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RESUMO 
 

Avaliação do RDW em equinos da raça Quarto de Milha saudáveis e 
hospitalizados, e como biomarcador da infecção por 

 Strongylus vulgaris 
 

RDW (Amplitude de Distribuição das Células Vermelhas do Sangue) é um índice 
hematimétrico usado para diagnosticar anisocitose. Na medicina humana, o RDW 
tem sido amplamente utilizado como um preditor e biomarcador de várias doenças, 
como a isquemia aguda mesentérica. Em equinos, esta isquemia tem sido associada 
à cólica verminótica, uma síndrome potencialmente fatal desencadeada pelas larvas 
do nematódeos Strongylus vulgaris. No entanto, existem poucos estudos na 
medicina equina sobre o RDW e sua relação com a infecção por S. vulgaris, bem 
como a padronização do RDW-CV nesta espécie. Na primeira fase, o objetivo foi o 
de comparar os valores de RDW-CV em equinos da raça Quarto de Milha hígidos e 
em equinos atendidos em um Hospital Veterinário Escola. Um total de 176 equinos 
foram avaliados, 95 dos quais eram hígidos, criados em 27 fazendas da região de 
Presidente Prudente, São Paulo, e 81 equinos hospitalizados. Amostras de sangue 
foram avaliadas para obtenção do índice RDW, a partir de contador automatizado de 
células. Os valores de RDW em equinos hospitalizados (18,6%) foram 
significativamente maiores (p = 0,0006) que os observados em equinos saudáveis 
(17,8%). O valor de RDW-CV (17,8%) pode ser usado como referência para equinos 
da raça Quarto de Milha. E sugere-se que mais estudos sejam necessários para 
avaliar o uso de RDW como biomarcador ou preditor de várias outras doenças em 
equinos. Para a segunda fase do estudo, foi hipotetizado que o RDW-CV poderia 
também ser usado como um biomarcador para infecção por Strongylus vulgaris. 
Foram avaliados 160 equinos sadios (Quarto de Milha e mestiço de Quarto de 
Milha), com pelo menos dois anos de idade e de ambos os sexos. O ELISA 
apresentou resultado positivo em 80% das amostras, no entanto, a coprocultura e a 
PCR específica foram negativas para S. vulgaris, apesar do elevado número de 
animais (91,25%) positivos para contagem de ovos (> 50 epg). Nenhuma evidência 
de associação foi observada entre RDW-CV e teste ELISA. Estes resultados são 
discutidos e, apesar da falta de associação, mais investigações são necessárias 
para avaliar o papel do RDW como biomarcador/preditor de arterite verminótica em 
equinos apresentando cólica. 
 
Palavras-chave: cavalos. Cólica. Diagnóstico. ELISA. Marcador inflamatório. 
Parasito. PCR 

 
 
 
 

 
 
 
 
 
 
 
 



  

 

ABSTRACT 
 

Evaluation of RDW in healthy and hospitalized Quarter Horses, and as a 
biomarker of infection by Strongylus vulgaris 

 
RDW (Red Blood Cell Distribution Width) is a hematimetric index used to diagnose 
anisocytosis. In human medicine, RDW has been widely used as a predictor and 
biomarker of various diseases, such as acute mesenteric ischemia. In equines, this 
ischemia has been associated with vermintic colic, a potentially fatal syndrome 
triggered by the larvae of the nematodes Strongylus vulgaris. However, there are few 
studies in equine medicine on RDW and its relation to S. vulgaris infection, as well as 
the standardization of RDW-CV in this species. In the first phase, the objective was to 
compare the values of RDW-CV in equine horses of the healthy Quarter Horses and 
in horses attended in a Veterinary Hospital School. A total of 176 horses were 
evaluated, 95 of which were healthy, reared on 27 farms in the region of Presidente 
Prudente, São Paulo, and 81 horses hospitalized. Blood samples were evaluated to 
obtain the RDW index, from automated cell counter. The RDW values in hospitalized 
horses (18.6%) were significantly higher (p = 0.0006) than those observed in healthy 
horses (17.8%). The RDW-CV value (17,8%) can be used as a reference for horses 
of Quarter Horse breed. It is suggested that further studies are needed to evaluate 
the use of RDW as a biomarker or predictor of several other diseases in horses. For 
the second phase of the study, it was hypothesized that RDW-CV could also be used 
as a biomarker for Strongylus vulgaris infection. We evaluated 160 healthy horses 
(Quarter Horse and Quarter Horse mixed), at least two years old and of both sexes. 
The ELISA showed a positive result in 80% of the samples; however, the co-culture 
and the specific PCR were negative for S. vulgaris, despite the high number of 
animals (91.25%) positive for egg counts (> 50 epg). No evidence of association was 
observed between RDW-CV and ELISA. These results are discussed and, despite 
the lack of association, further investigations are needed to evaluate the role of RDW 
as a biomarker/predictor of vermintic arteritis in horses with colic. 
 
Key-words: Horses. Colic. Diagnosis. ELISA. Inlammatory marker. Parasite. PCR 
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1 INTRODUÇÃO E REVISÃO DE LITERATURA 
 
 

Na rotina da Patologia Clínica, o uso do Volume Corpuscular Médio (MCV) e 

a contagem de reticulócitos são os dois principais critérios tradicionais para a 

classificação inicial de distúrbios anêmicos (ALBAYRAK et al., 2014). Nos últimos 

anos os contadores eletrônicos hematológicos têm sido apontados como mais 

eficazes e práticos na análise da série vermelha sanguínea, com o fornecimento de 

parâmetros mais objetivos para avaliação da anemia e eritropoiese, como o RDW 

(Red Blood Cell Distribution Width) (ALIS et al., 2016). Este índice, por meio de uma 

análise quantitativa, reflete o grau de heterogeneidade entre as hemácias, 

representando o coeficiente de anisocitose eritrocitária (ANDRIICHUK et al., 2017). 

Em estudos recentes, pesquisadores têm mostrado que o RDW pode ser um 

importante marcador para processos inflamatórios de caráter crônico em seres 

humanos, e como preditor de várias enfermidades (BREDA et al., 2015; TANG; 

KATZ, 2016; ANDRIICHUK et al., 2017), como diversos tipos de neoplasias 

(SERETIS et al., 2013; ALBAYRAK et al., 2014; WANG et al., 2014; HUANG et al., 

2016), doenças mieloproliferativas crônicas (HACIBEKIROGLU et al., 2015), DPOC 

(doença obstrutiva pulmonar crônica) (KOMA et al., 2013), aneurisma (RIEDL et al., 

2014) e cardiopatias (BREDA et al., 2015; DUCHNOWSKI et al., 2015; ELLINGSEN 

et al., 2018). Pacientes com sintomas de AVC (Acidente Vascular Cerebral), em 

menos de 24 horas da injúrias, apresentaram RDW significativamente mais elevados 

que aqueles que sofreram danos mais leves (KARA et al., 2015). Esses autores 

concluíram que o RDW foi um preditor da gravidade do AVC.  

A obtenção do RDW é simples, acessível e de baixo custo (BALARIN et al., 

2006), o que o torna uma ferramenta simples e com múltiplas aplicações clínicas 

(DUCHNOWSKi et al., 2015).  

Apesar do crescente interesse nesta ferramenta de diagnóstico na medicina 

humana (ELLINGSEN et al., 2018), estudos sobre RDW em animais ainda são 

escassos.  

Na clínica de equídeos o RDW tem sido empregado para avaliar a relação 

da variação do tamanho das hemácias com a intensidade de exercícios praticados 

pelos animais (HOLANDA et al., 2013; MELO et al., 2013) ou com certos tipos de 

dietas (MÉLO et al., 2012; MÉLO et al., 2016). Porém, não há trabalhos avaliando a 
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relação do RDW com o estado clínico dos equinos, bem como a padronização de 

seus valores para determinadas raças, como Quarto de Milha (QM). 

Os equinos são animais de grande importância econômica, que podem ser 

utilizados em esporte, lazer e trabalho. Só no Brasil, o plantel contabiliza algo em 

torno de 5.600.000 animais, ocupando a quarta maior criação no mundo (BRASIL, 

2015). 

O uso do cavalo nas práticas esportivas, como os da raça Quarto de Milha, é 

o segmento mais lucrativo da equideocultura nacional, com a participação estimada 

de 50 mil cavalos atletas (ANUALPEC, 2012). Além da prática esportiva, os cavalos 

são utilizados em atividades de trabalho que ajudam no desenvolvimento da 

agropecuária nacional (ROSA, 2014). Desta forma, a prevenção e o diagnóstico 

precoce das patologias que mais comumente acometem esta espécie são de 

extrema importância para manutenção da higidez dos animais (FINGER et al., 2013).  

Dentre as patologias de maior ocorrência no cenário equestre, está a 

síndrome do abdômen agudo, popularmente chamada de “cólica equina”, que 

constitui a principal causa de óbito em animais adultos, o que acarreta prejuízos 

econômicos devido aos elevados custos com o tratamento (CANELLO, 2013; ROSA, 

2014). 

Nos equinos, a síndrome pode estar correlacionada com vários fatores, que 

vão desde uma produção excessiva de gases no estômago, fermentação de 

alimentos, obstruções, torções intestinais até infecções parasitárias (NIELSEN et al., 

2015). Isso se deve ao fato de que os equinos são um dos animais mais 

susceptíveis aos parasitos gastrintestinais, podendo abrigar várias espécies de 

helmintos concomitantemente (NIELSEN et al., 2016), sendo os nematódeos os mais 

frequentes (MORALES et al., 2012; FABIANI; LYONS; NIELSEN, 2016). 

Em geral, os cavalos hospedam alguns gêneros de endoparasitos em 

diferentes graus de infecção e, embora muitos animais parasitados não se 

apresentam clinicamente doentes, alguns podem desenvolver patologias 

importantes, como arterite tromboembólica mesentérica cranial, comprometimento 

da circulação intestinal e cólica verminótica (ANDRADE; SOBRAL; SILVA, 2009; 

NIELSEN et al., 2015). 

Dentre os endoparasitas que infectam os equinos, Strongylus vulgaris é 

considerado um dos mais prevalente e patogênico em todo o mundo (ANDERSEN et 

al., 2013). No Brasil, já na década de 30, foi destacada a importância do estudo da 
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estrongilose dos equídeos, para conhecimento sobre a predominância das espécies 

do gênero Strongylus, e assim, informações acerca do diagnóstico e etiologia dos 

aneurismas helmínticos causados por S. vulgaris (PINTO; PROENÇA, 1938). 

Os infartos intestinais do tipo não estrangulativos, resultam de obstrução 

vascular e, nos equinos, sua causa é o tromboembolismo nas artérias mesentéricas 

devido à infecção por S. vulgaris (VEIGA et al., 2011). 

A patogenia da infecção por S. vulgaris é ocasionada pelas suas larvas 

durante a migração endoarterial, onde provocam hemorragias na mucosa do íleo, 

ceco e cólon, edema da submucosa e dilatação de pequenas artérias, veias e 

capilares (ALMEIDA; MELO, 2010). Na submucosa, ocorre a muda de L3 para L4, 

quando as larvas penetram em arteríolas e migram pelo sistema arterial até alcançar 

as artérias cecais (lateral e medial) e o ramo cólico da artéria ileocólica, promovendo 

o depósito de fibrina na camada íntima arterial e a formação de lesões 

tromboembólicas (aneurisma) que comprometem a circulação do órgão e ocasionam 

isquemia local ou generalizada das alças intestinais, caracterizando a cólica por 

arterite verminótica (REICHMANN et al., 2001).  

Aproximadamente duas a três semanas pós-infecção, pode ocorrer infarto do 

íleo, ceco e cólon, associado à trombose e espessamento da artéria mesentérica 

cranial e seus ramos, culminando nos sinais clínicos de cólica isquêmica, que pode 

ser fatal para o equino acometido (NIELSEN et al., 2012; PILO et al., 2012; BORJI et 

al., 2014; NIELSEN et al., 2015; NILSEN et al., 2016). 

A infecção por S. vulgaris pode apresentar um período de infecção 

subclínica, com sinais não característicos apenas da cólica verminótica, como: 

desconforto abdominal, letargia e/ou decúbito, anorexia, diminuição de ganho de 

peso e anemia (ANDRADE et al., 2009; MORALES et al., 2011; BOTELHO et al., 

2012; CARVALHO, 2016). Mas também pode apresentar um silencioso processo de 

isquemia mesentérica com a rápida evolução para o óbito do animal (THOMASSIAN, 

2005). 

Para o diagnóstico da infecção por S. vulgaris em equinos, o exame 

coproparasitológico tem sido usado como o de eleição. Entretanto, este diagnóstico 

pode resultar em falso-negativo para tal nematódeo em decorrência da presença de 

larvas imaturas (REINEMEYER; NIELSEN, 2013). Dessa forma, mesmo que haja 

infecção, o tratamento pode ser incorreto, o que pode levar o animal a óbito muito 

rapidamente pela cólica verminótica. 
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Lhamas et al. (2015) citam que a relação existente entre altas infecções 

parasitárias e alterações hematológicas tem sido, cada vez mais, objeto de estudos. 

Assim, novas ferramentas de diagnóstico, como o RDW, poderiam detectar 

processos inflamatórios do aparelho gastrintestinal ainda na fase subclínica, e 

proporcionar o tratamento mais preciso, que aumentaria as chances de sobrevida do 

animal. 

Diante dessas premissas, foram desenhados dois estudos para avaliar os 

objetivos apresentados: 

- Comparar os valores do índice RDW-CV para equinos saudáveis da raça 

Quarto de Milha; 

- Investigar a utilização do RDW-CV como um biomarcador para infecção de 

equinos por Strongylus vulgaris. 
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Resumo 
RDW (Amplitude de Distribuição das Células Vermelhas do Sangue) é um índice hematimétrico usado para 
diagnosticar anisocitose. Na medicina humana, o RDW tem sido amplamente utilizado como um preditor e 
biomarcador de várias doenças. No entanto, existem poucos estudos sobre este marcador na medicina equina. 
Este estudo teve como objetivo comparar os valores de RDW-CV em eqüinos saudáveis e hospitalizados da raça 
Quarto de Milha. Um total de 176 animais foram avaliados, 95 dos quais eram saudáveis, criados em 27 
fazendas, e 81 tratados em um Hospital Veterinário. Amostras de sangue foram avaliadas usando um analisador 
hematológico automatizado para obter RDW. Os valores de RDW em eqüinos hospitalizados (18,6%) foram 
significativamente maiores (p = 0,0006) que os observados em equinos saudáveis  (17,8%). Os valores de RDW 
apresentados podem ser usados como referência para equinos da raça Quarto de Milha. 
Palavras-chaves: equino, hematologia, valores de referência, biomarcador 
 

Red Blood Cell Distribution Width (RDW-CV) in Quarter Horses: A comparison between healthy and 

hospitalized animals 

Abstract 

RDW (Red blood cell distribution width) is a hematimetric index used to diagnose anisocytosis. In human 
medicine, it has been widely used as a predictor and biomarker of various diseases, but there are few comparable 
studies in equine medicine. We aimed to compare RDW values between healthy and hospitalized Quarter Horses 
(QH). A total of 176 QH were evaluated, 95 healthy animals reared on 27 farms, and 81 animals treated at a 
Veterinary School Hospital. Blood samples were evaluated using an automated hematological analyzer to obtain 
RDW. RDW values in hospitalized horses (18.6%) were significantly higher than in healthy ones (17.8%, p = 
0.0006). Values from our healthy group can be used as a reference for QH. We suggest that further studies are 
needed to evaluate the use of RDW as a biomarker or predictor of various disorders or diseases in equines. 
Keywords: equine; RDW; hematology; biomarker 
 
Introdução 

 Na rotina da patologia clínica o uso do Volume Corpuscular Médio (MCV) e a contagem de 

reticulócitos são os dois principais critérios tradicionais para a classificação inicial de distúrbios anêmicos 

(Bessman et al. 1983). Nos últimos anos, o uso de contadores hematológicos automáticos propiciou diagnósticos 

mais precisos e rapidez na análise, além de gerar novas medidas eritrocitárias de garnde importância para a 

avaliação da eritropoiese (Matos et al. 2008), como o RDW-CV (Red Blood Cell Distribution Width), que, por 

meio de uma análise quantitativa, reflete o grau de heterogeneidade entre as hemácias, representando o 

                                                 
* Normas da Revista: Veterinary Research Communications. Endereço eletrônico das normas: 

https://www.springer.com/life+sciences/animal+sciences/journal/11259?detailsPage=pltci_1060672 
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coeficiente de anisocitose eritrocitária (Riedl et al. 2014; Wang et al. 2014; Ellingsen et al. 2018). A obtenção do 

RDW é simples, acessível e de baixo custo (Kisaoglu et al. 2014), o que o torna uma ferramenta simples e com 

múltiplas aplicações clínicas (Salvagno et al. 2015). 

