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SUMMARY 
 

DNA fragmentation is a cause of infertility in stallions with apparent normal 

spermiograms. Factors behind DNA fragmentation are not always fully 

understood. Besides, seminal flora may have an effect on sperm quality, as well 

as predisposition to reproductive diseases. The objective of this thesis is to 

analyze the effect of seasonality on chromatin integrity, and to study seminal 

microbiota and factors affecting its variability in stallions. In Chapter 1.1 the 

effect of season (spring and summer) over some sperm quality parameters and 

fertility is studied. Progressive motility and DNA fragmentation have better 

values in spring. Also, fertility diminishes at the end of reproductive season. In 

Chapter 1.2 the objective was to fine-tune DNA fragmentation progress in 

refrigerated semen doses to different mathematical models in the four seasons of 

the year. Second order polynomial model better described DNA fragmentation 

in all seasons. Then, the evolution of DNA fragmentation was compared among 

seasons. In summer and winter, DNA fragmentation rate was slower than in 

spring in autumn. Chapter 2 is divided into Chapter 2.1 (Sections 2.1.1 and 2.1.2) 

and Chapter 2.2. In Section 2.1.1, the seminal microbiota of healthy stallions was 

characterized using next-generation sequencing. Inter-subject variability was 

observed. However, there was still four common phyla in all samples: 

Firmicutes, Bacteroidetes, Actinobacteria and Proteobacteria. Besides, some 

bacterial families were common and abundant (>5%) in all stallions: 

Porphyormonadaceae, Corynebacteriaceae, Peptoniphilaceae and 

Prevotellaceae. In Section 2.1.2 the seminal microbiota assessment was 

performed in fertile stallions. Fertility was evaluated according to five sperm 

quality parameters: concentration, total number of spermatozoa, total motility, 

progressive motility and DNA fragmentation. No relevant inter-subject 

differences was observed. No correlation was either observed between families 

and sperm parameters. Chapter 2.2 is a case-study of a seminal flora shift in a 

contagious equine metritis carrier. It was observed that Corynebacteriaceae was 



 

 
 

the dominant family in semen when the animal hosted Taylorella equigenitalis. 

However, Porphyomonadaceae and Bacteroidetes phylum were more abundant 

when the stallion was free of the agent. In conclusion, according to the results of 

this thesis, seasonality affects sperm DNA fragmentation in the stallion in cooled-

stored semen. It has been shown that the fragmentation rate changes over 

seasons. Besides, the seminal microbiota in fertile stallions was mainly composed 

by Porphyormonadaceae, Corynebacteriaceae, Peptoniphilaceae and 

Prevotellaceae families. No correlation was observed between families and 

sperm parameters. However, flora composition was affected by the presence of 

Taylorella equigenitalis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

RESUMEN 
 

La fragmentación del ADN espermático es una causa de infertilidad en 

sementales con espermiogramas normales. Dicha fragmentación está sujeta a 

diversos factores, no del todo dilucidados. Por otra parte, la microbiota del semen 

puede tener efecto sobre la calidad del semen o la predisposición a 

enfermedades. Por tanto, el objetivo de esta tesis es analizar la influencia del 

factor estacionalidad en la fragmentación espermática; y también estudiar la 

composición de la microbiota seminal, y su variabilidad entre individuos. En el 

Capítulo 1.1 se estudia el efecto de la época del año sobre varios parámetros de 

calidad seminal y la fertilidad. Se observa que la motilidad progresiva y la 

fragmentación espermática presentan mejores valores al inicio de la época 

reproductiva que al final. También se observa una disminución de la fertilidad al 

final de la temporada. En el Capítulo 1.2 se busca ajustar la evolución de la 

fragmentación espermática en dosis de semen refrigeradas tomadas durante las 

cuatro estaciones del año a tres modelos matemáticos diferentes. En todas las 

estaciones, el modelo que mejor define la evolución de la fragmentación en el 

tiempo es una función polinómica de segundo grado. Una vez elegido este 

modelo como el mejor, se compara el comportamiento de la evolución entre las 

estaciones, resultando que durante el verano e invierno la fragmentación 

evoluciona más rápidamente, en comparación con la primavera y otoño. El 

Capítulo 2.1 se subdivide en dos apartados. En el 2.1.1 se caracteriza la 

composición de la microbiota seminal de caballos fértiles empleando técnicas de 

secuenciación masiva. El resultado muestra una cierta variabilidad entre 

individuos, distinguir cuatro fila dominantes: Firmicutes, Bacteroidetes, 

Actinobacteria y Proteobacteria. De entre todos ellos, algunas familias 

bacterianas muestran ser comunes en todos los individuos y encontrarse en 

proporciones altas (>5%). Estas familias son Porphyromonadaceae, 

Corynebacteriaceae, Peptoniphilaceae y Prevotellaceae. En el 2.1.2 se analizan la 

composición de la microbiota seminal en caballos y cinco parámetros de calidad 

seminal: concentración, número total de espermatozoides, motilidad total, 



 

 
 

motilidad progresiva y fragmentación espermática. No se observan diferencias 

significativas entre animales, ni correlación entre la abundancia de las familias 

bacterianas con los parámetros de calidad seminal. En el Capítulo 2.2 se presenta 

el caso de un cambio en la composición de la microbiota seminal en un semental 

al revertir su condición de portador del agente causante de la metritis equina 

contagiosa. Concretamente, la familia Corynebacteriaceae era dominante en el 

momento en que el semental era portador de Taylorella equigenitalis; mientras que 

Porphyromonadaceae, y en general el filo Bacteroidetes, era el más abundante 

cuando el agente desapareció. En conclusión, de acuerdo con los resultados de 

esta tesis, la estacionalidad tiene efecto en la integridad del ADN del 

espermatozoide equino en dosis de semen refrigeradas, modificando también la 

velocidad a la que se degrada. Por otra parte, se ha observado que en la 

microbiota seminal dominan las familias Porphyromonadaceae, 

Corynebacteriaceae, Peptoniphilaceae y Prevotellaceae. No se ha observado 

influencia de la composición de la microbiota con los parámetros de calidad 

seminal; sin embargo, sí se ha observado en el caso de un portador de Taylorella 

equigenitalis.



 

 

 

 

 

 

 

 

 

 

 

 

 

INTRODUCCIÓN 

 

 

 

 

  



 

 
 

  



 

 

INTRODUCCIÓN  

 

El análisis de la calidad espermática es una práctica que no ha dejado de crecer 

en las últimas décadas. Históricamente, la calidad de las dosis seminales se 

basaba principalmente en la valoración visual del movimiento espermático, a 

través de la cual se pretendía “predecir la fertilidad” de las mismas. Sin embargo, 

aunque la calidad espermática así calculada y la fertilidad están asociadas, desde 

un punto de vista práctico y estadístico, su relación no es lineal. Por esta razón, 

se ha seguido investigando en otros parámetros de calidad del eyaculado que 

puedan ayudar a predecir de manera más fiable la fertilidad potencial de las 

dosis. En este sentido, el análisis de la estacionalidad y del estudio dinámico de 

la fragmentación del ADN espermático, junto con la caracterización de la 

microbiota seminal equina, pueden ayudar a comprender mejor la relación 

existente entre calidad seminal y fertilidad. 

Fragmentación del ADN espermático 

El desarrollo embrionario normal es dependiente de la integridad del material 

genético de los gametos masculino y femenino. En este sentido, los 

espermatozoides son los vehículos que facilitan el transporte del genoma al 

ovocito (McKinnon, 2011). Es por ello que el núcleo del espermatozoide ha 

adoptado una arquitectura única, en la cual el ADN se encuentra altamente 

compactado con la ayuda de unas pequeñas proteínas, de carga positiva, 

llamadas protaminas. Sin embargo, a pesar de que existen mecanismos de 



 

 
 

protección del ADN espermático, es posible encontrar roturas seriadas en la 

cadena de nucleótidos, lo que da lugar a la “fragmentación del ADN” (SDF).  

La molécula de ADN de los espermatozoides puede contener roturas de cadena 

doble y simple. Un exceso de dichos daños tiene efectos deletéreos en la 

reproducción, como la disminución del ratio de concepción, o el aumento del 

número de abortos espontáneos, tanto en la especie humana como en animales 

(Cortés-Gutiérrez et al., 2014; Gillan et al., 2005; Love & Kenney, 1998; Robinson 

et al., 2012; Sánchez-Calabuig et al., 2015). Por ello, en la actualidad se considera 

que la fragmentación espermática es un indicador fiable de la calidad 

espermática (Simon et al., 2017) y de fertilidad tanto en el hombre como en 

machos de diferentes especies, caballo incluido (Bungum et al., 2007; Evenson, 

2016; López-Fernández et al., 2007b; Morrell et al., 2008; Oleszczuk et al., 2013). 

El caballo es una especie estacional de fotoperiodo positivo lo que hace que, en 

el hemisferio norte, la etapa reproductiva coincida con la primavera y verano 

(Aurich, 2011; Chemineau et al., 2008; Hoffmann & Landeck, 1999; Janett et al., 

2003; Jasko et al., 1991; Magistrini et al., 1987; Wach-Gygax et al., 2017). Las 

yeguas comienzan a ciclar al inicio de la primavera, siendo de abril a septiembre  

cuando de forma más habitual se aplican las diferentes técnicas de reproducción 

asistida, como la inseminación artificial (IA) con semen fresco o refrigerado 

(Aurich, 2016). Ello hace que la  mayor demanda de recogida, procesado  y envío 

de semen ocurra en esa época (Aurich, 2016; Blottner et al., 2001). A pesar de que 

se considera que los sementales están menos afectados por el fotoperiodo, y que 

mantienen su fertilidad a lo largo del año (Deichsel et al., 2016; Walbornn et al., 



 

 
 

2017), varios estudios han evidenciado una cierta influencia estacional en la 

función testicular y en las características del semen (Clay et al., 1987; Hoffmann 

& Landeck, 1999; Johnson & Thompson, 1983), fragmentación espermática 

incluida (Blottner et al., 2001; Chemineau et al., 2008; Morte et al., 2008; Ortiz 

et al., 2017; Wach-Gygax et al., 2017). Los estudios asocian esta disminución con 

una menor producción de hormonas gonadotropas (FSH y LH) y de hormonas 

testiculares durante la época no reproductiva. 

Como se ha señalado, la fragmentación del ADN también se ve afectada por la 

estacionalidad (Blottner et al., 2001; González-Marín et al., 2012, p.; Love et al., 

2005; Schmid-Lausigk & Aurich, 2014; Wrench et al., 2010). Lamentablemente, la 

mayor parte de los estudios que respaldan esta hipótesis se han realizado en 

semen congelado; existiendo poca información con respecto al efecto de la 

estacionalidad sobre el ADN en  semen refrigerado (Aurich, 2016; Wach-Gygax 

et al., 2017). Entre la información que se dispone en este último supuesto se 

encuentra el trabajo de (Wach-Gygax et al., 2017), en el que se compararon las 

variaciones en la fragmentación espermática entre la estación reproductiva y la 

no reproductiva en semen a partir de las 24 horas de almacenamiento en 

refrigeración, pero no durante las primeras horas de conservación. Estas 

primeras horas de conservación son relevantes desde un punto de vista de 

calidad del eyaculado, ya que se ha demostrado que algunos sementales 

aumentan su nivel de fragmentación tras las primeras horas de refrigeración, 

probablemente debido a daños encriptados en el ADN. Consecuentemente, es de 

interés estudiar la evolución de la fragmentación del ADN espermático entre las 



 

 
 

0 y las 24 horas de refrigeración, y compararla con los resultados de fertilidad 

durante el inicio y final de la época reproductiva (primavera y verano). 

Por otra parte, la fragmentación del ADN puede ser evaluada de manera estática 

o dinámica. La evaluación estática implica medir la SDF en un solo momento, 

mientras que la dinámica implica evaluar la SDF varias veces durante un periodo 

de incubación que imite la temperatura del tracto reproductor de la yegua 

(aproximadamente, 37ºC). Existen cada vez más evidencias que demuestran que 

es preferible la evaluación dinámica (Cortés-Gutiérrez et al., 2008; Johnston et al., 

2016; López-Fernández et al., 2007a; Ortiz et al., 2015), porque permite descubrir 

daños del ADN ocultos que no se pueden evidenciar mediante una único análisis 

(Linfor & Meyers, 2002; López-Fernández et al., 2007a). La evaluación dinámica 

también permite calcular la velocidad de SDF (rSDF), la cual usualmente se ajusta 

a un modelo lineal de regresión (Cortés-Gutiérrez et al., 2008, p.; López-

Fernández et al., 2007a; Urbano et al., 2013). Esta modelización asume que la 

velocidad de fragmentación es constante a lo largo del tiempo; asunción que no 

es siempre correcta según algunos autores (Ferreira et al., 2018; Love et al., 2002; 

Ortiz et al., 2017). Recientemente se ha propuesto el uso del modelo matemático 

polinómico de segundo grado para evaluar la rSDF (Ortiz et al., 2017). Con este 

modelo se asume que el ritmo de fragmentación del ADN no es constante a lo 

largo del tiempo, sino que es más rápido durante las primeras horas (de la Horra 

Navarro, 2018). 

