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Mastitis and Reproductive Complication in Dairy Cattle: A Comprehensive Review

      


ABSTRACT

Mastitis and reproductive complications in cattle are among the most challenging disease conditions in dairy cattle farming. Traditionally, mastitis is related to reduced milk production and quality, increased veterinary costs, risk of culling, and the occurrence of other diseases. However, in the last decade, attention has been drawn to the disruptive effect of mastitis on reproduction and fertility. Most of the published information relating to mastitis with reproduction has evolved based on the retrospective approach rather than controlled clinical studies. The complex nature of both mastitis and reproduction could be a constraining element for understanding their relationship in detail. Available information indicates that mastitis leads to decreased pregnancy rate, an aberration in the estrus cycle, early embryonic mortality or abortions, prolonged days open, higher number of services per conception, and decreased conception rate. Decreased reproductive performance in mastitis affected cows could be due to elevated body temperature (hyperthermia), disruption of the oocyte maturation and embryonic development, altered uterine function, and disruption of the hypothalamic-pituitary-ovarian-axis in the dairy animal. Increased cytokines associated with intra mammary infection acts as a key modulator of reproductive function. Although mastitis has a negative impact on reproductive performance, studies show that the effect varies with the type, timing, incident, the degree of elevation of somatic cell count (SCC), and the type of pathogen involved. The present review furnishes the available information on the effect of mastitis on reproduction and attempts to explain the possible mechanisms by which mastitis influences reproductive performance in dairy animals. Further research and studies are required to comprehend the relation between mastitis and reproductive performance in dairy animals.
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INTRODUCTION


Mastitis and infertility are the two most common disease complex affecting the dairy cattle worldwide since both are multifactorial in origin, they increase the culling rate and loss in the profitability of a farm (Sharma et al., 2017). Reproduction and production loss due to mastitis is the serious concern of commercial and non-commercial farms. Over the decades, reproductive efficiency in dairy cattle has declined across the world (Lucy, 2001). Pregnancy rates of 50–60% in the 1970s has declined drastically to values of 35–45% (Sharma et al., 2 017). Production loss due to mastitis is characterized by inflammation of the mammary gland and udder tissue with physical, chemical, bacteriological change in milk and pathological change in the glandular tissue of the udder Clinical mastitis is an acute short-term event characterized by systemic signs such as fever and others, mammary gland inflammation and a sharp rise in somatic cell count (SCC) in the milk. The Intra mammary infection (IMI) triggers a complex acute phase response that includes increased secretion of inflammatory proteins, cytokines, prostaglandins and nitrous oxide (NO), which can be detected in the milk and plasma (Eckersall et al., 2001; Ezzat Alnakip et al., 2014). Subclinical mastitis is a chronic long term event characterized by its widespread nature, slight elevation of SCC with no detectable signs of local or systemic inflammation (Wolfenson & Leitner, 2015). Recent lines of evidence indicate that the effects of mastitis are not restricted to udder but also extend to reproductive organs, thereby affecting the reproductive efficiency in dairy cattle. The relationship between mastitis and reproduction is reported by several authors through retrospective studies (P. J. Hansen & Soto 2004; Kumar et al., 2017; Sharma et al., 2017). Available information indicates that mastitis leads to decreased pregnancy rates, aberrations in the estrous cycle (Moore et al., 1991), early embryonic mortality or abortions (Keshavarzi et al., 2017), prolonged days open (Barker et al., 1998; Gunay & Gunay, 2008), a higher number of services per conception, and decreased conception rate (Hertl et al., 2010) in dairy cattle. Mastitis specifically affects fertility by altering the oestrous cycle (Lembovičiūtė et al.,2025).  However, controlled clinical studies on understanding the pathogenesis of mastitis on reproduction are limited. The present review based on available information attempts to explain the multifactorial role of mastitis affecting reproductive performance in dairy cattle.