 Em estudos recentes, pesquisadores têm mostrado que o RDW-CV (que será citado no texto como 

RDW) pode ser um marcador para processos inflamatórios de caráter crônico em seres humanos, e como preditor 

de várias enfermidades (Tang and Katz 2006; Kisaoglu et al. 2014; Riedl et al. 2014; Özer et al. 2015). Pacientes 

com sintomas de AVC (acidente vascular cerebral), em menos de 24 horas das injúrias, apresentaram RDW 

significativamente mais elevados que aqueles que sofreram danos mais leves. Esses dados mostraram a utilidade 

do RDW para predizer a gravidade e os resultados funcionais do AVC (KARA et al., 2015). 

 Na clínica de equídeos o RDW tem sido empregado para avaliar a relação da variação do tamanho das 

hemácias com a intensidade de exercícios praticados pelos animais (Balarin et al. 2006; Miranda et al. 2011) ou 

com certos tipos de dietas (Mélo et al. 2012; Mélo et al. 2016). Porém, não há trabalhos avaliando a relação do 

RDW com o estado clínico dos equinos, bem como a padronização de seus valores para determinadas raças, 

como Quarto de Milha (QM). 

 Dada a importância que o RDW tem se mostrado em estudos como preditor de processos inflamatórios e 

de outras injúrias na medicina humana, o presente estudo teve por objetivo a comparação dos valores do RDW-

CV em equinos da raça QM sadios e atendidos em um Hospital Veterinário Escola. 

 

Material e Métodos 

 O estudo foi aprovado pelo Comitê de Ética em Uso de Animais (CEUA) da Instituição (oculto para 

revisão), e realizado no período de março de 2016 a junho de 2017.  

 Foram avaliadas amostras de sangue de 176 equinos da raça Quarto-de-Milha (95 equinos sadios e 81 

hospitalizados). 

 Os animais sadios foram selecionados, independentemente do sexo, idade e tipo de manejo, em 14 

propriedades visitadas na região do estudo, e a higidez foi avaliada através de exame clínico segundo o protocolo 

descrito por Blood et al. (2000). Em seguida, foram coletadas amostras de sangue (10 ml) por punção 

venojugular, em tubo a vácuo com anticoagulante EDTA (ácido etileno-diaminotetracético-potássico) a 10% 

para realização do hemograma. As coletas ocorreram sempre no período da manhã, com os animais em repouso, 

antes de suas atividades diárias. 

 Em relação aos animais hospitalizados, foi realizado um levantamento dos valores hematológicos dos 

equinos atendidos na rotina do Hospital Veterinário Escola no período do estudo.  

 As amostras de sangue foram processadas em analisador automático (pocH-100iv-DIFF, Sysmex 

Roche, Japão), para obtenção dos valores hematológicos, incluindo a amplitude de distribuição do tamanho do 

eritrócito (RDW-CV). 

 Os valores de RDW-CV foram comparados entre animais hospitalizados e sadios, e foram avaliadas as 

influências da raça, do sexo e idade dos animais. 

 O programa GraphPad Prism (versão 7.04, GraphPad Software Inc., La Jolla, EUA) foi usado para 

análises estatísticas. Os valores de RDW foram submetidos ao teste de normalidade. Os dados não-paramétricos 

foram analisados pelo teste de Mann-Whitney e os paramétricos pelo teste t, para avaliação da influência do sexo 

ou raça. ANOVA foi empregada para avaliação da influência da idade sobre o RDW. A correlação entre RDW e 
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outros parâmetros hematológicos (Hematócrito e VCM) foi obtida pela correlação de Pearson. O qui-quadrado 

foi empregado para avaliar a associação entre tipo de manejo e atividade dos equinos com elevação de RDW. 

Foram considerados significativos os valores com p<0,05.  

 

Resultados 

 No presente estudo foram incluídos 81 equinos hospitalizados da raça QM, representando 71,7% dos 

equinos atendidos no HV (n=113) no período de 2016 a 2017. 

Foram admitidos para realização de castração sete equinos no grupo hospitalizados, e o RDW foi obtido 

um dia anterior a cirurgia. A média dos valores de RDW desses equinos foi a mesma observada nos outros 

equinos hospitalizados (RDW = 18.6%, variação 16.0 - 19.1). 

 Verificou-se diferença significativa (p=0,0006) entre os valores médios de RDW (Tabela 1) dos animais 

hospitalizados (18,6%) e sadios (17,8%), sendo que 65,4% e 46,3%, respectivamente, apresentaram valores 

acima da média dos sadios. Foi observado também que o valor de RDW nos animais hospitalizados foi 4,5% 

superior ao outro grupo estudado. 

 Foi também observada correlação negativa entre RDW e o valor do hematócrito (p<0,0009; r= -0,3634) 

e do VCM (p<0,0091; r= -0,2882) nos animais hospitalizados, fato não observado nos animais sadios. Houve 

uma associação (p= 0.0333; OR= 3.115; 95% IC= 1.133 - 8.563) entre a presença de anisocitose e valor de RDW 

acima dos considerados normais no presente estudo (17.7%).  

 Não houve influência do sexo dos equinos sobre os valores médios de RDW quando foram comparados 

os animais em seus respectivos grupos (hospitalizados e sadios). Entretanto, esses valores foram 

significativamente maiores nos equinos machos hospitalizados quando comparado aos machos hígidos, o que 

não ocorreu com as fêmeas (Tabela 2). 

 Em relação à idade, não houve influência dessa variável no RDW dos equinos sadios. Nos 

hospitalizados com idade inferior a dois anos, o RDW foi significativamente maior que nos com idade entre 2 a 

10 anos. Quando os dois grupos foram comparados, a média nos hospitalizados com idade inferior a dois anos e 

de 2 a 10 anos foi significativamente maior que a dos em higidez (Tabela 3). 

 Com relação ao manejo, os valores do RDW dos equinos estabulados (17,8±0,8%) e daqueles mantidos 

a campo foram muito próximos (17,8±1,2%), seguindo a média observada na população de animais sadios 

(17,8±0,8%). Não houve diferença significativa quando foram comparadas as atividades dos animais (esporte, 

trabalho, lazer/estimação). 

 

Discussão 

 O presente estudo mostrou que os valores de RDW em animais hospitalizados foram significativamente 

superiores aos dos animais hígidos. 

 Considerando-se os animais em higidez sadios, os valores observados no nosso estudo (RDW = 17,8%) 

foram idênticos aos observados em outro estudo com 29 equinos também sadios e da raça QM (RDW = 17,8%), 

antes da atividade física (Miranda et al., 2011). Os dados de Carvalho et al. (2016), também avaliando equinos 

QM (n= 22), foram 1,6 vezes maiores (28,4%) que os obtidos no nosso estudo. A discrepância desses resultados 

provavelmente se deu por causa dos diferentes modelos de analisador automático. O equipamento do nosso 

estudo e no conduzido por Miranda et al. (2011) foram do mesmo modelo, diferentemente daquele utilizado por 
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Carvalho et al. (2016). A performance do modelo de analisador usado no nosso estudo foi considerada excelente 

para avaliação de dados hematológicos de equinos (Riond et al., 2011). 

 A influência do analisador hematológico sobre a variação nos valores médios de RDW tem sido também 

descrita em cães (Souza et al., 2012). Segundo os autores, os equipamentos utilizam métodos diferentes que 

resultam em padrões de contagens distintas.  

Em estudos com pacientes humanos, em decorrência da discrepância de resultados do RDW, foi 

postulado que a utilização de um mesmo modelo de analisador hematológico permite uma alta comparabilidade 

de dados (Alis et al., 2016), enquanto a falta de harmonização de resultados é uma séria limitação para o uso de 

valores de referência universais (Salvagno et al., 2015). 

A raça é outra variável que deve ser considerada na avaliação do RDW de equinos (Holanda et al. 

2013). Os nossos resultados foram inferiores aos observados em equinos da raça Holsteiner, de 36,1% 

(Andriichuk and Tkachenko 2017); Puro Sangue Inglês, entre 26,9% e 27,3% (Balarin et al. 2001; Balarin et al. 

2006); e Mangalarga Marchador, entre 18,8% e 20,4% (Mélo et al. 2012; Holanda et al. 2013; Melo et al. 2013; 

Mélo et al. 2016). As avaliações hematológicas dos animais Mangalarga Marchador foram realizadas com o 

mesmo equipamento do presente estudo, enquanto os referentes aos equinos Holsteiner e PSI foram de modelos 

distintos. Dessa forma, é possível que, além da variável tipo de equipamento, o fator racial pode ser determinante 

nos valores de RDW. 

De acordo com Holanda et al. (2013), as condições de manejo devem ser consideradas como fatores 

importantes na determinação dos intervalos de referência hematológica para a espécie equina. No nosso estudo, 

as condições de manejo (estabulados ou mantidos a campo) e a função do animal (trabalho, esporte ou lazer) não 

exerceram influência sobre os valores de RDW. 

 Outra proposta do nosso estudo foi comparar os valores de RDW entre animais hígidos e atendidos no 

hospital. Os valores do biomarcador nos animais hospitalizados foram significativamente superiores aos dos 

animais sadios, assim como o número de animais com RDW aumentado. 

 O RDW é um excelente parâmetro para classificação de anemias (Riedl et al. 2014; Ellingsen et al. 

2018). Foi observada uma associação entre anisocitose e valor de RDW acima da média dos animais hígidos, e 

uma correlação negativa entre RDW e o valor do hematócrito e do VCM apenas nos animais hospitalizados. No 

estudo de Carvalho et al. (2016), não foram encontradas diferenças significativas quando correlacionado o VCM 

e RDW entre os grupos machos e fêmeas. Vale ressaltar que o estudo foi realizado com animais em atividade 

física, que tem forte influência no VCM, o que é também afirmado por Piccione et al. (2001). Em sua pesquisa, 

Balarin et al. (2006) justificaram tanto as oscilações em VCM quanto em RDW como decorrentes das diferentes 

raças e protocolos laboratoriais, ressaltando a importância do estabelecimento de valores de referência para cada 

região e espécie/raça. 

 O RDW tem sido descrito como preditor prognóstico de várias enfermidades em seres humanos, 

incluindo diversos tipos de neoplasias (Seretis et al. 2013; Wang et al. 2014; Albayrak et al. 2014; Huang et al. 

2016), doenças mieloproliferativas crônicas (Hacibekiroglu et al. 2015), DPOC (doença obstrutiva pulmonar 

crônica) (Koma et al. 2013), aneurisma (Riedl et al. 2014) e cardiopatias (Breda et al. 2015; Duchnowski et al. 

2015; Ellingsen et al. 2018). Riedl et al. (2014), por exemplo, observaram que para cada 1% de aumento do 

RDW houve 11% de aumento no risco de mortalidade tromboembolismo venoso em pacientes humanos. No 

nosso estudo, os valores médios nos equinos hospitalizados foi 4,5% acima da média dos animais sadios. Os 
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animais hospitalizados incluídos no nosso estudo apresentaram as mais diversas causas de hospitalização, com 

algum quadro de processo infeccioso/inflamatório, que poderiam ter influenciado o aumento de RDW. 

 O sexo e a idade dos animais foram também avaliados quanto aos valores de RDW. Balarin et al. (2001) 

postularam que os valores de referência de RDW podem ser usados independentemente do sexo dos animais, tese 

que pode ser corroborada pelos resultados observados em outros estudos com equinos (Miranda et al. 2011; Mélo 

et al. 2012; Holanda et al. 2013), e também por nosso estudo, uma vez que a variável sexo não influenciou no 

RDW quando os dois grupos estudados foram comparados separadamente. 

 No presente estudo, as médias de RDW não diferiram entre as faixas etárias quando da comparação 

entre animais sadios e hospitalizados. Em contrapartida, nos animais hospitalizados com idade inferior a dois 

anos, o RDW foi significativamente maior que nos animais com idade 2 a 10 anos. No estudo de Holanda et al. 

(2013), com Mangalarga Marchador, os valores de RDW foram significativamente maiores nos animais com 

idade entre 2 a 6 anos, em relação aos animais mais velhos. Os autores, porém, não avaliaram animais com 

menos de 2 anos de idade, não permitindo a comparação entre os resultados. Alis et al. (2016) verificaram que a 

idade pode ser considerada como importante fator de confundimento na interpretação de RDW em humanos, 

como observado no nosso estudo, uma vez que os animais jovens podem apresentar valores de RDW maiores 

que os considerados como de referência para a população geral. 

 Balarin et al. (2006) estudando equinos submetidos a exercícios de diferentes intensidades observaram 

um aumento significante dos valores de RDW. Outros estudos também relataram este aumento após exercício 

(Mélo et al. 2012; Mélo et al. 2016). Já no estudo de Miranda et al. (2011), os valores de RDW permaneceram 

inalterados depois da atividade física exercida pelos animais. Os pesquisadores atribuíram este resultado a 

provável liberação mínima de células pelo baço que foi insuficiente para provocar grande heterogeneidade entre 

as hemácias. No nosso estudo, os animais hospitalizados e os avaliados a campo estavam em repouso, o que 

indica que o aumento de RDW nos animais hospitalizado não foi decorrente de atividade física. 

O uso do RDW como ferramenta na clínica equina deve ser considerado, uma vez que o mesmo pode 

representar um marcador de vários processos inflamatórios, com baixo custo e de fácil e rápida execução. Uma 

das principais limitações em estudos com equinos, e também com outras espécies de animais, é o número 

amostral. Os estudos com humanos são realizados com grande número de indivíduos que permitem uma análise 

retrospectiva ou prospectiva de informações, e o uso do RDW como indicador de morbidade ou preditor de 

várias enfermidades. 

 Os nossos resultados comparados com os de outros estudos permitem inferir que a variação dos valores 

de referências do RDW pode ocorrer entre diferentes raças e ser influenciada pelo equipamento utilizado para 

realização da análise hematológica. 

Em conclusão, os nossos dados apresentam valores de RDW que podem ser usados como referência 

para equinos da raça Quarto de Milha. 
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Tabela 1. Valores médios de RDW-CV (%) em equinos da raça Quarto-de-Milha (QM), hospitalizados (n= 81) e 

sadios (n= 95). 

 RDW-CV (%) 

Grupos Média ± dp  Variação IC 95%               Valor de 

p 

Hospitalizados 18,6 ± 2,0 

 

15,0-27,1 

 

18,2-19,0 0,0006* 

Sadios 17,8 ± 1,1 15,1-22,9 17,5-18,0  

     

       dp: desvio-padrão; * teste t; IC 95%: Intervalo de Confiança de 95
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Tabela 2. Influência do sexo sobre os valores de RDW-CV (%) em equinos da raça Quarto-de-Milha (QM), 

hospitalizados (n= 81; machos= 57 e fêmeas= 23) e sadios (n= 95; machos= 55 e fêmeas= 40). 

Grupos           Hospitalizados            Sadios 
Média ± dp (variação) IC 95% Média ± dp (variação) IC 95% 

Machos 18,7Aa ± 2,1 

(15,0-27,1) 

 

18,2-19,3 17,7Ab ± 0,9 

(15,9-19,6) 

 

17,4-18,0 

Fêmeas 18,4Aa ± 1,6 

(16,1-22,9) 

17,7-19,1 17,8Aa ± 1,3 

(15,1-22,9) 

 

17,4-18,2 

Letras maiúsculas diferentes em uma mesma coluna ou minúsculas diferentes em uma mesma linha indicam que 
houve diferença significativa entre as médias (p<0,05).  
dp: desvio-padrão; teste t. 
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Tabela 3. Influência da idade sobre os valores de RDW-CV (%) em equinos da raça Quarto-de-Milha (QM) 

hospitalizados (n= 77) e sadios (n= 95). 