Los principios de la evaluación dinámica de la SDF a 37ºC pueden ser empleados 

para el semen refrigerado. El concepto y modelo usado es similar, solo cambia la 



 

 
 

temperatura de incubación (5ºC en vez de a 37ºC). En la actualidad, no se 

disponen de estudios sobre la dinámica de fragmentación en semen refrigerado, 

ni se ha comprobado si dicha dinámica se ve afectada por la estación del año. 

Microbiota seminal 

No solo la estacionalidad o la refrigeración tienen efecto en los parámetros de 

calidad seminal. En los últimos años, se ha descubierto el importante papel que 

juegan las bacterias en el mantenimiento de la homeostasis del individuo en el 

que residen, tanto en caballos (Barba et al., 2020; Costa & Weese, 2012; Ericsson 

et al., 2016; LaFrentz et al., 2020; Manguin et al., 2020), como en otras especies 

domésticas (Ng et al., 2010; Rando, 2012; Wu et al., 2016; D. Zhang et al., 2016). 

Asimismo, se ha observado que los desequilibrios en la microbiota pueden 

provocar alteraciones en el lugar que habitan, e incluso en órganos distantes (Al 

Jassim & Andrews, 2009; Milinovich et al., 2010; Salem et al., 2019). 

En general, existen pocos trabajos sobre el efecto de la microbiota en el tracto 

reproductor en el hombre (Hou et al., 2013; Liu et al., 2014; Weng et al., 2014) y 

casi ninguno en animales (Al-Kass et al., 2020; Dardmeh et al., 2017; Inatomi & 

Otomaru, 2018; Javurek et al., 2016; Rosenfeld et al., 2018; Serrano et al., 2020; 

Wickware et al., 2020). A pesar de ello, ya se ha podido asociar la presencia de 

ciertas familias bacterianas con diferencias en la calidad seminal (Altmäe et al., 

2019; Hou et al., 2013; Tomaiuolo et al., 2020; Weng et al., 2014; J. Zhang et al., 

2020), e incluso con los valores de fertilidad (Hou et al., 2013; Kiessling et al., 

2008).   



 

 
 

Hay pocos estudios sobre microbiota seminal en el caballo, y los que se 

encuentran se centran sobre todo en bacterias patógenas del aparato reproductor 

(Al-Kass et al., 2019; Samper, 2009) o en el efecto que ciertos género bacterianos 

tienen en las tecnología de la reproducción (Moretti et al., 2009; Ortega-Ferrusola 

et al., 2009; Varela et al., 2018). En cuanto a estudios sobre microbiota seminal 

basal, existe una primera descripción (Al-Kass et al., 2020) en la que se observó 

que los resultados eran variables entre individuos. Es por ello, que se postuló que 

la microbiota podría estar condicionada por factores externos, como el ambiente 

o la región (Al-Kass et al., 2020). Así, ha surgido la necesidad de disponer de más 

información sobre la composición de microbiotas seminales normales, para 

poder conocer mejor los verdaderos factores que determinan su composición. 

Tampoco existen demasiados estudios con respecto al efecto de la microbiota en 

los parámetros de calidad seminal (Altmäe et al., 2019; Dardmeh et al., 2017; Hou 

et al., 2013; Inatomi & Otomaru, 2018; Tomaiuolo et al., 2020; Weng et al., 2014; J. 

Zhang et al., 2020). A pesar de dicha escasez, ya se ha demostrado que la 

presencia de determinados grupos o perfiles bacterianos se asocian con la calidad 

seminal. De hecho, estos estudios han abierto la puerta a nuevas herramientas 

terapéuticas potenciales en casos de infertilidad: algunos autores han publicado 

la utilidad de la prescripción de  prebióticos para mejorar la calidad seminal 

(Dardmeh et al., 2017; Inatomi & Otomaru, 2018; Maretti & Cavallini, 2017; 

Valcarce et al., 2017). Podría resultar por tanto interesante estudiar si en el caballo 

también existe alguna asociación entre grupos bacterianos y los valores de 

diferentes parámetros de calidad seminal. 



 

 
 

Por último, existen estudios de microbiota seminal en humanos que demuestran 

que ciertas composiciones pueden dificultar la supervivencia de algunos agentes 

causantes de enfermedades venéreas (Altmäe et al., 2019; Korhonen et al., 2017; 

Mändar et al., 2017; Witkin & Linhares, 2015). 

En el caso del caballo, la metritis equina contagiosa (MEC) es una enfermedad 

muy relevante para la industria, dado que su presencia en el ganado reduce la 

fertilidad de las yeguas e impone restricciones al comercio. Su agente etiológico 

es Taylorella equigenitalis. Los sementales son portadores de esta bacteria en la 

parte distal de la uretra, pudiéndose convertir en portadores de larga duración 

(Schluter et al., 1991) si no se tratan con protocolos de desinfección adecuados 

(Crowhurst et al., 1979; Timoney, 1996).  

Los síntomas varían entre sementales y yeguas. En yeguas, la enfermedad se 

manifiesta con cuadros de endometritis, cervicitis y vaginitis de intensidad 

variable, y a veces aparece como una descarga vaginal mucopurulenta. 

Normalmente se asocia a infertilidad temporal. La recuperación suele ocurrir sin 

incidentes, pero la yegua puede permanecer como portadora. En el semental es 

asintomática, pero su presencia puede estabilizarse y dar lugar a un individuo 

portador.  

En los últimos años, esta enfermedad ha recibido una atención renovada debido 

a la detección de portadores en ganaderías en principio libres de enfermedad 

(Timoney, 2011). Esto ha despertado dudas sobre el modo de transmisión de la 

bacteria (Schulman et al., 2013), e incluso sobre la efectividad de los métodos de 

diagnóstico (Matsuda & Moore, 2003). También se cuestiona si se conocen 



 

 
 

enteramente los mecanismos de supervivencia de la bacteria. Durante nuestros 

estudios sobre la microbiota seminal con técnicas de secuenciación masiva, 

hemos observado un cambio en la composición de la microbiota en un semental 

que experimentó una reversión espontánea del estado de portador al de no 

portador de Taylorella equigenitalis. Como parte de esta tesis, se presentarán los 

resultados obtenidos de dicha observación, y se discutirá brevemente su posible 

origen. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

 

 

 

 

 

OBJETIVOS 

 

 

 

 

 

  



 

 
 

 

  



 

 
 

OBJETIVOS 
 

Los objetivos planteados en la presente Tesis Doctoral son: 

Objetivo 1. Medir la fragmentación del ADN espermático desde las 0 hasta las 

24 horas de conservación en refrigeración y compararla con los resultados de 

fertilidad mediante inseminación artificial al inicio y final de la época 

reproductiva (primavera y verano). 

Este objetivo ha sido abordado en el Capítulo 1.1, en el que se ha evaluado la 

fragmentación del ADN espermático durante las primeras 24 horas de 

refrigeración durante la primavera y el verano y se ha comparado con los 

resultados de fertilidad de las dosis analizadas. 

Francisco Crespo, Carlota Quiñones-Pérez, Isabel Ortiz, María Díaz-Jiménez, César 

Consuegra, Blasa Pereira, Jesús Dorado, Manuel Hidalgo. Seasonal variations in sperm 

DNA fragmentation and pregnancy rates obtained after artificial insemination with 

cooled-stored stallion sperm throughout the breeding season (spring and summer). 

Theriogenology (2020). 

Objetivo 2. Tiene dos partes: (a) establecer un modelo matemático que pueda 

describir de manera fiable la longevidad de la integridad del ADN espermático 

en el caballo tras su almacenamiento en refrigeración. Y (b) emplear este 

modelo para evaluar los efectos de la estacionalidad en la fragmentación del 

ADN espermático equino. 

Este objetivo ha sido tratado en el Capítulo 1.2, donde se estableció el mejor 

modelo matemático para describir la evolución de la fragmentación espermática 

del semen en refrigeración, y se comparó entre las estaciones del año. 

Isabel Ortiz, Carlota Quiñones-Pérez, Manuel Hidalgo, César Consuegra, María Díaz-

Jiménez, Jesús Dorado, José Luis Vega-Pla, Francisco Crespo. Comparison of different 

mathematical models to assess seasonal variations in the longevity of DNA integrity of 

cooled-stored stallion sperm. Andrologia (2020). 52: e13545. 

Objetivo 3. Caracterizar la composición microbiana seminal en caballos sanos 

y fértiles del sur de España mediante secuenciación masiva. Y evaluar la 



 

 
 

relación entre la presencia de las bacterias más abundantes con cinco 

parámetros de calidad seminal: concentración, número total de 

espermatozoides, motilidad total y progresiva y fragmentación de ADN. 

Este objetivo ocupa el Capítulo 2.1, que incluye: 

El Apartado 2.1.1: en el que se describe la composición de la microbiota seminal 

en caballos fértiles procedentes del sur de España usando secuenciación de nueva 

generación. 

Carlota Quiñones-Pérez, Manuel Hidalgo, Isabel Ortiz, Francisco Crespo, José Luis 

Vega-Pla. Characterization of the seminal bacterial microbiome of healthy, fertile stallions 

using next-generation sequencing. Animal Reproduction (2021). 18 (2): e20200052. 

Y el Apartado 2.1.2: en el que se evalúa la relación entre las familias bacterianas 

más abundantes del semen equino con cinco parámetros de calidad seminal: 

concentración, número total de espermatozoides, motilidad total y progresiva y 

fragmentación de ADN. 

Carlota Quiñones-Pérez, Amparo Martínez, Isabel Ortiz, Francisco Crespo, José Luis 

Vega-Pla. The Semen Microbiome and Semen Parameters in Healthy Stallions. Animals 

(2022). 12 (5):534. 

Objetivo 4. Comparar las diferencias en la composición de la microflora 

seminal de un semental en sus estados de portador de Taylorella equigenitalis 

y de no portador. 

Este objetivo aparece en el Capítulo 2.2, en el que se describe el cambio en 

composición de la microbiota seminal en un semental siendo portador de 

Taylorella equigenitalis, y tras su conversión a no portador. 

Carlota Quiñones-Pérez, Amparo Martínez, Francisco Crespo, José Luis Vega-Pla. 

Comparative Semen Microbiota Composition of a Stallion in a Taylorella equigenitalis 

Carrier and Non-Carrier State. Animals (2020). 10:868. 

 



 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

CAPÍTULOS 
 

 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



 

CAPÍTULO 1 
 

CAPÍTULO 1.1 

 

Seasonal variations in sperm DNA fragmentation and pregnancy 

rates obtained after artificial insemination with cooled-stored stallion 

sperm throughout the breeding season (spring and summer).  

Francisco Crespo, Carlota Quiñones-Pérez, Isabel Ortiz, María Díaz-

Jiménez, César Consuegra, Blasa Pereira, Jesús Dorado, Manuel Hidalgo, 

2020. Theriogenology. 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 















CAPÍTULO 1.2 
 

Comparison of different mathematical models to assess seasonal 

variations in the longevity of DNA integrity of cooled-stored stallion 

sperm.  

Isabel Ortiz, Carlota Quiñones-Pérez, Manuel Hidalgo, César 

Consuegra, María Díaz-Jiménez, Jesús Dorado, José Luis Vega-Pla, 

Francisco Crespo, 2020. Andrologia. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

















 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CAPÍTULO 1.2 

 

Comparison of different mathematical models to assess seasonal 

variations in the longevity of DNA integrity of cooled-stored stallion 

sperm.  

Isabel Ortiz, Carlota Quiñones-Pérez, Manuel Hidalgo, César 

Consuegra, María Díaz-Jiménez, Jesús Dorado, José Luis Vega-Pla, 

Francisco Crespo, 2020. Andrologia. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 























Apartado 2.1.2 
 

The Semen Microbiome and Semen Parameters in Healthy Stallions. 

Animals. 

Carlota Quiñones-Pérez, Amparo Martínez, Isabel Ortiz, Francisco Crespo, 
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Simple Summary: Stallion infertility is a major cause of concern in the horse industry. Despite
zootechnics advances, sub- or infertile animals appear in stud farms without a toxic, genetic, or
nutritional reason. Recent research in human andrology has opened the door for a new, plausible
factor that affects sperm quality: seminal microflora. In recent years, there has been an increasing
amount of evidence regarding the relationship between different seminal flora compositions and
male fertility. However, little has been studied in veterinary science, including horses. Therefore, the
objective of this study was to examine associations with the presence of bacteria families in horse
semen with five sperm quality parameters: concentration, total number of spermatozoa, total and
progressive sperm motility, and DNA fragmentation. Our study detected a correlation between the
presence of the Peptoniphilaceae family and higher total motility and the presence of Clostridiales
Incertae Sedis XI and lower progressive motility. These changes in seminal flora may contribute to
the idiopathically poorer sperm quality in certain animals. Although further mechanisms behind
bacteria–spermatozoa interactions are unknown, these associations are already leading to a new
therapeutic approach to infertility: the use of prebiotics, which has already yielded promising results
in human andrology.