2. EFFECT OF MASTITIS ON REPRODUCTIVE PERFORMANCE


Mastitis is one of the most expensive diseases throughout the world. Multiple studies have shown that cows with mastitis have considerably poor fertility (Elmaghraby et al., 2017; Malinowski & Gajewski, 2010; Sharma et al., 2017). Mastitis has been shown to increase the number of days to 1st AI (Kumar, et al., 2017; Yang et al., 2012),increase the time between calving and conception (Days open) (Barker et al., 1998; Gunay & Gunay, 2008),increase the number of services per conception and decrease in conception rate (Hertl et al., 2010; McDougall et al., 2016),increase the abortion rate in early pregnancy (Chegini et al., 2016; Keshavarzi et al., 2017) and increase culling rate due to infertility (Cha et al., 2011; Heikkilä et al., 2012).
Although mastitis has a negative impact on reproductive performance, studies show that the effect of mastitis varies with the type of mastitis(Hudson et al., 2012), the timing of the mastitis incident(Barker et al., 1998; Bouamra et al., 2017; Nava-Trujillo et al., 2010; Schrick et al., 2001), the degree of elevation of somatic cell count (SCC) (Hertl et al., 2010; Lavon et al., 2011) and the type of  pathogen involved (Wolfenson et al., 2015).

Table 1 The mastitis effects on reproductive performance in dairy cows
	References
	Reproductive Parameters
	CM before first AI
	CM between the first AI
and pregnancy confirmation

	Uninfected/
control

	(Barker et al., 1998)A
	Days to first AI
	93.6 ± 5.6a
	NA
	71 ± 2.2b

	
	Days open (days)
	113.7 ± 10.8a
	136.6 ± 13.3c
	92.1 ± 4.6b

	
	Services per conception
	1.6 ± 0.3a
	2.9 ± 0.3b
	1.7 ± 0.1a

	(Schrick et al., 2001)B
	Days to first AI
	75.7 ± 1.8a
	75.2 ± 4.4ab
	67.8 ± 2.2b

	
	Days open (days)
	106.2 ± 4.8a
	143.5 ± 11.4b
	85.4 ± 5.8c

	
	Services per conception
	2.0 ± 0.1a
	3.1 ± 0.3b
	1.6 ± 0.2c

	(Santos et al., 2004)
	Days to first AI
	68a
	58b
	64ab

	
	Days open (days)
	165 ± 5.7a
	189 ± 7.2c
	140 ± 3.7b

	
	Services per conception
	2.6 ± 0.1a
	3.0 ± 0.2b
	2.6 ± 0.1a

	
	Conception rate at first AI
	22%a
	10%b
	29%c

	(Gunay & Gunay, 2008)
	Days to first AI
	95.2 ± 5.4
	77.4 ± 8.2
	75.9 ± 6.3

	
	Days open (days)
	119.1 ± 10.6
	141.7 ± 14.0
	94.1 ± 10.3

	
	Services per conception
	2.1 ± 0.9
	3.4 ± 0.9
	1.8 ± 0.8

	(Ahmadzadeh et al., 2009)D
	Days to first AI
	66 ± 1.31
	
NA
	67 ± 0.60

	
	Days open (days)
	140 ± 5.30
	
	88 ± 2.16

	
	Services per conception
	2.1 ± 0.10
	
	1.6 ± 0.06

	(Nava-Trujillo et al., 2010)C
	Days to first AI
	136.31 ± 5.22
	


NA
	98.53 ± 4.52

	
	Days open (days)
	187.21 ± 8.6
	
	143.95 ± 7.45


	
	Services per conception
	2.35 ± 0.18
	
	2.21 ± 0.16

	
	Conception rate at first AI
	49.72%
	
	56.10%

	(Yang et al., 2012)
	Days to first AI
	73.84 ± 1.23a
	58.19 ± 1.69b
	54.73 ± 0.34c

