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Introduction 
 

Decreasing yields and plant nutrient value as a natural fodder base for livestock, favourable environment for the 

pathogenic bacteria developing and spreading, as well as the direct effect of high temperatures on animal welfare are 

the causes of significant losses in livestock worldwide associated with climate change (Laporta et al 2020). On the other 

hand, long-term selection for high milk yield has led to limited oestrus in modern dairy cattle compared to the animals 

studied by researchers 40 years ago (Sheldon et al 2011). As many as half of the cows cannot produce the first dominant 

follicle in the postpartum period, numerous animals have abnormal oestrus with anovulatory anoestrus, cystic ovarian 

disease, or prolonged luteal phase, primarily due to various stressors (Lees et al. 2019). This requires comprehension of 

the current state of the problem and possible mitigation strategies. With this importance in mind, this mini-review 

article aimed at lighting the harmful effects of high temperatures on the reproductive function of animals and possible 

mitigation options.  
 

High-temperature effect 
 

A decline in cow insemination efficiency in recent decades is associated with the increase in average and 

maximum temperatures and reduced rainfall (Borş et al 2019). Heat stress (HS) is a major problem. With the 

temperature and humidity index (THI) increasing by one unit above 70 during the heat, the percentage of fertilization 

decreases by 4.6% (Krishnan et al 2017). HS's negative effects in late pregnancy became apparent in the offspring from 

generation to generation (the impact of transmission across at least two generations). There was a decrease in 

daughters and granddaughters' daily milk yield and a reduction in their productive life in the herd. The United States' 

losses run into hundreds of millions of dollars per year (Laporta et al 2020). However, this is not a critical issue for the 

middle-yielding cows in a moderately continental climate of Europe (Borş et al 2019). 

The last weeks before parturition condition further productivity of dairy cattle. In late pregnancy, HS slowed the 

lacteous gland's involution in the first half of the interlactation period and delays the proliferation of lacteous gland cells 

before parturition (Ouellet et al 2020). Reduced productivity in goats is associated with HS's effect in late pregnancy 

Hooper et al (2020). It is the reduction of lacteous gland cells and inhibition of prolactin signal transmission in a cell. 
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Heifers under prenatal HS conditions had lower weight, impaired metabolism, and immune function (Dado-Senn et al 

2020). 

Genome study in Holstein cows (Sigdel et al 2020) allowed identifying at least six portions associated with 

fertilization under HS conditions, directly involved in reproductive function and cellular response to HS. Such studies 

indicate possible genomic strategies in improving thermotolerance and fertility using selection markers. 
 

Changes in female reproductive tracts and fetal abnormalities 
 

Anovulation is a major cause of infertility and a severe reproductive disorder in female mammals. In many cases, 

infertility is associated with impaired luteinization of granulosa cells or thecal cells, threatening progesterone 

production (Abedel-Majed et al 2019). Under high temperatures conditions, nucleoli were fragmented in granulosa cells 

(Sirotkin et al 2021), they released less progesterone, not least because of impaired response to FSH. There were 

changes in follicular fluid components and inflammatory mediators' growth in preovulatory follicles (Rispoli et al 2020). 

The deficiency of nutrients supplied through the placenta was the cause of weight loss in new-born calves, impaired 

immune function, and disease susceptibility. Exposure to HS in calves in the womb may result in a low yield in adulthood 

due to impaired DNA methylation in the liver and lacteous gland tissue (Ouellet et al 2020). However, it has been 

reported (Ahmed et al 2017) that in late pregnancy, HS conditions in the womb had increased thermotolerance in the 

offspring in later periods of their development through the enhanced ability to dissipate heat to maintain the internal 

body temperature. 
 

Abnormalities in male breeders 
 

In the summer, sperm abnormalities became more frequent (Zaher et al 2020). There was a significant increase 

in total defects and the number of dead spermatozoids in male sheep, with a decrease in overall sperm motility and 

concentration; narrowing the diameter of the external epididymal tail duct caused azoospermia (El-Zeftawy et al 2020).  

The mechanisms of maintaining the temperature in the scrotum are impaired in heat stress conditions (Wallage 

et al 2017). The period of spermatogenesis recovery after the heat exposure can be delayed up to eight weeks, but it 

can often take up the full spermatogenesis cycle. Moreover, the scrotum's ability to maintain the optimal temperature 

for spermatogenesis during HS periods (Lees et al 2019) has not been identified enough. 
 

Reproductive diseases 
 

Almost half of the clinical diseases in high-yielding dairy cows occur within three weeks after parturition (Vallejo 

et al 2019). Cows with metritis in the early postpartum period are in a state of significant oxidative stress (Mikulková et 

al 2020). The use of metabolic tests and assessment of cow body condition may be informative for preventing 

postpartum diseases under HS conditions one week after parturition (Torres et al 2020). 

Infertility in dairy cattle is associated with pathogenic bacteria in the uterus even a few months after parturition. 

There have been reports (Horlock et al 2020) that after intrauterine infusions of pathogenic bacteria in the endometrium 

to heifers (Escherichia coli, Trueperella pyogenes) experimentally, the pathological changes in the transcriptome of 

endometrial cells, oviduct, and granulosa cells have been revealed even three months upon slaughter. Intrauterine 

ozone therapy, which was carried out 35 days after parturition (Escandón et al 2020), prevented subclinical endometritis 

and improved reproductive performance in dairy cows. 
 

Animal reproduction management 
 

The knowledge accumulated over the years about the reproductive system functioning and the proper use of 

hormonal drugs allows control of the ovary cycle of cows in reproductive management and cows insemination without 

detecting cows in heat (Vallejo et al 2019), as well as the use of ovulation synchronization protocols in numerous types 

of ovarian dysfunction as a therapeutic method (Nowicki et al 2017). 



     3 

________________________________________________________________________________ 
 

________________________________________________________________________________ 
 

 

Mylostyvyi and Izhboldina (2021) 

Timely detection of animals in heat can significantly increase reproductive performance. Marques et al (2020) 

report a higher probability of cow fertilization after the first insemination due to a device for automatic detection of 

oestrus. According to other reports (Pereira et al 2020), the activity and rumination monitoring system also provided 

promising results in detecting oestrus in pasture conditions. 

Reproductive technologies are widely used to maintain fertility in conditions of ever-increasing weather 

variability. Despite the revolutionary advances in embryo transplantation and continuous improvement of this method, 

Brazilian researchers are convinced of the need for further effective cooperation of practicing veterinarians and 

scientists (Rodrigues 2014). The enormous potential of ovaries in terms of producing viable follicles for insemination is 

still not being used. Attempts have been made to cultivate cow oocytes in vitro at certain development stages; however, 

no effective and reliable protocols have been developed so far (Barros et al 2020). 
 

Final considerations 
 

Understanding the mechanisms of high-temperature adverse effects on productive animals' reproductive 

function will allow developing mitigation strategies. The development of reproductive technologies and preventive 

managerial decisions will bear fruit under any climate change scenario. 
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