Abstract: Despite the advances in reproductive technology, there is still a considerable number
of low sperm quality cases in stallions. Recent studies in humans have detected several seminal
microflora–spermatozoa associations behind some idiopathic infertility cases. However, no studies are
available on horses, and there is limited information on the microflora present in stallion ejaculates.
Accordingly, the objective of this study was to examine associations to the presence of bacteria
families with five sperm quality parameters: concentration, total number of spermatozoa, total and
progressive motility, and DNA fragmentation. Samples were cryopreserved after their extraction.
High-speed homogenization using grinding media was performed for cell disruption. Family
identification was performed via 16S rRNA sequencing. Bacterial families were only considered
if the relative abundance was higher than 1%. Only two families appeared to have a correlation
with two sperm quality parameters. Peptoniphilaceae correlated positively with total sperm motility,
whereas Clostridiales Incertae Sedis XI correlated negatively with progressive motility. No significant
differences were found for the rest of the parameters. In conclusion, the seminal microbiome may
affect spermatozoa activity. Our findings are based on statistical associations; thus, further studies
are needed to understand the internal interactions between seminal flora and cells.

Keywords: microbiome; stallion; sperm quality; motility
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1. Introduction

The success of the equine industry greatly depends on good reproductive outcomes.
These outcomes depend on a variety of factors, such as sperm quality. There are objective
parameters that assess sperm quality, such as concentration, total motility, or progressive
motility [1–3]. Factors affecting these parameters have been subject to large-scale analysis
in horse reproductive science [4].

In recent years, the microbiome has proven to have a great impact on the systems
they dwell on [5–9]. Unfortunately, the male reproductive tract has not received sufficient
attention [10,11]. In the human species, however, some authors have already pointed out
the influence of bacteria on semen quality [12–16]. In fact, these studies have opened the
door to a potential therapeutic tool in infertility cases, and some authors have already
published some positive effects of prebiotics in improving sperm quality [17–20].

Unfortunately, in veterinary science, research focuses on animal experimentation,
such as mice [17] or broilers [18]. Regarding stallions, papers usually focus on pathogenic
bacteria [21] or on their effect on reproductive technologies [22,23]. Besides, these are
usually culture-based studies, which may underestimate the presence of some difficult-to-
culture bacteria [24].

To the best of our knowledge, there are no studies evaluating sperm quality and the
seminal microbiome in this species. Therefore, the objective of this study was to assess
the relationship between the presence of more abundant bacteria and five sperm quality
parameters: concentration, total number of spermatozoa, total and progressive sperm
motility, and DNA fragmentation.

2. Materials and Methods
2.1. Materials
2.1.1. Sample Collection

All the experiments were performed in accordance with the Spanish law for animal
welfare and experimentation (Decision 2012/707/UE and RD 53/2013). Animals belonged
to the Equine Breeding Centre of the Spanish Army of Écija. Animals lived in accor-
dance with the Spanish law for animal welfare (Law 32/07). Semen was opportunistically
collected during daily work to avoid extra collections.

Samples were collected from 12 clinically stallions (7 Andalusians, 4 Arabs, and
1 Anglo-Arab) in Écija (Seville, Spain) during the breeding season (March–June). Stallions
were collected a maximum of 3 times per week, with at least 48 h between collections.
Age ranged from 6 to 23 years old, mean 13.3 ± 5.2 standard deviation (Table 1). Semen
collection was performed using a phantom for stallion support, with a mare in estrus to
stimulate sexual behavior. Semen was collected using a Missouri-type artificial vagina
(Minitüb®, Tiefenbach, Germany) with an in-line filter. In order to prevent contamination,
personnel wore gloves during the whole process of collection, preparation, and evaluation
of ejaculates. An inner disposable sterile plastic liner was used for each animal. It was
internally spread with a sterile, silicon-free commercial lubricant (Vet Gel, Kerbl®, Buchbach,
Germany). At the beginning of the breeding season, the penis and prepuce of the stallion
were gently washed with warm water to remove smegma excess. No routinary penis
preparation prior to collection was performed unless there was smegma accumulation.
Animals were housed in individual boxes with straw bedding, fed under the same dietary
conditions, and had the same exercise regime. Diet included alfalfa hay, commercial
concentrate, and oats.

Each sample was divided into two aliquots to evaluate: (i) Sperm quality: raw semen
was extended with INRA96® (IMV, L’Aigle, France) until reaching 25 × 106 sperm/mL
to assess sperm parameters (Table 1); and (ii) Microbiome: raw semen was frozen im-
mediately after collection following the method described in [25], prior to analysis using
next-generation sequencing as detailed below.
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Table 1. Sperm quality analysis: Numbers represent animals. PRE: Andalusian. Aa: Anglo-Arabian. Ar:
Arabian. C: sperm concentration (millions of cells/mL). NSPZ: total number of sperm (millions). TM:
total sperm motility (%). PM: progressive sperm motility (%). Frag: sperm DNA fragmentation (%).

Breed C NSPZ TM PM Frag

1 Ar 163 6520 80.0 38.0 6.0
2 Aa 79 6715 80.0 40.0 6.7
3 Ar 372 3348 91.0 42.0 4.3
4 PRE 232 9280 70.0 25.0 11.7
5 PRE 227 6810 75.0 25.0 8.3
6 PRE 374 9350 80.0 50.0 3.3
7 PRE 220 12,100 90.0 25.0 5.0
8 PRE 377 3770 77.0 43.0 8.0
9 PRE 392 7840 75.0 25.0 4.0

10 Ar 307 6140 68.0 36.0 7.7
11 PRE 230 8050 85.0 57.0 5.0
12 Ar 339 2712 94.0 38.0 3.0

2.1.2. Control Sample

In order to evaluate the extraction and amplification quality, the pattern sample
ZymoBIOMICS Microbial Community Standard® (Zymo Research, Irvine, CA, USA) was
included during DNA extraction.

2.2. Methods
2.2.1. Sperm Parameters Evaluation

Sperm concentration was measured using a spectrophotometer (Spermacue®, Minitüb,
Tiefenbach, Germany). The total number of spermatozoa was calculated by multiplying
the concentration and volume. Then, semen was diluted until reaching an approximate
concentration of 25 × 106 sperm/mL in milk-based extender (INRA 96®, IMV Technologies,
L’Aigle, France) and placed in a 37 ◦C water bath. The extender contains fractions of milk
micellar proteins, penicillin, gentamicin, and amphotericin B. Extended semen was only
used for sperm parameters evaluation.

Sperm motility was evaluated using computer-assisted sperm analysis (Sperm Class
Analyzer®, SCA, Microptic SL, Barcelona, Spain) using a 37 ◦C heated plate and a phase-
contrast microscope (Optiphot-2, Nikon®, Tokyo, Japan). Chamber slides were pre-heated
at 37 ◦C and up with the extended samples. Total (TM, %) and progressive sperm motility
(PM, %) were evaluated as described by [25]. The minimum number of cells per sample
analyzed was 500.

Sperm DNA fragmentation was assessed with the Sperm Halomax kit® (Halotech
DNA® SL, Madrid, Spain), as described in [26].

2.2.2. DNA Extraction

DNA extraction was performed using a ZymoBIOMICS® DNA Miniprep (Zymo
Research®, CA, USA) commercial kit. Samples had been previously submitted to a com-
bination of mechanic and enzymatic-digestion cell disruption, as described by Bag [27].
Briefly, 100 µL of the raw semen sample was broken down for 1 h with 10 mg/mL lysozyme,
4000 U/mL lysophosphatin, and 25,000 U/mL mutanolysin. Then, samples were mechan-
ically disrupted by high-speed homogenization (5000 rpm for 5 min) in grinding media
(0.1 and 0.5 mm-diameter ceramics beads). Then, DNA was extracted following the manu-
facturer’s instructions.

2.2.3. Next-Generation Sequencing Analysis

Next-generation analysis was performed using Ion semiconductor sequencing follow-
ing the protocol described by Quiñones [28].
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Data analysis was performed in the Ion Reporter server system (https://ionreporter.
thermofisher.com/ir/secure/home.html) (accessed on 15 October 2021). Hypervariable
region V3 was chosen for bacterial identification, as it has been suggested to detect a wider
range of bacterial species [29].

2.2.4. Statistical Analysis

Bray-Curtis dissimilarity was calculated among animals (Table 2) using the
following formula:

BCi,j = 1 −
2×Bi,j

Ai + Bj

BCi,j = Bray-Curtis dissimilarity.
Bi,j = sum of the lesser count of common families in groups A and B.
Ai = total number of bacterial families in group A.
Bj = total number of bacterial families in group B.
Values range from 0 to 1. Values closer to 1.00 mean more dissimilarity between

groups. Statistical analysis was performed using Microsoft Excel® 2013.

Table 2. Bray-Curtis dissimilarity. Values closer to 1.00 mean more dissimilarity between samples.
Numbers represent animals. PRE: Andalusian. Aa: Anglo-Arabian. Ar: Arabian. Values range from
0 to 1. Values closer to 1.00 mean more dissimilarity between groups.

Breed 1 2 3 4 5 6 7 8 9 10 11 12

1 Ar - - - - - - - - - - - -
2 Aa 0.21 - - - - - - - - - - -
3 Ar 0.02 0.21 - - - - - - - - - -
4 PRE 0.20 0.15 0.22 - - - - - - - - -
5 PRE 0.32 0.18 0.34 0.15 - - - - - - - -
6 PRE 0.23 0.22 0.24 0.18 0.21 - - - - - - -
7 PRE 0.46 0.41 0.48 0.31 0.27 0.26 - - - - - -
8 PRE 0.22 0.26 0.24 0.26 0.44 0.13 0.35 - - - - -
9 PRE 0.45 0.40 0.47 0.27 0.22 0.35 0.25 0.46 - - - -
10 Ar 0.45 0.39 0.47 0.36 0.21 0.24 0.10 0.33 0.20 - - -
11 PRE 0.42 0.42 0.44 0.36 0.31 0.22 0.04 0.31 0.32 0.22 - -
12 Ar 0.39 0.32 0.37 0.28 0.19 0.17 0.13 0.25 0.27 0.16 0.12 -

3. Results

Quality control was performed by submitting the ZymoBIOMICS Microbial Com-
munity Standard® to the same extraction and analysis process as the rest of the samples.
The resulting composition showed minor variations compared to that provided by the
manufacturer (Figure 1).

Then, samples were submitted to a sperm quality analysis. Concentration, num-
ber of spermatozoa, total and progressive sperm motility parameters, and sperm DNA
fragmentation were included. Results are represented in Table 1.

Four common phyla were detected in samples and a total of 74 families. Phyla results
are represented in Figure 2.

Then, Bray-Curtis dissimilarity was calculated between animals. Results are repre-
sented in Table 2.

https://ionreporter.thermofisher.com/ir/secure/home.html
https://ionreporter.thermofisher.com/ir/secure/home.html
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4. Discussion

Our results show that there might be a correlation between some sperm quality
parameters and the seminal flora composition of healthy, fertile stallions, in particular,
Firmicutes phylum. Although there are some individual differences, the more abundant
phyla are common in all animals. Starting with Firmicutes phylum, the literature contains
divergent findings regarding the effect of bacterial families on sperm quality. Some authors
have highlighted the positive correlation between specific Firmicutes families and good
sperm quality. In this regard, Lactobacillus gender has been proven to have a protective effect
on spermatozoa [13,30–32]. The mechanisms of protection are not fully understood, but
they may be related to the antioxidant products exerted by lactobacilli in the extracellular
environment [32]. Additionally, the positive effects of lactobacilli supplementation on
sperm quality parameters have also been described in humans [19,20], mice [17], and
broilers [18]. Stallion semen is not abundant in the Lactobacillus genus [10,11], but there are
related bacterial families.

However, other authors have found some Firmicutes to have a detrimental effect
on sperm parameters. In the literature, we found Anaerococcus, a Clostridiales genus, to
have a detrimental effect on sperm quality [15,33]. The underlying mechanism needs
to be further studied. Another detrimental family is Mycoplasmataceae (specifically, its
Ureaplama genus) [24,34–36], whose pathogenic activity lies in acrosome damage [35]. This
family was not detected in our samples.

A dominant family in fertile stallions is Porphyromonadaceae [11]. According to our
results, this family is highly abundant, as it represents almost the whole Bacteroidetes
phylum. This family seems to be a natural component in fertile males [15,34]; however,
it is not as abundant as it is in horses. Regarding this family, it is necessary to highlight
that it is difficult to find in culture-based references, as it is a laborious process to culture
bacteria. The other highly dominant family in stallion semen is Corynebacteriaceae [10,11],
which has regularly been found in fertile individuals [10,23,37–40]. However, some authors
consider it has an opportunistic character [22,33,41]. It has been associated with a higher
activity of caspases [22], which is usually linked to apoptosis [42]. Its predominance has
also been linked to low motility [43].

