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According to the international dairy federation, the dairy sector provides up to one 
billion livelihoods around the globe. Albeit, it faces many challenges including the two 
potentially threatening diseases which are mastitis and infertility. Both are complex 
multifactorial diseases, and mastitis is associated with causing infertility. Mastitis is an 
intramammary infection (IMI) and it occurs in two forms, clinical and subclinical.  
Mastitis being the infection of mammary glands, directly affects milk production to 
reduce its quality and quantity and indirectly hinders the reproductive performance of 
dairy animals. It negatively affects the reproduction parameters of dairy animals 
including, an increase in days open, a decrease in pregnancy rates, and increases 
chances of early embryonic losses and abortion. The chronic cases of mastitis lead 
toward the infertility of dairy animals and both of these diseases are responsible for 
increasing the culling rate and decreasing the profitability of a dairy farm. The 
objective of this study is to illustrate the influence of subclinical mastitis on 
reproduction parameters of dairy animals including, days open, days to the first service 
after calving, pregnancy rates, abortion, and embryonic losses. The relation between 
mastitis and infertility will be explained mechanistically.  
 

Contribution/Originality: This study contributes to the literature related to the field of animal science and 

particularly it discusses the issues related to subclinical mastitis in dairy animals. The primary purpose of this study 

is to bring this issue under the attention of animal science researchers and veterinarians to understand the gravity 

of situation and to work for treatment and cure of intramammary infections. 

 

1. INTRODUCTION 

The importance of dairy can be understood from the fact that people of every country across the globe milk 

dairy animals and up to one billion people live on dairy farms (https://www.fil-idf.org/). But the dairy sector faces 

many challenges including the challenge of mastitis which leads towards infertility in chronic cases. In dairy cattle, 

pregnancy rates are decreasing from last few decades. Pregnancy rates from 50–60% in the 1970s have declined 

drastically to values of 35–45% in the recent past [1, 2].  
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Mastitis is described as the infection of mammary glands which causes physical, chemical and bacteriological 

changes in milk and pathological changes in mammary glands [3]. Intramammary infection (IMI) happened to be 

the most common problem in dairy animals [4] thus, causing significant economic losses and is also a reason for 

antibiotic resistance in animals and humans [5-7]. Subclinical mastitis (SCM) is one of the two forms of mastitis in 

which clinical signs do not appear thus, it is also known as asymptomatic inflammation of mammary tissue [8]. 

This form of mastitis has 15-40% more chances to occur [9] because of its asymptomatic nature. SCM is diagnosed 

through somatic cell count SCC of milk sample and in SCM the somatic cell count is about 200000 cells/ml in 

bovine [10] which is positive in milk samples three to four times per year [11].  

Dairy herd efficiency is measured through the amount of milk sold per cow per day of life. The primary 

determinant of dairy herd efficiency and profitability is reproductive performance because of its associations with 

the milk production, culling rate, cost of breeding, and the number of calves born per year [12]. There are many 

factors affecting dairy herd efficiency, but reproductive performance is a significant shareholder which is negatively 

affected by mastitis [13]. Mastitis causes extensive economic losses in cattle dairy farms through its treatment 

costs, replacement of early culled animals and decreased production losses [14, 15] which causes the ineffective use 

of inputs ending up in increased per unit production of greenhouse gas emissions [16]. Mastitis in dairy animals is 

much devastating as it decreases milk production directly but also has an indirect impact on the reproductive 

efficiency [17] of the animals, such as the reduction in the number of calves born per year [10]. It also increases 

the days to the first service, decreases the conception rate and also increases the number of abortions [18]. For 

maintenance and sustainability of a farm to be economical the optimization of reproductive efficiency is the need of 

the time [19]. During the last few decades measures were taken to control mastitis which were fruitful to some 

extent, but subclinical mastitis is a challenging issue hitherto  [20]. 

In this review, we will elaborate about the effects of SCM on the reproductive performance of animals. The 

mechanism through which SCM effects the reproductive parameters will also be discussed. 

 

2. SUBCLINICAL MASTITIS AND FERTILITY OF DAIRY ANIMALS 

2.1. Contribution of Oxidative Stress Caused by IMI to Infertility 

The mammalian life needs oxygen for its oxidative metabolism which provides energy. During oxidative 

metabolism, some reactive oxygen species (ROS) are produced as a by-product which are neutralized by antioxidant 

mechanisms under physiological conditions [21]. However, during pathological conditions, the ROS production 

increases significantly which may exceed the protective mechanisms capacity and therefore can cause tissue damage. 

Conditions like inflammation which are meant to eliminate the noxious agent and to repair the tissue damage result 

in oxidative stress and excessive ROS production [22]. The oxidative stress and excessive ROS productions cause 

damage to the oocytes. For example, during prophase of meiosis I, it results in incorrect chromosome segregation 

[23].  The chronic cases of inflammation during postpartum time could cause the oxidative stress to a certain level 

which imposes damage to the resting as well as developing oocytes. It also affects DNA and because of that the 

fertility of animals is diminished [24].  

