal also publishes Guest Editorials and occasionally Personal Views, but does not have a 
Letters section. Book Reviews are published on-line.  

Manuscript types 

Manuscripts may describe original work in a Full Paper (Original Article) or a Short 
Communication, or may form a Review of the existing state of knowledge on a particular aspect 
of veterinary science. Reviews should, in general, be written in support of original investigations. 
Case Reports are not published.  

Animal welfare 

Where animals have been used in a study, the institutional ethical or animal welfare Authority 
under which the work was conducted must be stated, along with the specific authorisation 
reference number and the date of approval. Such studies must meet Animals in Research: 
Reporting In Vivo Experiments (ARRIVE) guidelines (view article). The Veterinary Journal will 
reject any paper where there is reason to believe that animals have been subjected to 
unnecessary or avoidable pain or distress.  

Reporting standards 

The Editors and reviewers use several published guidelines for reporting standards (see 
Appendix below). Conforming to these reporting standards allows the Editors and reviewers to 
assess the quality and originality of submissions and offers readers sufficient information to 
judge the relevance of the work in an appropriate context. Omission of requirements specified in 
the relevant guidelines for reporting standards may lead to rejection of a manuscript. For further 
information, please see The Veterinary Journal (2010) 184, 249-250 (view article). 

Submission of manuscripts  

Submission of manuscripts to The Veterinary Journal is on-line via the Elsevier Editorial System 
- please see http://ees.elsevier.com/ytvjl. Authors will be guided through the manuscript 
submission system step-by-step, enabling them to upload files directly from their computer. 
Options will be given for Authors to select a set of classifications for their papers, as well as a 
category designation (Original Article, Review, Short Communication etc.), from a given list.  

Authors must submit articles in WORD format and not as PDF files. PDF proofs will be 
automatically generated from uploaded files and these are used for subsequent reviewing. 
Queries concerning the submission process or journal procedures should be sent by e-mail to: 
AuthorSupport@elsevier.com. 

The Corresponding Author, who is normally the Author submitting the paper, will be asked to 
confirm that the article is original and is not being considered for peer-reviewed publication 
elsewhere. Submission also implies that all of the Authors have approved the paper for release 
and are in agreement with its content. Upon acceptance of the article by The Veterinary Journal, 
the Author(s) will be asked to transfer the copyright of the article to the Publisher. This transfer 
will ensure the widest possible dissemination of information.  

http://cdn.elsevier.com/promis_misc/ARRIVE.pdf
http://cdn.elsevier.com/promis_misc/249_article.pdf
http://ees.elsevier.com/ytvjl
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The Corresponding Author will also be required to confirm that all Authors have made 
substantial contributions to (1) the conception and design of the study or acquisition of data or 
analysis and interpretation of data, (2) drafting the article or revising it critically for important 
intellectual content, and (3) final approval of the version to be submitted. Contributors who do 
not meet these criteria for authorship should be listed in an Acknowledgements section. 
Examples of those who might be acknowledged include a person who provided purely technical 
help, writing assistance, or a Departmental Chair who gave general support. 

Plagiarism 

Plagiarism is globally recognised as a serious academic offence. Please read and adhere to the 
guidelines for Ethics in Publishing (view article ). The Corresponding Author will be asked to tick 
a box to confirm acceptance of these guidelines before approval of the PDF and completion of 
the submission process. 

Conflict of interest 

At the end of the text, under a subheading "Conflict of interest statement" all Authors must 
disclose any financial and personal relationships with other people or organisations that could 
influence (bias) their work. Examples of potential conflicts of interest include employment, 
consultancies, stock ownership, honoraria, paid expert testimony, patent applications or 
registrations. Conflicts of interest may also exist where a commercial company donates (or 
provides funding for a study that uses) drugs, equipment, test kits, vaccines, reagents or other 
products manufactured or marketed by that company. If no conflicts of interest exist, this should 
be stated as "None of the authors of this paper has a financial or personal relationship with 
other people or organisations that could inappropriately influence or bias the content of the 
paper". 

Role of the funding source  

All sources of funding should be declared in an Acknowledgements section at the end of the 
text. Authors should declare the role of study sponsors, if any, in the study design, in the 
collection, analysis and interpretation of data, in the writing of the manuscript and in the decision 
to submit the manuscript for publication. 