Most infertility-related bacteria families belong to the Proteobacteria phylum, partic-
ularly to the Gammaproteobacteria class [13,24,35,44]. Enterobacteriaceae is included in
this group, which has been found to alter spermatozoa motility [22,35] and the proportion
of dead spermatozoa [22]; and Pseudomonadaceae [13,24,35,39,40], which may contain
opportunistic pathogenic species [13,45]. In stallions, the presence of the Enterobacteriaceae
family typically has a fecal origin [46] and worsens various seminal parameters [22,39,40].
Regarding Pseudomonadaceae, this family has been related to lower values of motility and
integrity parameters [23,46,47], while other authors agree to consider it an opportunistic
pathogen [40]. However, this family has been regularly found in the semen of fertile stal-
lions [46,48]. The negative impact of these two families has also been found in boars [45].
In our case, Enterobacteriaceae only appeared in one horse (0.19%) and Pseudomonadaceae
in just two (0.06% and 0.04%).

Bacteria in stallion semen have long been associated with a detrimental impact on
fertility [23] as well as with a lower storage capacity [22]. Our study wanted to show that
there may be certain bacterial families that harmoniously dwell in semen.

Regarding the strengths and limitations of our paper, next-generation sequencing
is a better tool to characterize the seminal flora, as it overcomes laborious-to-culture
bacteria [10,11,28,49]. However, the data process may be more complicated [50]. Finally,
we mostly compared our findings with those of experiments carried out on humans, as
animal references are extremely scarce. Further studies including a larger number of
animals, including subfertile stallions with low sperm quality, are needed in order to find
the possible relationship between the seminal microbiome and sperm quality.
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5. Conclusions

In conclusion, four common bacterial phyla are present in all the stallions evaluated:
Firmicutes, Bacteroidetes, Actinobacteria, and Proteobacteria. Although proportions vary
among individuals, sperm quality values are similar. Further studies are needed to better
understand the interactions between seminal flora and sperm quality.
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CONCLUSIONES 
 

Según los objetivos propuestos y los resultados obtenidos, se puede concluir lo 

siguiente: 

Conclusión 1. Existen diferencias entre la integridad del ADN espermático y la 

fertilidad in vivo del semen refrigerado durante la temporada reproductiva, 

obteniendo una menor fragmentación y mayores tasas de gestación en 

primavera. Ello respalda la recomendación de emplear el semen refrigerado y 

realizar la inseminación artificial durante el inicio de la temporada reproductiva. 

Además, los sementales con mayor porcentaje de fragmentación espermática 

mostraron unos niveles de fertilidad más bajos a lo largo de la temporada 

reproductiva. 

Conclusión 2. El análisis del ADN espermático equino se ajusta mejor a un 

modelo matemático polinómico de segundo grado, siendo la primavera la mejor 

estación para recoger y elaborar dosis de semen refrigeradas en cuanto al 

mantenimiento de la integridad del ADN espermático equino se refiere. 

Conclusión 3. La microbiota seminal equina está formada principalmente por 

bacterias de las familias Porphyromonadaceae, Peptoniphilaceae, 

Corynebacteriaceae y Prevotellaceae, existiendo una alta variabilidad 

interindividual. Estos resultados concuerdan con los hallados en otros estudios, 

pero no con otras especies animales. También se concluye que la variabilidad 

entre individuos no se relaciona con cambios en los valores de calidad 

espermática. 



 

Conclusión 4. La composición de la microbiota seminal del caballo varía entre el 

estado de portador y no portador de Taylorella equigenitalis. Las mayores 

diferencias se encontraron en la familia Corynebacteriaceae, aumentada en el 

caso del estado portador; y las familias Porphyromonadaceae y Bacteroidaceae, 

aumentadas en el estado no portador, Además, se ha observado que es posible 

detectar el estado portador del agente causante de la metritis equina contagiosa 

usando secuenciación de nueva generación.  



 

 

 

 

 

 

 

 

 

BIBLIOGRAFÍA 

 

 

 

 

 

 

 



 

 

 

 



 

 

BIBLIOGRAFÍA  
 

Al Jassim, R.A.M., Andrews, F.M., 2009. The bacterial community of the horse 

gastrointestinal tract and its relation to fermentative acidosis, laminitis, 

colic, and stomach ulcers. Vet. Clin. North Am. Equine Pract. 25, 199–215. 

https://doi.org/10.1016/j.cveq.2009.04.005 

Al-Kass, Z., Eriksson, E., Bagge, E., Wallgren, M., Morrell, J.M., 2019. Bacteria 

detected in the genital tract, semen or pre-ejaculatory fluid of Swedish 

stallions from 2007 to 2017. Acta Vet. Scand. 61, 25. 

https://doi.org/10.1186/s13028-019-0459-z 

Al-Kass, Z., Guo, Y., Vinnere Pettersson, O., Niazi, A., Morrell, J.M., 2020. 

Metagenomic analysis of bacteria in stallion semen. Anim Reprod Sci 

221, 106568. https://doi.org/10.1016/j.anireprosci.2020.106568 

Althouse, C., Skaife, J., Loomis, P., 2010. Prevalence and types of contaminant 

bacteria in extended, chilled equine semen. Animal Reproduction 

Science, Special Issue: 10th International Symposium on Equine 

Reproduction July 26-30, 2010, in Lexington, KY 121, 224–225. 

https://doi.org/10.1016/j.anireprosci.2010.04.090 

Altmäe, S., Franasiak, J.M., Mändar, R., 2019. The seminal microbiome in health 

and disease. Nat Rev Urol 16, 703–721. https://doi.org/10.1038/s41585-

019-0250-y 

Asadi, A., Ghahremani, R., Abdolmaleki, A., Rajaei, F., 2021. Role of sperm 

apoptosis and oxidative stress in male infertility: A narrative review. Int 

J Reprod Biomed 19, 493–504. https://doi.org/10.18502/ijrm.v19i6.9371 

Aurich, C., 2016. Reprint of: Seasonal Influences on Cooled-Shipped and Frozen-

Thawed Stallion Semen. Journal of Equine Veterinary Science 43, S1–S5. 

https://doi.org/10.1016/j.jevs.2016.07.007 

Aurich, C., 2011. Reproductive cycles of horses. Anim Reprod Sci 124, 220–228. 

https://doi.org/10.1016/j.anireprosci.2011.02.005 



 

Aurich, C., 2008. Recent advances in cooled-semen technology. Anim. Reprod. 

Sci. 107, 268–275. https://doi.org/10.1016/j.anireprosci.2008.04.015 

Aznai, T., Wada, R., Okuda, T., Aoki, T., 2002. Evaluation of the field application 

of PCR in the eradication of contagious equine metritis from Japan. - 

PubMed - NCBI. J Vet Med Sci 11, 999–1002. 

https://doi.org/10.1292/jvms.64.999 

Bag, S., Saha, B., Mehta, O., Anbumani, D., Kumar, N., Dayal, M., Pant, A., 

Kumar, P., Saxena, S., Allin, K.H., Hansen, T., Arumugam, M., 

Vestergaard, H., Pedersen, O., Pereira, V., Abraham, P., Tripathi, R., 

Wadhwa, N., Bhatnagar, S., Prakash, V.G., Radha, V., Anjana, R.M., 

Mohan, V., Takeda, K., Kurakawa, T., Nair, G.B., Das, B., 2016. An 

Improved Method for High Quality Metagenomics DNA Extraction from 

Human and Environmental Samples. Sci Rep 6, 26775. 

https://doi.org/10.1038/srep26775 

Ball, B.A., Vo, A.T., Baumber, J., 2001. Generation of reactive oxygen species by 

equine spermatozoa. Am J Vet Res 62, 508–515. 

https://doi.org/10.2460/ajvr.2001.62.508 

Barba, M., Martínez-Boví, R., Quereda, J.J., Mocé, M.L., Plaza-Dávila, M., 

Jiménez-Trigos, E., Gómez-Martín, Á., González-Torres, P., Carbonetto, 

B., García-Roselló, E., 2020. Vaginal Microbiota Is Stable throughout the 

Estrous Cycle in Arabian Maress. Animals (Basel) 10. 

https://doi.org/doi: 10.3390/ani10112020. 

Barbonetti, A., Cinque, B., Vassallo, M.R.C., Mineo, S., Francavilla, S., Cifone, 

M.G., Francavilla, F., 2011. Effect of vaginal probiotic lactobacilli on in 

vitro-induced sperm lipid peroxidation and its impact on sperm motility 

and viability. Fertil Steril 95, 2485–2488. 

https://doi.org/10.1016/j.fertnstert.2011.03.066 

Barrier Battut, I., Kempfer, A., Becker, J., Lebailly, L., Camugli, S., Chevrier, L., 

2016. Development of a new fertility prediction model for stallion semen, 



 

including flow cytometry. Theriogenology 86, 1111–1131. 

https://doi.org/10.1016/j.theriogenology.2016.04.001 

Battut, I.B., Kempfer, A., Lemasson, N., Chevrier, L., Camugli, S., 2017. Prediction 

of the fertility of stallion frozen-thawed semen using a combination of 

computer-assisted motility analysis, microscopical observation and flow 

cytometry. Theriogenology 97, 186–200. 

https://doi.org/10.1016/j.theriogenology.2017.04.036 

Blasco, M.A., 2003. Mammalian telomeres and telomerase: why they matter for 

cancer and aging. Eur J Cell Biol 82, 441–446. 

https://doi.org/10.1078/0171-9335-00335 

Blottner, S., Warnke, C., Tuchscherer, A., Heinen, V., Torner, H., 2001. 

Morphological and functional changes of stallion spermatozoa after 

cryopreservation during breeding and non-breeding season. Anim. 

Reprod. Sci. 65, 75–88. 

Boe-Hansen, G.B., Ersbøll, A.K., Greve, T., Christensen, P., 2005. Increasing 

storage time of extended boar semen reduces sperm DNA integrity. 

Theriogenology 63, 2006–2019. 

https://doi.org/10.1016/j.theriogenology.2004.09.006 

Brinkerhoff, J., Love, C.C., Thompson, J., Blodgett, G., Teague, S., Varner, D., 

2010. Influence of mare age, pre-breeding mare status, breeding method, 

and stallion on first cycle pregnancy rates on a large commercial 

breeding farm. Animal Reproduction Science 121, 159. 

https://doi.org/10.1016/j.anireprosci.2010.04.137 

Brinsko, S.P., Varner, D.D., 1992. Artificial insemination and preservation of 

semen. Vet. Clin. North Am. Equine Pract. 8, 205–218. 

Bromfield, J.J., Schjenken, J.E., Chin, P.Y., Care, A.S., Jasper, M.J., Robertson, S.A., 

2014. Maternal tract factors contribute to paternal seminal fluid impact 

on metabolic phenotype in offspring. PNAS 111, 2200–2205. 

https://doi.org/10.1073/pnas.1305609111 



 

Bungum, M., Humaidan, P., Axmon, A., Spano, M., Bungum, L., Erenpreiss, J., 

Giwercman, A., 2007. Sperm DNA integrity assessment in prediction of 

assisted reproduction technology outcome. Hum Reprod 22, 174–179. 

https://doi.org/10.1093/humrep/del326 

Casey, P.J., Gravance, C.G., Davis, R.O., Chabot, D.D., Liu, I.K., 1997. 

Morphometric differences in sperm head dimensions of fertile and 

subfertile stallions. Theriogenology 47, 575–582. 

https://doi.org/10.1016/s0093-691x(97)00015-0 

Chakravorty, S., Helb, D., Burday, M., Connell, N., Alland, D., 2007. A detailed 

analysis of 16S ribosomal RNA gene segments for the diagnosis of 

pathogenic bacteria. J Microbiol Methods 69, 330–339. 

https://doi.org/10.1016/j.mimet.2007.02.005 

Chemineau, P., Guillaume, D., Migaud, M., Thiéry, J.C., Pellicer-Rubio, M.T., 

Malpaux, B., 2008. Seasonality of reproduction in mammals: intimate 

regulatory mechanisms and practical implications. Reprod. Domest. 

Anim. 43 Suppl 2, 40–47. https://doi.org/10.1111/j.1439-

0531.2008.01141.x 

Clark, A., Sallé, G., Ballan, V., Reigner, F., Meynadier, A., Cortet, J., Koch, C., 

Riou, M., Blanchard, A., Mach, N., 2018. Strongyle Infection and Gut 

Microbiota: Profiling of Resistant and Susceptible Horses Over a Grazing 

Season. Front Physiol 9, 272. https://doi.org/10.3389/fphys.2018.00272 

Clay, C.M., Squires, E.L., Amann, R.P., Pickett, B.W., 1987. Influences of Season 

and Artificial Photoperiod on Stallions: Testicular Size, Seminal 

Characteristics and Sexual Behavior. Journal of Animal Science 64, 517–

525. https://doi.org/10.2527/jas1987.642517x 

Corona, A., Cossu, I., Bertulu, A., Cherchi, R., 2006. Characterisation of bacteria 

in fresh semen of stallions during the breeding season. Animal 

Reproduction Science, Special Issue: Proceedings of the Ninth 

International Symposium on Equine Reproduction 94, 85–88. 

https://doi.org/10.1016/j.anireprosci.2006.04.022 



 

Cortés-Gutiérrez, E.I., Crespo, F., Gosálvez, A., Dávila-Rodríguez, M.I., López-

Fernández, C., Gósalvez, J., 2008. DNA fragmentation in frozen sperm of 

Equus asinus: Zamorano-Leonés, a breed at risk of extinction. 