Oxidative stress caused by IMI can cause direct insults to oocytes, it also results in impaired granulosa cell 

function which ends up with indirect wearying of functional oocytes. The oxidative stress to oocytes recovered 

along with granulosa cells for human in vitro fertilization (IVF) resulted in failed fertilization [25]. This evidence 

reveals that oxidative damage to the antral follicle causes potential damage to the oocyte [26]. 

 

2.2. Effect of IMI on the Primordial Follicle Pool  

Primordial follicles are the reserve pool for the production of oocytes in animals after the start of puberty until 

death. Chronic Inflammation and its associated oxidative stress are the main contributors to infertility through 

oocyte damage. However, the inflammation and oxidative stress can also deplete the reserve primordial follicles 
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through their premature activation. Because, once the follicles are activated, then they are destined to develop until 

ovulation or atresia [26].  

The acute loss of primordial follicles was observed after the in vitro administration of lipopolysaccharides (LPS) 

to the bovine ovarian cortex. The inflammatory processes activated the phosphoinositol 3 kinase (PI3K) which 

converts the phosphoinositol diphosphate to phosphoinositol triphosphate, along with activation of protein kinase B 

(PKB). The activation of this pathway results in stimulation of the primordial follicle which leaves their resting pool 

and gets on board for development to ovulation or atresia [27]. Thus, in this way, the depletion of primordial 

follicles not just cuts short the reproductive lifespan, but also affects the fertility during normal reproductive stages 

of dairy animals [28]. The number of antral follicles is an indicator of healthy follicles and oocytes. The fertility in 

cows with a higher number of antral follicles is higher than those with a lower number of antral follicles [29, 30]. 

Thus, the inflammatory mediated depletion of primordial follicles can have a permanently deleterious effect on the 

fertility of dairy animals. 

 

2.3. Impact of IMI on the Consequent Failure of Fertilization 

The bacterial toxins and the inflammatory mediators can travel to the follicular environment through general 

circulation. Endotoxins can be found in the ovarian tissue after the intramammary infection in animals [31]. The 

endotoxin in ovarian tissue exerts a detrimental effect on the competence of oocytes [32].  

The expression of Toll-like receptors (TLR) by granulosa and theca cells makes them responsive to LPS and 

other bacterial products [31-33]. The activation of TLRs on granulosa and theca cells disturbs the communication 

between oocyte and cumulus cells that is needed for the development of competent oocyte [34]. 

Thus, the subclinical mastitis leads towards infertility through premature activation of primordial follicles, 

infliction of insults to developing oocytes through oxidative stress, and through disruption of communication 

between oocytes and cumulus cells. 

 

3. MASTITIS IMPACT ON CONCEPTION RATE, PREGNANCY RATE AND DAYS OPEN 

Conception rate is the detection of positive early days pregnancy compared to the number of artificial 

inseminations, and pregnancy rate is the percentage of attempts to get animals pregnant. Days open is calving to 

conception period of animals. 

Subclinical mastitis interferes with intake, partition, and expenditure of nutrients and energy which results in 

mobilization of body reserves, lowering body condition and delaying the postpartum resumption of the estrous 

cycle [35]. Decreased body condition comes up with a reduction in the fertility of dairy cows [36]. Therefore, 

delayed first breeding postpartum causes reproductive inefficiency and economic losses Ribeiro, et al. [37]. Santos, 

et al. [38] studied the relation of ovulation and the number of viable oocytes and the number of viable oocytes was 

lower in subclinical mastitis as it causes the degeneration of oocytes. Intra-mammary infections promote delayed 

ovulation and alter the functionality of corpus luteum (CL) formed after the ovulation [38]. Either clinical or 

subclinical IMI caused by gram-positive or gram-negative bacteria pre or post insemination drops the conception 

rate [34]. In chronic cases of subclinical mastitis 30 percent of affected cows showed delayed ovulation [39]. 

Moreover, exposure of cows to endotoxin during estrus triggered a diminished and delayed luteinizing hormone 

(LH) surge in one-third of the cows which resulted in delayed ovulation and, ultimately, decreased the chances of 

successful fertilization [39]. 

These shreds of evidence show that intramammary infection causes delayed ovulation which results in 

increased days open. It also affects the competence of oocyte through oxidative stress, inflammatory mediators and 

decreased body condition which results in lowered conception and pregnancy rates in dairy animals. 
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Furthermore, Schrick, et al. [40] reported the effects of IMI on reproductive parameters of animals at different 

time periods of their reproductive cycles Figure 1 and the SC mastitis which occurred between first insemination 

and pregnancy had the most deleterious effects [40]. 

 
Figure-1. Effects of mastitis occurred at different times on days to the first insemination, days open, and services per conception. 

Source: Modified from Schrick, et al. [40]. 

