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Abstract
Livestock is of high economic importance particularly for the small farmers of the developing countries like India. Livestock animals provide nutrient rich food products, generate income and employment and act as a cushion against crop failure. Livestock sector contributes 4.11% of total GDP and 25.6% of total agricultural GDP of India. Successful completion of gestation is pre-requisite for better production. There are many factors which can provide hindrance in completion of gestation and causes abortion. These factors may be characterized in infectious and non – infectious causes of abortion. The present review addresses non-infectious causes of abortion in livestock animals. Their diagnosis is very difficult and they can cause abortion in almost all livestock.
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[bookmark: Introduction]Introduction
Abortion is defined as the loss of fetus after completion of organogenesis and aborted fetus could not survive while if loss occurs before organogenesis, it is called embryonic mortality. Pregnancy losses due to embryonic mortality and abortion are the major constraints in completion of gestation in all livestock animals. These are major impediments in the reproductive as well as productive efficiency in livestock animals. It leads to huge economic losses to the farmers, in the form of expected newborn as well as delay in production time especially in dairy industry. The causes of abortion are multi-factorial; it may be infectious and non-infectious. Non-infectious causes include physical, genetic/chromosomal, nutritional, chemical, drug induced, hormonal and other agents (Fig.1) (Roberts, 1986). Non-infectious causes are not easy to diagnose, most of the time they remain undiagnosed. Infectious causes of abortion require implementation of effective disease control strategies which require rapid diagnosis at diagnostic laboratories. Abortion due to non-infectious causes in livestock animals has not been reviewed yet. This review has presented and described various documented as well as probable non-infectious causes of abortion in livestock animals (buffalo, cow, ewe, doe and mare) and their deleterious effects on reproductive system.

Figure 1: Non-infectious causes of abortion
Incidence of Abortion in Livestock Animals Due to Non-Infectious Causes 
As we all know, reported fetal losses are very less than the actual incidence. The incidences of pregnancy loss are high during first and second trimester then mid pregnancy in bovines (Thurmond et al., 1990) and probably in all livestock animal species.  In bovines parity has significant influence on the incidence of abortion with the highest in the second parity (5.11 to 10.60%) and lowest in the first parity (Khan et al., 2011). Abortions mostly occur at the last stage of pregnancy in sheep (Vidic et al., 2007) probably in doe. Mare has high incidence of abortion due to non- infectious etiology followed by bovines and small ruminants (Table 1).
Table 1: Incidence of abortion in livestock animals due to non-infectious causes in various studies
	Species
	Number of aborted Animals
	Incidence
	References

	Cattle ( Bos species) and Buffaloes (Bubalus species)
	234
	59%
	Khodakaram-Tafti and Ikede, 1990

	
	328
	12.20%
	Anderson et al., 1990

	
	96
	17%
	Szeredi et al., 2008

	Mare (Equus caballus)
	570
	45%
	Loynachan et al., 2019

	
	328
	62%
	

	Ewe (Ovis aries)
	367
	47.80%
	Vidic et al., 2007

	Doe (Capra hircus)
	211
	49%
	Robert and Moeller, 2001



Non – infectious causes of Abortion in Livestock Animals
There are several non-infectious agents which probably cause abortion in livestock animals.
Ingestion of Poisonous Plants
Nitrate Poisoning (Lowland abortions)
Ruminants are most vulnerable to nitrate toxicity particularly cow and sheep. Documented cases of nitrate poisoning in horses are rare. Most cases involve ingestion of nitrate/nitrite-contaminated water, nitrate fertilizer directly, or forage or hay grown in the area of a previous fertilizer spill. Hypoxic stress due to nitrate poisoning results in cortisol release (Bocking et al., 1986) and subsequently leads to abortion (Fig. 2). Nitrate percentage ranged 0.61-1.0 % is reported to induce abortion in bovines (Johnson et al., 1983). Consumption of nitrate accumulating plants in low quantity leads to deformed fetuses (Krikbride et al., 1991). It is an emergency condition in mare.
[image: ]
Figure 2: Flow diagram showing pathogenesis of nitrate poisoning
Clinical signs may include difficult breathing, weakness, tremors, ataxia, rapid heartbeat, grey/blue or brown discoloration of blood and tissues, seizures, and rapid death and abortion can probably occur in animals that survive the initial clinical signs (Roberts, 1986). Ruminants are more vulnerable to nitrate toxicity (Casteel et al., 2007).
Pine Needle (Pine ponderosa)
Pine needles have been known to cause abortions in cattle since 1920 (James et al., 1989). The reduced blood flow up to 60% during late pregnancy (Ford et al., 1992; Panter et al., 1992) due to presence of chemical called isocupressic acid (ICA) (Smith et al., 1996) stresses the calf and causes premature parturition (Short et al., 1997). Abortions may occur as early as twenty-four hours to up to three weeks following ingestion of pine needles (Pfister et al., 1993). Feeding pine needles to buffalo caused abortion similar to cow but aborted fetuses were alive and calf survivability was dependent on the gestation period of buffalo, retention of placenta was reported in all buffaloes (Short et al., 1992). Short et al. (1992) conducted a comparative study by feeding pine needles to buffalo, cow, sheep and goat in which all cows and buffaloes aborted with higher sensitivity in the next pregnancy while none of the sheep and goat was aborted (Table 2). Needles from the plants like Pinus ponderosa (Pine needle), Pinus contorta (Lodgepole pine) and Juniperus communis (Common Juniper) when consumed in last trimester may cause abortion in bovines and mare (Gardner et al., 1998). Isocupressic acid is associated with the constriction of caruncular arterial bed (Ford et al., 1992) and hence blood supply to fetus is reduced resulting in hypoxic condition of fetal tissues.
Table 2: Effects of feeding pine needles (PN) on pregnancy maintenance in cattle, sheep, and goats
	Species & Treatmenta
	No. of Animals
	Pine needle (PN) fed (kg)
	No. of days Fed PN
	Percentage aborted
	Interval to parturition, db