Theriogenology 69, 1022–1032. 

https://doi.org/10.1016/j.theriogenology.2008.02.002 

Cortés-Gutiérrez, E.I., López-Fernández, C., Fernández, J.L., Dávila-Rodríguez, 

M.I., Johnston, S.D., Gosálvez, J., 2014. Interpreting sperm DNA damage 

in a diverse range of mammalian sperm by means of the two-tailed comet 

assay. Front Genet 5. https://doi.org/10.3389/fgene.2014.00404 

Costa, M.C., Silva, G., Ramos, R.V., Staempfli, H.R., Arroyo, L.G., Kim, P., Weese, 

J.S., 2015. Characterization and comparison of the bacterial microbiota in 

different gastrointestinal tract compartments in horses. Vet. J. 205, 74–80. 

https://doi.org/10.1016/j.tvjl.2015.03.018 

Costa, M.C., Weese, J.S., 2018. Understanding the Intestinal Microbiome in 

Health and Disease. Vet. Clin. North Am. Equine Pract. 34, 1–12. 

https://doi.org/10.1016/j.cveq.2017.11.005 

Costa, M.C., Weese, J.S., 2012. The equine intestinal microbiome. Anim Health 

Res Rev 13, 121–128. https://doi.org/10.1017/S1466252312000035 

Coverdale, J.A., 2016. HORSE SPECIES SYMPOSIUM: Can the microbiome of the 

horse be altered to improve digestion? J. Anim. Sci. 94, 2275–2281. 

https://doi.org/10.2527/jas.2015-0056 

Crespo, F., Quiñones-Pérez, Ortiz, I., Diaz-Jimenez, M., Consuegra, C., Pereira, 

B., Dorado, J., Hidalgo, M., 2020. Seasonal variations in sperm DNA 

fragmentation and pregnancy rates obtained after artificial insemination 

with cooled-stored stallion sperm throughout the breeding season 

(spring and summer). Theriogenology. 

https://doi.org/10.1016/j.theriogenology.2020.02.032 

Crowhurst, R., Simpson, D., Greenword, R., Ellis, D., 1979. Contagious equine 

metritis. Vet Rec 104, 465. 



 

Daly, K., Stewart, C.S., Flint, H.J., Shirazi-Beechey, S.P., 2001. Bacterial diversity 

within the equine large intestine as revealed by molecular analysis of 

cloned 16S rRNA genes. FEMS Microbiology Ecology 38, 141–151. 

https://doi.org/10.1016/S0168-6496(01)00178-7 

Dardmeh, F., Alipour, H., Gazerani, P., van der Horst, G., Brandsborg, E., 

Nielsen, H.I., 2017. Lactobacillus rhamnosus PB01 (DSM 14870) 

supplementation affects markers of sperm kinematic parameters in a 

diet-induced obesity mice model. PLoS One 12, e0185964. 

https://doi.org/10.1371/journal.pone.0185964 

de la Horra Navarro, J., 2018. Modelos matemáticos para ciencias experimentales, 

1a. ed. Ediciones Díaz de Santos. 

Deichsel, K., Schrammel, N., Aurich, J., Aurich, C., 2016. Effects of a long-day 

light programme on the motility and membrane integrity of cooled-

stored and cyropreserved semen in Shetland pony stallions. Anim. 

Reprod. Sci. 167, 68–73. 

https://doi.org/10.1016/j.anireprosci.2016.02.008 

Deng, C., Li, T., Xie, Y., Guo, Y., Yang, Q.-Y., Liang, X., Deng, C.-H., Liu, G.-H., 

2019. Sperm DNA fragmentation index influences assisted reproductive 

technology outcome: A systematic review and meta-analysis combined 

with a retrospective cohort study. Andrologia 51, e13263. 

https://doi.org/10.1111/and.13263 

Duru, N.K., Morshedi, M.S., Schuffner, A., Oehninger, S., 2001. 

Cryopreservation-Thawing of fractionated human spermatozoa is 

associated with membrane phosphatidylserine externalization and not 

DNA fragmentation. J. Androl. 22, 646–651. 

Ericsson, A.C., Johnson, P.J., Lopes, M.A., Perry, S.C., Lanter, H.R., 2016. A 

Microbiological Map of the Healthy Equine Gastrointestinal Tract. PLoS 

One 11. https://doi.org/10.1371/journal.pone.0166523 



 

Espinosa, C.I., 2019. Medidas de Alpha diversidad. [WWW Document]. Ecología 

en práctica. URL https://ciespinosa.github.io › AlphaDiversidad 

(accessed 4.12.21). 

Evenson, D., Jost, L., 2000. Sperm chromatin structure assay is useful for fertility 

assessment. Methods Cell Sci 22, 169–189. 

https://doi.org/10.1023/a:1009844109023 

Evenson, D.P., 2016. The Sperm Chromatin Structure Assay (SCSA(®)) and other 

sperm DNA fragmentation tests for evaluation of sperm nuclear DNA 

integrity as related to fertility. Anim. Reprod. Sci. 169, 56–75. 

https://doi.org/10.1016/j.anireprosci.2016.01.017 

Evenson, D.P., Thompson, L., Jost, L., 1994. Flow cytometric evaluation of boar 

semen by the sperm chromatin structure assay as related to 

cryopreservation and fertility. Theriogenology 41, 637–651. 

Farahani, L., Tharakan, T., Yap, T., Ramsay, J.W., Jayasena, C.N., Minhas, S., 2021. 

The semen microbiome and its impact on sperm function and male 

fertility: A systematic review and meta-analysis. Andrology 9, 115–144. 

https://doi.org/10.1111/andr.12886 

Fernández-Gonzalez, R., Moreira, P.N., Pérez-Crespo, M., Sánchez-Martín, M., 

Ramirez, M.A., Pericuesta, E., Bilbao, A., Bermejo-Alvarez, P., de Dios 

Hourcade, J., de Fonseca, F.R., Gutiérrez-Adán, A., 2008. Long-term 

effects of mouse intracytoplasmic sperm injection with DNA-fragmented 

sperm on health and behavior of adult offspring. Biol Reprod 78, 761–

772. https://doi.org/10.1095/biolreprod.107.065623 

Ferreira, H.N., Ferreira-Silva, J.C., Rocha, J.M., Farras, M.C., Calixto, M., Moura, 

M.T., Alvarenga, M.A., Oliveira, A.L., 2018. Variable Inter-assay 

Estimation of Sperm DNA Fragmentation In Stallions Classified as Good 

and Bad Semen Freezers. Cryo Letters 39, 67–71. 



 

Foster, M., Varner, D., Hinrichs, K., Teague, S., LaCaze, K., Blanchard, T., Love, 

C., 2011. Agreement between measures of total motility and membrane 

integrity in stallion sperm. Theriogenology 75, 1499–1505. 

Fraser, L., Strzezek, J., 2004. The use of comet assay to assess DNA integrity of 

boar spermatozoa following liquid preservation at 5 degrees C and 16 

degrees C. Folia Histochem. Cytobiol. 42, 49–55. 

Fraser, L., Strzeżek, J., Kordan, W., 2011. Effect of freezing on sperm nuclear 

DNA. Reprod. Domest. Anim. 46 Suppl 2, 14–17. 

https://doi.org/10.1111/j.1439-0531.2011.01815.x 

Fullston, T., McPherson, N.O., Owens, J.A., Kang, W.X., Sandeman, L.Y., Lane, 

M., 2015. Paternal obesity induces metabolic and sperm disturbances in 

male offspring that are exacerbated by their exposure to an “obesogenic” 

diet. Physiol Rep 3. https://doi.org/10.14814/phy2.12336 

Gamboa, S., Rodrigues, A.S., Henriques, L., Batista, C., Ramalho-Santos, J., 2010. 

Seasonal functional relevance of sperm characteristics in equine 

spermatozoa. Theriogenology 73, 950–958. 

https://doi.org/10.1016/j.theriogenology.2009.11.023 

Gil, L., Olaciregui, M., Luño, V., Malo, C., González, N., Martínez, F., 2014. 

Current status of freeze-drying technology to preserve domestic animals 

sperm. Reprod. Domest. Anim. 49 Suppl 4, 72–81. 

https://doi.org/10.1111/rda.12396 

Gillan, L., Evans, G., Maxwell, W.M.C., 2005. Flow cytometric evaluation of 

sperm parameters in relation to fertility potential. Theriogenology 63, 

445–457. https://doi.org/10.1016/j.theriogenology.2004.09.024 

González-Marín, C., Gosálvez, J., Roy, R., 2012. Types, Causes, Detection and 

Repair of DNA Fragmentation in Animal and Human Sperm Cells. 

International Journal of Molecular Sciences 13, 14026–14052. 

https://doi.org/10.3390/ijms131114026 



 

Goodrich, J.K., Di Rienzi, S.C., Poole, A.C., Koren, O., Walters, W.A., Caporaso, 

J.G., Knight, R., Ley, R.E., 2014. Conducting a microbiome study. Cell 

158, 250–262. https://doi.org/10.1016/j.cell.2014.06.037 

Goulet, O., 2015. Potential role of the intestinal microbiota in programming 

health and disease. Nutr. Rev. 73 Suppl 1, 32–40. 

https://doi.org/10.1093/nutrit/nuv039 

Graham, J.K., 2001. Assessment of sperm quality: a flow cytometric approach. 

Anim. Reprod. Sci. 68, 239–247. 

Greiser, T., Sieme, H., Martinsson, G., Distl, O., 2020. Breed and stallion effects 

on frozen-thawed semen in warmblood, light and quarter horses. 

Theriogenology 142, 8–14. 

https://doi.org/10.1016/j.theriogenology.2019.09.033 

Hannachi, H., Elloumi, H., Hamdoun, M., Kacem, K., Zhioua, A., Bahri, O., 2018. 

Bacteriospermia: Effects on semen parameters. Gynecol Obstet Fertil 

Senol 46, 518–523. https://doi.org/10.1016/j.gofs.2018.03.014 

Heckenbichler, S., Deichsel, P., Peters, P., Aurich, C., 2011. Quality and fertility 

of cooled-shipped stallion semen at the time of insemination. 

Theriogenology 5, 849–856. 

Henderson, S., Capewell, V., Johnson, W., 1998. Foal registration: transported 

versus nontransported semen. Presented at the Proceedings 44th Annual 

American Association of Equine Practitioners, pp. 7–11. 

Hidalgo, M., Ortiz, I., Dorado, J., Morrell, J., Gosálvez, J., Consuegra, C., Diaz-

Jimenez, M., Pereira, B., Crespo, F., 2017. Stallion sperm selection prior 

to freezing using a modified colloid swim-up procedure without 

centrifugation. Animal Reproduction Science. 

https://doi.org/10.1016/j.anireprosci.2017.08.005 

Hidalgo, M., Portero, J.M., Demyda-Peyrás, S., Ortiz, I., Dorado, J., 2014. 

Cryopreservation of canine semen after cold storage in a Neopor box: 



 

effect of extender, centrifugation and storage time. Vet Rec 175, 20. 

https://doi.org/10.1136/vr.102010 

Hoffmann, B., Landeck, A., 1999. Testicular endocrine function, seasonality and 

semen quality of the stallion. Anim. Reprod. Sci. 57, 89–98. 

Hou, D., Zhou, X., Zhong, X., Settles, M.L., Herring, J., Wang, L., Abdo, Z., 

Forney, L.J., Xu, C., 2013. Microbiota of the seminal fluid from healthy 

and infertile men. Fertil. Steril. 100, 1261–1269. 

https://doi.org/10.1016/j.fertnstert.2013.07.1991 

Inatomi, T., Otomaru, K., 2018. Effect of dietary probiotics on the semen traits 

and antioxidative activity of male broiler breeders. Sci Rep 8, 5874. 

https://doi.org/10.1038/s41598-018-24345-8 

Ivanov, I.B., Kuzmin, M.D., Gritsenko, V.A., 2009. Microflora of the seminal fluid 

of healthy men and men suffering from chronic prostatitis syndrome. 

International Journal of Andrology 32, 462–467. 

https://doi.org/10.1111/j.1365-2605.2008.00878.x 

Janett, F., Burger, D., Bollwein, H., 2014. Annual variation of DNA fragmentation 

assessed by SCSATM in equine sperm. Journal of Equine Veterinary 

Science 34, 61. https://doi.org/10.1016/j.jevs.2013.10.036 

Janett, F., Thun, R., Bettschen, S., Burger, D., Hassig, M., 2003a. Seasonal changes 

of semen quality and freezability in Franches-Montagnes stallion. Anim. 