Open Access 

This journal offers authors two choices to publish their research;  

1. Open Access 

 Articles are freely available to both subscribers and the wider public with permitted 
reuse 

 An Open Access publication fee is payable by authors or their research funder 

2. Subscription 

 Articles are made available to subscribers as well as developing countries and patient 
groups through our access programs (http://www.elsevier.com/access) 

 No Open Access publication fee 

All articles published Open Access will be immediately and permanently free for everyone to 
read and download. Permitted reuse is defined by your choice of one of the following Creative 
Commons user licenses:  

Creative Commons Attribution-Non Commercial-ShareAlike (CC BY-NC-SA): for non-
commercial purposes, lets others distribute and copy the article, to create extracts, abstracts 

http://www.elsevier.com/about/publishing-guidelines/publishing-ethics
http://www.elsevier.com/access
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and other revised versions, adaptations or derivative works of or from an article (such as a 
translation), to include in a collective work (such as an anthology), to text and data mine the 
article, as long as they credit the author(s), do not represent the author as endorsing their 
adaptation of the article, do not modify the article in such a way as to damage the author's 
honor or reputation, and license their new adaptations or creations under identical terms (CC 
BY NC SA).  

Creative Commons Attribution-NonCommercial-NoDerivs (CC-BY-NC-ND): for non-commercial 
purposes, lets others distribute and copy the article, and to include in a collective work (such as 
an anthology), as long as they credit the author(s) and provided they do not alter or modify the 
article. 

Creative Commons Attribution (CC-BY): available only for authors funded by organizations with 
which we have established an agreement with. For a full list please see 
http://www.elsevier.com/journal-authors/funding-body-agreements  

To provide Open Access, this journal has a publication fee which needs to be met by the 
authors or their research funders for each article published Open Access. Your publication 
choice will have no effect on the peer review process or acceptance of submitted articles.  

The Open Access publication fee for this journal is $USD 3,000, excluding taxes.  

Learn more about Elsevier's pricing policy www.elsevier.com/openaccesspricing 

Prior presentation of data 

Prior presentation of results, in the form of abstracts, posters or oral presentations at 
conferences, must be mentioned clearly in the Acknowledgements, with wording along the lines 
of: "Preliminary results were presented as an Abstract at the 9th International Congress of 
Veterinary Virology, Madrid, 4th-7th September 2012." 

Format and layout  

Authors submitting papers that are suitable for consideration but do not comply fully with this 
Guide will be asked to amend the text and re-submit. Model article formats in WORD are 
available (click to follow link below as appropriate): 

 Original Article 
 Short Communication 
 Review 
 Guest Editorial 
 Personal View 
 Book Review 

Articles must be written in the English language. UK or US English is preferred. Important: A 
high standard of English is required for all submissions. Authors whose first language is not 
English are strongly advised to consult a native English speaker familiar with their field or use 
an English language polishing service to meet the required standards prior to submission. The 
Editors will decide whether the use of English is of a satisfactory standard. If not, the 
submission will be rejected or returned to the Authors for revision. The model articles should be 
consulted for formatting and style, and may be used as templates. 

Please note that there are a number of commercial organisations that will assist non-English 
speaking Authors in preparing their manuscripts for publication in international peer-reviewed 
journals. Further advice is available from Elsevier at 
http://www.elsevier.com/locate/languagepolishing. Some such services only offer help to 

http://www.elsevier.com/journal-authors/funding-body-agreements
http://www.elsevier.com/journals/the-veterinary-journal/1090-0233/www.elsevier.com/openaccesspricing
http://cdn.elsevier.com/promis_misc/TYJVL_Model_FLA_edited_ajh_201212.docx
http://cdn.elsevier.com/promis_misc/TYJVL_Model_SCO_edited_ajh_201212.dotx
http://cdn.elsevier.com/promis_misc/TYJVL_Model_Review_article_edited_ajh_201212.docx
http://cdn.elsevier.com/promis_misc/TYJVL_Model_GE_201212.docx
http://cdn.elsevier.com/promis_misc/TYJVL_Model_PV_201212.docx
http://cdn.elsevier.com/promis_misc/TYJVL_Model_BRV_201212.docx
http://www.elsevier.com/locate/languagepolishing
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improve the use of English and it remains the Authors responsibility to ensure that TVJ's layout 
and formatting requirements are also met. 

Original Articles should be no longer than 3,000 words in length, excluding the Title page, 
Abstract, Acknowledgements, Tables, Figures and References. Reviews should be about 4,000 
words in length and Short Communications up to 1,000 words. 

Continuous line numbers are required throughout the text.  