 

4. PROPOSED MECHANISMS WHICH DISTURBS THE CONCEPTION AND PREGNANCY 

RATES 

4.1. Mastitis Mediated Mechanisms which Effects Steroidogenesis 

In the limelight of the relation of subclinical mastitis and fertility, the possible mechanism which affects 

conception rate and maintenance of pregnancy will be demonstrated here. The immediate impact of subclinical 

mastitis regarding reproductive performance is the disruption of the endocrine mechanism associated with 

androgens. Shortly, the inflammation mediators and bacterial endotoxins released through induction of mastitis 

such as cytokines, interleukins, and prostaglandin F2α (PGF2 α) affect the endocrine pathways related to 

reproduction [18]. This causes the disturbance in hypothalamo-pituitary-ovarian-uterine axis [41] which results in 

altered reproductive parameters of cows, causing anestrous, anovulation and infertility. Further, the cows affected 

with the subclinical or clinical disease showed delayed estrous cycle resumption which prolongs the period between 

calving and first service [36, 42].  

Besides, the likely reason behind delayed ovulation is reduced estradiol production which is due to the 

stimulation of TLR receptors on theca cells by inflammatory products and mediators [31, 33, 43]. The dropped 

amount of estrogen in circulation results in dim and delayed preovulatory LH surge which subsequently causes 

delayed ovulation. In their study, Magata, et al. [33] cultured bovine theca cells in vitro in a media containing 

peptidoglycan and/or LPS to investigate the effects of these bacterial toxins on steroidogenesis. Theca cells 

presented TLR receptors and nucleotide-binding oligomerization domain 1 and 2. The bacterial toxins caused 

decreased prostaglandin and androstenedione production along with decreased mRNA expression of steroidogenic 

enzymes. These findings show that bacterial toxins directly affect the steroidogenesis in theca cells which results in 

poor growth of oocytes [44].  In another study, Lavon, et al. [45] revealed that 33% of the cows affected with 

naturally occurring subclinical mastitis showed decreased follicular androstenedione, and decreased mRNA 

expression of genes associated with steroidogenesis in both granulosa and theca cell layers [45] might be because 

of oxidative stress. The decrease in follicular estradiol concentrations two weeks after G+ or G- toxin exposure 

disturbed the functioning of small follicles during folliculogenesis and damaged preovulatory follicles as well [46]. 

Additionally, shreds of evidence from previous studies have also shown that follicular growth halts in mastitis 
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effected cows [31, 34], possibly because of decreased LH concentrations, as the administration of E. coli endotoxins 

through intramammary infusion decreased the LH pulsatility which altered the development of preovulatory 

follicles [47, 48]. The follicular growth was also reduced in animals with continuous infusion of Staph. aureus toxin 

for three weeks [46]. Thus, intra-mammary infections could promote delayed or absence of ovulation [39] which 

causes decreased fertility or infertility in dairy animals. 

The reduction in the follicular concentration of estradiol in granulosa cells of the ovary and of androstenedione 

in theca cells is associated with a decrease in expression of steroidogenic enzymes and LH receptor (LHR) in 

granulosa and theca cells [49]. In a concordant study, Magata, et al. [33] showed that low concentrations of LPS 

in follicular fluid suppresses the transcription of steroidogenic enzymes including CYP17 and P450 [44]. Another 

similar study conducted by Lavon, et al. [50] showed a similar mechanism of abnormally low expression of LHR 

and steroidogenic genes in both granulosa and theca cells [50]. Gloominess in estradiol levels in follicles of 

subclinically affected mastitis animals was caused by reduced CYP10A expression in granulosa cells [50]. 

Therefore, the negative effects of IMI on the production of the androgen impairs the normal regulation of 

oocyte development and ovulation which is reason for decreased conception and pregnancy rates and increased days 

open in mastitis affected animals. 

 

4.2. Disruption of the Hypothalamic-Pituitary-Ovarian Axis 

A plausible reason for an increase in the number of services per conception in cows with mastitis is hang-up of 

gonadotropic release which reduces follicle growth, ovulation, and functioning of corpus luteum [1]. The IMI 

relates to stimulation of the glucocorticoid system [49] coming up with a sharp rise of systemic cortisol, which is 

involved in the depression of gonadotropin-releasing hormone (GnRH) and LH secretion ,therefore, orchestrating 

the delayed ovulation [45]. This disturbance in hypothalamo-pituitary-ovarian-uterian axis [41] alters the 

reproductive parameters of cows, causing anestrous, anovulation and infertility. Low level of estradiol in blood near 

to estrus is associated with a disturbance of its positive effect on GnRH secretion, consequently leading to 

interruption of the normal flow of the preovulatory LH surge. Insignificant reproductive performance in mastitis-

affected cows could be linked to the altered hormonal profile, fertilization failure, and unfavorable uterine milieu for 

embryonic development [1]. 

The graphical presentation of the proposed mechanism for the influence of IMI on reproductive parameters is 

given in Figure 2. 