Reprod. Sci. 77, 213–21. https://doi.org/10.1016/S0378-4320(03)00039-3 

Janett, F., Thun, R., Niederer, K., Burger, D., Hässig, M., 2003b. Seasonal changes 

in semen quality and freezability in the Warmblood stallion. 

Theriogenology 60, 453–461. 

Jarvi, K., Lacroix, J.M., Jain, A., Dumitru, I., Heritz, D., Mittelman, M.W., 1996. 

Polymerase chain reaction-based detection of bacteria in semen. Fertil. 

Steril. 66, 463–467. 



 

Jasko, D.J., 1992. Evaluation of Stallion Semen. Veterinary Clinics of North 

America: Equine Practice, Stallion Management 8, 129–148. 

https://doi.org/10.1016/S0749-0739(17)30471-6 

Jasko, D.J., Lein, D.H., Foote, R.H., 1991a. The repeatability and effect of season 

on seminal characteristics and computer-aided sperm analysis in the 

stallion. Theriogenology 35, 317–327. 

Jasko, D.J., Moran, D.M., Farlin, M.E., Squires, E.L., 1991b. Effect of seminal 

plasma dilution or removal on spermatozoal motion characteristics of 

cooled stallion semen. Theriogenology 35, 1059–1067. 

https://doi.org/10.1016/0093-691X(91)90354-G 

Javurek, A.B., Spollen, W., Mann, A., Johnson, S., Lubahn, D.B., Bivens, N., 

Bromert, K., R. Ellersieck, M., A. Givan, S., S. Rosenfeld, C., 2016. 

Discovery of a Novel Seminal Fluid Microbiome and Influence of 

Estrogen Receptor Alpha Genetic Status. Scientific Reports 6, 23027. 

https://doi.org/10.1038/srep23027 

Johnson, L., Thompson, D.L., 1983. Age-related and seasonal variation in the 

Sertoli cell population, daily sperm production and serum 

concentrations of follicle-stimulating hormone, luteinizing hormone and 

testosterone in stallions. Biol Reprod 29, 777–789. 

https://doi.org/10.1095/biolreprod29.3.777 

Johnston, S.D., López-Fernández, C., Arroyo, F., Gosálbez, A., Cortés Gutiérrez, 

E.I., Fernández, J.-L., Gosálvez, J., 2016. Reduced sperm DNA longevity 

is associated with an increased incidence of still born; evidence from a 

multi-ovulating sequential artificial insemination animal model. J. 

Assist. Reprod. Genet. 33, 1231–1238. https://doi.org/10.1007/s10815-

016-0754-9 

Johnston, S.D., Zee, Y.P., López-Fernández, C., Gosálvez, J., 2012. The effect of 

chilled storage and cryopreservation on the sperm DNA fragmentation 

dynamics of a captive population of koalas. J. Androl. 33, 1007–1015. 

https://doi.org/10.2164/jandrol.111.015248 



 

Kiessling, A.A., Desmarais, B.M., Yin, H.-Z., Loverde, J., Eyre, R.C., 2008. 

Detection and identification of bacterial DNA in semen. Fertil. Steril. 90, 

1744–1756. https://doi.org/10.1016/j.fertnstert.2007.08.083 

Kiser, A.M., Brinsko, S.P., Love, C.C., Varner, D.D., Sudderth, K., Blanchard, T.L., 

2014. Relationship of Sperm Quality to Fertility after 4 Days of Cooled 

Storage of Equine Semen. Journal of Equine Veterinary Science 34, 602–

605. https://doi.org/10.1016/j.jevs.2013.11.007 

Korhonen, C.J., Srinivasan, S., Huang, D., Ko, D.L., Sanders, E.J., Peshu, N.M., 

Krieger, J.N., Muller, C.H., Coombs, R.W., Fredricks, D.N., Graham, 

S.M., 2017. Semen Bacterial Concentrations and HIV-1 RNA Shedding 

Among HIV-1–Seropositive Kenyan Men. J Acquir Immune Defic Syndr 

74, 250–257. https://doi.org/10.1097/QAI.0000000000001244 

Labitzke, D., Sieme, H., Martinsson, G., Distl, O., 2014. Genetic Parameters and 

Breeding Values for Semen Characteristics in Hanoverian Stallions. 

Reproduction in Domestic Animals 49, 584–587. 

https://doi.org/10.1111/rda.12326 

LaFrentz, S., Abarca, E., Mohammed, H.H., Cuming, R., Arias, C.R., 2020. 

Characterization of the normal equine conjunctival bacterial community 

using culture-independent methods. Vet Ophthalmol. 

https://doi.org/10.1111/vop.12743 

Lambert, J.A., Kalra, A., Dodge, C.T., John, S., Sobel, J.D., Akins, R.A., 2013. Novel 

PCR-Based Methods Enhance Characterization of Vaginal Microbiota in 

a Bacterial Vaginosis Patient before and after Treatment. Appl Environ 

Microbiol 79, 4181–4185. https://doi.org/10.1128/AEM.01160-13 

Linfor, J.J., Meyers, S.A., 2002. Detection of DNA damage in response to cooling 

injury in equine spermatozoa using single-cell gel electrophoresis. J. 

Androl. 23, 107–113. 

Liu, C.M., Osborne, B.J.W., Hungate, B.A., Shahabi, K., Huibner, S., Lester, R., 

Dwan, M.G., Kovacs, C., Contente-Cuomo, T.L., Benko, E., Aziz, M., 



 

Price, L.B., Kaul, R., 2014. The semen microbiome and its relationship 

with local immunology and viral load in HIV infection. PLoS Pathog. 10, 

e1004262. https://doi.org/10.1371/journal.ppat.1004262 

Loomis, P.R., 2001. The equine frozen semen industry. Anim. Reprod. Sci. 68, 

191–200. 

López-Fernández, C., Crespo, F., Arroyo, F., Fernández, J.L., Arana, P., Johnston, 

S.D., Gosálvez, J., 2007. Dynamics of sperm DNA fragmentation in 

domestic animals II. The stallion. Theriogenology 68, 1240–1250. 

https://doi.org/10.1016/j.theriogenology.2007.08.029 

Love, C.C., 2018. Sperm quality assays: How good are they? The horse 

perspective. Anim Reprod Sci 194, 63–70. https://doi.org/doi: 

10.1016/j.anireprosci.2018.04.077 

Love, C.C., 2005. The sperm chromatin structure assay: a review of clinical 

applications. Anim Reprod Sci 89, 39–45. 

https://doi.org/10.1016/j.anireprosci.2005.06.019 

Love, C.C., Brinsko, S.P., Rigby, S.L., Thompson, J.A., Blanchard, T.L., Varner, 

D.D., 2005. Relationship of seminal plasma level and extender type to 

sperm motility and DNA integrity. Theriogenology 63, 1584–1591. 

https://doi.org/10.1016/j.theriogenology.2004.05.030 

Love, C.C., Kenney, R.M., 1999. Scrotal heat stress induces altered sperm 

chromatin structure associated with a decrease in protamine disulfide 

bonding in the stallion. Biol. Reprod. 60, 615–620. 

Love, C.C., Kenney, R.M., 1998. The relationship of increased susceptibility of 

sperm DNA to denaturation and fertility in the stallion. Theriogenology 

50, 955–972. 

Love, C.C., Noble, J.K., Standridge, S.A., Bearden, C.T., Blanchard, T.L., Varner, 

D.D., Cavinder, C.A., 2015. The relationship between sperm quality in 

cool-shipped semen and embryo recovery rate in horses. Theriogenology 

84, 1587-1593.e4. https://doi.org/10.1016/j.theriogenology.2015.08.008 



 

Love, C.C., Thompson, J.A., Lowry, V.K., Varner, D.D., 2002. Effect of storage 

time and temperature on stallion sperm DNA and fertility. 

Theriogenology 57, 1135–1142. https://doi.org/10.1016/S0093-

691X(01)00689-6 

Lundy, S.D., Sangwan, N., Parekh, N.V., Selvam, M.K.P., Gupta, S., McCaffrey, 

P., Bessoff, K., Vala, A., Agarwal, A., Sabanegh, E.S., Vij, S.C., Eng, C., 

2021. Functional and Taxonomic Dysbiosis of the Gut, Urine, and Semen 

Microbiomes in Male Infertility. Eur Urol 79, 826–836. 

https://doi.org/10.1016/j.eururo.2021.01.014 

Madsen, M., Christensen, P., 1995. Bacterial flora of semen collected from Danish 

warmblood stallions by artificial vagina. Acta Vet. Scand. 36, 1–7. 

Magistrini, M., Chanteloube, P., Palmer, E., 1987. Influence of season and 

frequency of ejaculation on production of stallion semen for freezing. J. 

Reprod. Fertil. Suppl. 35, 127–133. 

Malmgren, L., 1997. Assessing the quality of raw semen: a review. 

Theriogenology 48, 523–530. https://doi.org/10.1016/s0093-

691x(97)00268-9 

Mändar, R., 2013. Microbiota of male genital tract: Impact on the health of man 

and his partner. Pharmacological Research 69, 32–41. 

https://doi.org/10.1016/j.phrs.2012.10.019 

Mändar, R., Punab, M., Borovkova, N., Lapp, E., Kiiker, R., Korrovits, P., 

Metspalu, A., Krjutškov, K., Nõlvak, H., Preem, J.-K., Oopkaup, K., 

Salumets, A., Truu, J., 2015. Complementary seminovaginal microbiome 

in couples. Research in Microbiology 166, 440–447. 

https://doi.org/10.1016/j.resmic.2015.03.009 

Mändar, R., Punab, M., Korrovits, P., Türk, S., Ausmees, K., Lapp, E., Preem, J.-

K., Oopkaup, K., Salumets, A., Truu, J., 2017. Seminal microbiome in men 

with and without prostatitis. Int. J. Urol. 24, 211–216. 

https://doi.org/10.1111/iju.13286 



 

Manguin, E., Pépin, E., Boivin, R., Leclere, M., 2020. Tracheal microbial 

populations in horses with moderate asthma. J. Vet. Intern. Med. 34, 986–

995. https://doi.org/10.1111/jvim.15707 

Maretti, C., Cavallini, G., 2017. The association of a probiotic with a prebiotic 

(Flortec, Bracco) to improve the quality/quantity of spermatozoa in 

infertile patients with idiopathic oligoasthenoteratospermia: a pilot 

study. Andrology 5, 439–444. https://doi.org/10.1111/andr.12336 

Matsuda, M., Moore, J.E., 2003. Recent advances in molecular epidemiology and 

detection of Taylorella equigenitalis associated with contagious equine 

metritis (CEM). Vet. Microbiol. 97, 111–122. 

https://doi.org/10.1016/j.vetmic.2003.08.001 

McKinnon, A.O., Squires, E.L., Vaala, W.E., Varner, D.D., 2011. Equine 

Reproduction, 2nd ed. Wiley-Blackwell. 

Meštrović, T., Bedenić, B., Wilson, J., Ljubin‐Sternak, S., Sviben, M., Neuberg, M., 

Ribić, R., Kozina, G., Profozić, Z., 2018. The impact of Corynebacterium 

glucuronolyticum on semen parameters: a prospective pre–post-

treatment study. Andrology 6, 223–229. 

https://doi.org/10.1111/andr.12453 

Milinovich, G.J., Klieve, A.V., Pollitt, C.C., Trott, D.J., 2010. Microbial events in 

the hindgut during carbohydrate-induced equine laminitis. Vet. Clin. 

North Am. Equine Pract. 26, 79–94. 

https://doi.org/10.1016/j.cveq.2010.01.007 

Mira Obrador, A., 2014. Análisis taxonómico y funcional humano mediante 

aproximaciones clásiclas moleculares y metagenómica. Fundación para 

el Fomento de la Investigación Sanitaria y Biomédica de la Comunidad 

Valenciana, Valencia. 

Monteiro, C., Marques, P.I., Cavadas, B., Damião, I., Almeida, V., Barros, N., 

Barros, A., Carvalho, F., Gomes, S., Seixas, S., 2018. Characterization of 

microbiota in male infertility cases uncovers differences in seminal 



 

hyperviscosity and oligoasthenoteratozoospermia possibly correlated 

with increased prevalence of infectious bacteria. Am. J. Reprod. 