	
	Days open (days)
	121.82 ± 5.03
	133.31 ± 11.36
	89.74 ± 2.17

	
	Services per conception
	1.88 ± 0.08a
	2.19 ± 0.16b
	1.53 ± 0.03c

	
	Conception rate at first AI
	38.1%a
	27.8%a
	54.9%b

	(Boujenane et al., 2014)D
	Days to first AI
	98.6 ± 2.41b
	NA
	92.5 ± 1.79a

	
	Days open (days)
	189.6 ± 5.26
	
	185.5 ± 3.92

	
	Services per conception
	2.50 ± 0.08
	
	2.48 ± 0.60

	(Lammoglia et al., 2015)D
	Days to first AI
	70.5 ± 3.2
	NA
	77.6 ± 2.9

	
	Days open (days)
	207.9 ± 11.8
	
	178.6 ± 10.7

	
	Services per conception
	3.7 ± 0.35
	
	3.0 ± 0.18

	(Elmaghraby et al., 2017)D
	Days to first AI
	73.4 ± 1.13a
	NA
	66.9 ± 0.43b

	
	Days open (days)
	234 ± 4.76a
	
	203 ± 2.85b

	
	Services per conception
	5.12 ± 0.13a
	
	4.65 ± 0.08b

	(Bouamra et al., 2017)
	Days to first AI
	137.26±7.36b
	190.85±9.23c
	111.01±5.42a

	
	Days open (days)
	180.48± 7.25b
	202.51±10.32c
	147.32± 8.44a

	
	Services per conception
	1.94 ± 0.85b
	2.04 ± 0.94b
	1.47± 0.65a

	
	Conception rate at first AI
	38.71b
	33.33b
	61.39a

	(Kumar et al., 2017)
	Days to first AI
	104.17 ± 2.39b
	95.59 ± 5.67b
	67.75 ± 1.28a

	
	Days open (days)
	160.92 ± 4.38b
	269.34 ± 12.66c
	73.44 ± 1.26a

	
	Services per conception
	2.01 ± 0.05b
	3.63 ± 0.16c
	1.19 ± 0.03a


a,b,cValue  in a row with different superscript lower case letter differ (P< 0.05).
A- The control group also include CM-affected cows after pregnancy confirmation
B- Both clinical and subclinical mastitis cows
C- CM before first service
D-  Comparison between CM and normal cows










2.1 Effect of type of mastitis and time of occurrence of mastitis on reproductive parameters


The first study to suggest a relationship between mastitis and fertility was carried out by (Barker et al., 1998) involving a comparison of reproductive performance of high producing Jersey cows  in a single herd having a case of clinical mastitis (CM) during early lactation compared with unaffected herd mates, and reported that clinical mastitis before AI increased the number of days to 1st AI, while clinical mastitis before a positive pregnancy diagnosis increases Days open (interval between calving to conception) and service index (number of AI required per conception). Recent study similar to the Barker et al 1998 study, conducted by (Kumar et al., 2017) and (Yang et al., 2012)  investigated the effect of clinical mastitis during different times and found similar results to the previous study. However, (Bouamra et al., 2017) reported  cows that experience clinical mastitis before pregnancy conformation have increased number of days to 1st AI, Days open, number of service per conception and decreased conception rate 1st AI. (Nava-Trujillo et al., 2010) reported increased number of days to 1st AI, Days open, service per conception and decreased conception rate at 1st AI in cows that have experienced clinical mastitis before 1st AI. Clinical mastitis during pre-ovulatory period had decreased expression of estrus, period of estrous, and pregnancy rate (Hockett et al., 2005). In contrast, (Gómez-Cifuentes et al., 2014) found no association between time of occurrence of clinical mastitis and pregnancy rate or number of service per conception. (Podpečan et al., 2013) reported that mastitis cows in the first 3 months postpartum did not differ significantly from the clinically healthy cows in term of days to first service, first service to conception interval and days open. So, there exist controversial relationship between timing of occurrence of clinical mastitis and alternation in reproductive performance of the dairy cattle. However, it can be concluded that cows with clinical mastitis at any time before positive pregnancy diagnosis have increased number of days to 1st AI, Days open, number of services per conception and decreased conception rate 1st AI as compared to the normal cows.
                 (Schrick et al., 2001) indicated that cows with clinical or subclinical mastitis before the first service had increased days to the first service, days open and service per conception and concluded that subclinical mastitis decreases the reproductive performance of lactating cows similar to clinical mastitis. Recent study conducted by (Fuenzalida et al., 2015) found that cows with subclinical or clinical mastitis had a significant decrease in their first service conception rate.(Hudson et al., 2012) showed that clinical and subclinical mastitis occurring before of after AI reduce reproductive performance. Subclinical mastitis induce an attenuated LH surge and delays ovulation in 30% of cows (extended estrus-ovulation interval); the remaining 70% exhibit normal response(Lavon et al., 2010; Wolfenson et al., 2019). Dairy cows experiencing subclinical mastitis (SCM) needed more service per conception than healthy cows (Gómez-Cifuentes et al., 2014).(Villa- Arcila et al., 2017) reported Subclinical mastitis around calving was not associated with calving to first service interval, but the calving to conception interval and service per conception was greater in those cows compared to healthy cows. In conclusion, subclinical mastitis reduced the reproductive performance of the dairy cattle. Subclinical mastitis followed by clinical mastitis results in the most severe loss in reproductive performance (Schrick et al., 2001).