 

 
Figure-2. Shows potential effects of mastitis on follicle growth, ovulation, CL, and pregnancy maintenance through negative feedback of 
inflammatory mediators and their positive feedback on cortisol. The negative feedback of cortisol on FSH and LH also elaborates on the decrease 
in estradiol and progesterone concentrations and their ultimate consequences. 

Source: Modified from Sharma, et al. [1].  
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5. MASTITIS VERSUS EARLY EMBRYONIC LOSSES AND ABORTION 

The early embryonic loss is a loss of embryo before 45 days and abortion is termed as the loss of a fetus after 45 

days of pregnancy. The odds of pregnancy loss (PL) are 1.2 times higher in cows affected with subclinical mastitis 

during the first 90 days of gestation as compared to cows without subclinical mastitis [9]. The inflammation due to 

mastitis not only causes the impaired oocyte development and incompetence of oocyte but also causes the impaired 

development of morula and further development of conceptus to elongation stages which, sometimes,  results in 

early embryonic loss or abortion [35].  Moreover, endotoxins were found to be associated with inhibition of meiotic 

progression in bovine oocytes. Further, the LPS exposure to bovine oocytes also decreased the mitochondrial 

membrane potential and halted the redistribution of mitochondria all over the cytoplasm. Further, the oocytes 

matured in LPS exposure showed a significantly lower number of trophoblasts. These results indicate that 

endotoxin exposure leads to the impaired nuclear and cytoplasmic maturation of oocytes and also disturbs the 

subsequent embryonic development [32]. Those cows which have subclinical mastitis show decidedly fewer 

pregnancy rates and those cows which have subclinical mastitis after service to 30 days indicate more infrequent 

pregnancy rates. The root of this effect is the release of PGF2 alpha which causes premature luteolysis and the 

ultimate decrease in the pregnancy rates. The embryonic mortality is due to the activation of  inflammatory and 

immune responses. These responses occur due to the release of lipopolysaccharides from bacteria entered to 

mammary glands [3]. 

Recently, Mohsen, et al. [3] investigated the relevance between animals of subclinical and clinical mastitis to 

pregnancy rate and embryonic loss percentage [3]. They found that the percentage of pregnancy rate (44.45%) was 

lower in SC mastitis affected animals as compared to normal ones (60.87%) but it was higher than the clinical 

mastitis affected animals (16%). While the embryonic loss percentage showed that SC mastitis animals had higher 

(11.11%) than the normal (8.70%) but lower than clinical mastitis animals [3]. This data clearly tells us that 

subclinical mastitis drops down the pregnancy rate and increases the embryonic losses rate of dairy animals which 

turns out to be a huge loss in terms of economics. 

The biggest hurdle in developing the direct and authentic relation between mastitis and PL [51] is less 

information about the compounding factors involved in this disease [1, 52]. However, the pieces of evidence we 

have discussed above are the indicators for the impact of subclinical mastitis on the reproductive parameters of dairy 

animals. Research is needed (1) for livelihood of the hypothesis that mastitis in combination with low BCS or other 

factors can increase the risk of PL, (2) to link the effect of mastitis before and during gestation on PL, and (3) to 

associate the impact of mastitis on PL in dairy cows during different lactations [53]. 

 

6. CONCLUSORY REMARKS AND RECOMMENDATIONS 

In sum, we have learned that subclinical mastitis has negative impacts on the reproductive parameters of dairy 

animals. These negative impacts are mediated by a different mechanism including oxidative stress, depletion of 

primordial follicle pool, decrease in oocyte competence, decreased steroidogenesis, and delayed ovulation.  These 

perturbed reproductive parameters lead to the increased days open, decreased conception rates, and improper 

development or loss of the fetus. The ultimate impact of subclinical mastitis is on the economic efficiency of the 

dairy herd through its treatment costs, replacement of prematurely culled animals, and production losses. 

According to FAO and OECD, the consumption of dairy products is expected to increase by 20% or more 

before 2021. In this context, it is the utmost need of time to set proper checks for control of subclinical and clinical 

mastitis in order to improve the production of high-quality milk and to improve the reproductive efficiency of dairy 

animals. As the global human population is increasing the requirements of the availability of milk and meat will be 

met if these two interlinked complex diseases are controlled. The first step in controlling the subclinical mastitis is 

its early diagnosis which is very difficult to handle through conventional methods. Thus, the use of newly developed 
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tools such as infrared thermometers and dynamometers can aid in early diagnosis of subclinical mastitis. Measures 

for the prevention of subclinical mastitis through the management and use of vaccinations should be promoted. 

 

Funding: This study received no specific financial support. 
Competing Interests: The authors declare that they have no competing interests. 
Acknowledgement: The author wants to thank supervisor Professor Xiao Mei for her excellent 
guidance and mentorship. 

 

REFERENCES 

[1] N. Sharma, A. S. Batoo, Z. I. Huma, S. Kour, J. Misri, and K. Hussain, "Impact of mastitis on reproductive performance 

in dairy animals: A review," Theriogenology Insight, vol. 7, pp. 41-49, 2017.Available at: https://doi.org/10.5958/2277-

3371.2017.00015.8. 