Use double-spacing except for the Title page and References, which should be in single 
spacing. Times New Roman, font size 12 point, is preferred for all text (including Tables, 
Figures, References and all symbols). A smaller font size may be used in Tables if space is 
limiting, and line spacing may also be adjusted in Tables where necessary. Formatting must not 
be customised since this impedes editing. For example, avoid paragraph spacing functions and 
linking section titles to paragraphs.  

Insert a line break between each paragraph and inset the first line of each new paragraph. 

Nucleotide sequences 

Submission of a manuscript implies that primary nucleotide sequence data will be deposited 
with an internationally available repository. Sequence reference numbers should be provided, 
where appropriate, in the main text, Tables, Figures or as an e-only supplementary file (see 
below). 

Title page  

A title page must be included at the start of the article. This should give the paper's title, names 
of Author(s), the name(s) and address(es) of the institution(s) where the work was done and 
other Authors' addresses where these differ. If the article is a Review or Short Communication, 
this should be clearly indicated at the left top on the title page. Insert a page break at the bottom 
of the title page before the Abstract. 

Except where all Authors come from the same department, each Author should be identified 
using a letter superscript (a,b,c etc.), and the Corresponding Author should be designated by an 
asterisk (*) as follows: 

Prevalence of gastric ulcers in endurance horses: A preliminary report. 

Jorge E. Nieto a,*, Jack R. Snyder a, Pablo Beldomenico a, Monica Aleman b, James W. Kerr c, 
Sharon J. Spier b 

a Comparative Gastroenterology Laboratory, Department of Veterinary Surgical and 
Radiological Sciences, University of California, Davis, CA95616, USA 
b Department of Medicine and Epidemiology, University of California, Davis, CA95616, USA 
c Napa Equine Veterinary Service, Napa, CA94558, USA 

The contact details of the corresponding Author (telephone number and E-mail address but not 
fax number) should then be given using the following format: 

* Corresponding author. Tel.: +1 530 752 0290. E-mail address: jenieto@ucdavis.edu (J.E. 
Nieto). 

If it is desirable to indicate that more than one author contributed equally to the work, the 
numeric superscript (1) should be placed after the names. Then below the corresponding author 
details you should state: 
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1 These authors contributed equally to the work. 

It is not usually acceptable for all authors to be acknowledged as equal contributors to a study. 

Articles  

Original Articles should be arranged as follows: (1) Title page; (2) an Abstract of up to 250 
words (with no sub-headings), which should emphasise objectives, the experimental procedure, 
results and conclusions; up to five Keywords in alphabetical order and in Title case should be 
supplied below the Abstract; (3) the main text must be sub-divided into Introduction, Materials 
and methods, Results, Discussion, and Conclusions; (4) Conflict of interest statement; (5) 
Acknowledgements; (6) Appendix A: Supplementary material (where this is provided; see 
below); (7) References; (8) Tables; (9) Figure legends; (10) Figures (uploaded as separate 
files). The sections should not be numbered. Please see the model article provided (view here) 

Please note: 

 Insert a page break only after the Title page, after the Abstract with Keywords, after the 
References section, between each Table, and before the Legends to figures. 

 The Results and Discussion sections must be distinct and not combined. 
 Avoid sub-headings in the Discussion section. 
 References must not be included within the Conclusions section. 
 The first person (I, we, our) must be avoided in the Abstract, but may be used 

elsewhere in the paper. 

Where Supplementary data are provided (see further information below), use the following 
wording in the main text after the Acknowledgements:  

Appendix A: Supplementary material 

Supplementary data associated with this article can be found, in the online version, at doi: ...' 

Tables should be included within the article and placed sequentially after the References, but 
before the Figure legend(s), with one Table per page. 

Figure legends should be included in the main manuscript file after any Tables. Each figure 
should be uploaded as a separate file (Fig. 1, Fig. 2 etc.). 

Short Communications should follow the requirements for full manuscripts, but the text must not 
exceed 1,000 words and the paper should not be divided into conventional sections. Headings 
for the Abstract, Keywords, Acknowledgements, Conflict of interest statement and References 
should be included, but there should be no other headings or subheadings in the main text. 
There should be no more than 10 references in a Short Communication. An Abstract of not 
more than 125 words is required and up to five Keywords should be supplied below it. Please 
see the model article provided (view here). 

Review Articles may be commissioned or proposed. Authors wishing to submit a review article 
are advised to contact the Editor at tvj@aht.org.uk. Reviews are about 4000 words in length and 
may cover any relevant aspect of veterinary science or comparative medicine. Reviews should 
follow the layout for Original Articles, but with the main text subdivided as appropriate to the 
subject matter, starting with an Abstract and Introduction and incorporating Conclusions and a 
Conflict of interest statement. Sections should not be numbered. Please see the model article 
provided (view here). 