2.2 Effect of elevated somatic cell count in mastitic cows on reproductive performance


Somatic cell count (SCC) is a useful method for the diagnosis of intra mammary infection (IMI). SCC act as a significant biomarker of subclinical mastitis in cattle (Zwierzchowski et al., 2024).  (Lavon et al., 2011) performed a study on the effect of mastitis, determined by the level of the SSC around first AI, on the probability of conception. Cured and newly infected (likely clinical mastitis cows) subgroup had lower conception rate than uninfected cows, but the chronic (likely subclinical mastitis) subgroup showed the largest reduction in conception rate and the magnitude of the reduction was related to SCC elevation. A single high elevation of SCC represented a clinical event of mastitis and a lower conception if it occurred 10 days prior to AI or 30 days after AI, but not when it occurred more than 10 days before AI (Lavon et al., 2011). (Nguyen et al., 2011)concluded that cows with a high SCC have a higher incidence of abnormal postpartum resumption of ovarian cyclicity, leading to reduced reproductive performance.(Morris et al., 2013) reported that high SCC delays the onset of oestrus and the oestrus tend to be less intense which results in low fertility in a cow.(Roth et al., 2013) examined the effects of naturally occurring mastitis on in vitro oocyte developmental competence and found that the mean percentage of embryos developed to the blastocyst stage on days 7 and 8 after fertilization was less in cows which had medium (311,000) and high (1,813,000) SCC (cells/ml milk) than in cows which had low (148,000) SCC. (Isobe et al., 2014) reported that a high SCC in the pre partum period decreases the pregnancy period by increasing PGF2α and decreasing progesterone and that the first ovulation in the postpartum period was affected by a high SCC. So, it can be concluded that alternation in reproductive performance depends on the level of elevation of SCC.