Grupos Hospitalizdos 
 

Sadios 
 

 Média ± dp (variação) IC 95% Média ± dp (variação) IC 95% 
Idade     

< 2 anos 20,0Aa ± 2,5 
(17,5-27,1) 

 

18,5-21,4 17,9Ab ± 1,9 
(15,9-22,9) 

 

16,6-19,2 

2 a 10 anos 18,2Ba ± 1,5 
(15,0-23,0) 

 

17,8-18,6 17,7Ab ± 1,0 
(15,1-20,0) 

 

17,7-17,5 

> 10 anos 18,9ABa ± 2,3 
(16,4-25,9) 

16,7-21,0 17,5Aa ± 0,8 
(16,7-19,0) 

17,0-18,0 

Letras maiúsculas diferentes em uma mesma coluna ou minúsculas diferentes em uma mesma linha indicam que 
houve diferença significativa entre as médias (p<0,05). 
dp: desvio-padrão.  
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2.1 ARTIGO CIENTÍFICO 1 (INGLÊS)1F

* 
 

Red Blood Cell Distribution Width (RDW-CV) in Quarter Horses: A comparison between healthy and 

hospitalized animals 

Abstract 

RDW (Red blood cell distribution width) is a hematimetric index used to diagnose anisocytosis. In human 

medicine, it has been widely used as a predictor and biomarker of various diseases, but there are few comparable 

studies in equine medicine. We aimed to compare RDW values between healthy and hospitalized Quarter Horses 

(QH). A total of 176 QH were evaluated, 95 healthy animals reared on 27 farms, and 81 animals treated at a 

Veterinary School Hospital. Blood samples were evaluated using an automated hematological analyzer to obtain 

RDW. RDW values in hospitalized horses (18.6%) were significantly higher than in healthy ones (17.8%, p = 

0.0006). Values from our healthy group can be used as a reference for QH. We suggest that further studies are 

needed to evaluate the use of RDW as a biomarker or predictor of various disorders or diseases in equines. 

Keywords: equine; RDW; hematology; biomarker 

 

Introduction 

 In routine clinical pathology, mean corpuscular volume (MCV) and reticulocyte count are the two main 

traditional criteria for the initial classification of anemic disorders [1]. In recent years, the use of automatic 

hematology counters has provided more accurate diagnoses and quicker analyses in addition to generating new 

erythrocyte measurements [2] such as red blood cell distribution width coefficient of variation (RDW-CV, 

hereafter RDW). Through quantitative analysis, this metric reflects the degree of heterogeneity among red blood 

cells, representing the coefficient of erythrocyte anisocytosis [3,4,5]. 

In recent studies on humans, RDW has been suggested as both a marker of chronic inflammatory 

processes and a predictor of various diseases [4,6,7,8,9]. For example, Kara et al [9] found that patients with 

stroke symptoms within 24 hours of injury presented significantly higher RDW than did those who sustained 

milder damage, demonstrating the value of RDW to predict severity and functional outcomes of stroke. 

Obtaining the RDW is simple, accessible, and inexpensive [6], making it a useful tool with multiple 

clinical applications [10]. Despite the growing interest in this diagnostic tool in human medicine [11], studies on 

RDW in animals are still scarce. 

In the equine clinic, RDW has been used to evaluate the relationship between size variation among red 

blood cells and either the intensity of exercise performed by the animals [12,13], or certain types of diets [14,15]. 

However, we are not aware of any studies evaluating either the relationship between RDW and the clinical state 

in equines, or the standardization of RDW for particular breeds such as Quarter Horses (QH). 

Given the importance of RDW as a predictor of inflammatory processes and other injuries in humans, 

and the lack of corresponding information for horses, we aimed to compare RDW values between healthy QH 

and QH attended at a Veterinary Hospital School. 

 

                                                 
* Normas da Revista: Veterinary Research Communications. Endereço eletrônico das normas: 

https://www.springer.com/life+sciences/animal+sciences/journal/11259?detailsPage=pltci_1060672 

https://www.springer.com/life+sciences/animal+sciences/journal/11259?detailsPage=pltci_1060672
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Material and Methods 

Study population 

This study was carried out from March 2016 to June 2017. Blood samples from 176 QH (95 healthy 

horses and 81 hospitalized horses) were evaluated.  

Regardless of sex, age, and type of husbandry, healthy QH were selected from 14 properties visited in 

the study region and their health was evaluated by clinical examination following a previously-described 

protocol [16]. Blood samples (10 ml) were then collected by jugular venous puncture in a vacuum tube with 10% 

ethylenediaminetetraacetic acid (EDTA) anticoagulant for complete blood counts.  

Data for hospitalized QH were obtained from hematological records from 2016 to 2017 in the 

Veterinary School Hospital. Horses presenting infectious/inflammatory processes or under postoperative period 

were included in the study. 

 

Sample analysis 

 Blood samples were processed in an automatic analyzer (pocH-100iV-DIFF, Sysmex Roche 

Corporation, Japan) to obtain hematological values, including the width of the erythrocyte size distribution 

(RDW-CV). 

RDW values were compared between hospitalized and healthy animals, and the influence of sex and 

age of the animals was evaluated.  

 

Data analyses 

All statistical analyses were performed using the statistical software GraphPad Prism (version 7.04, 

GraphPad Software Inc., La Jolla, USA). RDW values were tested for normality. Student’s t-test and ANOVA 

were used to evaluate the influence of sex and age on RDW, respectively. Correlations between RDW and other 

hematological parameters (hematocrit and MCV) were assessed using Pearson's correlation. The chi-squared test 

was used to evaluate the association between type of husbandry and equine activity among QH with RDW 

elevation. Values of p < 0.05 were considered significant. 

 

 

Results 

Our study population of 81 hospitalized QH represented 71.7% of the horses treated in the Veterinary 

Hospital (n = 113) in 2016 and 2017. Mean RDW values for hospitalized QH were 4.5% higher than those 

observed in healthy horses (18.6 and 17.8 respectively, p = 0.0006, Figure 1). 

Among hospitalized animals, RDW was negatively correlated with both hematocrit (r = -0.3634, p < 

0.0009) and MCV (r = -0.2882, p < 0.0091), but this was not true for healthy animals. We observed a positive 

association (odds ratio = 3.115, p = 0.0333, 95% CI = 1.133 - 8.563) between the presence of anisocytosis and 

RDW values above those considered normal in the present study (17.7%). 

Seven horses in the hospitalized group were admitted for castration, and the RDW was analyzed one 

day after the surgical procedure. The mean RDW values for these horses were indistinguishable from those 

observed for the other hospitalized horses (RDW = 18.6%, range 16.0 - 19.1). 
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Within each of the two groups (hospitalized and healthy), mean RDW did not differ between sexes. 

However, mean RDW was significantly higher for hospitalized than for healthy males, a difference that was 

absent for females (Table 1). 

Age was unrelated to the RDW of healthy animals, but among hospitalized animals less than two years 

old RDW was higher than in animals aged 2 to 10 years. Mean RDW values for both these age groups were 

higher than those for healthy animals (Table 2). 

The RDW values of stabled animals (17.8 ± 0.8%) were indistinguishable from those of animals kept in 

the field (17.8 ± 1.2%), conforming to the mean observed in the healthy QH population. There were no 

differences between RDW values of animals used for different activities (sports, work, or leisure). 

 

Discussion 

 The present study demonstrates that RDW values in hospitalized animals were significantly higher than 

in healthy animals. First, we will consider number of factors other than hospitalization that might influence 

RDW in the QH. 

The mean RDW of 17.8% that we report for healthy QH is identical to that observed for the same breed 

before physical activity (also 17.8%, n = 29) [13], but was only 63% of the value from another study (28.4%) 

[17]. The discrepancy is probably due to the automatic analyzer: we used the same model as did Miranda et al 

[13], which was different to that used by Carvalho et al [17]. The analyzer model that we used is considered 

excellent for evaluation of hematological data of horses [18]. 

Counting patterns differ between different models of hematological analyzers, influencing measurement 

of RDW in dogs [19]. Similar observations in human studies have led to the recommendation that use of the 

same hematological analyzer model is a prerequisite for accurate comparisons [20]. This source of variation is a 

serious limitation for the establishment of universal RDW reference values [10]. 

RDW in healthy equines is higher than the range for other species [21], and probably differs between 

horse breeds [22]. The mean RDW that we observed was lower than that reported for other horse breeds such as 

Holsteiner (range: 20.3% to 36.1%) [23,24], Thoroughbred (26.9% to 27.3%) [12,25], and Mangalarga 

Marchador (18.8% to 20.4%) [14,15,22,26]. Hematological evaluations for the Mangalarga Marchador horses 

used the same equipment as our study, while those of Holsteiner and Thoroughbred horses used different 

models. Balarin et al [12] assessed the effect of both breed and laboratory protocol on MCV and RDW, and 

emphasized the importance of establishing reference hematimetric values for each region and breed. 

Husbandry conditions may also be an important determinant of hematological reference ranges for 

horses [22]. We assessed this effect using within-group comparisons between horses that were stabled or kept in 

the field, and between activity levels (work, sport, or leisure), and found no influence of these factors on RDW. 

Carvalho et al [17] reported no significant differences in MCV and RDW between males and females. It 

is worth noting that their study was carried out with animals during physical activity, which has a strong 

influence on MCV [27]. 

After accounting for the above factors, we aimed to compare RDW between healthy and hospitalized 

animals. We report higher mean values in hospitalized than in healthy QH. RDW is an excellent indicator for the 

classification of anemia [3,4]. We observed an association between anisocytosis and RDW values above the 
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mean of healthy animals, and a negative correlation between RDW and hematocrit and MCV values only in the 

hospitalized animals. 

In humans, RDW has been described as a prognostic predictor of various diseases including several 

types of neoplasms [5,11,28,29], chronic myeloproliferative diseases [30], Chronic Obstructive Pulmonary 

Disease (COPD) [31], aneurysms [4], and cardiac pathologies [3,32,33]. For example, it was observed that for 

every 1% increase in RDW there was an 11% increase in the risk of mortality from venous thromboembolism in 

human patients [4]. In our study, mean values in hospitalized horses were 4.5% above those of healthy animals. 

The hospitalized animals we studied had diverse causes of hospitalization, with some frameworks of 

infectious/inflammatory processes, which may have influenced this increase in RDW. 

We assessed the influence of sex and age on RDW values. Balarin et al [24] postulated that RDW 

reference values can be used independently of the sex of animals, which is corroborated by the results of other 

equine studies [15,22], and also by our study, which found that sex did not influence RDW within either of the 

study groups. 

In the present study, mean RDWs did not differ between ages within the healthy animal group. In 

contrast, hospitalized animals less than two years old had higher RDW than did animals aged 2 to 10 years. In a 

study with Mangalarga Marchador horses, RDW values were significantly higher in animals aged 2 to 6 years, in 

relation to older animals [22]. However, these authors did not evaluate animals less than 2 years old, preventing 

direct comparison with our results but showing that young animals may present RDWs higher than reference 

values for the general population. Alis et al [20] verified the importance of age as a confounding factor in the 

interpretation of RDW in humans. 

Balarin et al [12] observed a significant increase in RDW in horses after exercise of different intensities. 

Other studies have also reported this increase after exercise [14,15]. In the study by Miranda et al [13], RDW 

values in horses remained unchanged after physical activity. The authors attributed this result to a likely minimal 

release of cells by the spleen, insufficient to cause great heterogeneity among erythrocytes. In our study both the 

hospitalized and field animals were at rest, so the increase in RDW that we report in the hospitalized animals 

was not due to physical activity. 

Sample size is one of the main limitations of RDW studies on horses and other animal species. Human 

studies are often conducted on large datasets that allow retrospective or prospective analysis of information with 

increased power of RDW as an indicator of morbidity or predictor of various diseases. 

Comparison between our results and those of other studies allows us to infer that variation in RDW 

reference values may occur between breeds and be influenced by the equipment used to perform the 

hematological analysis. 

Although the present study is preliminary, our data show that RDW values in hospitalized animals are 

significantly higher than in healthy animals, and we suggest that further studies are needed to evaluate the use of 

RDW as a biomarker or predictor for various disorders or diseases in horses. 

 

Acknowledgments 

This study was financed in part by the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior – Brasil 

(Capes) – Finance Code 001, provided for L.M. Ramires. This work would not have been possible without the 

owners who allowed us to use their horses’ samples for our research. 



35 
 

 

 

References  

1. Albayrak S, Zengin K, Tanik S, Bakirtas H, Imamoglu A, Gurdal M (2014) Red Cell Distribution Width as a 

predictor of prostate cancer progression. Asian Pac J Cancer Prev 15: 7781-7784. 

2. Alis R, Sanchis-Gomar F, Lippi G, Roamgnolil M (2016) Microcentrifuge or automated hematological 

analyzer to assess hematocrit in exercise? Effect on plasma volume loss calculations. J Lab Autom 21: 470-477. 

3. Andriichuk A, Tkachenko H (2017) Effect of gender and exercise on haematological and biochemical 

parameters in Holsteiner horses.  J Anim Physiol Anim Nutr 101: 404-413. 

4. Ay S, Eryilmaz MA, Aksoy N, Okus A, Unlu Y, Sevinc B (2015) Is early detection of colon cancer possible 

with Red Blood Cell Distribution Width? Asian Pac J Cancer Prev 16: 753-756. 

5. Balarin MRS, Fonteque JH, Souza C, Saito ME, Kohayagawa A, Lopes RS (2001) Red Blood Cell 

Distribution Width (RDW) in thorougbreed horses from 12 to 24 months of age. Semina: Ci Agrárias 22: 135-

137. 

6. Balarin MRS, Lopes RS, Kohayagawa A, Laposy CB, Fonteque JH (2006) Erythrocyte size distribution 

amplitude values (RDW) in thorougbreds horses submitted to exercises of different intensities. Braz J Vet Res 

Anim Sci 43: 637-641. 

7. Bessman JD, Gilmer PR, Gardner FH (1983) Improved classification of anemias by MCV and RDW. Am J 

Clinic Pathol 80: 322–326. 

8. Blood DC, Radostits OM, Arundel JH, Gay CC (2000) Veterinary medicine: a textbook of the diseases of 

cattle, sheep, pigs, goats and horse, 7th edn., Saunders, Philadelphia, pp 591. 

9. Breda F, Emans ME, Putten KV, Braam B, VanIttersum FJ, Kraaijenhagen RJ, Borst MH, Vervloet M, 

Gaillard CAJM (2015) Relation between Red Cell Distribution Width and Fibroblast Growth Factor 23 cleaving 

in patients with chronic kidney disease and heart failure. PLoS One 10: e0128994.  

10. Carvalho RS, Macedo LP, Teixeira FA, Binda MB, Coelho CS (2016) Mean corpuscular volume (MCV) and 

Red Blood Cell Distribution Width (RDW) in Quarter Horses used for barrel racing. Braz Anim Sci 17: 411-417. 

11. Duchnowski P, Szymański P, Orłowska-Baranowska E, Kuśmierczyk M, Hryniewiecki T (2015) Raised Red 

Cell Distribution Width as a prognostic marker in aortic valve replacement surgery. Kardiol Pol 74: 547-552. 

12. Ellingsen ST, Lappegård J, Tove S, Mathiesen EB, Njølstad I, Brækkan SK, Hansen JB (2018) The 

association between red cell distribution width and venous thromboembolism is not explained by myocardial 

infarction, stroke, or cancer. Res Pract Thromb Haemost 1: 1-7. 

13. Hacibekiroglu T, Akinci S, Basturk A, Inal B, Guney T, Bakanay SM, Dilek I (2015) Evaluation of 

inflammation parameters in philadelphia negative chronic myeloproliferative neoplasia patients. Asian Pac J 

Cancer Prev 16: 5159-5162. 

14. Holanda LC, Vaz SG, Almeida TLAC, Melo SKM, Lira LB, Santos FL, Rêgo EW, Teixeira MN (2013) 

Hematological variables of horses (Equus caballus Linnaeus, 1958) breed Marchador. Med Vet 7: 1-6. 

15. Huang DP, Ma RM, Xiang YQ (2016) Utility of Red Cell Distribution Width as a prognostic factor in young 

breast cancer patients. Medicine (Baltimore) 95: e3430.  

16. Jo YH, Kim K, Lee JH, Kang C, Kim T, Park HM, Kang KW, Kim J, Rhee JE (2013) Red cell distribution 

width is a prognostic factor in severe sepsis and septic shock. Am J Emerg Med 31: 545-548. 



36 
 

 

17. Kara H, Degirmenci S, Bayir A, Ak A, Akinci M, Dogru A, Akyurek F, Kayis SA (2015) Red cell 

distribution width and neurological scoring systems in acute stroke patients. J Neuropsychiatr Dis Treat 18: 733-

739. 

18. Kisaoglu A, Bayramoglu A, Ozogul B, Atac K, Emet M, Atamanalp SS (2014) Sensitivity and specificity of 

red cell distribution width in diagnosing acute mesenteric ischemia in patients with abdominal pain. World J 

Surg 38: 2770-2776. 

19. Koma Y, Onishi H, Matsuoka H, Oda N, Yokota N, Matsumoto Y, Koyama M, Okada N, Nakashima N, 

Masuya D, Yoshimatsu H, Suzuki Y (2013) Increased Red Blood Cell Distribuition Width associates with cancer 

stage and prognosis in patients with lung cancer. PloS One 8: e80240. 

20. Lee H, Kong SY, Sohn JY, Shim H, Youn HS, Lee S, Kim HJ, Eom HS (2014) Elevated Red Blood Cell 

Distribution Width as a simple prognostic factor in patients with symptomatic multiple myeloma. Biomed Res 

Int 2014: 145619.  