[2] S. Walsh, E. Williams, and A. Evans, "A review of the causes of poor fertility in high milk producing dairy cows," 

Animal Reproduction Science, vol. 123, pp. 127-138, 2011.Available at: 

https://doi.org/10.1016/j.anireprosci.2010.12.001. 

[3] M. M. Mohsen, A. O. Hendawy, and M. M. Zeitoun, "Effect of mastitis on luteal function and pregnancy rates in 

buffaloes," Theriogenology, vol. 86, pp. 1189-1194, 2016.Available at: 

https://doi.org/10.1016/j.theriogenology.2016.04.009. 

[4] J. Hertl, Y. Gröhn, J. Leach, D. Bar, G. Bennett, R. Gonzalez, B. Rauch, F. Welcome, L. Tauer, and Y. Schukken, 

"Effects of clinical mastitis caused by gram-positive and gram-negative bacteria and other organisms on the probability 

of conception in New York State Holstein dairy cows," Journal of Dairy Science, vol. 93, pp. 1551-1560, 2010.Available 

at: https://doi.org/10.3168/jds.2009-2599. 

[5] K. Singh, M. Chandra, G. Kaur, D. Narang, and D. K. Gupta, "Prevalence and antibiotic resistance pattern among the 

mastitis causing microorganisms," Open Journal of Veterinary Medicine, vol. 8, pp. 54-64, 2018.Available at: 

https://doi.org/10.4236/ojvm.2018.84007. 

[6] J. Xu, X. Tan, X. Zhang, X. Xia, and H. Sun, "The diversities of staphylococcal species, virulence and antibiotic 

resistance genes in the subclinical mastitis milk from a single Chinese cow herd," Microbial pathogenesis, vol. 88, pp. 29-

38, 2015.Available at: https://doi.org/10.1016/j.micpath.2015.08.004. 

[7] C. Boireau, G. Cazeau, N. Jarrige, D. Calavas, J.-Y. Madec, A. Leblond, M. Haenni, and É. Gay, "Antimicrobial 

resistance in bacteria isolated from mastitis in dairy cattle in France, 2006–2016," Journal of Dairy Science, vol. 101, pp. 

9451-9462, 2018.Available at: https://doi.org/10.3168/jds.2018-14835. 

[8] Y. Zhao, H. Liu, X. Zhao, Y. Gao, M. Zhang, and D. Chen, "Prevalence and pathogens of subclinical mastitis in dairy 

goats in China," Tropical Animal Health and Production, vol. 47, pp. 429-435, 2015.Available at: 

https://doi.org/10.1007/s11250-014-0742-y. 

[9] P. Vishwakarma, S. Roy, M. Roy, and M. Sharma, "Prevalence and control of bubaline mastitis in Chhattisgarh State in 

India," Pakistan Journal of Zoology. Supplementary Series, vol. 9, pp. 281-287, 2009. 

[10] N. Villa-Arcila, J. Sanchez, M. Ratto, J. Rodriguez-Lecompte, P. Duque-Madrid, S. Sanchez-Arias, and A. Ceballos-

Marquez, "The association between subclinical mastitis around calving and reproductive performance in grazing dairy 

cows," Animal Reproduction Science, vol. 185, pp. 109-117, 2017.Available at: 

https://doi.org/10.1016/j.anireprosci.2017.08.010. 

[11] H. Hiitiö, J. Vakkamäki, H. Simojoki, T. Autio, J. Junnila, S. Pelkonen, and S. Pyörälä, "Prevalence of subclinical 

mastitis in finnish dairy cows: Changes during recent decades and impact of cow and herd factors," Acta Veterinaria 

Scandinavica, vol. 59, pp. 1-14, 2017.Available at: https://doi.org/10.1186/s13028-017-0288-x. 

[12] A. Albaaj, G. Foucras, and D. Raboisson, "High somatic cell counts and changes in milk fat and protein contents 

around insemination are negatively associated with conception in dairy cows," Theriogenology, vol. 88, pp. 18-27, 

2017.Available at: https://doi.org/10.1016/j.theriogenology.2016.09.043. 



International Journal of Veterinary Sciences Research, 2019, 5(2): 48-57 

 

 
55 

© 2019 Conscientia Beam. All Rights Reserved. 

[13] M. Fuenzalida, P. Fricke, and P. Ruegg, "The association between occurrence and severity of subclinical and clinical 

mastitis on pregnancies per artificial insemination at first service of Holstein cows," Journal of Dairy Science, vol. 98, pp. 

1–15, 2015. 

[14] T. Halasa, K. Huijps, O. Østerås, and H. Hogeveen, "Economic effects of bovine mastitis and mastitis management: A 

review," Veterinary Quarterly, vol. 29, pp. 18-31, 2007.Available at: https://doi.org/10.1080/01652176.2007.9695224. 