2.3 Pathogen-specific mastitis effect on reproductive performance


Gram-negative (G−) Escherichia coli is a common cause of mastitis in dairy cows worldwide (Hogan et al., 1989). Clinical mastitis is mainly caused by Gram-negative bacteria (Escherichia coli) and subclinical mastitis is mainly caused by Gram-positive bacteria (Staphylococcus aureus, coagulase-negative staphylococci, streptococci and more) (Wolfenson et al., 2015). Clinical mastitis after AI is associated with a low conception rate regardless of whether the IMI induced bacteria are Gram-negative or Gram-positive (Santos et al., 2004; Schrick et al., 2001). Similarly, (Risco et al., 1999) reported higher early embryonic loss or abortion in mastitic cows, but no difference was found between types of pathogens causing CM. They suggested that gram-positive pathogens can also induce endotoxin-like effects on luteal function. In contrast to this ( Huszenicza et al., 1998) reported a significantly higher rate of premature luteolysis in gram-negative pathogen-induced mastitis compared to gram-positive pathogens. Further, if mastitis occurred during the follicular phase, the duration of the cycle was lengthened in endotoxin mastitis compared to gram-positive mastitis. (Hertl et al., 2010) reported gram-positive CM reduced the probability of conception by 47%, while gram-negative CM reduced up to 80%. Further study by (Hertl et al., 2014) estimate the effects of pathogen-specific clinical mastitis (CM) and reported that  Escherichia coli and Klebsiella spp. had the greatest adverse effects on the probability of conception and greater loss is associated when CM occurring in the week before AI or in the 2 weeks following AI. Recent study by(Lavon et al., 2019) reported that long term Streptococcus-induced  (subclinical) mastitis disrupted fertility more than short-term acute E. coli–induced  (clinical) mastitis, resulting in a much higher percentage of Streptococcus cows in late lactation that did not conceive due to long term impairment of pre ovulatory follicular function.  Mastitis caused by the Streptococcus group had lower a pregnancy rate at 1st AI before and after cyclicity than the E. coli group and uninfected control groups (Lavon et al., 2019).

3. MECHANISM BY WHICH MASTITIS EFFECT REPRODUCTION


Decreased reproductive performance in mastitis-affected cows could be due to altered hormonal profile, oocyte competence, fertilization failure, and unfavorable uterine environment for embryonic development. Although the causes of early embryonic loss after fertilization or before implantation are multifactorial, few studies indicated that in cows with intramammary infections (IMI), inflammatory and immune responses are activated outside the reproductive organs that can lead to embryonic death. Hansen et al.(2004) suggested an increased cytokine concentration associated with the IMI acts as a key modulator of reproductive function through the elevated body temperature (hyperthermia), disruption of the oocyte maturation and embryonic development, altered uterine function, and disruption of the hypothalamic-pituitary ovarian axis in dairy animals (Fig. 1).


[image: ]

Figure 1: Possible mechanism by which mastitis affects the reproductive function in dairy cattle. 







3.1 Hyperthermia (Elevated body temperature)


Mastitis induced both by gram-negative and gram-positive bacteria results in the elevation of the body temperature (pyrexia or fever) (Wenz et al., 2001). Elevated body temperature in mastitis has direct effect on the competence of the oocyte and embryo survival (Al-Katanani et al., 2002; Gendelman et al., 2010; Roth & Wolfenson, 2016) . Experiment involve culture of maturing oocyte (Edwards & Hansen, 1997) or pre-implantation embryos (Edwards & Hansen, 1997; Krininger et al., 2002) at high temperature results reduced development to the blastocyte stage suggestive of that elevated body temperature may directly alter the development competence of oocyte and embryo. One of the mechanisms by which heat stress comprises oocyte function is likely to involve alternation in the follicular dynamics associated with the alternations in circulating gonadotropins and steroid concentration (Gilad et al., 1993; Peter et al., 2009). Apoptosis play an important role in effect of thermal stress on the maturing oocyte in cattle. Approximately 15-30% of maturing oocytes undergoes apoptosis when exposed to elevated temperature (Roth & Hansen, 2004; Paolete et al., 2009). The mechanisms by which elevated temperature probably comprises preimplantation embryo is likely due to increased production of reactive oxygen species and as the development proceeds embryo gains resistance to elevated body temperature (Peter et al., 2009). Increases in body temperature indirectly affect reproductive performance through decreased food intake and alter energy metabolism (Hockett et al., 2005; Leroy et al., 2008).