Guest Editorials are commissioned by the editors; unsolicited Guest Editorials must not be 
submitted. Commissioned Guest Editorials are usually 500-1000 words in length and must 
follow the layout of the model article provided (view here). They usually include references, but 

http://cdn.elsevier.com/promis_misc/TYJVL_Model_FLA_edited_ajh_201212.docx
http://cdn.elsevier.com/promis_misc/TYJVL_Model_SCO_edited_ajh_201212.dotx
http://cdn.elsevier.com/promis_misc/TYJVL_Model_Review_article_edited_ajh_201212.docx
http://cdn.elsevier.com/promis_misc/TYJVL_Model_GE_201212.docx
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should not be divided into sections and no Acknowledgements or Conflict of interest statement 
are required. Where a Guest Editorial is commissioned to accompany another article, it must 
refer to that article in the text and the reference should be provided in TVJformat at the end of 
the Editorial.  

Personal Views are commissioned by the Editors; unsolicited Personal Views must not be 
submitted without the agreement of the Editors. Authors must follow the format of the model 
article provided (view here). It is at the Editors' discretion whether a Personal View should be 
sent to reviewers or whether or not it will be published in TVJ. The length of the Personal View 
must be agreed with the Editors in advance of submission. 

AudioSlides  

The journal encourages authors to create an AudioSlides presentation with their published 
article. AudioSlides are brief, webinar-style presentations that are shown next to the online 
article on ScienceDirect. This gives authors the opportunity to summarize their research in their 
own words and to help readers understand what the paper is about. More information and 
examples are available at http://www.elsevier.com/audioslides. 

Units. Metric units must be used. If other units need to be given, they must be placed in 
brackets after the metric equivalent. Units, symbols and abbreviations of units should conform 
to the International System of Units as defined in Baron, D.N., McKenzie-Clarke, H., 2008, 
Units, Symbols and Abbreviations: A Guide for Authors and Editors in Medicine and Related 
Sciences, 6th Ed., The Royal Society of Medicine, London (available here). All other 
abbreviations should be unambiguous and should be clearly explained where they are first 
mentioned in the Abstract and text. Do not list abbreviations separately. 

Note that litre is abbreviated to 'L', millilitre 'mL', (also mmol/L etc.); probability is given as P 
(upper case italics), as in P<0.05; also note 'Student's t test' and Mann-Whitney U test; 
correlation coefficient r as in r = 0.92, coefficient of determination, r2 as in r2 = 0.72; standard 
deviation and standard error should be abbreviated to SD and SE, respectively; hour, minute 
and second are abbreviated to h, min and s; day, week and year are given in full. For drug dose 
frequency use e.g. 'three times daily' or '8-hourly' rather than Latin terms such as t.i.d. or q 8 h. 
Where centrifugation has been performed, use g values not rpm. Other common abbreviations 
include 'IV' for intravenous or intravenously, 'IM' for intramuscular or intramuscularly, 'SC' for 
subcutaneous and subcutaneously, 'PO' for per os or orally; use 'vs.' for 'versus'. Use the 
abbreviation G for gauge of needle. The symbol for degrees Celsius should be written in the 
format '°C', with the value separated from the unit by a space, e.g. '37 °C'. Use the WORD 
symbols for ±, Greek letters etc. Percentages should be referred to as, for example, '15%'or 
'Fifteen per cent' when starting a sentence. Note also 'post-mortem' and 'ante-mortem'. 

When a number is followed by a unit use the digits as in '10 mL' unless starting a sentence in 
which case write in full 'Ten microlitres'. When the number describes a quantity of items write 
the number in full up to ten as 'four sheep' or 'ten tubes' then in digital form thereafter as '24 
horses' or '200 blood samples'. Avoid the symbol # or abbreviation 'No.' for 'number'.  

Single ('...') quotation marks should be used for specific extracts, as in: "A PubMed search 
utilizing the search terms 'canine castration local anaesthesia' returned three publications." 
Where a reference is cited or a quote given, use single quotation marks and place the text in 
italic font as: "However, in the 'Recommended Guideline for the Conduct and Evaluation of 
Prognostic Studies in Veterinary Oncology' developed recently by the American College of 
Veterinary Pathologists ..." Double ("...") quotation marks should be avoided. 