[15] M. Gussmann, W. Steeneveld, and C. Kirkeby, "Economic and epidemiological impact of dif erent intervention 

strategies for subclinical and clinical mastitis," Preventive Veterinary Medicine, vol. 166, pp. 78–85, 2019. 

[16] Ş. Ö. Gülzari, B. V. Ahmadi, and A. W. Stott, "Impact of subclinical mastitis on greenhouse gas emissions intensity and 

profitability of dairy cows in Norway," Preventive Veterinary Medicine, vol. 150, pp. 19-29, 2018.Available at: 

https://doi.org/10.1016/j.prevetmed.2017.11.021. 

[17] A. Ahmadzadeh, F. Frago, B. Shafii, J. Dalton, W. Price, and M. McGuire, "Effect of clinical mastitis and other diseases 

on reproductive performance of Holstein cows," Animal Reproduction Science, vol. 112, pp. 273-282, 2009.Available at: 

https://doi.org/10.1016/j.anireprosci.2008.04.024. 

[18] H. Nava-Trujillo, E. Soto-Belloso, and A. E. Hoet, "Effects of clinical mastitis from calving to first service on 

reproductive performance in dual-purpose cows," Animal Reproduction Science, vol. 121, pp. 12-16, 2010.Available at: 

https://doi.org/10.1016/j.anireprosci.2010.05.014. 

[19] J. C. Rodgers, S. Bird, J. Larson, N. DiLorenzo, C. Dahlen, A. DiCostanzo, and G. Lamb, "An economic evaluation of 

estrous synchronization and timed artificial insemination in suckled beef cows," Journal of Animal Science, vol. 90, pp. 

4055-4062, 2012.Available at: https://doi.org/10.2527/jas.2011-4836. 

[20] J. L. Gonçalves, T. Tomazi, J. R. Barreiro, D. C. Beuron, M. A. Arcari, S. H. I. Lee, C. M. d. M. R. Martins, J. P. A. 

Junior, and M. V. dos Santos, "Effects of bovine subclinical mastitis caused by Corynebacterium spp. on somatic cell 

count, milk yield and composition by comparing contralateral quarters," The Veterinary Journal, vol. 209, pp. 87-92, 

2016.Available at: https://doi.org/10.1016/j.tvjl.2015.08.009. 

[21] J. Fujii, Y. Iuchi, and F. Okada, "Fundamental roles of reactive oxygen species and protective mechanisms in the female 

reproductive system," Reprod Biol Endocrinol, vol. 3, pp. 1–10, 2005. 

[22] G. Valacchi, F. Virgili, C. Cervellati, and A. Pecorelli, "OxInflammation: from subclinical condition to pathological 

biomarker," Frontiers in Physiology, vol. 9, pp. 1-14, 2018.Available at: https://doi.org/10.3389/fphys.2018.00858. 

[23] A. T. Perkins, T. M. Das, L. C. Panzera, and S. E. Bickel, "Oxidative stress in oocytes during midprophase induces 

premature loss of cohesion and chromosome segregation errors," Proceedings of the National Academy of Sciences, vol. 

113, pp. E6823-E6830, 2016.Available at: https://doi.org/10.1073/pnas.1612047113. 

[24] M. G. Da Broi, A. A. Jordão‐Jr, R. A. Ferriani, and P. A. Navarro, "Oocyte oxidative DNA damage may be involved in 

minimal/mild endometriosis-related infertility," Molecular Reproduction and Development, vol. 85, pp. 128-136, 

2018.Available at: https://doi.org/10.1002/mrd.22943. 

[25] J. Avila, R. González-Fernández, D. Rotoli, J. Hernández, and A. Palumbo, "Oxidative stress in granulosa-lutein cells 

from in vitro fertilization patients," Reproductive Sciences, vol. 23, pp. 1656-1661, 2016.Available at: 

https://doi.org/10.1177/1933719116674077. 

[26] R. O. Gilbert, "Symposium review: Mechanisms of disruption of fertility by infectious diseases of the reproductive 

tract," Journal of Dairy Science, vol. 102, pp. 3754-3765, 2019.Available at: https://doi.org/10.3168/jds.2018-15602. 

[27] J. J. Bromfield and I. M. Sheldon, "Lipopolysaccharide reduces the primordial follicle pool in the bovine ovarian cortex 

ex vivo and in the murine ovary in vivo," Biology of Reproduction, vol. 88, pp. 98, 1-9, 2013.Available at: 

https://doi.org/10.1095/biolreprod.112.106914. 

[28] J. Ireland, D. Scheetz, F. Jimenez-Krassel, A. Themmen, F. Ward, P. Lonergan, G. Smith, G. Perez, A. Evans, and J. 

Ireland, "Antral follicle count reliably predicts number of morphologically healthy oocytes and follicles in ovaries of 

young adult cattle," Biology of Reproduction, vol. 79, pp. 1219-1225, 2008.Available at: 

https://doi.org/10.1095/biolreprod.108.071670. 