Immunol. 79, e12838. https://doi.org/10.1111/aji.12838 

Moretti, E., Capitani, S., Figura, N., Pammolli, A., Federico, M.G., Giannerini, V., 

Collodel, G., 2009. The presence of bacteria species in semen and sperm 

quality. J Assist Reprod Genet 26, 47–56. 

https://doi.org/10.1007/s10815-008-9283-5 

Morrell, J.M., Johannisson, A., Dalin, A.-M., Hammar, L., Sandebert, T., 

Rodriguez-Martinez, H., 2008. Sperm morphology and chromatin 

integrity in Swedish warmblood stallions and their relationship to 

pregnancy rates. Acta Veterinaria Scandinavica 50, 2. 

https://doi.org/10.1186/1751-0147-50-2 

Morrison, P.K., Newbold, C.J., Jones, E., Worgan, H.J., Grove-White, D.H., 

Dugdale, A.H., Barfoot, C., Harris, P.A., Argo, C.M., 2018. The Equine 

Gastrointestinal Microbiome: Impacts of Age and Obesity. Front 

Microbiol 9, 3017. https://doi.org/10.3389/fmicb.2018.03017 

Morte, M.I., Rodrigues, A.M., Soares, D., Rodrigues, A.S., Gamboa, S., Ramalho-

Santos, J., 2008. The quantification of lipid and protein oxidation in 

stallion spermatozoa and seminal plasma: seasonal distinctions and 

correlations with DNA strand breaks, classical seminal parameters and 

stallion fertility. Anim. Reprod. Sci. 106, 36–47. 

https://doi.org/10.1016/j.anireprosci.2007.03.020 

Nadin-Davis, S., Knowles, M.K., Burke, T., Böse, R., Devenish, J., 2015. 

Comparison of culture versus quantitative real-time polymerase chain 

reaction for the detection of Taylorella equigenitalis in field samples from 

naturally infected horses in Canada and Germany. Can J Vet Res 161–

169. 

Namdari, S., Nicholson, T., Abboud, J., Lazarus, M., Ramsey, M.L., Williams, G., 

Parvizi, J., 2019. Comparative study of cultures and next-generation 



 

sequencing in the diagnosis of shoulder prosthetic joint infections. J 

Shoulder Elbow Surg 28, 1–8. https://doi.org/10.1016/j.jse.2018.08.048 

Ng, S.-F., Lin, R.C.Y., Laybutt, D.R., Barres, R., Owens, J.A., Morris, M.J., 2010. 

Chronic high-fat diet in fathers programs β-cell dysfunction in female rat 

offspring. Nature 467, 963–966. https://doi.org/10.1038/nature09491 

Novak, S., Smith, T.A., Paradis, F., Burwash, L., Dyck, M.K., Foxcroft, G.R., 

Dixon, W.T., 2010. Biomarkers of in vivo fertility in sperm and seminal 

plasma of fertile stallions. Theriogenology 74, 956–967. 

https://doi.org/10.1016/j.theriogenology.2010.04.025 

Oleszczuk, K., Augustinsson, L., Bayat, N., Giwercman, A., Bungum, M., 2013. 

Prevalence of high DNA fragmentation index in male partners of 

unexplained infertile couples. Andrology 1, 357–360. 

https://doi.org/10.1111/j.2047-2927.2012.00041.x 

Ortega-Ferrusola, C., González-Fernández, L., Muriel, A., Macías-García, B., 

Rodríguez-Martínez, H., Tapia, J.A., Alonso, J.M., Peña, F.J., 2009. Does 

the microbial flora in the ejaculate affect the freezeability of stallion 

sperm? Reprod. Domest. Anim. 44, 518–522. 

Ortiz, I., Dorado, J., Morrell, J., Gosálvez, J., Crespo, F., Jiménez, J.M., Hidalgo, 

M., 2017. New approach to assess sperm DNA fragmentation dynamics: 

Fine-tuning mathematical models. J Anim Sci Biotechnol 8, 23. 

https://doi.org/10.1186/s40104-017-0155-7 

Ortiz, I., Dorado, J., Morrell, J.M., Crespo, F., Gosálvez, J., Gálvez, M.J., Acha, D., 

Hidalgo, M., 2015. Effect of single-layer centrifugation or washing on 

frozen-thawed donkey semen quality: Do they have the same effect 

regardless of the quality of the sample? Theriogenology 84, 294–300. 

https://doi.org/10.1016/j.theriogenology.2015.03.021 

Pasing, S.S., Aurich, C., von Lewinski, M., Wulf, M., Krüger, M., Aurich, J.E., 

2013. Development of the genital microflora in stallions used for artificial 



 

insemination throughout the breeding season. Anim. Reprod. Sci. 139, 

53–61. https://doi.org/10.1016/j.anireprosci.2013.03.009 

Perreault, S.D., Naish, S.J., Zirkin, B.R., 1987. The timing of hamster sperm 

nuclear decondensation and male pronucleus formation is related to 

sperm nuclear disulfide bond content. Biol Reprod 36, 239–244. 

https://doi.org/10.1095/biolreprod36.1.239 

Pickett, B.W., Faulkner, L.C., Seidel, G.E., Berndtson, W.E., Voss, J.L., 1976. 

Reproductive physiology of the stallion. VI. Seminal and behavioral 

characteristics. J. Anim. Sci. 43, 617–625. 

Pickett, B.W., Voss, J.L., Jones, R.L., 1999. Control of bacteria in stallions and their 

semen. Journal of Equine Veterinary Science 19, 424–469. 

https://doi.org/10.1016/S0737-0806(99)80254-8 

Quiñones-Pérez, C., Hidalgo, M., Ortiz, I., Crespo, F., Vega-Pla, J.L., 2021. 

Characterization of the seminal bacterial microbiome of healthy, fertile 

stallions using next-generation sequencing. Anim Reprod 18, e20200052. 

https://doi.org/10.1590/1984-3143-AR2020-0052 

Quiñones-Pérez, C., Martinez, A., Crespo, F., Vega-Pla, J.L., 2020. Comparative 

Semen Microbiota Composition of a Stallion in a Taylorella equigenitalis 

Carrier and Non-Carrier State. Animals 10, 868. 

https://doi.org/10.3390/ani10050868 

Rando, O.J., 2012. Daddy issues: paternal effects on phenotype. Cell 151, 702–708. 

https://doi.org/10.1016/j.cell.2012.10.020 

Rando, O.J., Simmons, R.A., 2015. I’m eating for two: parental dietary effects on 

offspring metabolism. Cell 161, 93–105. 

https://doi.org/10.1016/j.cell.2015.02.021 

Robinson, L., Gallos, I.D., Conner, S.J., Rajkhowa, M., Miller, D., Lewis, S., 

Kirkman-Brown, J., Coomarasamy, A., 2012. The effect of sperm DNA 

fragmentation on miscarriage rates: a systematic review and meta-



 

analysis. Hum. Reprod. 27, 2908–2917. 

https://doi.org/10.1093/humrep/des261 

Rodgers, A.B., Morgan, C.P., Bronson, S.L., Revello, S., Bale, T.L., 2013. Paternal 

stress exposure alters sperm microRNA content and reprograms 

offspring HPA stress axis regulation. J. Neurosci. 33, 9003–9012. 

https://doi.org/10.1523/JNEUROSCI.0914-13.2013 

Rosenfeld, C.S., Javurek, A.B., Johnson, S.A., Lei, Z., Sumner, L.W., Hess, R.A., 

2018. Seminal fluid metabolome and epididymal changes after antibiotic 

treatment in mice. Reproduction 156, 1–10. 

https://doi.org/10.1530/REP-18-0072 

Rota, A., Calicchio, E., Nardoni, S., Fratini, F., Ebani, V.V., Sgorbini, M., Panzani, 

D., Camillo, F., Mancianti, F., 2011. Presence and distribution of fungi 

and bacteria in the reproductive tract of healthy stallions. 

Theriogenology 76, 464–470. 

https://doi.org/10.1016/j.theriogenology.2011.02.023 

Salem, S.E., Maddox, T.W., Antczak, P., Ketley, J.M., Williams, N.J., Archer, D.C., 

2019. Acute changes in the colonic microbiota are associated with large 

intestinal forms of surgical colic. BMC Vet. Res. 15, 468. 

https://doi.org/10.1186/s12917-019-2205-1 

Samper, J.C., 2009. Equine Breeding Management and Artificial Insemination. 

Elsevier Health Sciences. 

Sánchez-Calabuig, M.J., López-Fernández, C., Johnston, S.D., Blyde, D., Cooper, 

J., Harrison, K., de la Fuente, J., Gosálvez, J., 2015. Effect of 

cryopreservation on the sperm DNA fragmentation dynamics of the 

bottlenose dolphin (Tursiops truncatus). Reprod. Domest. Anim. 50, 227–

235. https://doi.org/10.1111/rda.12474 

Sanocka-Maciejewska, D., Ciupińska, M., Kurpisz, M., 2005. Bacterial infection 

and semen quality. J. Reprod. Immunol. 67, 51–56. 

https://doi.org/10.1016/j.jri.2005.06.003 



 

Schluter, H., Kuller, H.J., Friedrich, U., Selbitz, H.J., Marwitz, T., Beyer, C., 

Ullrich, E., 1991. Epizootiology and treatment of contagious equine 

metritis (CEM), with particular reference to the treatment of infected 

stallions. Praktische Tierarzt 72, 503–511. 

Schmid-Lausigk, Y., Aurich, C., 2014. Influences of a diet supplemented with 

linseed oil and antioxidants on quality of equine semen after cooling and 

cryopreservation during winter. Theriogenology 81, 966–973. 

https://doi.org/10.1016/j.theriogenology.2014.01.021 

Schulman, M.L., May, C.E., Keys, B., Guthrie, A.J., 2013. Contagious equine 

metritis: Artificial reproduction changes the epidemiologic paradigm. 

Veterinary Microbiology, Special Issue: Equine Infectious Diseases 167, 

2–8. https://doi.org/10.1016/j.vetmic.2012.12.021 

Schulze, M., Dathe, M., Waberski, D., Müller, K., 2016. Liquid storage of boar 

semen: Current and future perspectives on the use of cationic 

antimicrobial peptides to replace antibiotics in semen extenders. 

Theriogenology 85, 39–46. 

https://doi.org/10.1016/j.theriogenology.2015.07.016 

Serrano, M., Climent, E., Freire, F., Martínez-Blanch, J.F., González, C., Reyes, L., 

Solaz-Fuster, M.C., Calvo, J.H., Jiménez, M.Á., Codoñer, F.M., 2020. 

Influence of the Ovine Genital Tract Microbiota on the Species Artificial 

Insemination Outcome. A Pilot Study in Commercial Sheep Farms. High 

Throughput 9. https://doi.org/doi: 10.3390/ht9030016. 

Sharma, S., Dhaliwal, G.S., Dadarwal, D., 2010. Reproductive efficiency of 

Thoroughbred mares under Indian subtropical conditions: A 

retrospective survey over 7 years. Anim. Reprod. Sci. 117, 241–248. 

https://doi.org/10.1016/j.anireprosci.2009.05.011 

Simon, L., Zini, A., Dyachenko, A., Ciampi, A., Carrell, D.T., 2017. A systematic 

review and meta-analysis to determine the effect of sperm DNA damage 

on in vitro fertilization and intracytoplasmic sperm injection outcome. 

Asian J Androl 19, 80–90. https://doi.org/10.4103/1008-682X.182822 



 

Su, S., Zhao, Y., Liu, Z., Liu, G., Du, M., Wu, J., Bai, D., Li, B., Bou, G., Zhang, X., 

Dugarjaviin, M., 2020. Characterization and comparison of the bacterial 

microbiota in different gastrointestinal tract compartments of Mongolian 

horses. MicrobiologyOpen n/a, e1020. 

https://doi.org/10.1002/mbo3.1020 

Swyers, K.L., Burk, A.O., Hartsock, T.G., Ungerfeld, E.M., Shelton, J.L., 2008. 

Effects of direct-fed microbial supplementation on digestibility and 

fermentation end-products in horses fed low- and high-starch 

concentrates. J. Anim. Sci. 86, 2596–2608. 

https://doi.org/10.2527/jas.2007-0608 

Thermo Fisher Scientific, 2021. Ion Reporter Software 5.18.1.0. Thermo Fisher. 

Timoney, P.J., 2011. Horse species symposium: contagious equine metritis: an 

insidious threat to the horse breeding industry in the United States. J. 

Anim. Sci. 89, 1552–1560. https://doi.org/10.2527/jas.2010-3368 

Timoney, P.J., 1996. Contagious equine metritis. Comp. Immunol. Microbiol. 

Infect. Dis. 19, 199–204. https://doi.org/10.1016/0147-9571(96)00005-7 

Tomaiuolo, R., Veneruso, I., Cariati, F., D’Argenio, V., 2020. Microbiota and 

Human Reproduction: The Case of Male Infertility. High Throughput 9, 

10. https://doi.org/10.3390/ht9020010 

Twigg, J., Fulton, N., Gomez, E., Irvine, D.S., Aitken, R.J., 1998. Analysis of the 

impact of intracellular reactive oxygen species generation on the 

structural and functional integrity of human spermatozoa: lipid 

peroxidation, DNA fragmentation and effectiveness of antioxidants. 

Hum. Reprod. 13, 1429–1436. 

