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Editorial on the Research Topic 


The Influences of Early Life Experiences on Future Health and Productivity


Livestock industries are increasingly focusing on improving lifetime performance and productivity while reducing environmental impact and cost of production. The perinatal period is a unique opportunity to shape an animal phenotype throughout life. Identifying challenges and opportunities for manipulating early life conditions to develop more resilient and less vulnerable animals is a growing area of interest. This Research Topic provides a comprehensive overview of the current knowledge about the influence that early life experiences have on the offspring, the potential underlying mechanisms leading to phenotypic outcomes later in life, and discussions on potential opportunities to yield positive outcomes thorough management interventions targeting key developmental windows focusing primarily in livestock species.

The conditions experienced during early life developmental windows can influence the offspring long-term phenotype by modulating their development, physiology, behavior, resilience, and vulnerability to disease, ultimately impacting health productivity. The Developmental Origins of Health and Disease, or developmental programming, refers to maternal/paternal influences at critical periods in pre and peri-conceptional, fetal or neonatal development with resulting persistent postnatal effects on the offspring (Gillman, 2005; Hanson and Gluckman, 2008). Initially demonstrated in humans, this concept extends to livestock species at large (Wu et al., 2006; Chavatte-Palmer et al., 2018). Considerable efforts have been made to understand how these influences during specific stages of gestation and early postnatal life might impact the developmental trajectory of the offspring differently, long-term, and often irreversibly. The developing fetus responds to stimuli or challenges imposed to the dam and conveyed by the placenta in mammals (Barker and Thornburg, 2013) or directly to the egg in birds, causing changes in gene expression due to epigenetic modifications (including DNA methylation, histone modifications and non-coding RNAs) that can influence organ development, structure, and/or function and ultimately exert long-term effects on the postnatal offspring. Numerous examples of influences, including but not limited to nutrition, drugs, pathogens, toxins, or stress, with the potential to program the fetus exist in livestock, some of which are featured in this Research Topic.

In beef cows, nutrient fluctuations during pregnancy (i.e., over or undernutrition) affect fetal development, with long-term impacts on muscle development hindering the quality of meat and production efficiency (Du et al., 2017). In this Research Topic, Moriel et al. summarizes the recent literature demonstrating how developmental programming could be explored by beef producers to enhance offspring health and performance (e.g., growth, immune function, and reproduction) by managing cow body condition score during pregnancy. These authors also discuss the positive outcomes of maternal supplementation of protein and energy, polyunsaturated fatty acids and increasing the frequency of specific nutrients including trace minerals, specific amino acids, and vitamins in maternal diets. In dairy cattle, exposure to elevated environmental temperature and humidity during pregnancy affects fetal development with long-term implications in health, survivability, and productivity (Laporta et al., 2020). Pigs gestated under heat stress conditions have an increased postnatal stress response and an increase in maintenance energy requirements (Johnson and Baumgard, 2019).

Sheep models of maternal inflammation during gestation can alter placental and fetal development leaving offspring at an increased risk of metabolic and even neurological disorders. In this Research Topic, Hicks and Yates outline the implications of excessive cytokine activity during compromised pregnancies. This prenatal inflammatory programming is likely one of many mechanisms contributing to offspring metabolic inadequacy which tends to be muscle centric and therefore, targeting anti-inflammatory therapeutics could produce innovative mitigation strategies during maternal inflammatory insults. Another contributing factor of the offspring thrifty phenotype outlined by Gibbs and Yates involves adrenergic pathway adaptations during fetal programming. These adaptations to adrenergic sensitivity in multiple tissues during compromised pregnancies yields lifelong metabolic dysfunction. Due to fetal nutrient partitioning skeletal muscle can be disproportionately affected by fetal growth restriction leading to slowed postnatal growth in ruminants and pigs. Herein, Liu et al. reviewed the life course impact of fetal exposure to elevated glucocorticoids during pregnancy on muscle development and function of the offspring. These authors highlight the role of glucocorticoids in the epigenetic regulation of the hypothalamus-pituitary axis in skeletal and cardiac muscle development and metabolism in numerous animal models, including livestock.