International Journal of Veterinary Sciences Research, 2019, 5(2): 48-57 

 

 
56 

© 2019 Conscientia Beam. All Rights Reserved. 

[29] J. Ireland, A. Zielak-Steciwko, F. Jimenez-Krassel, J. Folger, A. Bettegowda, D. Scheetz, S. Walsh, F. Mossa, P. Knight, 

and G. Smith, "Variation in the ovarian reserve is linked to alterations in intrafollicular estradiol production and 

ovarian biomarkers of follicular differentiation and oocyte quality in cattle," Biology of Reproduction, vol. 80, pp. 954-

964, 2009.Available at: https://doi.org/10.1095/biolreprod.108.073791. 

[30] J. Ireland, G. Smith, D. Scheetz, F. Jimenez-Krassel, J. Folger, J. Ireland, F. Mossa, P. Lonergan, and A. Evans, "Does 

size matter in females? An overview of the impact of the high variation in the ovarian reserve on ovarian function and 

fertility, utility of anti-Müllerian hormone as a diagnostic marker for fertility and causes of variation in the ovarian 

reserve in cattle," Reproduction, Fertility and Development, vol. 23, pp. 1-14, 2010.Available at: 

https://doi.org/10.1071/rd10226. 

[31] S. Herath, E. J. Williams, S. T. Lilly, R. O. Gilbert, H. Dobson, C. E. Bryant, and I. M. Sheldon, "Ovarian follicular 

cells have innate immune capabilities that modulate their endocrine function," Reproduction, vol. 134, pp. 683-693, 2007. 

[32] F. Magata and T. Shimizu, "Effect of lipopolysaccharide on developmental competence of oocytes," Reproductive 

Toxicology, vol. 71, pp. 1-7, 2017.Available at: https://doi.org/10.1016/j.reprotox.2017.04.001. 

[33] F. Magata, M. Horiuchi, and A. Miyamoto, "Lipopolysaccharide (LPS) inhibits steroid production in theca cells of 

bovine follicles In vitro: Distinct effect of LPS on theca cell function in pre- and post-selection follicles," Journal of 

Reproduction and Development, vol. 60, pp. 280–287, 2014.Available at: https://doi.org/10.1262/jrd.2013-124. 

[34] Y. Lavon, G. Leitner, U. Moallem, E. Klipper, H. Voet, S. Jacoby, G. Glick, R. Meidan, and D. Wolfenson, "Immediate 

and carryover effects of Gram-negative and Gram-positive toxin-induced mastitis on follicular function in dairy cows," 

Theriogenology, vol. 76, pp. 942-953, 2011.Available at: https://doi.org/10.1016/j.theriogenology.2011.05.001. 

[35] E. Ribeiro, G. Gomes, L. Greco, R. Cerri, A. Vieira-Neto, P. Monteiro Jr, F. Lima, R. Bisinotto, W. Thatcher, and J. 

Santos, "Carryover effect of postpartum inflammatory diseases on developmental biology and fertility in lactating dairy 

cows," Journal of Dairy Science, vol. 99, pp. 2201-2220, 2016.Available at: https://doi.org/10.3168/jds.2015-10337. 

[36] J. Santos, H. M. Rutigliano, and M. Sá Filho, "Risk factors for resumption of postpartum estrous cycles and embryonic 

survival in lactating dairy cows," Animal Reproduction Science, vol. 110, pp. 207-221, 2009.Available at: 

https://doi.org/10.1016/j.anireprosci.2008.01.014. 

[37] E. Ribeiro, K. Galvão, W. Thatcher, and J. Santos, "Economic aspects of applying reproductive technologies to dairy 

herds," Anim Reprod, vol. 9, pp. 370-387, 2012. 

[38] G. Santos, M. Bottino, A. Santos, L. Simões, J. Souza, M. Ferreira, J. da Silveira, A. Ávila, A. Bride, and J. Sales, 

"Subclinical mastitis interferes with ovulation, oocyte and granulosa cell quality in dairy cows," Theriogenology, vol. 

119, pp. 214-219, 2018.Available at: https://doi.org/10.1016/j.theriogenology.2018.04.028. 

[39] Y. Lavon, G. Leitner, T. Goshen, R. Braw-Tal, S. Jacoby, and D. Wolfenson, "Exposure to endotoxin during estrus 

alters the timing of ovulation and hormonal concentrations in cows," Theriogenology, vol. 70, pp. 956-967, 

2008.Available at: https://doi.org/10.1016/j.theriogenology.2008.05.058. 

[40] F. Schrick, M. Hockett, A. Saxton, M. Lewis, H. Dowlen, and S. Oliver, "Influence of subclinical mastitis during early 

lactation on reproductive parameters," Journal of Dairy Science, vol. 84, pp. 1407-1412, 2001.Available at: 

https://doi.org/10.3168/jds.s0022-0302(01)70172-5. 