Anatomical terminology. Terminology should comply with the World Association of Veterinary 
Anatomists Nomina Anatomica Veterinaria (2005) and terms should be given in English where 
possible (see: http://www.wava-amav.org/Downloads/nav_2005.pdf). 

http://cdn.elsevier.com/promis_misc/TYJVL_Model_PV_201212.docx
http://www.elsevier.com/audioslides
http://www.hoddereducation.co.uk/Title/9781853156243/Units,_Symbols,_and_Abbreviations,_Sixth_edition.htm
http://www.wava-amav.org/Downloads/nav_2005.pdf
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Currencies. A footnote should be inserted at first use if a currency is given in the text, as in 
'UK£5001' and conversion rates provided using the following three currencies US$, UK£ and 
Euros (€). The footnote should read as appropriate, for example: '£1 = approx. US$1.60, €1.24 
at 2 December 2012.' Rates can be updated by the Author at proof stage if necessary. An easy 
to use currency converter is available here: http://uk.reuters.com/business/currencies. 

Manufacturers. Manufacturers and suppliers should be indicated within the text after the name 
of the product. For example: 'diazepam (Valium, Roche)' or 'using an infusion pump (Medfusion 
2010, Medex)'. Addresses/locations of manufacturers should not be given and the use of ® or 
™ should be avoided. Note: proprietary names must not appear in the title or Abstract.  

Applying capital letters to directions. Compass directions such as North, South, East and West, 
as well as their derivatives, such as North-East, North-West, South-East and South-West, 
should be capitalised when they are used to designate defined or recognised geographical 
regions, or when they are an integral part of a proper name. Examples include "Eastern 
Europe", "Southern France", "North-East England", "in the North", "down South", "the West 
Coast" and "the Eastern Seaboard", "the Western Region of Kazakhstan", "Southern California". 
Compass directions should not be written with capital letters when they indicate general 
locations or directions without a specific location. Examples include "bluetongue virus initially 
spread in a north-westerly direction on air currents", "the northern boundary of the quarantine 
zone", "cases were clustered in the east of the region", "westerly winds". The first letter of each 
word of a Compass direction should be capitalised when used to refer to people in a region, 
particularly in social, cultural or political contexts. Examples include "wildebeest are hunted by 
the Southern tribes", "horses have been an integral part of Western civilisation since the Middle 
Ages". Words such as northern, southern, eastern, and western that precede a place name 
usually are not capitalised, since they indicate a general location within a region. When these 
words are an integral part of the place name, they should be capitalised. For example, write 
"northern Connecticut", but "Northern Ireland" and "Western Australia". 

Websites (URLs). Where a website is appropriate in the text, a footnote should be inserted 
using sequential numeric superscripts. At the foot of the page, provide the link as follows: '1See: 
http://www.ncbi.nlm.nih.gov/blast.' It is the Authors' responsibility to check that all URLs are 
active and live at proof stage and if not then the text must be amended accordingly. 

References. Authors are strongly advised to use reference management software such as 
EndNote (see here). However, references should be checked carefully for accuracy and 
corrected manually to ensure the format matches exactly the TVJ style described below. 

Only essential references should be included. Text citations can be in either of two ways: (a) 
with date in parentheses, e.g. as demonstrated by Mills (2011); or (b) with names and dates in 
parentheses, e.g. according to recent findings (Mills, 2011). If a citation has more than two 
Authors the first Author should be given followed by et al. in standard text format (not italicised), 
e.g. Jones et al. (2007) or (Jones et al., 2007). Where lists of references are cited in the text, 
they should be placed first chronologically and then alphabetically, e.g. (Philbey et al., 2003; 
Cassidy and Mills, 2005; Litster, 2010). If two or more references by the same Author(s) 
published in the same year are cited, they should be distinguished from each other by placing a, 
b, etc. after the year, e.g., (Laven, 2011a, b; Laven and Smith, 2010a, b). Personal 
communications should be designated as '(E.A. Blomme, personal communication)'. 

Papers that are in press may be cited using the year of acceptance where the digital object 
identifier (doi number) has been allocated. This can be updated to the year of print publication 
at the proof stage if the cited paper has been published. In the Reference list, quote the doi 
number where details of the journal volume and page numbers are yet not known. 