Furthermore, maternal insults can influence long-term changes to offspring productivity such as wool production in sheep (Magolski et al., 2011). Also, food preference has been shown be influenced by maternal nutrition in domestic species, thus affecting food intake and subsequent production (Altbäcker et al., 1995; Simitziset al., 2008). Some of these observations extend to non-mammalian species such as poultry, where, for example, in ovo supplementation with nutriments affects the capacity of eggs to hatch, chick growth and health as well as meat quality (Roto et al., 2016). In this Research Topic, Andrieux et al. discusses programming strategies manipulating incubation temperature and dietary strategies, including the availability of methyl donors. These authors highlight the importance of timing, duration, and intensity of these interventions to yield positive outcomes that might benefit the poultry industry.

In recent years, it has become more apparent that postnatal early life experiences, particularly the first weeks or months of life outside the womb, can influence the offspring developmental trajectory and productive outcomes later in life. Early life nutrition management (i.e., plane, frequency, quantity, and quality) has been shown to influence gut and rumen development, as well as the establishment of gut microbiota in diary calves with long-lasting implications on production (Song et al., 2021). Postnatal exposure to elevated temperature and humidity significantly reduces dry matter intake with negative consequences on health and growth performance in dairy calves (Dado-Senn et al., 2020). In pigs, maternal programming via milk derived factors in early postnatal life have been implicated in reduced fecundity and litter size over multiple parities (Bagnell and Bartol, 2019) whereas maternal welfare improvement during gestation increases offspring neonatal survival (Merlot et al., 2022). In this Research Topic, Harvey et al. discusses how nutritional management during early postnatal life (e.g., early weaning strategies) might enhance carcass characteristics in feedlot cattle and exert advantageous reproductive outcomes in females. Other neonatal factors with the potential to influence the offspring long-term include social and housing conditions, husbandry practices, level of exposure to pathogens or infectious environments, among many others. Adcock discusses the long-term consequences and implications that early life painful and often routine procedures such as disbudding or tail docking might have for farm animal welfare and physiology. These authors compiled evidence supporting that experiencing painful events, sustained stress, or injuries leading to exacerbated inflammation, may have repercussions later in life that may be passed to the offspring.

Finally, in this Research Topic, Vautier and Cadaret, sum up the current knowledge on trans- and inter-generational programing in ruminant species. The programming effects of maternal insults such as under- or over-nutrition, heat stress, inflammation or glucorticoid exposure vary depending on the insult, its timing and duration, with an important role of placental adaptation. Sex-related effects are observed which may affect gonadal development, hence affecting offspring subsequent fertility. In addition, several studies demonstrate intergenerational programming effects in ruminants, indicating that observations in humans and animal models are also found in ruminants.

So far, underlying epigenetic mechanisms have been poorly explored in ruminant species, although recent work on the paternal line has related the sperm epigenome to bull’s fertility (Costes et al., 2022). As demonstrated in rodent models, epigenetic responses vary according to the individual’s genotype, and there is a need for mechanistic studies aimed at the understanding of genetics/epigenetic interactions as well as interactions between different insults also known as the exposome.


Author Contributions

JL, CL, PC-P: conceptualization. JL, CL and PC-P: writing and editing original draft. All authors contributed to the article and approved the submitted version.



Acknowledgments

Thank you to the contributors and reviewers for their effort on this this Research Topic. We are also grateful to the administrative staff of Frontiers in Animal Science for their support.



References

 Altbäcker, V., Hudson, R., and Bilkó, Á. (1995). Rabbit Mothers’ Diet Influences Pups’ Later Food Choice. Ethology 99, 107–116. doi: 10.1111/j.1439-0310.1995.tb01092.x

 Bagnell, C., and Bartol, F. (2019). Review: Maternal Programming of Development in the Pig and the Lactocrine Hypothesis. Animal 13 (12), 2978–2985. doi: 10.1017/S1751731119001654

 Barker, D. J., and Thornburg, K. L. (2013). Placental Programming of Chronic Diseases, Cancer and Lifespan: A Review. Placenta 34, 841–845. doi: 10.1016/j.placenta.2013.07.063

 Chavatte-Palmer, P., Velazquez, M. A., Jammes, H., and Duranthon, V. (2018). Review: Epigenetics, Developmental Programming and Nutrition in Herbivores. Animal 12, s363–s371. doi: 10.1017/S1751731118001337

 Costes, V., Chaulot-Talmon, A., Perrier, J.-P., Aubert-Frambourg, A., Jouneau, L., Pontlevoy, C., et al. (2022). Predicting Male Fertility From the Sperm Methylome: Application to 120 Bulls With Hundreds of Artificial Insemination Records. Clin. Epigenet. 14, 54. doi: 10.1186/s13148-022-01275-x