21. Matos JF, Dusse LMS, Stubbert RYB, Lages GFG, Carvalho MG (2008) Red Blood Cell Distribution Width 

(RDW): differentiation of microcytic and hypochromic anemias. Vet Bras Hematol Hem 30: 120-123. 

22. Mélo SKM, Diniz AI, De Lira AVL, Oliveira Muniz SK, Silva GR, Manso CC, Manso Filho HC (2016) 

Antioxidant and haematological biomarkers in different groups of horses supplemented with polyunsaturated oil 

and vitamin E. J Anim Physiol Anim Nutr 100: 852-859. 

23. Mélo SKM, Vaz SG, Manso ECC, Hunka MM, Martins IDS, Manso HECCC, Manso Filho HC (2012) 

Influence of supplementation with rich in fat extruded concentrate over the hematologic, biometric and 

biomarkers parameters in foals. Med Vet (UFRPE) 6: 41-45. 

24. Melo SKM, Lira LB, Almeida TLAC, Rego EW, Manso HECCC, Manso Filho HC (2013) Hematimetric 

width and blood biochemistry in cavalged horses in tropical conditions. Cien Anim Bras 14: 208-215. 

25. Miranda RL, Mundim AV, Saquy ACS, Costa AS, Guimarães EC, Gonçalves FC, Carneiro Silva, FO (2011) 

Hematologic profile of horses subjected to Team Penning. Pesq Vet Bras 31: 81-86. 

26. Özer S, Yilmaz R, Sönmezgöz E, Karaaslan E, Taskin S, Bütün I, Demir O (2015) Simple Markers for 

Subclinical Inflammation in patients with familial mediterranean fever. Med Sci Monit 21: 298-303. 

27. Piccione G, Assenza A, Fazio F, Giudice E, Caola G (2001) Different periodicities of some haematological 

parameters in exercise- loaded athletic horses and sedentary horses. J Equi Vet Sci 12: 17-23. 

28. Riedl J, Posch F, Königsbrügge O, Lötsch F, Reitter EM Eigenbauer E, Marosi C, Schwarzinger I, Zielinski 

C, Pabinger I, Ay C (2014) Red Cell Distribution Width and other red blood cell parameters in patients with 

cancer: association with risk of venous thromboembolism and mortality, PloS One 9: e111440. 

29. Riond B, Weissenbacher S, Hofmann-Lehmann R, Lutz H (2011) Performance evaluation of the Sysmexpoc 

H-100iVDiff hematologyanalyzer for analysis of canine, feline, equine, and bovine blood. Vet Clinic Pathol 40: 

484-495. 

30. Salvagno GL, Sanchis-Gomar F, Picanza A, Lippi G (2015) Red blood cell distribution width: A simple 

parameter with multiple clinical applications. Crit Rev Clin Lab Sci 52: 86-105.  

31. Seretis C, Seretis A, Lagoudianakis E, Gemenetzis G, Salemisa NS (2013) Is Red Cell Distribution Width a 

novel biomarker of breast câncer activity? Data from a pilot study. J Clin Med Res 5: 121-126. 



37 
 

 

32. Souza AM, Camargo MB, Tendlerleibelbacellar D, Emmerick SD, Campos RAT, Alencar NX, Xavier MS, 

Macieira DB, Almosny NRP (2012) Age and sex influence in canine Red Cell Distribution Width (RDW-CV 

and RDW-SD) values. Rev Bras Ci Vet 19: 90-93 

33. Tang Y-D, Katz D (2006) Anemia in chronic heart failure: prevalence, etiology, clinical correlates and 

treatment options. Circulation 113: 2454-2461. 

34. Tertemiz KC, Ozgen Alpaydin A, Sevinc C, Ellidokuz H, Acara AC, Cimrin A (2016) Could ‘‘red cell 

distribution width’’ predict COPD severity? Rev Port Pneumol 22: 196-201. 

35. Yilmaz A, Malya FU, Ozturk G, Citgez B, Ozdenkaya Y, Ersavas C, Agan AF, Senturk H, Karatepe O 

(2014) Effect of pre-operative Red Blood Cell Distribution on cancer stage and morbidity rate in patients with 

pancreatic cancer. Inter J Clin Exp Med 7: 3072-3075.  

36. Wang FM, Xu G, Zhang Y, Ma, L-L (2014) Red Cell Distribution Width is associated with presence, stage, 

and grade in patients with renal cell carcinoma. Dis Markers 2014: e860419. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



38 
 

 

Tble 1. RDW-CV mean values (%) in Quarter-Horse (QM), hospitalized (n = 81) and healthy (n = 95).  

 RDW-CV (%) 

Groups Mean± sd  Range CI 95%                P value 

Hospitalized 18,6 ± 2,0 

 

15,0-27,1 

 

18,2-19,0 0,0006* 

Healthy 17,8 ± 1,1 15,1-22,9 17,5-18,0  

     

             sd: standard deviation; *t test; confidence interval of 95% 
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Table 2. Influence of sex on the values of RDW-CV (%) in hospitalized (n = 81, males = 57 and females = 23) 
and healthy (n = 95, males = 55 and females = 40) Quarter horses.  

 

Groups Hospitalized Healthy 
Mean ± sd(variation) 95%CI  Mean ± sd(variation) 95%CI  

Males 18.7Aa ± 2.1 

(15.0-27.1) 

 

18.2-19.3 17.7Ab ± 0.9 

(15.9-19.6) 

 

17.4-18.0 

Females 18.4Aa ± 1.6 

(16.1-22.9) 

17.7-19.1 17.8Aa ± 1.3 

(15.1-22.9) 

17.4-18.2 

Different capital letters in the same column or different lowercase letters in the same row indicate that there was 
a significant difference between the means (p <0.05).  
sd: standard deviation.  
CI: Confidence Interval. 
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Table 3. Influence of RDW-CV (%) on hospitalized (n = 77) and healthy (n = 95) Quarter horses.  

Groups Hospitalized 
 

Healthy 
 

 Mean ± sd (range) 95%CI  Mean ± sd (range) 95%CI  

Age     

< 2 years 20.0Aa ± 2.5 

(17.5-27.1) 

 

18.5-21.4 17.9Ab ± 1.9 

(15.9-22.9) 

 

16.6-19.2 

2 to 10 years 18.2Ba ± 1.5 

(15.0-23.0) 

 

17.8-18.6 17.7Ab ± 1.0 

(15.1-20.0) 

 

17.7-17.5 

> 10 years 18.9ABa ± 2.3 

(16.4-25.9) 

16.7-21.0 17.5Aa ± 0.8 

(16.7-19.0) 

17.0-18.0 

Different capital letters in the same column or different lower case letters in the same row indicate that there was 
a significant difference between the means (p <0.05). 
sd: standard deviation. 
CI: Confidence Interval. 
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Resumo 

O RDW-CV (amplitude de distribuição dos glóbulos vermelhos) tem sido considerado um 

biomarcador / preditor fácil de se obter, de baixo custo, rápido e eficaz para diferentes 

doenças humanas, incluindo um grande número de neoplasias. Em razão do RDW-CV ser 

empregado como um biomarcador de isquemia mesentérica aguda em humanos que 

apresentam dor abdominal, nós hipotetizamos que o RDW-CV poderia também ser usado 

como um biomarcador para infecção por Strongylus vulgaris. Foram avaliados 160 equinos 

sadios (Quarto de Milha e mestiço de Quarto de Milha), com pelo menos dois anos de idade e 

de ambos os sexos. O ELISA apresentou resultado positivo em 80% das amostras, no entanto, 

a coprocultura e a PCR específica foram negativas para S. vulgaris, apesar do elevado número 

de animais (91,25%) positivos para contagem de ovos (> 50 epg). Nenhuma evidência de 

associação foi observada entre RDW-CV e teste ELISA. Estes resultados são discutidos e, 

apesar da falta de associação, mais investigações são necessárias para avaliar o papel do RDW 

como biomarcador/preditor de arterite verminótica em equinos apresentando cólica. 

Palavras-chave: RDW; cólica; diagnóstico; cavalo; arterite verminótica. 

RDW as a biomarker of infection by Strongylidae in horses 

                                                 
* Normas da Revista: Veterinary Parasitology. Endereço eletrônico das normas: 

www.elsevier.com/journals/veterinary-parasitology/0304-4017/guide-for-authors 
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Abstract 

RDW-CV (red cell distribution width) has been considered an easy, low cost, quick, and 

effective biomarker/predictor for different human disorders, including a wide number of 

cancers. As RDW-CV has been employed as a biomarker of mesenteric acute ischemia in 

humans presenting abdominal pain, we hypothesized that RDW-CV could be used as a 

biomarker for Strongylus vulgaris in naturally infected horses. One hundred sixty horses 

(Quarter horses and cross breed Quarter Horses) at least 2-years-old were evaluated in this 

study, independent of the sex. Stool samples were analysed for nematode egg count, and 

coprocultures were processed for identification of third stage larvae. Specific PCR was 

performed for amplification of S. vulgaris DNA, and the ELISA test was run to detect anti-S. 

vulgaris antibodies. No association was observed between RDW-CV (%) and epg or for the 

ELISA. In our study, the ELISA tested positive in 80% of samples, however, despite the high 

number of animals (91.25%) positive for egg count (>50 epg), the coproculture and PCR were 

negative for S. vulgaris. These results were discussed and, it was concluded that further 

investigations are necessary to evaluate the role of RDW as a biomarker for verminotic 

arteritis. 

Keywords: colic; diagnosis; equine; verminotic arteritis. 

 

1. Introdução 

 A análise automatizada baseada na citometria de fluxo forneceu uma determinação 

mais rápida e precisa dos parâmetros hematológicos. Além disso, a automaticidade gerou 

novos parâmetros para a discriminação de anemias, particularmente RDW (amplitude de 

distribuição dos glóbulos vermelhos), um índice que determina o grau de 

homogeneidade/heterogeneidade das células eritrocitárias. 
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 Nos últimos anos, o RDW foi adotado na medicina como um biomarcador/preditor de 

fácil obtenção, barato, rápido e forte para uma ampla gama de distúrbios humanos, como o 

cardíaco (Breda et al., 2015; Duchnowski et al., 2016; Ellingsen et al., 2016; al, 2018), 

hepático (Lou et al., 2017), doença renal crônica (Yonemoto et al., 2018), síndrome 

metabólica pulmonar (Breda et al., 2015), (Jo et al., 2013; Hacibekiroglu, 2015 ), e acidente 

vascular cerebral isquêmico (Riedl et al., 2014; Kara et al., 2015; Keser et al., 2016), bem 

como para o prognóstico de uma variedade de neoplasias, incluindo de mama (Seretis et al., 

2013; Huang et al., 2016), colorretal (Ay et al, 2015), esofágica (Xu et al., 2018), gástrica 

(Cheng et al., 2017), mieloma (Lee et al., 2014), linfoma (Zhou et al., 2017), pulmonar (Koma 

et al., 2013), pancreática (Yilmaz et al., 2014), prostática (Albayrak et al., 2014), renal (Wang 

et al., 2014) da tireoide (Aktas et al., 2017), entre outros. 

 RDW também tem sido apontado como um parâmetro sensível e barato para o 

diagnóstico de isquemia aguda mesentérica em humanos (Kisaoglu et al., 2014), uma doença 

fatal em 50-70% dos casos (Tanrıkulu et al., 2017). Em equinos, a isquemia mesentérica tem 

sido associada à cólica verminótica, uma síndrome potencialmente fatal (Pilo et al., 2012; 

Fabiani et al., 2016). A síndrome é desencadeada pelas larvas de quarto estágio (L4) do 

nematóide Strongylus vulgaris, o parasito intestinal mais patogênico que infecta equinos 

(Andersen et al., 2013; Nielsen et al., 2014; Abo-Aziza et al., 2017; Pihl et al., 2014; 

Stancampiano et al., 2017).  

A S. vulgaris L4 penetra nas arteríolas do intestino e migra abaixo do endotélio para a 

artéria mesentérica cranial e seus ramos, levando ao depósito de fibrina e à formação de 

aneurismas (Duncan, 1974). Consequentemente, o tromboembolismo resultante compromete a 

circulação sanguínea intestinal, provocando isquemia intestinal local ou generalizada (Nielsen 

et al., 2012; Pilo et al., 2012; Borji et al. 2014; Nielsen et al., 2015; Nilsen et al., 2016). 
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 O diagnóstico de S. vulgaris tem sido baseado na identificação morfológica de L3 em 

coproculturas (Andersen et al., 2013). Recentemente, métodos imunológicos e moleculares 

foram desenvolvidos para detectar anticorpos anti-S. vulgaris (Phil et al., 2017) ou DNA 

(Bracken et al., 2012). No entanto, há uma escassez de informações sobre o uso de 

biomarcadores para inflamação causada por larvas de S. vulgaris, incluindo o RDW. 

 Ao considerar estas afirmações e a importância da cólica verminótica na medicina 

eqüina, nós hipotetizamos que o RDW poderia ser um biomarcador confiável para S. vulgaris 

em equinos naturalmente infectados. 

 

2. Material e métodos 

2.1 Considerações éticas 

 O estudo foi aprovado pelo Comitê de Ética em Estudos Animais (CEUA-Protocolo) e 

o consentimento foi recebido dos proprietários dos animais. 

 

2.2. Área do estudo 

 O estudo foi realizado no período de agosto de 2016 a janeiro de 2017. Vinte e seis 

propriedades localizadas na região oeste do Estado de São Paulo, Brasil, foram visitadas. A 

região é considerada um importante pólo criador de Quarto de Milha no Brasil. 

 

 

2.3 Animais 

 Cento e sessenta cavalos da raça Quarto de Milha (QM) ou cavalos de raça mestiça 

(RM), independentemente do sexo, foram incluídos neste estudo. Como critérios de inclusão, 

definimos: o último tratamento altihelmíntico dos equinos ter sido realizado pelo menos 60 

dias antes do início do estudo; igual ou acima de dois anos de idade; e em estado saudável. 



45 
 

 

 Os animais com menos de dois anos foram excluídos do nosso estudo. Alis et al. 

(2016) verificaram que a idade pode ser considerada como um importante fator de 

confundimento na interpretação do RDW, uma vez que os animais jovens podem apresentar 

valores do biomarcador maiores que os considerados como de referência para a população 

geral. 

 Os plantéis que participaram desse estudo foram escolhidos de forma independente do 

número, manejo e uso dos equinos. 

 

2.4 Exame clínico e coleta de amostras 

 O exame clínico baseou-se na temperatura retal, parâmetros cardíacos e auscultas 

respiratória e intestinal, de acordo com o protocolo recomendado por Blood (2000). 

 As amostras de fezes foram coletadas diretamente da ampola retal dos equinos 

utilizando uma luva de palpação. Estas amostras foram armazenadas em sacos plásticos e 

mantidas sob refrigeração até o processamento.  

 O sangue foi coletado por punção jugular usando tubos a vácuo. Uma amostra de 5,0 

mL foi coletada em um tubo contendo EDTA como anticoagulante para realizar a contagem 

sangüínea (incluindo RDW), e outros 5,0 mL coletados em um tubo sem anticoagulante para 

obtenção da amostra de soro para o teste ELISA. As amostras foram acondicionadas em caixa 

térmica com gelo reciclável até serem levadas ao laboratório. Todas as amostras, fezes e 

sangue, foram processadas no mesmo dia da coleta. 

  

2.5 Processamento das amostras 

2.5.1 Análise hematológica 

Os parâmetros hematológicos, incluindo RDW-CV (%), foram obtidos utilizando um 

analisador hematológico semiautomático (Sysmex pocH-100iVTM, Roche®, Japão). 
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2.5.2 Contagem de ovos por grama de fezes 

A contagem de ovos por grama de fezes (OPG) de todas as amostras foi determinada 

usando a técnica McMater modificada com um limite de detecção de 50 OPG (Renemeyer; 

Nielsen, 2013). Cada amostra foi analisada em triplicata, e o resultado final foi obtido através 

da média das três contagens. 

 

2.5.3 Recuperação e identificação de larvas de Strongylus vulgaris  

A técnica de Roberts e O'Sullivan (1950), modificada, foi utilizada para recuperar 

larvas de estrongilídeos. Três gramas de fezes foram misturadas e incubados por 14 dias à 

temperatura ambiente. Após o período de incubação, foi utilizada a microscopia óptica 

(objetivas 10x e 40x) para contagem e identificação das larvas de acordo com a chave de 

classificação (Russel, 1948; Bevilaqua et al., 1993). 