4. MEDIATORS OF INFLAMMATION AS DISRUPTORS OF OOCYTE MATURATION AND EMBRYONIC DEVELOPMENT


During mastitis, immune cells in the body become active against pathogens which leads to the production of cytokines and inflammatory mediators (NO & Prostaglandin) that can potentially disrupt reproductive performance of animal. Ibrahim et al.(2016) found higher level of Tumor necrosis factor (TNF)-α and interleukin (IL)-6 in the serum of cow affected with clinical mastitis and suggested that these cytokines might play an important role in inducing udder inflammation. Waller et al.(2003) demonstrated an increase of neutrophils, cytokines (IL-8, TNF-α, IL-1β), and interferon-γ in milk and lymph of the supra-mammary lymph node post intramammary endotoxin infusion and found that IL-8 plays a major role in the recruiting and activating neutrophils into the mammary gland. In natural coliform mastitis, experimental E. coli infection and LPS infused mammary gland, TNF-α is significantly increased in milk and serum (Hisaeda et al., 2001; Hoeben et al., 2000; Ohtsuka et al., 2001; Perkins et al., 2002; Ślebodziński et al., 2002; Waller et al., 2003). Further, elevated concentration of Nitric oxide (NO) and prostaglandin (PGF2α) were also reported in milk of cows with experimentally induced E. coli mastitis (Blum et al., 2000; Bouchard et al., 1999; Jackson et al., 2012; Piotrowska-Tomala et al., 2015).
[bookmark: _Hlk44254258] Increase concentration of TNF-α, NO and PGF2α in mastitis cows affect embryonic development. Addition of TNF-α to bovine oocyte maturing in vitro reduces the number of oocyte developing to the blastocyst stage on day 8 (Deb et al., 2011). When TNF-α is added to bovine oocyte before or after fertilization increases the proportion of blastomere become apoptotic and thus decreased embryonic development(P. Soto et al., 2003). Increased concentration of NO has also been associated with early embryonic death. Culture with sodium nitroprusside dihydrate, a NO donor, prevent development to the blastocyte stage of bovine (Lim & Hansel, 1998). The toxic effect of NO may occur through interaction between NO and O2 to form the oxidant peroxynitrite. Accordingly, an increased PGF2α concentration has a negative effect on embryo development. Buford et al.(1996) reported that the administration of PGF2α to cows receiving supplemental progesterone compromised embryonic development and decreased pregnancy rate. 
However, it is not clear whether mastitis is responsible for the elevation of NO and PGF2α in uterine tissue. Elevation of these molecules in the uterus of mastitis affected cannot be ruled out, as the synthesis of these molecule is regulated by cytokines that were increased in the milk and plasma upon E.coli induced mastitis (Blum et al., 2000) and thereby in the endometrium (Skarzynski et al., 2000). Kumar et al.(2017) stated that the detrimental effect of CM on early embryo development could be the result of elevated inflammatory mediators like cytokines leading to elevated levels of NO and PGF2α.


4.1 Change in uterine function mediated by cytokines


Endometrium of the mastitis effect cows secrets PGF2α which is under the control of several cytokines (Jackson et al., 2012). Prostaglandin, PGF2α which is produced in response to TNF-α and IL-1causes early luteolysis and interfere with oocyte maturation and embryonic development especially during the first 3 month of pregnancy (Barker et al., 1998;  Huszenicza et al., 2005; Santos et al., 2004). It has been documented that cows with mastitis induced by Streptococcus uberis infusion experienced a greater rise in circulating 13-14-dihydro-15-keto PGF2α (the major PGF2α metabolite, PGFM) in response to oxytocin treatment than control cows (Hockett et al., 2000). Further experiment shows that intra uterine infusion of E.coli into heifers on days 7-9 of the estrous cycle caused luteal regression and shortened estrous cycles (Gilbert et al., 1990).