[41] M. A. Heravi, M. D. Mesgaran, and R. O. Gilbert, "Effect of mastitis during the first lactation on production and 

reproduction performance of Holstein cows," Tropical Animal Health and Production, vol. 44, pp. 1567-1573, 

2012.Available at: https://doi.org/10.1007/s11250-012-0107-3. 

[42] E. S. Ribeiro and M. R. Carvalho, "Impact and mechanisms of inflammatory diseases on embryonic development and 

fertility in cattle," Anim. Reprod, vol. 14, pp. 589-600, 2017.Available at: https://doi.org/10.21451/1984-3143-ar1002. 

[43] F. Magata, M. Horiuchi, R. Echizenya, R. Miura, S. Chiba, M. Matsui, A. Miyamoto, Y. Kobayashi, and T. Shimizu, 

"Lipopolysaccharide in ovarian follicular fluid influences the steroid production in large follicles of dairy cows," Animal 

Reproduction Science, vol. 144, pp. 6-13, 2014.Available at: https://doi.org/10.1016/j.anireprosci.2013.11.005. 



International Journal of Veterinary Sciences Research, 2019, 5(2): 48-57 

 

 
57 

© 2019 Conscientia Beam. All Rights Reserved. 

[44] F. Magata, M. Horiuchi, A. Miyamoto, and T. Shimizu, "Peptidoglycan inhibits progesterone and androstenedione 

production in bovine ovarian theca cells," Toxicology in Vitro, vol. 28, pp. 961-967, 2014.Available at: 

https://doi.org/10.1016/j.tiv.2014.04.005. 

[45] Y. Lavon, G. Leitner, H. Voet, and D. Wolfenson, "Naturally occurring mastitis effects on timing of ovulation, steroid 

and gonadotrophic hormone concentrations, and follicular and luteal growth in cows," Journal of Dairy Science, vol. 93, 

pp. 911-921, 2010.Available at: https://doi.org/10.3168/jds.2009-2112. 

[46] O. Furman, G. Leitner, Z. Roth, Y. Lavon, S. Jacoby, and D. Wolfenson, "Experimental model of toxin-induced 

subclinical mastitis and its effect on disruption of follicular function in cows," Theriogenology, vol. 82, pp. 1165-1172, 

2014.Available at: https://doi.org/10.1016/j.theriogenology.2014.08.002. 

[47] C. Suzuki, K. Yoshioka, S. Iwamura, and H. Hirose, "Endotoxin induces delayed ovulation following endocrine 

aberration during the proestrous phase in Holstein heifers," Domestic Animal Endocrinology, vol. 20, pp. 267-278, 

2001.Available at: https://doi.org/10.1016/s0739-7240(01)00098-4. 

[48] K. M. Breen and F. J. Karsch, "Does cortisol inhibit pulsatile luteinizing hormone secretion at the hypothalamic or 

pituitary level?," Endocrinology, vol. 145, pp. 692-698, 2004.Available at: https://doi.org/10.1210/en.2003-1114. 

[49] D. Wolfenson, G. Leitner, and Y. Lavon, "The disruptive effects of mastitis on reproduction and fertility in dairy 

cows," Italian Journal of Animal Science, vol. 14, pp. 650–654, 2015. 

[50] Y. Lavon, G. Leitner, E. Klipper, U. Moallem, R. Meidan, and D. Wolfenson, "Subclinical, chronic intramammary 

infection lowers steroid concentrations and gene expression in bovine preovulatory follicles," Domestic Animal 

Endocrinology, vol. 40, pp. 98-109, 2011.Available at: https://doi.org/10.1016/j.domaniend.2010.09.004. 

[51] C. D. Hudson, A. J. Bradley, J. E. Breen, and M. J. Green, "Dairy herd mastitis and reproduction: Using simulation to 

aid interpretation of results from discrete time survival analysis," The Veterinary Journal, vol. 204, pp. 47-53, 

2015.Available at: https://doi.org/10.1016/j.tvjl.2015.01.024. 

[52] C. Hudson, A. J. Bradley, J. Breen, and M. J. Green, "Associations between udder health and reproductive performance 

in United Kingdom dairy cows," Journal of Dairy Science, vol. 95, pp. 3683-3697, 2012.Available at: 

https://doi.org/10.3168/jds.2011-4629. 

[53] M. O. Dahl, F. P. Maunsell, A. De Vries, K. N. Galvao, C. A. Risco, and J. A. Hernandez, "Evidence that mastitis can 

cause pregnancy loss in dairy cows: A systematic review of observational studies," Journal of Dairy Science, vol. 100, pp. 

8322-8329, 2017.Available at: https://doi.org/10.3168/jds.2017-12711. 

 

 

 

 

 

 

 

 

Views and opinions expressed in this article are the views and opinions of the author(s), International Journal of Veterinary Sciences Research shall not be 
responsible or answerable for any loss, damage or liability etc. caused in relation to/arising out of the use of the content. 

 