 

2.5.4 PCR específico para Strongylus vulgaris  

As larvas recuperadas das coproculturas foram analisadas quanto à presença de DNA 

de S. vulgaris seguindo um protocolo de PCR convencional (Bracken et al., 2012). 

Resumidamente, o DNA genômico das larvas foi extraído usando um Kit comercial 

PureLink (Invitrogen K182001, Califórnia, EUA), seguindo o protocolo do fabricante. Os 

primers utilizados em nosso estudo foram desenvolvidos e validados por Nielsen et al. (2008). 

Um controle negativo e um positivo foram incluídos para cada teste de PCR. O controle 

positivo consistiu de DNA extraído de parasitos adultos identificados morfologicamente como 

S. vulgaris. 

Após ativação enzimática por 2 min a 95ºC, 40 ciclos foram executados, cada um 

consistindo de uma etapa de desnaturação a 95 ° C por 30 s, uma etapa de anelamento a              
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550°C por 30 s e uma etapa de extensão a 700°C por 30 s, usando um termociclador 

(Termociclador MultiGene™ Gradient PCR do Labnet). 

Os produtos de PCR foram corridos em gel de agarose a 1% contendo brometo de etio 

(5/100 mL). Uma escala de DNA de 100 pb (New England Biolabs, Ipswich, MA 01938-

2723, EUA) foi utilizada como marcador. 

 

2.5.5 Anti-Strongylus vulgaris detecção de anticorpos (teste de ELISA) 

Foi realizado um ensaio indireto de imunoadsorção enzimática (ELISA) usando a 

proteína recombinante SvSXP para investigar a presença de anti-anticorpos S. vulgaris, de 

acordo com o protocolo descrito por Andersen et al. (2013). As amostras foram diluídas 

(1:50) e o conjugado anti-IgG equino produzido em caprino marcado com peroxidade (Bethyl 

Laboratories, Inc., Montgomery, TX, USA) foi usado como anticorpo secundário na diluição 

1:40.000. Os resultados foram obtidos como valor normalizado, a porcentagem do controle 

positivo foi usada para reduzir a variabilidade inter-ensaio (Andersen et al., 2013). 

O controle positivo para o teste de ELISA foi obtido a partir da amoatra de soro de um 

cavalo mantido em um plantel de eqinos naturalmente infectados com S. vulgaris 

(Universidade de Kentucky, Lexington, EUA). Esses equinos eram mantidos sem tratamento 

anti-helmíntico por décadas (Nielsen et al., 2014) e infecção confirmada através de exame 

necroscópico (Fabiani et al., 2016). 

Todas as amostras de soro foram testadas em duplicata. O teste ELISA foi considerado 

positivo com base no limite do título de 13,47 % do controle positivo (Andersen et al., 2013). 

Análise dos Resultados 

 Os valores da contagem média do OPG e ELISA foram submetidos ao teste de 

Spearman para avaliar a possível relação com o RDW-CV (%), tanto para os 160 cavalos 

quanto para os grupos QM e RM separadamente. 
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 RDW-CV (%) em QM e RM foram comparados pelo teste t. O mesmo teste foi 

empregado para comparar a contagem de OPG observada nos dois grupos. 

 A associação entre o ELISA e o RDW-CV (%) foi avaliada com o uso do teste Kappa, 

considerando-se os animais positivos, com base em dois pontos de corte para o RDW-CV 

(%). Um deles, testado com a média obtida (17,8) e o outro com a média acrescida do desvio-

padrão (17,8 + 1,1=18,9). 

 Um nível de significância bicaudal de 0,05 foi utilizado para avaliar a significância 

estatística. 

 

3. Resultados 

Neste estudo foram avaliados 160 cavalos, sendo 92 da raça QM e 68 de RM. O 

RDW-CV foi idêntico nos dois grupos (média = 17,75% ± 1,0), como mostra a Tabela 1. 

A contagem positiva de OPG (≥ 50 OPG) foi verificada em 91,25% dos equinos. 

Deste total, 83,8% (57/68) eram do grupo RM e 33,7% (31/92) do grupo QM. A contagem de 

ovos por grama de fezes nos animais QM (média = 925,93) foi significativamente maior (p = 

0,0057) do que o observado nos animais de RM (média = 554,5). 

As larvas de S. vulgaris não foram recuperadas nas coproculturas, nem o DNA 

amplificado por PCR. Assim, utilizamos os resultados do ELISA para considerar a infecção / 

contato de equinos com S. vulgaris. 

Não foi observada associação entre as contagens de RDW-CV e OPG (p = 0,9843; r2 = 

0,0016). 

O teste ELISA mostrou que 80,0% (128/160) dos equinos foram positivos para 

anticorpos contra S. vulgaris. Considerando-se os animais positivos (n=128), verificou-se que 

58,6% (75/128) eram QM e 41,4% (53/128) RM. 
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Os valores de RDW de 17,8% (média) e 18,9% (média ± 1,1) foram usados para testar 

a associação entre RDW e o teste ELISA positivo, considerando 160 animais ou avaliando os 

grupos QM e RM separadamente. De acordo com nossos resultados, o RDW-CV não foi 

associado ao teste ELISA (Tabela 2). 

 

4. Discussão 

O uso do RDW como biomarcador em Medicina Veterinária está restrito a um número 

pequeno de estudos em cães (Swann et al., 2014; Mazzotta et al., 2016; Braz et al., 2017). Nos 

equinos há uma escassez de informações sobre o papel do RDW como biomarcador de 

doenças. 

Neste estudo, nós hipotetizamos a possibilidade do RDW ser empregado como um 

biomarcador para o diagnóstico de S. vulgaris em equinos QM e RM naturalmente infectados. 

Nossos dados demonstraram falta de evidências para esse fim. O RDW-CV não foi associado 

ao teste ELISA ou à contagem de OPG. 

Apesar da coprocultura e PCR para S. vulgaris serem negativos, o teste ELISA revelou 

a presença de anticorpos S. vulgaris em 80,0% dos equinos. A cultura de larvas tem sido 

considerada como ferramenta de diagnóstico para detectar infecções por S. vulgaris, mas estas 

não refletem as larvas migratórias patogênicas durante o período pré-patente de seis meses 

(Andersen et al., 2013; Nielsen et al., 2014).  

As culturas analisadas em nosso estudo foram predominantemente de larvas de 

ciatostomíneos, como observado em outros estudos (Matthews, 2014; Tzelos et al., 2017; 

Scare et al., 2018). Portanto, os testes negativos de PCR encontrados em nosso estudo não 

foram um resultado surpreendente. O uso indiscriminado de antihelmínticos em equinos levou 

ao surgimento de cepas resistentes à ciatostomíenos (Samson-Himmelstjerna, 2012), inclusive 

no Brasil (Molento, 2008; Canenver et al., 2013). Como consequência, enquanto os 
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ciatostomíenos sobrevivem ao antihelmíntico, o parasito adulto de S. vulgaris é suscetível à 

desverminação (Lyons et al., 2000; Nielsen et al., 2014).  

Pesquisas e necropsias realizadas em cavalos manejados em diferentes partes do 

mundo continuam a documentar que o S. vulgaris ainda é encontrado regularmente (Veiga et 

al., 2011; Pilo et al., 2012; Nielsen et al., 2014; Fabiani et al., 2016; Pihl et al., 2017). 

O longo ciclo de vida do S. vulgaris de seis meses e meio e a longa persistência dos 

níveis de anticorpos por até cinco meses após a desverminação (Nielsen et al., 2014) podem 

indicar que um ELISA positivo é uma exposição atual ou recente à migração de larvas de S. 

vulgaris, enquanto a PCR e a coprocultura sugerem uma falta geral de estágios adultos 

patentes (Nielsen et al., 2016). A principal limitação do nosso estudo foi a avaliação de 

equinos naturalmente infectados e saudáveis. Pode ser possível considerar que, apesar dos 

resultados negativos da coprocultura e da PCR, os equinos podem ser infectados 

continuamente por larvas de S. vulgaris presentes em pastagens, como observado em outros 

estudos (Reinemayer e Nielsen, 2013). 

O diagnóstico laboratorial de infecção patente por S. vulgaris é um desafio para os 

veterinários (Andersen et al., 2013), pois as infecções de longa duração podem causar cólicas 

intermitentes em casos não fatais, que são muito difíceis de diagnosticar (Owen e Slocombe, 

1985, Pilo et al., 2012). Algumas técnicas têm sido consideradas para o diagnóstico 

antemortem de arterite verminótica, incluindo ultrassonografia transretal e radiografia 

(Wallace et al., 1989; Veiga et al., 2011), mas os métodos têm algumas limitações, incluindo 

alto custo e experiência clínica (Nielsen, 2013). 

O conhecimento da epidemiologia da cólica, juntamente com a interpretação dos 

resultados do exame clínico e testes diagnósticos para auxiliar na tomada de decisões, são 

essenciais. O diagnóstico precoce e o tratamento cirúrgico da cólica verminótica permanecem 

cruciais para aumentar a sobrevida do equino (Archer, 2017). Porém, na maioria das vezes, a 
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intervenção cirúrgica ocorre quando o animal está em estágio avançado do processo de 

tromboembolismo, o que torna o prognóstico reservado (Borj et al., 2014). Por esta razão, 

vale a pena investigar um preditor de baixo custo, fácil e rápida obtenção como o RDW, para 

processos inflamatórios agudos, incluindo aqueles desencadeados por S. vulgaris. 

Embora nossos resultados não sejam promissores para a associação do RDW com S. 

vulgaris em equinos saudáveis, o RDW tem sido considerado um biomarcador confiável para 

o diagnóstico de isquemia mesentérica aguda em humanos (Kisaoglu et al., 2014; Bilgiç et al., 

2015). O processo inflamatório na isquemia intestinal, devido à disfunção causada por várias 

alterações bioquímicas, metabólicas e ultra-estruturais nas células epiteliais, resulta em morte 

celular e pode causar alterações hematológicas e bioquímicas no sangue (Grosche et al., 

2013). Esses eventos são semelhantes aos observados em humanos (Eltzsching; Eckler, 2011). 

A liberação de citocinas inflamatórias altera a eritropoiese, resultando em altos níveis de 

RDW (Riedl et al., 2014). 

Mais estudos com equinos são necessários para plotar uma curva ROC para avaliar a 

sensibilidade e especificidade do RDW, conforme observado em estudos com humanos 

(Kisaoglu et al., 2014; Bilgiç et al., 2015; Tanrıkulu et al., 2017). Uma das possibilidades é a 

avaliação do RDW em equinos de matadouros apresentando arterite intestinal causada por 

larvas de S. vulgaris. Sugere-se um estudo que vise a avaliação do RDW em equinos com 

sinais clínicos de síndrome cólica durante o tratamento medicamentoso e/ou cirúrgico. 

 

5. Conclusão 

 Nas condições deste estudo o RDW não foi um biomarcador confiável para S. vulgaris 

em equinos naturalmente infectados.  

Conflito ou declaração de interesse 

 Os autores declaram não ter interesses conflitantes. 
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Tabela 1. RDW-CV (%) valores em equinos QM adultos saudáveís (QM; n = 92) e mistos da 

raça QM (RM; n = 68). 

QM RM  

Média ± dp(variação) IC 95% Média ± dp(variação) IC 95% p-value 

17,75 ± 1,14 

(15,1 - 22,9) 

17,52 - 17,99 17,75 ± 1,01 

(15,5 - 20,3) 

17,51 - 18,0 0,990* 

dp: desvio padrão; * teste t 

 

 

 

 

 

 

 

 

 

 

 

 

 



62 
 

 

Tabela 2. Associação entre RDW-CV (teste 1 = média obtida = 17,8; e teste 2 = média ± dp = 

17,8 ± 1,1 = 18,9) e anticorpos anti-Strongylus vulgaris (teste de ELISA) em adultos de QM e 

mestiços QM (n = 160) cavalos. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Teste de ELISA    
  Positivo (%) Negativo (%) Kappa Valor de P  

 RDW-CV(%)     
      
 Teste 1     
Positivo   ≥ 17,8   55 (34,4) 13 (8,1) -  
Negativo   <17,8 73 (45,6) 19 (11,9) 1,101 (0,5009-2,421) 0,9681* 

      
 Teste 2     
Positivo   ≥ 18,9 22 (13,7) 3 (1,9) -  
Negativo   < 18,9 106 (66,3) 29 (18,1) 2,006 (0,5608-7,177) 0,4147** 
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Abstract 

RDW-CV (red cell distribution width) has been considered an easy, low cost, quick, and 

effective biomarker/predictor for different human disorders, including a wide number of 

cancers. As RDW-CV has been employed as a biomarker of mesenteric acute ischemia in 

humans presenting abdominal pain, we hypothesized that RDW-CV could be used as a 

biomarker for Strongylus vulgaris infection. We evaluated 160 healthy horses (Quarter Horses 

and cross breed Quarter Horses) at least 2-years-old, independent of the sex. The ELISA 

tested positive in 80% of samples, however, the coproculture and specific PCR were negative 

for S. vulgaris, despite the high number of animals (91.25%) positive for egg count (>50 epg). 

No evidence of association was observed between RDW-CV and ELISA test. These results 

are discussed and, despite the lack of association, further investigations are necessary to 

evaluate the role of RDW as a biomarker/predictor for verminotic arteritis in horses 

presenting colic. 
                                                 
* Normas da Revista: Veterinary Parasitology. Endereço eletrônico das normas: 

www.elsevier.com/journals/veterinary-parasitology/0304-4017/guide-for-authors 
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1. Introduction 

Automated analysis based on flow cytometry has provided faster and more precise 

determination of hematologic parameters. In addition, automaticity has generated new 

parameters for discrimination of anemias, particularly RDW (red cell distribution width), an 

index which determines the degree of homogeneity/heterogeneity of erythrocyte cells.  

In recent years, RDW has been adopted in medicine as a simple, inexpensive, fast and 

strong biomarker/predictor for a wide range of human disorders, such as cardiac (Breda et al., 

2015; Duchnowski et al., 2016; Ellingsen et al, 2018), hepatic (Lou et al., 2017), chronic 

kidney disease (Yonemoto et al., 2018), pulmonary (Breda et al., 2015), metabolic syndrome 

(Jo et al., 2013; Hacibekiroglu, 2015), and ischemic stroke (Riedl et al., 2014; Kara et al., 

2015; Keser et al., 2016), as well as for prognosis of a variety of types of cancer, including 

breast (Seretis et al., 2013; Huang et al., 2016), colorectal (Ay et al, 2015), esophageal (Xu et 

al., 2018), gastric (Cheng et al., 2017), myeloma (Lee et al., 2014), lymphoma (Zhou et al., 

2017), pulmonary (Koma et al., 2013), pancreatic (Yilmaz et al., 2014), prostatic (Albayrak et 

al., 2014), renal (Wang et al., 2014), and thyroid (Aktas et al., 2017), among others.  

RDW has also been pointed out as a sensitive and inexpensive parameter for the 

diagnosis of mesenteric acute ischemia in humans (Kisaoglu et al., 2014), a disease fatal in 

50-70% of cases (Tanrıkulu et al., 2017). In horses, mesenteric ischemia has been associated 

with verminotic colic, a potentially fatal syndrome (Pilo et al., 2012; Fabiani et al., 2016). The 

syndrome is triggered by the fourth stage larvae (L4) of the nematode Strongylus vulgaris, the 

most pathogenic parasite infecting horses (Andersen et al., 2013; Nielsen et al., 2014; Abo-

Aziza et al., 2017; Pihl et al., 2017; Stancampiano et al., 2017). S. vulgaris L4 penetrates into 

the intestine arterioles and migrates subendothelially to the cranial mesenteric artery, leading 

to the deposit of fibrin and the formation of aneurysms (Duncan, 1974). Consequently, the 

resulting thromboembolism compromises the intestinal blood circulation, provoking local or 

generalized intestinal ischemia (Nielsen et al., 2012; Pilo et al., 2012; Borji et al. 2014; 

Nielsen et al., 2015; Nilsen et al., 2016). 

Diagnosis of S. vulgaris has been widely based on the morphological identification of 

L3 in coprocultures (Andersen et al., 2013). Recently, immunological and molecular methods 

have been developed to detect anti-S. vulgaris antibodies or DNA, amplifying/quantifying, 

respectively (Phil et al., 2017). However, there is a paucity of information regarding the use of 

biomarkers for inflammation caused by S. vulgaris larvae, including RDW. 
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In considering these statements and the importance of verminotic colic in equine 

medicine, we hypothesized that RDW could be a reliable biomarker for S. vulgaris in 

naturally infected horses. 

 

2. Material and methods 

 

2.1 Ethical considerations 

The study was approved by the Ethics Committee for Animal Studies (CEUA- 

Protocol) and consent was received from the owners of the animals.  