4.2  Alternation of Hypothalamic-Pituitary-Ovarian axis


Reduced reproductive performance in mastitis affected cows could be due to alternation in the secretion of hypothalamic-pituitary-ovarian axis hormones responsible for folliculogenesis, ovulation, oocyte maturation and luteal function. Disruption of the hypothalamic-pituitary-ovary axis in mastitis cow is caused by elevated body temperature and cytokines produced as shown in Figure 1. Heat stress can result to disturbance in the secretion of hypothalamic-pituitary-ovarian hormone (LH and GnRH) (Roth & Wolfenson, 2016) and a decrease in blood concentration of LH is observed. Similarly, McCANN et al. (2000) reported that a number of cytokines acts on the hypothalamic level to suppress acutely the release of LH but not FSH. Wolfenson et al.(2015) suggested that clinical mastitis was associated with activation of the glucocorticoid system, resulting in a sharp rise of systemic cortisol, known to be involved in depression of gonadotropin-releasing hormone (GnRH) and LH secretion (Lavon et al., 2010). The decreased in the secretion of LH further results in a reduction of follicular synthesis of estradiol (Yániz et al., 2008), a reduction of the duration and expression of estrus (De Rensis & Scaramuzzi, 2003) and may lower the success rate of insemination and increases days of calving to conception (Ryan et al., 1993).

5. NON-SPECIFIC EFFECTS OF MASTITIS ON REPRODUCTION


The relationship between mastitis and reproduction was initially through retrospective studies (Barker et al., 1998; Santos et al., 2004; Schrick et al., 2001). The major drawback of such an approach (i.e. comparison of a population of cows that experienced mastitis with a population that did not) is that it makes it difficult in understanding all possible confounding factors responsible for the relationship between mastitis and fertility. For example, it is reasonable that cows with higher milk yields are more susceptible to develop mastitis (Windig et al., 2005)  and also more likely to have poor reproductive performance (Melendez & Pinedo, 2007). Therefore, studying the influence of mastitis on reproduction in cows with different capacities of milk production and under different management systems besides the prevailing agri-ecological conditions assumes significance. Further, advanced method of data analysis to handle these confounding factors are important to improve the statistical output and discuss about the problem. Recently, such techniques have been extensively used in this area, (Hertl et al., 2010; Perrin et al., 2007) has evaluated the importance of time of mastitis occurrence and its relation to reproductive performance, but the possibility of other diseases in CM affected cows was not mentioned in these studies. (Fourichon et al., 2000) reported through meta-analysis of published studies that retained placenta (RP), ovarian cysts (OC), and metabolic disorders negatively affected reproduction, but mastitis had no effect on reproductive performance. Several other authors (Maizon et al., 2004; Peter et al., 2009) also reported that, other than mastitis, dystocia, RP, displaced abomasum, ketosis, milk fever (MF), metritis (ME), and pyometra negatively influenced the reproductive performance of dairy cows. (Vacek et al., 2007) evaluated the relationship among several health disorders (MF, RP, ME, endometritis and pyometra, OC, and lameness) including CM and reproductive performance in dairy cows. They found significant effects of retained placenta, metritis and ovarian cysts on all reproduction parameters (days to first service, open days, number of services). However, the relationship between CM and fertility parameters was not as explicit as the authors found that CM only increased days open and days to first service, without altering other fertility parameters.  (Ribeiro et al., 2013) reported that clinical and subclinical periparturient diseases showed an additive negative effect on reproduction. However, individually, mastitis did not alter the resumption of estrous cyclicity and pregnancy per AI in these cows.(Kumar et al., 2017) reported that cows diagnosed with single episode of CM had significantly higher DTFDH (days to first detected heat) and DTFI (days to first insemination) while DO (days open) and SC (service per conception) were higher in multiple episodes mastitic cows compared to those diagnosed with single episode or clinically healthy cows.(Ahmadzadeh et al., 2009) suggested that the effect of mastitis and other diseases is additive in nature, and thus, reproduction was affected to a greater extent when cows suffered both mastitis and other diseases than an independent event of diseases. In contrast, (Peake et al., 2011) reported that the combined incidence of lameness, subclinical mastitis, and body condition score loss causes delayed onset of first luteal phase from calving and had synergistic detrimental effects on progesterone profile in Holstein-Friesian cows.