Submitted papers should not be cited, but instead should be referred to in the text as, e.g. 'J.P. 
Cassidy et al., unpublished data'. This can be updated at proof stage where appropriate. Where 
a paper in press is cited in the manuscript, the Authors may be asked to make a copy of the 
proofs available to the editors and reviewers. 

http://uk.reuters.com/business/currencies
http://www.ncbi.nlm.nih.gov/blast
http://www.endnote.com/downloads/styles/veterinary-journal
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The Reference list at the end of the paper should be arranged first alphabetically and then 
further sorted chronologically if necessary. References should be single spaced and a line 
break should be inserted between each reference. All Authors should be included up to 10, after 
which you should write 'et al.'; Please note that in all cases Journal titles must be given in full. 
Volume numbers and full page numbers should be provided, but issue numbers should be 
omitted. Where a Supplement is cited, give the Supplement number e.g. 'Equine Veterinary 
Journal Suppl. 37' or 'Journal of Reproduction and Fertility 54 (Suppl. 1), 115-126'. Where 
selected pages only have been consulted, such as in a book, this is given by 'pp. 237-240' or 'p. 
456' (see below).  

References should be set out as follows: 

Journal reference - Yang, Y., Dahly-Vernon, A.J., Blomme, E.A.G., Lai-Zhang, J., Kempf, D.J., 
Marsh, K.C., Harrington, Y.A., Nye, S.H., Evans, D.L., Roman, R.J. et al., 2010. Liver 
transcriptomic changes associated with ritonavir-induced hyperlipidemia in sensitive and 
resistant strains of rats. The Veterinary Journal 185, 75-82. 

Book reference - Cunningham, J.C., Klein, B.G., 2007. Endocrinology. In: Textbook of 
Veterinary Physiology, Fourth Ed. Saunders Elsevier, St. Louis, MO, USA, pp. 439-448. 

Proceedings - Elbers, A.R., Mintiens, K., Staubach, C., Gerbier, G., Meiswinkel, R., Hendrinckx, 
G., Backx, A., Conraths, F.J., Meroc, E., Ducheyne, E., et al., 2007. Bluetongue virus serotype 
8 epidemic in North-western Europe in 2006: Preliminary findings. In: Proceedings of the Annual 
Meeting of the Society for Veterinary Epidemiology and Preventive Medicine, Dipoli, Finland, 
pp. 231-245. 

Theses - Duz, M. 2009. Assessment of a methodology for determination of H2O2 concentration 
and pH in exhaled breath condensate in horses with and without lower airway inflammation. 
Thesis, Master of Veterinary Medicine, University of Glasgow.  

Web addresses - FAOSTAT, 2008. Food and Agricultural Organization Statistical Database: 
Live Animals. http://faostat.fao.org (accessed 15 July 2010).  

Tables. Each Table should be typed on a separate page, numbered (1, 2 etc.) and a brief title 
given directly above each table. Tables should be in portrait format. Footnotes to tables should 
be indicated by a, b etc. and typed at the bottom of the relevant table. Information in tables 
should not be duplicated in figures and vice versa. The tables should be placed at the end of the 
main text after the References but before the Figure Legends. 

Figures. The quality of all Figures submitted must be high. The Editors will reject Figures of an 
unacceptable standard or ask the Authors to replace them. Figures should be referred to 
sequentially in the text as Fig. 1, Fig. 2, Figs. 3a,b and 4, etc. A Legend must be provided for 
each Figure and placed after any Tables in the main manuscript file. Do not write legends on 
the figures themselves. Scale bars must be provided on all photomicrographs and electron 
micrographs.  

In preparing figures, Authors should note the following: 

 Make sure you use uniform lettering and sizing of your original artwork. 
 Save text in figures as ''graphics'' or enclose the font. 
 Only use the following fonts in your figures: Times New Roman, Arial, Courier, 

Helvetica, Symbol. 
 Number the figures according to their sequence in the text. 
 Use a logical naming convention for your artwork files. 
 Provide all figures as separate files. 
 Produce images near to the desired size of the printed version. 
 Ensure that all units and wording in the figures conform to TVJ style (see Units above). 

http://faostat.fao.org/
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Please note that each figure must be uploaded to the journal website separately and not 
included in the main manuscript. 

Authors are encouraged to read the detailed guide on electronic artwork, which is available on 
our website: http://www.elsevier.com/artworkinstructions. 