 

2.2. Area of study 

The study was carried out from August 2016 to January 2017. Twenty-six farms 

located in the western region of the State of São Paulo, Brazil, were visited. The region is 

considered an important center for Quarter Horses in Brazil. 

 

2.3 Animals 

One hundred sixty Quarter Horses (QH) or cross-breed (CB) horses, independently on 

sex, were included in this study. As inclusion criteria, we defined: deworming of horses at 

least 60 days prior to the start of the study; at least 2 years of age; and a healthy status. 

Animals with less than two years old were excluded from our study. Alis et al. (2016) 

observed that age can be considered as an important confounding factor in the interpretation 

of RDW, since young animals may present biomarker values higher than those considered as 

reference for the general population. 

The herds that participated in the study were independently chosen based on the 

number, management and use of the horses. 

  

2.4 Clinical examination and sample collection 

The clinical examination was based on rectal temperature, cardiac parameters and 

respiratory and intestinal auscultation, according to the protocol recommended elsewhere 

(Blood, 2000). 

Stool samples were collected directly from the rectal ampoule of the horses using a 

new palpation glove. 

Blood was collected by jugular puncture using vacuum tubes. A sample of 5.0 mL was 

collected in a tube containing EDTA as an anticoagulant to perform the blood count 
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(including RDW), and another 5.0 mL drawn in a tube free of anticoagulant to obtain the 

serum sample for the ELISA test. 

 The samples collected were placed into plastic bags and stored under refrigeration in a 

cooler until processing. All the samples were processed on the same day as the collection. 

2.5 Processing samples 

2.5.1 Hematological analysis 

Hematological parameters, including RDW-CV (%), were obtained using a semi-

automatic haematological analyzer (Sysmex pocH-100iVTM, Roche®, Japan). 

 

2.5.2 Fecal egg counts 

The fecal egg counts (EPG) from all stool samples were determined using a modified 

McMater technique with a 50 EPG detection limit (Renemeyer; Nielsen, 2013). Each sample 

was analyzed in triplicate, and the final result was obtained through the mean of the three 

counts. 

 

2.5.3 Strongylus vulgaris recovery and identification 

The technique of Roberts and O’Sullivan (1950), modified, was performed to recover 

S. vulgaris larvae. Three grams of feces were mixed and incubated for 14 days at room 

temperature (average 37 Cº). After the incubation period, optical microscopy (objective 10x 

and 40x) was used to count and identify the larvae according to classification key (Russel, 

1948; Bevilaqua et al., 1993). 

 

2.5.4 Strongylus vulgaris specific PCR 

Larvae recovered from the corpocultures were analyzed for the presence of S. vulgaris 

DNA following a conventional PCR protocol, previously described (Bracken et al., 2012). 

Briefly, genomic DNA from larvae was extracted using a commercial Kit PureLink 

genomic DNA (Invitrogen K182001, California, USA), following the manufacturer’s 

protocol. The primers used in our study developed and validated by Nielsen et al. (2008). A 

negative and a positive control were included for each PCR run. The positive control 

consisted of DNA extracted from adults morphologically identified as adult S. vulgaris. 

After enzyme activation for 2 min at 950C, 40 cycles were run, each consisting of a 

denaturation step at 95◦C for 30 s, an annealing step at 550C for 30 s, and an extension step at 

700C for 30 s, using a thermocycler (Labnet MultiGene™ Gradient PCR Thermal Cycler). 
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PCR products were run on 1% agarose gel containing ethidium bromide (5 µL/100 

mL). A 100 bp DNA ladder (New England Biolabs, Ipswich, MA 01938-2723, USA) was 

used as a marker. 

 

2.5.5 Anti-Strongylus vulgaris antibody detection (ELISA test) 

An indirect enzyme linked-immunosorbent assay (ELISA) using recombinant SvSXP 

protein as antigen was performed to assess the presence of anti-S. vulgaris antibodies, 

according to the protocol previously described (Andersen et al., 2013). Samples were diluted 

1:50 and horseradish peroxidase-conjugated goat anti-horse IgG (Bethyl Laboratories, Inc., 

Montgomery, TX, USA) was used as a secondary antibody at dilution of 1:40,000. Results 

were reported as the normalized value, percentage of positive conytol to reduce inter-assay 

variability (Andersen et al., 2013). 

The positive control sample was obtained from a horse kept with a herd of horses 

naturally infected with S. vulgaris (University of Kentucky, Lexington, US), which had not 

been dewormed for decades (Nielsen et al., 2014) and infection was confirmed through 

necroscopic examination (Fabiani et al., 2016). 

All serum samples were tested in duplicate. The ELISA test was considered positive 

based on the titer threshold of 13.47 percent of the positive control (Andersen et al., 2013). 

 

Statistical analysis 

Epg mean count and ELISA values were log transformed for normalization of the data. 

Next, the values were submitted to the Spearman test for evaluation of the association with 

RDW-CV (%), both for the 160 horses and for the QH and CB groups separately.  

RDW-CV (%) in QH and CB were compared by the t tes67t. The same test was 

employed to compare the epg count observed in the two groups. 

For further analysis, the chi-square test was adopted to evaluate the association 

between ELISA and RDW-CV (%) using the mean± standard deviation values. 

A two-tailed significance level of 0.05 was used to evaluate statistical significance. 

 

3. Results 

 

In this study we evaluated 92 QH and 68 CB horses. The RDW-CV was identical in 

both groups (mean= 17.75% ±1.0) as shown in Table 1. 
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The positive epg count (>50 epg) was verified in 91.25% of the horses: 83.8% (57/68) 

of the CB and 33.7% (31/92) of the QH. The Strongylidae epg in the QH (mean= 925.93) was 

significantly higher (p= 0.0057) than observed in the CB (mean= 554.5). 

S. vulgaris larvae were not recovered in the coprocultures, nor DNA amplified by 

PCR. Thus, we used the ELISA results to consider the infection/contact of horses with S. 

vulgaris. 

No association was observed between RDW-CV and epg counts (p= 0.9192; rs= 

0.0081) or the ELISA test (p= 0.9192; rs= 0.0081), considering both all the horses and the two 

groups separately. 

The ELISA test showed that 80.0% (128/160) of the horses were positive for anti-S. 

vulgaris antibodies, 58.6% (75/128) of the QH and 41.4% (53/128) of the CB.  

The RDW values of 17.8% (mean) and 18.9% (mean±1.0) were used to test the 

association between RDW and the positive ELISA test, considering 160 animals or evaluating 

the QM and CB groups separately. According to our results, RDW-CV was not associated 

with the ELISA test (Table 2). 

 

4. Discussion 

 

The use of RDW as a biomarker in Veterinary Medicine is restricted to a scarce 

number of studies in dogs (Swann et al., 2014; Mazzotta et al., 2016; Braz et al., 2017). In 

equines, there is a paucity of information regarding the role of RDW as a biomarker for 

diseases. 

In this study, we hypothesized the possibility of RDW being employed as a biomarker 

for the diagnosis of S. vulgaris in naturally infected QH and CB horses. Our data 

demonstrated lack of of evidence for this purpose. RDW-CV was not associated with the 

ELISA test or the epg count. 

It was verified that, the majority of the evaluated horses being highly infected (up to 

500 epg) with intestinal parasites according to other authors (Reinemeyer and Nielsen, 2013; 

Nielsen et al., 2018). Despite coproculture and PCR for S. vulgaris were negative, ELISA test 

revealed the presence of anti-S. vulgaris antibodies in 80.0% of the horses. 

CR and larval culture have been considered useful as diagnostic tools to detect patent 

infections with S. vulgaris but these do not reflect the pathogenic migrating larvae during their 

six-month long prepatent period (Andersen et al., 2013; Nielsen et al., 2014). The cultures 

analyzed in our study were predominantly populated by cyathostomin larvae, as observed in 
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other studies (Tzelos et al., 2017; Scare et al., 2018). Therefore, the negative PCR tests 

performed in our study were not a surprising result. The indiscriminate use of anthelmintic in 

horses has led to the emergence of resistant strains of cyathostomin (Samson-Himmelstjerna, 

2012; Matthews, 2014), including in Brazil (Molento, 2008; Canenver et al., 2013). As a 

consequence, whereas cyathostomin survive to anthelmintic, adult S. vulgaris are susceptible 

to the deworming (Lyons et al., 2000; Nielsen et al., 2014). Surveys and necropsies performed 

in managed horses in different parts of the world, continue to document that S. vulgaris is still 

encountered on a regular basis (Veiga et al., 2011; Pilo et al., 2012; Nielsen et al., 2014; 

Fabiani et al., 2016; Pihl et al., 2017). 

The long life cycle of S. vulgaris of six months and a half and the long persistence of 

antibody levels for up to five months following deworming (Nielsen et al., 2014), may 

indicate that a positive ELISA is a current or recent exposure to migrating S. vulgaris larvae, 

while the PCR and coproculture suggest a general lack of patent adult stages (Nielsen et al., 

2016). The major limitation of our study was the evaluation of naturally healthy infected 

horses. It may be possible to consider that, despite the negative results of the coproculture and 

PCR, the horses may be continuously infected by S. vulgaris larvae present on pasture as 

observed elsewhere (Reinemayer and Nielsen, 2013). 

Laboratorial diagnosis of patent infection by S. vulgaris is a challenge for the 

veterinarian (Andersen et al., 2013). Long standing infections may cause intermittent colic in 

non-fatal field cases which are very difficult to diagnose (Owen and Slocombe, 1985, Pilo et 

al., 2012). Some techniques have been considered for antemortem diagnosis of verminous 

arteritis, including transrectal ultrasound and X-ray (Wallace et al., 1989; Veiga et al., 2011), 

but the methods have some limitations, including costs and clinicial experience (Nielsen, 

2013). 

Knowledge on the epidemiology of colic together with interpretation of the results of 

clinical examination and diagnostic tests to assist decision-making are essential. Early 

diagnosis and treatment of surgical forms of colic remains crucial for maximizing short- and 

long-term survival (Archer, 2017). Surgical intervention for colic occurs when the animal is in 

an advanced stage of the thromboembolism process. At this point, the prognosis may be 

considered poor (Borj et al., 2014). For this reason a cheap, easy, and quick predictor, such as 

RDW, for acute inflammatory processes, including those triggered by S. vulgaris, is worth 

investigating. 

Although our results are not promising for associating RDW with S. vulgaris in 

healthy horses, RDW has been considered as a reliable biomarker for the diagnosis of acute 
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mesenteric ischemia in humans (Kisaoglu et al., 2014; Bilgiç et al., 2015). The inflammatory 

process in intestinal ischemia, due to the dysfunction caused by various biochemical, 

metabolic, and ultrastructural alterations in epithelial cells results in cell death and may cause 

hematologic and biochemical alterations in the blood (Grosche et al., 2013). These events are 

similar to those observed in humans (Eltzsching; Eckler, 2011). The release of inflammatory 

cytokines disrupts erythropoiesis, resulting in high RDW levels (Riedl et al., 2014). 

Further studies with horses are necessary to plot an ROC curve to evaluate the 

sensitivity and specificity of RDW, as observed in studies with humans (Kisaoglu et al., 2014; 

Bilgiç et al., 2015; Tanrıkulu et al., 2017). One of the possibilities is the evaluation of RDW 

in slaughterhouse horses presenting intestinal arteritis caused by S. vulgaris larvae.  

 

5. Conclusion 

RDW was not a reliable biomarker for S. vulgaris in naturally infected horses. It is 

suggested a study carried out to evaluate RDW during transurgical and postoperative 

interventions in idiophatic cases or verminotic colic cases. 
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 Table 1. RDW-CV (%) values in QH adult healthy (QH; n = 92) and mixed QH (MB; n = 68) 

horses. 

sd: standard deviation; * t test 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

QH MB  

Mean ± sd(variation) CI 95% Mean ± sd(variation) CI 95% p-value 

17.75 ± 1.14 

(15.1 – 22.9) 

17,52 - 17,99 17.75 ± 1.01 

(15.5 – 20.3) 

17.51 – 18.0 0.990* 
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Table 2. Association between RDW-CV (test 1 = mean obtained = 17.8 and test 2 = mean ± 

SD = 17.8 ± 1.1 = 18.9) and anti-Strongylus vulgaris antibodies (ELISA test) in QM adults 

and crossbred QM (n = 160) horses. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  ELISA test   
  Positive (%) Negative (%) Kappa P value 

 RDW-CV(%)     
      
 Test 1     
Positive   ≥ 17.8   55 (34.4) 13 (8.1) -  
Negative   <17.8 73 (45.6) 19 (11.9) 1.101 (0.5009-2,421) 0.9681* 

      
 Test 2     
Positive   ≥ 18.9 22 (13.7) 3 (1.9) -  
Negative   < 18.9 106 (66.3) 29 (18.1) 2.006 (0.5608-7.177) 0.4147** 
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ANEXO 1 - NORMAS DA REVISTA: VETERINARY RESEARCH 
COMMUNICATIONS 
 
Endereço eletrônico das normas: 
https://www.springer.com/life+sciences/animal+sciences/journal/11259?detailsPage=pltci_1060672 
 
Instructions for Authors 
Authorship Policy 
Authorship should incorporate and should be restricted to those who have contributed substantially to the work 
in one or more of the following categories: 
• Conceived of or designed study 
• Performed research 
• Analyzed data 
• Contributed new methods or models 
• Wrote the paper 
 
Manuscript Submission 
Submission of a manuscript implies: that the work described has not been published before; that it is not under 
consideration for publication anywhere else; that its publication has been approved by all co-authors, if any, as 
well as by the responsible authorities – tacitly or explicitly – at the institute where the work has been carried out. 
The publisher will not be held legally responsible should there be any claims for compensation. 
 
Permissions 
Authors wishing to include figures, tables, or text passages that have already been published elsewhere are 
required to obtain permission from the copyright owner (s) for both the print and online format and to include 
evidence that such permission has been granted when submitting their papers. Any material received without 
such evidence will be assumed to originate from the authors. 
 
Online Submission 
Please follow the hyperlink “Submit online” on the right and upload all of your manuscript files following the 
instructions given on the screen. 
 
Title Page 
The title page should include: 
##The name (s) of the author (s) 
##A concise and informative title 
##The affiliation (s) and address (es) of the author (s) 
##The e-mail address, and telephone number (s) of the corresponding author 
##If available, the 16-digit ORCID of the author (s) 
 
 
Abstract 
Please provide an abstract of 150 to 250 words. The abstract should not contain any undefined abbreviations or 
unspecified references. 
 
Keywords 
Please provide 4 to 6 keywords which can be used for indexing purposes. 
 
Text 
Text Formatting 
Manuscripts should be submitted in Word: 
##Use a normal, plain font (e.g., 10-point Times Roman) for text. 
##Use italics for emphasis. 
##Use the automatic page numbering function to number the pages. 
##Do not use field functions. 
##Use tab stops or other commands for indents, not the space bar. 
##Use the table function, not spreadsheets, to make tables. 
##Use the equation editor or MathType for equations. 
##Save your file in docx format (Word 2007 or higher) or doc format (older Word versions). 
 

https://www.springer.com/life+sciences/animal+sciences/journal/11259?detailsPage=pltci_1060672
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Manuscripts with mathematical content can also be submitted in LaTeX. 
•LaTeX macro package (zip, 182 kB) 
 
Headings 
Please use no more than three levels of displayed headings. 
 
Abbreviations 
Abbreviations should be defined at first mention and used consistently thereafter. 
 
Footnotes  
Footnotes can be used to give additional information, which may include the citation of a reference included in 
the reference list. They should not consist solely of a reference citation, and they should never include the 
bibliographic details of a reference. They should also not contain any figures or tables.  
Footnotes to the text are numbered consecutively; those to tables should be indicated by superscript lower-case 
letters (or asterisks for significance values and other statistical data). Footnotes to the title or the authors of the 
article are not given reference symbols.  
Always use footnotes instead of endnotes. 
 
 
Acknowledgments  
Acknowledgments of people, grants, funds, etc. should be placed in a separate section on the title page. The 
names of funding organizations should be written in full. 
 
Citation 
Cite references in the text by name and year in parentheses. Some examples: 
Negotiation research spans many disciplines (Thompson 1990). 
This result was later contradicted by Becker and Seligman (1996). 
This effect has been widely studied (Abbott 1991; Barakat et al. 1995a, b; Kelso and Smith 1998; Medvec et al. 
1999, 2000). 
 
Reference list  
The list of references should only include works that are cited in the text and that have been published or 
accepted for publication. Personal communications and unpublished works should only be mentioned in the text. 
Do not use footnotes or endnotes as a substitute for a reference list. 
Reference list entries should be alphabetized by the last names of the first author of each work. Order multi-
author publications of the same first author alphabetically with respect to second, third, etc. author. Publications 
of exactly the same author(s) must be ordered chronologically. 
 