6. APPROACH TO IMPROVE FERTILITY


(Suojala et al., 2013) recommended non antimicrobial approach (anti-inflammatory treatment, frequent milking and fluid therapy) should be 1st option in E. coli mastitis with mild to moderate clinical signs. They recommended NSAID be routinely used to supportive treatment in E. coli cases. NSAID may reduce the negative effect of mastitis on reproduction via reduced prostaglandin concentration or via effect on gonadotropin release, steroidogenesis or both (Hockett et al., 2005; Lavon et al., 2011). Further, evidence from in vitro study suggest that NSAID can suppress production of some pro-inflammatory cytokines including IL-1 and IL-6 (Berg et al., 1999). Meloxicam is a preferential cox-2 inhibitor (McDougall et al., 2016) demonstrated to reduce milk concentration of thromboxane B2 during mastitis (Banting et al., 2000), reduce plasma concentration of the prostaglandin metabolite PGFM in endotoxin challenged cattle(Königsson et al., 2002) and to reduce clinical signs of mastitis in dairy cattle (Fitzpatrick et al., 2013). (McDougall et al., 2009) demonstrated that meloxicam treatment of clinical mastitis results in lower SCC at quarter level 2 to 3 weeks after treatment. (McDougall et al., 2016) concluded that use of meloxicam in conjunction with antimicrobial therapy, for mild to moderate cases of clinical mastitis, resulted in a higher probability of bacteriological cure, increased 1st AI conception proportion and an increased proportion of cow pregnant.  Treatment regime of bovine mastitis should be focused on combining more than one antimicrobial agent with synergetic effect (Pascu, et al. 2022).
(Wolfenson et al., 2019) and (Lavon et al., 2016) used two approaches to improve fertility of subclinical mastitis cows; one way a management method (use of two insemination) and the other a hormonal treatment protocol (use of ovisynch). They found that managemental method does not change conception rate of either healthy or subclinical mastitic cows but hormonal approach (ovisynch) significantly improved conception rate in subclinical mastitis cows relative to that in their control counterpart. They suggested that ovisynch is capable of correcting timing of ovulation in cows in which it would be otherwise be delayed.


7. CONCLUSION


Mastitis reduces the reproductive performance in dairy cattle. Mastitis results in increase in days to 1st AI, prolong days open, a higher number of services per conception and decrease conception rate at 1st AI. However, the effect of mastitis varies with the type of mastitis, timing of the mastitis incident, the degree of elevation of somatic cell count (SCC) and the type of pathogen involved. Subclinical mastitis followed by clinical mastitis results in most severe loss in reproductive performance. The cows that experience clinical mastitis before positive pregnancy diagnosis has reduced reproductive performance than that of normal cows/cows infected after positive pregnancy diagnosis. Level of increase in somatic cell count is directly related to increase negative impact of mastitis on reproduction. Gram negative (E.coli) bacteria is a common cause of mastitis in dairy cows worldwide. E.coli induces short term acute (Clinical) mastitis whereas streptococcus induce long term (subclinical) mastitis that disrupted the reproductive performance more than E.coli. Cytokines (TNF-α and ILs) are the central pathway in the disruption of the reproductive performance in the dairy cattle. Cytokines increases the concentration of NO and PGF2α in milk and plasma. This product (TNF-α, NO and PGF2α) changes the normal hormonal profile and the uterine environment which leads to disruption of folliculogenesis, ovulation, estrus cycle, oocyte maturation and embryonic development, decreased pregnancy rate and increase abortion.
Further, to understand the complete relationship between mastitis and reproduction, all the possible confounding factors responsible for the relationship between mastitis and fertility must be included in further studies.
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