Urbano, M., Dorado, J., Ortiz, I., Morrell, J.M., Demyda-Peyrás, S., Gálvez, M.J., 

Alcaraz, L., Ramírez, L., Hidalgo, M., 2013. Effect of cryopreservation 

and single layer centrifugation on canine sperm DNA fragmentation 

assessed by the sperm chromatin dispersion test. Anim. Reprod. Sci. 143, 

118–125. https://doi.org/10.1016/j.anireprosci.2013.10.005 



 

Valcarce, D.G., Genovés, S., Riesco, M.F., Martorell, P., Herráez, M.P., Ramón, D., 

Robles, V., 2017. Probiotic administration improves sperm quality in 

asthenozoospermic human donors. Benef Microbes 8, 193–206. 

https://doi.org/10.3920/BM2016.0122 

van der Schans, G.P., Haring, R., van Dijk-Knijnenburg, H.C., Bruijnzeel, P.L., 

den Daas, N.H., 2000. An immunochemical assay to detect DNA damage 

in bovine sperm. J. Androl. 21, 250–257. 

Varela, E., Rey, J., Plaza, E., Muñoz de Propios, P., Ortiz-Rodríguez, J.M., Álvarez, 

M., Anel-López, L., Anel, L., De Paz, P., Gil, M.C., Morrell, J.M., Ortega-

Ferrusola, C., 2018. How does the microbial load affect the quality of 

equine cool-stored semen? Theriogenology 114, 212–220. 

https://doi.org/10.1016/j.theriogenology.2018.03.028 

Varner, D.D., 2016. Strategies for Processing Semen from Subfertile Stallions for 

Cooled Transport. Vet. Clin. North Am. Equine Pract. 32, 547–560. 

https://doi.org/10.1016/j.cveq.2016.07.007 

Varner, D.D., Blanchard, T.L., Love, C.L., Garcia, M.C., Kenney, R.M., 1988. 

Effects of cooling rate and storage temperature on equine spermatozoal 

motility parameters. Theriogenology 29, 1043–1054. 

Varner, D.D., Scanlan, C.M., Thompson, J.A., Brumbaugh, G.W., Blanchard, T.L., 

Carlton, C.M., Johnson, L., 1998. Bacteriology of preserved stallion semen 

and antibiotics in semen extenders. Theriogenology 50, 559–573. 

Wach-Gygax, L., Burger, D., Malama, E., Bollwein, H., Fleisch, A., Jeannerat, E., 

Thomas, S., Schuler, G., Janett, F., 2017. Seasonal changes of DNA 

fragmentation and quality of raw and cold-stored stallion spermatozoa. 

Theriogenology 99, 98–104. 

http://dx.doi.org/10.1016/j.theriogenology.2017.05.025 

Walbornn, S.R., Love, C.C., Blanchard, T.L., Brinsko, S.P., Varner, D.D., 2017. The 

effect of dual-hemisphere breeding on stallion fertility. Theriogenology 

94, 8–14. https://doi.org/10.1016/j.theriogenology.2017.02.003 



 

Weese, J.S., Holcombe, S.J., Embertson, R.M., Kurtz, K.A., Roessner, H.A., Jalali, 

M., Wismer, S.E., 2015. Changes in the faecal microbiota of mares precede 

the development of post partum colic. Equine Vet. J. 47, 641–649. 

https://doi.org/10.1111/evj.12361 

Weidner, W., Anderson, R.U., 2008. Evaluation of acute and chronic bacterial 

prostatitis and diagnostic management of chronic prostatitis/chronic 

pelvic pain syndrome with special reference to infection/inflammation. 

Int. J. Antimicrob. Agents 31 Suppl 1, S91-95. 

https://doi.org/10.1016/j.ijantimicag.2007.07.044 

Weng, S.-L., Chiu, C.-M., Lin, F.-M., Huang, W.-C., Liang, C., Yang, T., Yang, T.-

L., Liu, C.-Y., Wu, W.-Y., Chang, Y.-A., Chang, T.-H., Huang, H.-D., 2014. 

Bacterial Communities in Semen from Men of Infertile Couples: 

Metagenomic Sequencing Reveals Relationships of Seminal Microbiota 

to Semen Quality. PLoS ONE 9, e110152. 

https://doi.org/10.1371/journal.pone.0110152 

Wickware, C.L., Johnson, T.A., Koziol, J.H., 2020. Composition and diversity of 

the preputial microbiota in healthy bulls. Theriogenology 145, 231–237. 

https://doi.org/doi: 10.1016/j.theriogenology.2019.11.002 

Witkin, S.S., Linhares, I.M., 2015. HIV inhibition by lactobacilli: easier in a test 

tube than in real life. mBio 6, e01485-01415. 

https://doi.org/10.1128/mBio.01485-15 

World Health Organisation, 2010. WHO laboratory manual for the Examination 

and processing of human semen., 5th ed. World Health Organisation, 

Geneve. 

World Organisation for Animal Health, 2018. Manual of diagnostic tests and 

vaccines of terrestrial animals. 

Wrench, N., Pinto, C.R.F., Klinefelter, G.R., Dix, D.J., Flowers, W.L., Farin, C.E., 

2010. Effect of season on fresh and cryopreserved stallion semen. Anim. 



 

Reprod. Sci. 119, 219–227. 

https://doi.org/10.1016/j.anireprosci.2010.02.007 

Wu, X., Zhang, H., Chen, J., Shang, S., Wei, Q., Yan, J., Tu, X., 2016. Comparison 

of the fecal microbiota of dholes high-throughput Illumina sequencing 

of the V3-V4 region of the 16S rRNA gene. Appl. Microbiol. Biotechnol. 

100, 3577–3586. https://doi.org/10.1007/s00253-015-7257-y 

Yániz, J.L., Palacín, I., Vicente-Fiel, S., Gosalvez, J., López-Fernández, C., 

Santolaria, P., 2013. Comparison of membrane-permeant fluorescent 

probes for sperm viability assessment in the ram. Reprod Domest Anim 

48, 598–603. https://doi.org/10.1111/rda.12132 

Zhang, D., Ji, H., Liu, H., Wang, S., Wang, J., Wang, Y., 2016. Changes in the 

diversity and composition of gut microbiota of weaned piglets after oral 

administration of Lactobacillus or an antibiotic. Appl. Microbiol. 

Biotechnol. 100, 10081–10093. https://doi.org/10.1007/s00253-016-7845-

5 

Zhang, J., Liu, H., Yang, Q., Li, P., Wen, Y., Han, X., Li, B., Jiang, H., Li, X., 2020. 

Genomic Sequencing Reveals the Diversity of Seminal Bacteria and 

Relationships to Reproductive Potential in Boar Sperm. Front Microbiol 

11, 1873. https://doi.org/10.3389/fmicb.2020.01873 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

ÍNDICES DE CALIDAD 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

ÍNDICES DE CALIDAD 

 

Primera publicación  

 Título: Seasonal variations in sperm DNA fragmentation and pregnancy rates 

obtained after artificial insemination with cooled-stored stallion sperm 

throughout the breeding season (spring and summer). 

 Autores (p.o. de firma): F. Crespo, C. Quiñones-Pérez, I. Ortiz, M. Diaz-

Jimenez, C. Consuegra, B. Pereira J. Dorado, M. Hidalgo 

 Revista (año, vol., pag.): Theriogenology (2020), Vol. 148, 89-94 

 Base de Datos Internacional o Nacional en las que está indexada: Journal 

of Citation Reports, JCR (2020) 

 Área temática en la Base de Datos de referencia: Veterinary Sciences 

 Índice de impacto de la revista en el año de publicación del Artículo: 2,740 

 Lugar que ocupa/N.º de revistas del Área temática: 21/146 (Q1) 

 

Segunda publicación  

 Título: Comparison of different mathematical models to assess seasonal variations 

in the longevity of DNA integrity of cooled-stored stallion sperm. 

 Autores (p.o. de firma): I. Ortiz, C. Quiñones-Pérez, M. Hidalgo, C. 

Consuegra, M. Diaz-Jimenez, , J. Dorado, J. L. Vega-Pla, F. Crespo 

 Revista (año, vol., pag.): Andrologia (2020), Vol. 52, e13545. 

 Base de Datos Internacional o Nacional en las que está indexada: Journal of 

Citation Reports, JCR (2020) 

 Área temática en la Base de Datos de referencia: Andrology 

 Índice de impacto de la revista en el año de publicación del Artículo: 0,97 

 Lugar que ocupa/N.º de revistas del Área temática: 6/8 (Q3) 

 

Tercera publicación  

 Título: Characterization of the seminal bacterial microbiome of healthy, fertile 

stallions using next-generation sequencing. 

 Autores (p.o. de firma): C. Quiñones-Pérez, M. Hidalgo, I. Ortiz, F. Crespo, J. 

L. Vega-Pla  

 Revista (año, vol., pag.): Animal Reproduction (2021), Vol. 18, e20200052 

 Base de Datos Internacional o Nacional en las que está indexada: Journal 

of Citation Reports, JCR (2020) 



 

 Área temática en la Base de Datos de referencia: Agriculture, Dairy and 

Animal Science 

 Índice de impacto de la revista en el año de publicación del Artículo: 1,807 

 Lugar que ocupa/N.º de revistas del Área temática: 30/63 (Q2) 

 

Cuarta publicación  

 Título: The Semen Microbiome and Semen Parameters in Healthy Stallions 

 Autores (p.o. de firma): C. Quiñones-Pérez, A. Martínez, I. Ortiz, F. Crespo, 

J. L. Vega-Pla 

 Revista (año, vol., pag.): Animals (2022), Vol. 12, 534 

 Base de Datos Internacional o Nacional en las que está indexada: Journal 

of Citation Reports, JCR (2020) 

 Área temática en la Base de Datos de referencia: Veterinary Science 

 Índice de impacto de la revista en el año de publicación del Artículo: 2,752 

 Lugar que ocupa/N.º de revistas del Área temática: 19/146 (Q1) 

 

 

Quinta publicación  

 Título: Comparative Semen Microbiota Composition of a Stallion in a Taylorella 

equigenitalis Carrier and Non-Carrier State 

 Autores (p.o. de firma): C. Quiñones-Pérez, A. Martínez, F. Crespo, J. L. Vega-

Pla 

 Revista (año, vol., pag.): Animals (2020), Vol. 10, 868 

 Base de Datos Internacional o Nacional en las que está indexada: Journal 

of Citation Reports, JCR (2020) 

 Área temática en la Base de Datos de referencia: Veterinary Science 

 Índice de impacto de la revista en el año de publicación del Artículo: 2,752 

 Lugar que ocupa/N.º de revistas del Área temática: 19/146 (Q1) 



 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PRODUCCIÓN CIENTÍFICA 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 

 
 
 
 



 

 
 



 

 

PRODUCCIÓN CIENTÍFICA  

 

Otras aportaciones científicas derivadas de la Tesis Doctoral: 

Contribuciones a Congresos Nacionales 

- “Mapa del microbioma seminal del caballo” 

C. Quiñones Pérez. VI Congreso Científico de Investigadores en Formación 

de la Universidad de Córdoba, Córdoba (España). 18-19 enero 2018. Tipo: 

comunicación oral 

 

- “Análisis descriptivo del microbioma seminal del caballo” 

C. Quiñones Pérez, F. Crespo, A. de Santiago López de Uralde, J.L. Vega 

Pla. III Congreso de Sanidad Militar, Santander (España). Febrero 2018. 

Tipo: comunicación oral. 

 

Contribuciones a congresos Internacionales con meeting-abstracts publicados 

en Revistas Indexadas en el JCR 

- “Fine-tuning sperm DNA fragmentation dynamics over seasons”. 

C. Quiñones-Pérez, F. Crespo, J.L. Vega-Pla, J. Gosálvez, J. Dorado, M. 

Hidalgo, I. Ortiz. 21st Annual Conference of European Society of Domestic 

Animals Reproduction (ESDAR). Berna (Suiza), 24-26 agosto 2017. Tipo: 

Comunicación oral. 

Revista: Reproduction in Domestic Animals, Vol 52 (s3): 29 - 34. 

 

- “First description of the seminal microbiome in healthy stallions and 

donkeys”. 

C. Quiñones-Pérez, F. Crespo, I. Ortiz, J.L. Vega-Pla. 22nd Annual Conference 

of European Society of Domestic Animals Reproduction (ESDAR). Córdoba 

(España), 27-29 septiembre 2018. Tipo: póster. 



 

Revista: Reproduction in Domestic Animals, Vol 54 (s3): 53 - 56. 

 

- “Differential seminal microbiome composition in contagious equine 

metritis carrier and non-carrier stallions”. 

C. Quiñones-Pérez, F. Crespo, A. de Santiago López de Uralde, I. Ortiz, J.L. 

Vega-Pla. 24th Annual Conference of European Society of Domestic Animals 

Reproduction 2021 (ESDAR). Virtual Congress, 11-16 octubre 2021. Tipo: 

póster. 

Revista: Reproduction in Domestic Animals, Vol 57 (s1): 43-129. 

 

 