Artwork formats  

Regardless of the application used, when your electronic artwork is finalised, please 'save as' or 
convert the images to one of the following formats (Note the resolution requirements for line 
drawings, half-tones, and line/half-tone combinations given below):  

EPS: Vector drawings. Embed the font or save the text as 'graphics'. TIFF: Colour or greyscale 
photographs (half-tones): Always use a minimum of 300 dpi. TIFF: Bitmapped line drawings: 
Use a minimum of 1,000 dpi. TIFF: Combinations of bitmapped line/half-tone (colour or 
greyscale): A minimum of 500 dpi is required. DOC, XLS or PPT: If your electronic artwork is 
created in any of these Microsoft Office applications, please supply 'as is'. 

Please do not: 

 Supply embedded graphics in your word processor (spreadsheet, presentation) 
document. 

 Supply files that are optimised for screen use (e.g. GIF, BMP, PICT,WPG); the 
resolution is too low. 

 Supply files that are too low in resolution. 
 Submit graphics that are disproportionately large for the content. 

All Figures will be published in colour on-line, but colour will only be used in the hard copy of the 
Journal where it is considered to be essential to the presentation of the paper (colour 
reproduction charges may apply). 

In preparing a manuscript for submission, Authors should note the following guidelines: 

 Ensure that any files are not saved as 'read-only'. 
 Use two carriage returns to end paragraphs. 
 Type text without end of line hyphenation, except for compound words. 
 Do not use lower case 'l' (lower case 'el') for 'one' or 'O' (upper case 'oh') for '0' (zero), 

since they have different typesetting values. 
 Be consistent with punctuation and only insert a single space between words and after 

punctuation. 

Preparation of supplementary data  

Elsevier accepts electronic supplementary material to support and enhance your scientific 
research. For correct wording when referenced in the text, see above. Supplementary files offer 
the Author additional possibilities to publish supporting applications, movies, animation 
sequences, high-resolution images, background data sets, sound clips and more. 
Supplementary files supplied will be published on-line alongside the electronic version of your 
article in Elsevier web products, including ScienceDirect: 
http://www.sciencedirect.com/science/journal/10900233. In order to ensure that your submitted 
material is directly usable, please ensure that data are provided in one of our recommended file 
formats. Authors should submit the material together with the article and supply a concise and 
descriptive caption for each file. 

NB. All contributions are subject to editorial revision. The Editor's decision will be final.  

Proofs  

http://www.elsevier.com/artworkinstructions
http://www.sciencedirect.com/science/journal/10900233
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The corresponding Author will be advised by the Editor when the paper has been accepted for 
publication and it may then be cited as 'In press' with the doi. 

One set of page proofs in PDF format will be sent by e-mail to the corresponding Author. 
Elsevier sends PDF proofs which can be annotated; for this you will need to download Adobe 
Reader XI, which is available free from http://get.adobe.com/reader/. 

Instructions on how to annotate PDF files will accompany the proofs. The exact system 
requirements are given at the Adobe site: http://www.adobe.com/products/reader/tech-
specs.html. If you do not wish to use the PDF annotations function, you may list the corrections 
(including replies to the Query Form) and return to Elsevier in an e-mail. Please list your 
corrections, quoting the line number. If, for any reason, this is not possible, then mark the 
corrections and any other comments (including replies to the Query Form) on a printout of your 
proof and return by fax, or scan the pages and e-mail, or send by post. Please use this proof 
only for checking the typesetting, editing, completeness and correctness of the text, Tables and 
Figures. Significant changes to the article as accepted for publication will only be considered at 
this stage with permission from the Editor. 

Elsevier will do everything possible to publish an accepted article quickly and accurately. 
Therefore, it is important to ensure that all author corrections are sent back to Elsevier in one 
communication; Authors should check proofs very carefully before replying, since inclusion of 
any subsequent corrections cannot be guaranteed. Proof reading is the responsibility of the 
authors, but final Editor corrections may also be incorporated at proof stage. 

Once the final corrections have been made, Elsevier will aim to publish the paper electronically 
within 6-8 weeks. The paper will then be will be notified by allocated a doi number and, once on-
line, the paper may be cited as 'published' using its unique doi number. The Corresponding 
author the publisher when the paper is available on-line and can check its status and doi 
number using The Veterinary Journal's website http://www.elsevier.com/locate/tvjl (click on 
View Articlesand then Articles in Press). The hard copy version of The Veterinary Journal 
containing the paper will follow later, normally within 12 months of acceptance.  

Copyright  

If excerpts from other copyrighted works are included, the Author(s) must obtain written 
permission from the copyright owners and credit the source(s) in the article. Elsevier has 
preprinted forms for use by Authors in these cases: contact Elsevier's Rights Department: 
phone (USA) +1 215 239 3804 or (UK) or +44 1865 843830, e-mail 
healthpermissions@elsevier.com. Requests may also be completed online via the Elsevier 
homepage http://www.elsevier.com/authors/author-rights-and-responsibilities#permissions. 