 Dado-Senn, B., Vega Acosta, L., Torres Rivera, M., Field, S. L., Marrero, M. G., Davidson, B. D., et al. (2020). Pre- and Postnatal Heat Stress Abatement Affects Dairy Calf Thermoregulation and Performance. J. Dairy Sci. 103 (5), 4822–4837. doi: 10.3168/jds.2019-17926

 Du, M., Ford, S. P., and Zhu, M. (2017). Optimizing Livestock Production Efficiency Through Maternal Nutritional Management and Fetal Developmental Programming. Anim. Front. 7 (3), 5–11. doi: 10.2527/af.2017-0122

 Gillman, M. W. (2005). Developmental Origins of Health and Disease. N. Engl. J. Med. 353 (17), 1848–1850. doi: 10.1056/NEJMe058187

 Hanson, M. A., and Gluckman, P. D. (2008). Developmental Origins of Health and Disease: New Insights. Basic Clin. Pharmacol. Toxicol. 102 (2), 90–93. doi: 10.1111/j.1742-7843.2007.00186.x

 Johnson, J. S., and Baumgard, L. H. (2019). Physiology Symposium: Postnatal Consequences of In Utero Heat Stress in Pigs. J. Anim. Sci. 97 (2), 962–971. doi: 10.1093/jas/sky472

 Laporta, J., Ferreira, F. C., Ouellet, V., Dado-Senn, B., Almeida, A. K., De Vries, A., et al. (2020). Late-Gestation Heat Stress Impairs Daughter and Granddaughter Lifetime Performance. J. Dairy Sci. 103 (8), 7555–7568. doi: 10.3168/jds.2020-18154

 Magolski, J. D., Luther, J. S., Neville, T. L., Redmer, D. A., Reynolds, L. P., Caton, J. S., et al. (2011). Maternal Nutrition During Pregnancy Influences Offspring Wool Production and Wool Follicle Development. J. Anim. Sci. 89 (11), 3819–3823. doi: 10.2527/jas.2010-3687

 Merlot, E., Meunier-Salaün, M.-C., Peuteman, B., Père, M.-C., Louveau, I., Perruchot, M.-H., et al. (2022). Improving Maternal Welfare During Gestation has Positive Outcomes on Neonatal Survival and Modulates Offspring Immune Response in Pigs. Physiol. Behav. 249, 113751. doi: 10.1016/j.physbeh.2022.113751

 Roto, S. M., Kwon, Y. M., and Ricke, S. C. (2016). Applications of In Ovo Technique for the Optimal Development of the Gastrointestinal Tract and the Potential Influence on the Establishment of Its Microbiome in Poultry. Front. Vet. Sci. 3, 63. doi: 10.3389/fvets.2016.00063

 Simitzis, P. E., Deligeorgis, S. G., Bizelis, J. A., and Fegeros, K. (2008). Feeding Preferences in Lambs Influenced by Prenatal Flavour Exposure. Physiol. Behav. 93, 529–536. doi: 10.1016/j.physbeh.2007.10.013

 Song, Y., Li, F., Fischer-Tlustos, A. J., Neves, A. L. A., He, Z., Steele, M. A., et al. (2021). Metagenomic Analysis Revealed the Individualized Shift in Ileal Microbiome of Neonatal Calves in Response to Delaying the First Colostrum Feeding. J. Dairy Sci. 104, 8783–8797. doi: 10.3168/jds.2020-20068

 Wu, G., Bazer, F. W., Wallace, J. M., and Spencer, T. E. (2006). Intrauterine Growth Retardation: Implications for the Animal Sciences. J. Anim. Sci. 84, 2316–2337. doi: 10.2527/jas.2006-156




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed, or endorsed by the publisher.

Copyright © 2022 Laporta, Lemley and Chavatte-Palmer. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
& frontiers | Frontiers in Animal Science





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Editorial: The Influences of Early Life Experiences on Future Health and Productivity

      

        		

          Author Contributions

        



        		

          Acknowledgments

        



        		

          References

        



      



      



    



  



OEBPS/Images/fanim.2022.962580_cover.jpg
, frontiers | Frontiers in Animal Science

Editorial: The Influences of Early
Life Experiences on Future
Health and Productivity





OEBPS/Images/crossmark.jpg
©

2

i

|