##Journal article 
Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S, Bosquet L (2009) Effect of high intensity 
intermittent training on heart rate variability in prepubescent children. Eur J Appl Physiol 105:731-738. 
https://doi.org/10.1007/s00421-008-0955-8 
Ideally, the names of all authors should be provided, but the usage of “et al” in long author lists will also be 
accepted: 
Smith J, Jones M Jr, Houghton L et al (1999) Future of health insurance. N Engl J Med 965:325–329  
##Article by DOI  
Slifka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine production. J Mol Med. 
https://doi.org/10.1007/s001090000086 
##Book 
South J, Blass B (2001) The future of modern genomics. Blackwell, London 
##Book chapter 
Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of modern genomics, 3rd edn. Wiley, 
New York, pp 230-257 
##Online document 
Cartwright J (2007) Big stars have weather too. IOP Publishing PhysicsWeb. 
http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 June 2007 
##Dissertation 
Trent JW (1975) Experimental acute renal failure. Dissertation, University of California 
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Always use the standard abbreviation of a journal’s name according to the ISSN List of Title Word 
Abbreviations, see 
 
•ISSN LTWA 
If you are unsure, please use the full journal title. 
 
For authors using EndNote, Springer provides an output style that supports the formatting of in-text citations and 
reference list. 
•EndNote style (zip, 2 kB) 
 
Tables 
##All tables are to be numbered using Arabic numerals. 
##Tables should always be cited in text in consecutive numerical order.  
##For each table, please supply a table caption (title) explaining the components of the table. 
##Identify any previously published material by giving the original source in the form of a reference at the end 
of the table caption. 
##Footnotes to tables should be indicated by superscript lower-case letters (or asterisks for significance values 
and other statistical data) and included beneath the table body. 
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ANEXO 2 – NORMAS DA VETERINARY PARASITOLOGY 
  
An international scientific journal and the Official Organ of the American Association of 
Veterinary Parasitologists (AAVP)), the European Veterinary Parasitology College (EVPC) 
and the World Association for the Advancement of Veterinary Pitology (WAAVP) 
 
ISSN: 0304-4017 
DESCRIPTION 
This journal is concerned with those aspects of helminthology, protozoology and entomology 
which are of interest to animal health investigators, veterinary practitioners and others with a 
special interest in parasitology, Papers of the highest quality dealing with all aspects of 
disease prevention, pathology, treatment, epidemiology, and control of parasites in all 
domesticated animals, fall within the scope of the journal, Papers of geographically limited 
(local) interest which are not of interest to an international audience will not be accepted, 
Authors who submit papers based on local data will need to indicate why their paper is 
relevant to a broader readership. 
Parasitological studies on laboratory animals fall within the scope of the journal only if they 
provide a reasonably close model of a disease of domestic animals, Additionally the journal 
will consider papers relating to wildlife species where they may act as disease reservoirs to 
domestic animals, or as a zoonotic reservoir, Case studies considered to be unique or of 
specific interest to the journal, will also be considered on occasions at the Editors' discretion, 
Papers dealing exclusively with the taxonomy of parasites do not fall within the scope of the 
journal. 
Studies on rickettsial disease organisms (Ehrlichia, Anaplasma, Eperythrozoon) will be 
considered for publication in Veterinary Parasitology, but only if the paper deals with vector 
transmission of these organisms to domesticated animals, or if zoonotic, Studies on Rickettsia 
per se will not be accepted. 
Studies dealing with parasite control by means of natural products, both in vivo and in vitro, 
fall within the scope of the journal, but only if well documented and with therapeutically 
relevant minimum inhibitory concentrations of the active compound(s) being clearly 
demonstrated. 
Circumstances relating to animal experimentation must meet the International Guiding 
Principles for Biomedical Research Involving Animals as issued by the Council for 
International Organizations of Medical Sciences, (Obtainable from: Executive Secretary 
C,I,O,M,S,, c/o W,H,O,, Via Appia, CH-1211 Geneva 27, Switzerland). 
AUDIENCE 
, Research Workers and Practitioners in veterinary medicine, Animal Health Investigators and 
others with a special interest in parasitology, veterinary pharmaceutical industry, 
IMPACT FACTOR 
2017: 2,422 © Clarivate Analytics Journal Citation Reports 2018 
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GUIDE FOR AUTHORS 
INTRODUCTION  
Types of contribution  
1- Original research papers (Regular Papers)  
2- Review articles  
3- Short Communications 
4- Letters to the Editor  
5- Book Reviews 
Original research papers should report the results of original research, The material should not 
have been previously published elsewhere, except in a preliminary form, Review articles 
should cover subjects falling within the scope of the journal which are of active current 
interest, They may be submitted or invited, Short Communications should consist of original 
observations or new methods within the scope of the journal, The Communications should be 
concise and limited to 3,000 words and can include up to 3 figures or tables, combined, Not 
more than 20 references should be cited. The Communications need not be formally 
structured as are full papers, but should give sufficient methods and data necessary for their 
comprehension, Letters to the Editor offering comment or useful critique on material 
published in the journal are welcomed, The decision to publish submitted letters rests purely 
with the Editors-in-Chief, It is hoped that the publication of such letters will permit an 
exchange of views which will be of benefit to both the journal and its readers, Book Reviews 
will be included in the journal on a range of relevant books which are not more than 2 years 
old and were written in English. 
Book reviews will be solicited by the Book Review Editor, Unsolicited reviews will not 
usually be accepted, but suggestions for appropriate books for review may be sent to the Book 
Review Editor: 
 
Dr W, Pomroy  
Institute of Veterinary, Animal and Biomedical Sciences  
Massey University  
Private Bag 11 222  
Palmerston North 4442  
New Zealand  
w,pomroy@massey,ac,nz  
 
Submission checklist  
You can use this list to carry out a final check of your submission before you send it to the 
journal for review, please check the relevant section in this Guide for Authors for more 
details. 
Ensure that the following items are present: 
One author has been designated as the corresponding author with contact details:  
• E-mail address 
 • Full postal address 
All necessary files have been uploaded:  
Manuscript: 
 • Include keywords  

mailto:w.pomroy@massey.ac.nz
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• All figures (include relevant captions)  
• All tables (including titles, description, footnotes)  
• Ensure all figure and table citations in the text match the files provided  
• Indicate clearly if color should be used for any figures in print Graphical Abstracts / 
Highlights files (where applicable)  
Supplemental files (where applicable) 
Further considerations  
• Manuscript has been 'spell checked' and 'grammar checked' 
 • All references mentioned in the Reference List are cited in the text, and vice versa 
• Permission has been obtained for use of copyrighted material from other sources (including 
the Internet) • A competing interests statement is provided, even if the authors have no 
competing interests to declare • Journal policies detailed in this guide have been reviewed • 
Referee suggestions and contact details provided, based on journal requirements 
For further information, visit our Support Center.  
 
BEFORE YOU BEGIN  
Ethics in publishing Please see our information pages on Ethics in publishing and Ethical 
guidelines for journal publication  
Ethics  
Circumstances relating to animal experimentation must meet the International Guiding 
Principles for Biomedical Research Involving Animals as issued by the Council for the 
International Organizations of Medical Sciences. They are obtainable from the following 
URL: https://grants,nih,gov/grants/olaw/ guiding_principles_2012, pdf, Unnecessary cruelty 
in animal experimentation is not acceptable to the Editors of Veterinary Parasitology,  
Please include this under a heading "Conflict of interest statement" at the end of the text.  
Declaration of interest  
All authors must disclose any financial and personal relationships with other people or 
organizations that could inappropriately influence (bias) their work, Examples of potential 
competing interests include employment, consultancies, stock ownership, honoraria, paid 
expert testimony, patent applications/registrations, and grants or other funding, Authors must 
disclose any interests in two places: 1, A summary declaration of interest statement in the title 
page file (if double-blind) or the manuscript file (if single-blind), If there are no interests to 
declare then please state this: 'Declarations of interest: none', This summary statement will be 
ultimately published if the article is accepted, 2, Detailed disclosures as part of a separate 
Declaration of Interest form, which forms part of the journal's official records, It is important 
for potential interests to be declared in both places and that the information matches, More 
information. 
Submission declaration and verification  
Submission of an article implies that the work described has not been published previously 
(except in the form of an abstract, a published lecture or academic thesis, see 'Multiple, 
redundant or concurrent publication' for more information), that it is not under consideration 
for publication elsewhere, that its publication is approved by all authors and tacitly or 
explicitly by the responsible authorities where the work was carried out, and that, if accepted, 
it will not be published elsewhere in the same form, in English or in any other language, 
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including electronically without the written consent of the copyrightholder, To verify 
originality, your article may be checked by the originality detection service Crossref 
Similarity Check.  
Preprints  
Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing 
policy, Sharing your preprints e,g, on a preprint server will not count as prior publication (see 
'Multiple, redundant or concurrent publication' for more information),  
Authorship  
All authors should have made substantial contributions to all of the following: (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, (3) final 
approval of the version to be submitted. 
Changes to authorship  
Authors are expected to consider carefully the list and order of authors before submitting their 
manuscript and provide the definitive list of authors at the time of the original submission, 
Any addition, deletion or rearrangement of author names in the authorship list should be made 
only before the manuscript has been accepted and only if approved by the journal Editor, To 
request such a change, the Editor must receive the following from the corresponding author: 
(a) the reason for the change in author list and (b) written confirmation (e-mail, letter) from all 
authors that they agree with the addition, removal or rearrangement, In the case of addition or 
removal of authors, this includes confirmation from the author being added or removed, Only 
in exceptional circumstances will the Editor consider the addition, deletion or rearrangement 
of authors after the manuscript has been accepted, While the Editor considers the request, 
publication of the manuscript will be suspended, If the manuscript has already been published 
in an online issue, any requests approved by the Editor will result in a corrigendum.  
Article transfer service  
This journal is part of our Article Transfer Service. This means that if the Editor feels your 
article is more suitable in one of our other participating journals, then you may be asked to 
consider transferring the article to one of those, If you agree, your article will be transferred 
automatically on your behalf with no need to reformat, Please note that your article will be 
reviewed again by the new journal, More information.  
Copyright  
Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing 
Agreement' (see more information on this), An e-mail will be sent to the corresponding author 
confirming receipt of the manuscript together with a 'Journal Publishing Agreement' form or a 
link to the online version of this agreement. 
Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for 
internal circulation within their institutions, Permission of the Publisher is required for resale 
or distribution outside the institution and for all other derivative works, including 
compilations and translations, 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. 
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For gold open access articles: Upon acceptance of an article, authors will be asked to 
complete an 'Exclusive License Agreement' (more information), Permitted third party reuse of 
gold open access articles is determined by the author's choice of user license. 
Author rights  
As an author you (or your employer or institution) have certain rights to reuse your work 
More information  
Elsevier supports responsible sharing  
Find out how you can share your research published in Elsevier journals.  
Role of the funding source  
You are requested to identify who provided financial support for the conduct of the research 
and/or preparation of the article and to briefly describe the role of the sponsor(s), if any, in 
study design; in the collection, analysis and interpretation of data; in the writing of the report; 
and in the decision to submit the article for publication, If the funding source(s) had no such 
involvement then this should be stated.  
Funding body agreements and policies  
Elsevier has established a number of agreements with funding bodies which allow authors to 
comply with their funder's open access policies. Some funding bodies will reimburse the 
author for the gold open access publication fee, Details of existing agreements are available 
online, After acceptance, open access papers will be published under a noncommercial 
license, For authors requiring a commercial CC BY license, you can apply after your 
manuscript is accepted for publication. 
 
 Open access  
This journal offers authors a choice in publishing their research: 
Subscription  
• Articles are made available to subscribers as well as developing countries and patient groups 
through our universal access programs.  
• No open access publication fee payable by authors. 
• The Author is entitled to post the accepted manuscript in their institution's repository and 
make this public after an embargo period (known as green Open Access), The published 
journal article cannot be shared publicly, for example on ResearchGate or Academia, edu, to 
ensure the sustainability of peerreviewed research in journal publications. The embargo 
period for this journal can be found below, Gold open access 
 • Articles are freely available to both subscribers and the wider public with permitted reuse. 
• A gold open access publication fee is payable by authors or on their behalf, e,g, by their 
research funder or institution. 
Regardless of how you choose to publish your article, the journal will apply the same peer 
review criteria and acceptance standards, 
For gold open access articles, permitted third party (re)use is defined by the following  
Creative Commons user licenses: 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.  
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The gold open access publication fee for this journal is USD 3200, excluding taxes.  
Learn more about Elsevier's pricing policy: https://www,elsevier,com/openaccesspricing,  
Green open access  
Authors can share their research in a variety of different ways and Elsevier has a number of 
green open access options available, We recommend authors see our green open access page 
for further information, Authors can also self-archive their manuscripts immediately and 
enable public access from their institution's repository after an embargo period, This is the 
version that has been accepted for publication and which typically includes author-
incorporated changes suggested during submission, peer review and in editor-author 
communications, Embargo period: For subscription articles, an appropriate amount of time is 
needed for journals to deliver value to subscribing customers before an article becomes freely 
available to the public, This is the embargo period and it begins from the date the article is 
formally published online in its final and fully citable form, Find out more.  
This journal has an embargo period of 12 months. 
 
Elsevier Researcher Academy  
Researcher Academy is a free e-learning platform designed to support early and mid-career 
researchers throughout their research journey, the "Learn" environment at Researcher 
Academy offers several interactive modules, webinars, downloadable guides and resources to 
guide you through the process of writing for research and going through peer review, Feel 
free to use these free resources to improve your submission and navigate the publication 
process with ease. 
 Language (usage and editing services) 
 Please write your text in good English (American or British usage is accepted, but not a 
mixture of these), Authors who feel their English language manuscript may require editing to 
eliminate possible grammatical or spelling errors and to conform to correct scientific English 
may wish to use the English Language Editing service available from Elsevier's WebShop. 
Submission  
Our online submission system guides you stepwise through the process of entering your 
article details and uploading your files, The system converts your article files to a single PDF 
file used in the peer-review process, Editable files (e,g,,Word, LaTeX) are required to typeset 
your article for final publication, All correspondence, including notification of the Editor's 
decision and requests for revision, is sent by e-mail.  
A cover letter is required for each new submission  
It should address the novelty and significance of the work and how it fits within the defined 
scope of Veterinary Parasitology, Essential information, issues of concern or potential 
problems, (such as other publications or submissions containing similar information) should 
be identified in the cover letter, Authors who submit papers based on local data/ surveys will 
need to indicate why their paper is relevant to a broader readership. 
Authors are invited to suggest the names of up to 5 referees (with email addresses) whom they 
feel are qualified to evaluate their submission, Submission of such names does not, however, 
imply that they will definitely be used of referees. 

https://www.elsevier.com/openaccesspricing
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For queries concerning the submission process or journal procedures please visit the Elsevier 
Support Center, Authors can check the status of their manuscript within the review procedure 
using Elsevier Editorial System. 
Authors submitting hard copy papers will be asked to resubmit using Elsevier Editorial 
System. 
Submission of an article is understood to imply that the article is original and is not being 
considered for publication elsewhere, Submission also implies that all authors have approved 
the paper for release and are in agreement with its content, upon acceptance of the article by 
the 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. 
 