Material in unpublished letters and manuscripts is also protected and must not be published 
unless permission has been obtained. 

Authors' rights  

As an Author you (or your employer or institution) may do the following: 

 Make copies (print or electronic) of the article for your own personal use, including for 
your own classroom teaching use. 

 Make copies and distribute such copies (including through e-mail) of the article to 
research colleagues, for the personal use by such colleagues (but not commercially or 
systematically, e.g., via an e-mail list or list server). 

 Post a pre-print version of the article on Internet websites, including electronic pre-print 
servers, and to retain indefinitely such a version on such servers or sites. 

 Post a revised personal version of the final text of the article (to reflect changes made in 
the peer review and editing process) on your personal or institutional website or server, 
with a link to the journal homepage (on http://www.elsevier.com/locate/tvjl). 

http://get.adobe.com/reader/
http://www.adobe.com/products/reader/tech-specs.html
http://www.adobe.com/products/reader/tech-specs.html
http://www.elsevier.com/locate/tvjl
http://www.elsevier.com/authors/author-rights-and-responsibilities#permissions
http://www.elsevier.com/locate/tvjl
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 Present the article at a meeting or conference and to distribute copies of the article to 
the delegates attending such a meeting. 

 For your employer, if the article is a 'work for hire', made within the scope of your 
employment, your employer may use all or part of the information in the article for other 
intra-company use (e.g. training). 

 Retain patent and trademark rights and rights to any processes or procedures described 
in the article. 

 Include the article in full or in part in a thesis or dissertation (provided that this is not to 
be published commercially). 

 Use the article or any part thereof in a printed compilation of your works, such as 
collected writings or lecture notes (subsequent to publication of your article in the 
journal). 

 Prepare other derivative works, to extend the article into book-length form, or otherwise 
to re-use portions or excerpts in other works, with full acknowledgement of its original 
publication in the journal. 

Funding body agreements and policies  

Elsevier has established agreements and developed policies to allow Authors who publish in 
Elsevier journals to comply with potential manuscript archiving requirements as specified as 
conditions of their grant awards. To learn more about existing agreements and policies please 
visit http://www.elsevier.com/fundingbodies. 

Book reviews  

Publishers or Authors wishing to have a book considered for review in The Veterinary Journal 
should first contact the Books Editor at tvj@aht.org.uk. Book reviews are published in electronic 
format only. 

Author enquiries  

For enquiries relating to the submission of articles (including electronic submission where 
available) please visit the journal's homepage at http://www.elsevier.com/locate/tvjl. This also 
provides the facility to track accepted articles and set up e-mail alerts to inform you of when an 
article's status has changed. 

Contact details for questions arising after acceptance of an article, especially those relating to 
proofs, are provided after registration of an article for publication.  

Offprints  

The Corresponding author will, at no cost, be provided with a PDF file of the article via e-mail. 
The PDF file is a watermarked version of the published article and includes a cover sheet with 
the journal cover image and a disclaimer outlining the terms and conditions of use. 

The Veterinary Journal has no page charges. 

Appendix  

Reporting Guidelines 

Reporting guidelines are available for a broad range of study designs and allow research to be 
critically evaluated. These guidelines have been designed by international scientific teams to 
promote the quality of research reporting and to ensure there is a transparent, accurate and 
complete account of the research. The guidelines are freely available and include the following: 

http://www.elsevier.com/fundingbodies
http://www.elsevier.com/locate/tvjl
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1. Standards for the reporting of diagnostic accuracy studies (STARD) http://www.stard-
statement.org 
2. Standards for the reporting of observational studies in epidemiology (STROBE) 
http://www.strobe-statement.org 
3. Outbreak investigation reports and intervention studies of nosocomial infection (ORION) 
http://www.idrn.org/orion.php 
4. Consolidated standards for reporting randomised clinical trials (CONSORT) 
http://www.consort-statement.org 
5. Systematic reviews and meta-analyses (PRISMA) http://www.prisma-statement.org 
6. Randomised control trials for livestock and food safety (REFLECT) http://www.reflect-
statement.org/statement 
7. Enhancing the quality and transparency of health research (including good publication 
practice for pharmaceutical companies), economic evaluations and qualitative research 
(EQUATOR) http://www.equator-network.org 

For further information see The Veterinary Journal (2010) 184, 249-250 (view article) 
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