Article Transfer Service  
This journal is part of our Article Transfer Service,  
This means that if the editor feels your article is more suitable in one of our other participating 
journals, then you may be asked to consider transferring the article to one of those, If you 
agree, your article will be transferred automatically on your behalf with no need to reformat, 
More information about this can be found here: http://www,elsevier,com/authors/article-
transfer-service 
Submit your article: Please submit your article via http://ees,elsevier,com/vetpar 
 
PREPARATION  
Peer review  
This journal operates a single blind review process, All contributions will be initially assessed 
by the editor for suitability for the journal, Papers deemed suitable are then typically sent to a 
minimum of two independent expert reviewers to assess the scientific quality of the paper, 
The Editor is responsible for the final decision regarding acceptance or rejection of articles, 
The Editor's decision is final, More information on types of peer review, If at all possible 
please refrain from sending chasers to the Editorial Office asking about the status of your 
paper under review, as the Editors aim to review your paper as efficiently as possible and the 
enquiry is unlikely to speed up the process. 
Use of word processing software  
It is important that the file be saved in the native format of the word processor used, The text 
should be in single-column format, Keep the layout of the text as simple as possible, Most 
formatting codes will be removed and replaced on processing the article, In particular, do not 
use the word processor's options to justify text or to hyphenate words, However, do use bold 
face, italics, subscripts, superscripts etc, When preparing tables, if you are using a table grid, 
use only one grid for each individual table and not a grid for each row, If no grid is used, use 
tabs, not spaces, to align columns, The electronic text should be prepared in a way very 
similar to that of conventional manuscripts (see also the Guide to Publishing with Elsevier: 
http://www,elsevier,com/guidepublication), Note that source files of figures, tables and text 
graphics will be required whether or not you embed your figures in the text, See also the 
section on Electronic artwork, To avoid unnecessary errors you are strongly advised to use the 
'spell-check' and 'grammar-check' functions of your word processor.  
 

http://www.elsevier.com/authors/article-transfer-service
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Article structure  
Manuscripts should have numbered lines with wide margins and double spacing throughout, 
i,e, also for abstracts, footnotes and references, Every page of the manuscript should be 
numbered, However, in the text no reference should made to page numbers; if necessary, one 
may refer to sections, Avoid excessive usage of italics to emphasize part of the text, 
Manuscripts in general should be organized in the following order:  
Title (should be clear, descriptive and not too long)  
Name(s) of author(s)  
Complete postal address(es) of affiliations  
Full telephone, Fax No, and e-mail address of the corresponding author 
Present address(es) of author(s) if applicable  
Complete correspondence address including e-mail address to which the proofs should be sent 
Abstract 
 Keywords (indexing terms), normally 3-6 items 
 Please refer to last index (Vol, 100/3-4)  
Introduction  
Material studied, area descriptions, methods, techniques  
Results  
Discussion  
Conclusion  
Acknowledgments and any additional information concerning research grants, etc,  
References  
Tables  
Figure captions  
Tables (separate file(s)) 
 Figures (separate file(s)) 
Titles and subtitles should not be run within the text 
 They should be typed on a separate line, without indentation  
Use lower-case letter type 
SI units should be used 

Elsevier reserves the privilege of returning to the author for revision accepted 
manuscripts and illustrations which are not in the proper form given in this guide,  
Subdivision - numbered sections  
Divide your article into clearly defined and numbered sections, Subsections should be 
numbered 1,1 (then 1,1,1, 1,1,2, ,,,), 1,2, etc, (the abstract is not included in section 
numbering), Use this numbering also for internal cross-referencing: do not just refer to 'the 
text', Any subsection may be given a brief heading, Each heading should appear on its own 
separate line, Essential title page information 
 • Title: Concise and informative, Titles are often used in information-retrieval systems, 
Avoid abbreviations and formulae where possible. 
 • Author names and affiliations: Please clearly indicate the given name(s) and family 
name(s) of each author and check that all names are accurately spelled, You can add your 
name between parentheses in your own script behind the English transliteration, Present the 
authors' affiliation addresses (where the actual work was done) below the names, Indicate all 
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affiliations with a lowercase superscript letter immediately after the author's name and in front 
of the appropriate address, Provide the full postal address of each affiliation, including the 
country name and, if available, the e-mail address of each author.  
• Corresponding author: Clearly indicate who will handle correspondence at all stages of 
refereeing and publication, also post-publication, this responsibility includes answering any 
future queries about Methodology and Materials. Ensure that the e-mail address is given and 
that contact details are kept up to date by the corresponding author. 
 • Present/permanent address: If an author has moved since the work described in the article 
was done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be 
indicated as a footnote to that author's name. The address at which the author actually did the 
work must be retained as the main, affiliation address, Superscript Arabic numerals are used 
for such footnotes. 
Abstract  
A concise and factual abstract is required, The abstract should state briefly the purpose of the 
research, the principal results and major conclusions, An abstract is often presented separately 
from the article, so it must be able to stand alone, For this reason, References should be 
avoided, but if essential, then cite the author(s) and year(s), Also, non-standard or uncommon 
abbreviations should be avoided, but if essential they must be defined at their first mention in 
the abstract itself. 
The abstract should be clear, descriptive and not more than 400 words.  
Graphical abstract  
Although a graphical abstract is optional, its use is encouraged as it draws more attention to 
the online article, The graphical abstract should summarize the contents of the article in a 
concise, pictorial form designed to capture the attention of a wide readership, Graphical 
abstracts should be submitted as a separate file in the online submission system, Image size: 
Please provide an image with a minimum of 531 × 1328 pixels (h × w) or proportionally 
more, The image should be readable at a size of 5 × 13 cm using a regular screen resolution of 
96 dpi, Preferred file types: TIFF, EPS, PDF or MS Office files, You can view Example 
Graphical Abstracts on our information site, Authors can make use of Elsevier's Illustration 
Services to ensure the best presentation of their images and in accordance with all technical 
requirements. 
Highlights  
Highlights are mandatory for this journal, They consist of a short collection of bullet points 
that convey the core findings of the article and should be submitted in a separate editable file 
in the online submission system, Please use 'Highlights' in the file name and include 3 to 5 
bullet points (maximum 85 characters, including spaces, per bullet point), You can view 
example Highlights on our information site. 
Formulae  
1, Give the meaning of all symbols immediately after the equation in which they are first 
used. 
2, For simple fractions use the solidus (/) instead of a horizontal line. 
3, Equations should be numbered serially at the right-hand side in parentheses, In general only 
equations explicitly referred to in the text need be numbered. 
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4, The use of fractional powers instead of root signs is recommended, Powers of e are often 
more conveniently denoted by exp. 
5, In chemical formulae, valence of ions should be given as, e,g, Ca2+, not as Ca++ 
6, Isotope numbers should precede the symbols e,g, 18O. 
7, The repeated use of chemical formulae in the text is to be avoided where reasonably 
possible; instead, the name of the compound should be given in full, Exceptions may be made 
in the case of a very long name occurring very frequently or in the case of a compound being 
described as the end product of a gravimetric determination (e,g, phosphate as P2O5).  
Abbreviations  
Define abbreviations that are not standard in this field in a footnote to be placed on the first 
page of the article. Such abbreviations that are unavoidable in the abstract must be defined at 
their first mention there, as well as in the footnote, Ensure consistency of abbreviations 
throughout the article.  
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1, Authors and editors are, by general agreement, obliged to accept the rules governing 
biological nomenclature, as laid down in the International Code of Botanical Nomenclature, 
the International Code of Nomenclature of Bacteria, and the International Code of Zoological 
Nomenclature. 
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scientific names when the English term is first used, with the exception of common domestic 
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3, All biocides and other organic compounds must be identified by their Geneva names when 
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5, For the denomination of parasitic diseases or infections, authors are advised to consult the 
Standardized Nomenclature of Animal Parasitic Diseases (SNOAPAD) published in 1988 in 
Veterinary Parasitology (Kassai, T, et al,, 1988, Vet, Parasitol, 29, 299-326).  
Submission of sequence data to databases  
New nucleotide or amino acid sequence data must be deposited in publicly accessible 
databases, such as GenBank™, EMBL or DDJB, and an accession number obtained and 
submitted to the Publisher (at the latest) together with the final, revised manuscript, The 
accession number should appear in a separate paragraph in the Materials and Methods section 
(example: Nucleotide sequence data reported in this paper are available in the GenBank™, 
EMBL and DDBJ databases under the accession numbers: XXXX, XXXX), In order for 
automatic links to be made between papers and databases, authors should type the accession 
number in bold, underlined text, Letters in the accession number should always be capitalised, 
When published they will appear in normal type, 
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research, Please refer to http://www,elsevier,com/databaselinking for more information and a 
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Footnotes  
Footnotes should be used sparingly, Number them consecutively throughout the article, using 
superscript Arabic numbers, Many word processors build footnotes into the text, and this 
feature may be used, Should this not be the case, indicate the position of footnotes in the text 
and present the footnotes themselves separately at the end of the article, Do not include 
footnotes in the Reference list, Table footnotes Indicate each footnote in a table with a 
superscript lowercase letter,  
Artwork  
Electronic artwork  
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• Make sure you use uniform lettering and sizing of your original artwork,  
• Embed the used fonts if the application provides that option,  
• Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, 
Symbol, or use fonts that look similar,  
• Number the illustrations according to their sequence in the text,  
• Use a logical naming convention for your artwork files,  
• Provide captions to illustrations separately,  
• Size the illustrations close to the desired dimensions of the published version,  
• Submit each illustration as a separate file, A detailed guide on electronic artwork is 
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Formats  
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Excel) then please supply 'as is' in the native document format, 
Regardless of the application used other than Microsoft Office, when your electronic artwork 
is finalized, please 'Save as' or convert the images to one of the following formats (note the 
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resolution requirements for line drawings, halftones, and line/halftone combinations given 
below):  
EPS (or PDF): Vector drawings, embed all used fonts,  
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi,  
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 
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• Supply files that are optimized for screen use (e,g,, GIF, BMP, PICT, WPG); these typically 
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 • Supply files that are too low in resolution;  
• Submit graphics that are disproportionately large for the content,  
Color artwork  
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or 
PDF), or MS Office files) and with the correct resolution, If, together with your accepted 
article, you submit usable color figures then Elsevier will ensure, at no additional charge, that 
these figures will appear in color online (e,g,, ScienceDirect and other sites) regardless of 
whether or not these illustrations are reproduced in color in the printed version, For color 
reproduction in print, you will receive information regarding the costs from Elsevier after 
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only, Further information on the preparation of electronic artwork,  
Figure captions  
Ensure that each illustration has a caption, Supply captions separately, not attached to the 
figure, A caption should comprise a brief title (not on the figure itself) and a description of the 
illustration, Keep text in the illustrations themselves to a minimum but explain all symbols 
and abbreviations used,  
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but concerned about the quality of the images accompanying their article, Elsevier's expert 
illustrators can produce scientific, technical and medical-style images, as well as a full range 
of charts, tables and graphs, Image 'polishing' is also available, where our illustrators take 
your image(s) and improve them to a professional standard, please visit the website to find out 
more, 
 Tables  
1, Authors should take notice of the limitations set by the size and lay-out of the journal, 
Large tables should be avoided, reversing columns and rows will often reduce the dimensions 
of a table, 
2, If many data are to be presented, an attempt should be made to divide them over two or 
more tables, 
3, Tables should be numbered according to their sequence in the text, the text should include 
references to all tables, 
4, Each table should occupy a separate page of the manuscript, Tables should never be 
included in the text, 
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5, Each table should have a brief and self-explanatory title, 
6, Column headings should be brief, but sufficiently explanatory, Standard abbreviations of 
units of measurement should be added between parentheses, 
7, Vertical lines should not be used to separate columns, Leave some extra space between the 
columns instead, 
8, Any explanation essential to the understanding of the table should be given as a footnote at 
the bottom of the table,  
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vice versa), Any references cited in the abstract must be given in full, Unpublished results and 
personal communications are not recommended in the reference list, but may be mentioned in 
the text, If these references are included in the reference list they should follow the standard 
reference style of the journal and should include a substitution of the publication date with 
either 'Unpublished results' or 'Personal communication', Citation of a reference as 'in press' 
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(where available), year, and global persistent identifier, Add [dataset] immediately before the 
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appear in your published article,  
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Most Elsevier journals have their reference template available in many of the most popular 
reference management software products, These include all products that support Citation 
Style Language styles, such as Mendeley and Zotero, as well as EndNote, Using the word 
processor plug-ins from these products, authors only need to select the appropriate journal 
template when preparing their article, after which citations and bibliographies will be 
automatically formatted in the journal's style, If no template is yet available for this journal, 
please follow the format of the sample references and citations as shown in this Guide, If you 
use reference management software, please ensure that you remove all field codes before 
submitting the electronic manuscript, More information on how to remove field codes,  
Users of Mendeley Desktop can easily install the reference style for this journal by clicking 
the following link: http://open,mendeley,com/use-citation-style/veterinary-parasitology  
When preparing your manuscript, you will then be able to select this style using the Mendeley 
plugins for Microsoft Word or LibreOffice,  
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text of the manuscript, the manuscript should be carefully checked to ensure that the spelling 
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2, In the text refer to the author's name (without initial) and year of publication, followed – if 
necessary – by a short reference to appropriate pages, Examples: "Since Peterson (1988) has 
shown that,,," "This is in agreement with results obtained later (Kramer, 1989, pp, 12–16)", 
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8, Work accepted for publication but not yet published should be referred to as "in press", 
9, References concerning unpublished data and "personal communications" should not be 
cited in the reference list but may be mentioned in the text, 
10, Web references may be given, As a minimum, the full URL is necessary, Any further 
information, such as Author names, dates, reference to a source publication and so on, should 
also be given, 
11, Articles available online but without volume and page numbers may be referred to by 
means of their Digital Object identifier (DOI) code,  
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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, Authors of this journal will automatically receive an invitation e-
mail to create an AudioSlides presentation after acceptance of their paper, 
 Data visualization  
Include interactive data visualizations in your publication and let your readers interact and 
engage more closely with your research, Follow the instructions here to find out about 
available data visualization options and how to include them with your article. 
Supplementary material  
Supplementary material such as applications, images and sound clips, can be published with 
your article to enhance it, Submitted supplementary items are published exactly as they are 
received (Excel or PowerPoint files will appear as such online), Please submit your material 
together with the article and supply a concise, descriptive caption for each supplementary file, 
If you wish to make changes to supplementary material during any stage of the process, 
please make sure to provide an updated file, Do not annotate any corrections on a previous 
version, Please switch off the 'Track Changes' option in Microsoft Office files as these will 
appear in the published version,  
Research data  
This journal encourages and enables you to share data that supports your research publication 
where appropriate, and enables you to interlink the data with your published articles, Research 
data refers to the results of observations or experimentation that validate research findings, To 
facilitate reproducibility and data reuse, this journal also encourages you to share your 
software, code, models, algorithms, protocols, methods and other useful materials related to 
the project, 
Below are a number of ways in which you can associate data with your article or make a 
statement about the availability of your data when submitting your manuscript, If you are 
sharing data in one of these ways, you are encouraged to cite the data in your manuscript and 
reference list, Please refer to the "References" section for more information about data 
citation, For more information on depositing, sharing and using research data and other 
relevant research materials, visit the research data page, 
Data linking  
If you have made your research data available in a data repository, you can link your article 
directly to the dataset, Elsevier collaborates with a number of repositories to link articles on 
ScienceDirect with relevant repositories, giving readers access to underlying data that gives 
them a better understanding of the research described, 
There are different ways to link your datasets to your article, when available, you can directly 
link your dataset to your article by providing the relevant information in the submission 
system, For more information, visit the database linking page, 
For supported data repositories a repository banner will automatically appear next to your 
published article on ScienceDirect, 
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In addition, you can link to relevant data or entities through identifiers within the text of your 
manuscript, using the following format: Database: xxxx (e,g,, TAIR: AT1G01020; CCDC: 
734053; PDB: 1XFN).  
Mendeley Data  
This journal supports Mendeley Data, enabling you to deposit any research data (including 
raw and processed data, video, code, software, algorithms, protocols, and methods) associated 
with your manuscript in a free-to-use, open access repository, Before submitting your article, 
you can deposit the relevant datasets to Mendeley Data, Please include the DOI of the 
deposited dataset(s) in your main manuscript file, The datasets will be listed and directly 
accessible to readers next to your published article online. 
For more information, visit the Mendeley Data for journals page.  
Data statement  
To foster transparency, we encourage you to state the availability of your data in your 
submission. This may be a requirement of your funding body or institution. If your data is 
unavailable to access or unsuitable to post, you will have the opportunity to indicate why 
during the submission process, for example by stating that the research data is confidential, 
The statement will appear with your published article on ScienceDirect, For more 
information, visit the Data Statement page.  
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If preferred, you can still choose to annotate and upload your edits on the PDF version, All 
instructions for proofing will be given in the e-mail we send to authors, including alternative 
methods to the online version and PDF, We will do everything possible to get your article 
published quickly and accurately, 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, It is important to ensure that all corrections are sent back to us in one 
communication, Please check carefully before replying, as inclusion of any subsequent 
corrections cannot be guaranteed, Proofreading is solely your responsibility, Authors can also 
keep track of the progress of their accepted article, and set up e-mail alerts informing them of 
changes to their manuscript's status, by using the "Track your accepted article" option on the 
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article is password-protected, The author should key in the "Our Reference" code (which is in 
the letter of acknowledgement sent by the Publisher on receipt of the accepted article) and the 
name of the corresponding author. 
 
Offprints  



98 
 

 

The corresponding author will, at no cost, receive a customized Share Link providing 50 days 
free access to the final published version of the article on ScienceDirect, The Share Link can 
be used for sharing the article via any communication channel, including email and social 
media, For an extra charge, paper offprints can be ordered via the offprint order form which is 
sent once the article is accepted for publication, Both corresponding and co-authors may order 
offprints at any time via Elsevier's Webshop, Corresponding authors who have published their 
article gold open access do not receive a Share Link as their final published version of the 
article is available open access on ScienceDirect and can be shared through the article DOI 
link. 
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