	Cattle

	   Control
	14
	0
	0
	0
	33

	        .7 PN
	10
	0.7
	21
	80
	19

	        1.4 PN
	10
	1.4
	21
	90
	17

	         2.7 PN
	10
	2.7
	21
	100
	10

	       PN, 3
	10
	2.7
	3
	30
	26

	       PN, 1
	9
	2.7
	1
	11
	34

	       PN+VA 
	8
	2.7
	4
	83
	11 (8.7)

	Sheep

	    Control
	9
	0
	0
	0
	27

	         PN
	9
	0.8
	14
	0
	27 (1.8)

	Goats

	     Control
	11
	0
	0
	0
	28

	         PN
	7
	0.5
	14
	0
	28 (5.7)


aTreatment abbreviations refer to amount or days of feeding of PN; VA was a 4.5 million IU injection of vitamin A before PN feeding started, bPooled SE are shown in parentheses for each species (Short et al., 1992)
Locoweeds (species Oxytropis and Astragalus)
It is associated with abortion in almost all classes of grazing livestock species (James et al., 1981). Active toxin swainsonine have deleterious effect on reproductive system and may result in vasoconstriction. Ultrasound studies have reported that fetus dies 2 to 3 days before abortion and tissue necrosis after fetal death may stimulate prostaglandin production (Welch et al., 2009). 
Table 3: List of abortifacient plants along with affected species and active toxicants
	Plant 
	Toxicant  
	Effect  
	 Species 

	False hellebore (Veratrum californicum) 
	Cyclopamine
	Embryonic death
	Sheep

	Snakeweeds (Gutierrezia sarothrae or microcepha)
	Unknown
	Abortion when grow on sandy soil
	Cattle, Goat and Sheep

	Hairy vetch (Vicia villosa) 
	Unknown 
	Abortion
	Cattle

	White popinac (Leucaena leucocephala) 
	Mimosine
	Infertility, abortion
	Cattle and pigs

	Tall fescue (Festuca arundianea) 
	Ergot alkaloids 
	Abortion, still births
	Horses

	Broom snakeweed (Guterrezia sarothrae) 
	Diterpene acids similar in structure to ICA
	Abortion 
	Cattle 

	Western red cedar (Thuja plicata)
	ICA
	Abortion
	Cattle, Buffalo, Sheep and Goat


ICA- Isocupressic acid (Welch et al., 2009)
There are large numbers of plants which have abortifacient metabolite. Scientists have discovered some of the toxicants but a large number of toxicants still remain unknown. Covering all the plants is beyond the scope of this review, some important plants with their toxicants are listed in Table 3.
Mycotoxins
There are numerous mycotoxins such as aflatoxins, trichothecenes, ochratoxins, fumonisins, ergot alkaloids, zearalenones etc. that have adverse effect on the health of horses. Out of these only zearalenone and ergot alkaloids are known to have abortifacient effect. Negative effects of ergot alkaloids that have been observed in mares include stillbirths, reduced pregnancy rate, abortions, prolonged gestation, poor mammary gland development, prolonged uterine involution, placental and fetal abnormalities, obstructed labor, low prolactin and colostrum production and agalactia (Franklin et al., 2014). Zearalenone has estogenic activity and have capability to induce abortion, reduce semen quality and do reproductive failure in horses (Minerveni et al., 2006). 
Ruminants are less susceptible to mycotoxins than monogastric animals due to ruminal microbes and feed present in the rumen may be effective in the degradation, deactivation and binding of toxic molecules (Fink 2008; Scudamore, 1998). But if mycotoxins in feed are heavily concentrated then it lead to abortion even in ruminants. Eleven out of 36 suckler cows, all in late pregnancy, aborted seven to 10 days following introduction to a rye grass pasture heavily infested with ergot (Appleyard et al., 1986).
Hormonal Causes
Progesterone Deficiency
Corner and Allen (1929) firstly purified the progesterone hormone from the corpus luteum and demonstrated that corpora lutea were necessary for implantation and the subsequent maintenance of pregnancy in the rabbit. Now, progesterone is well known hormone which is necessary for maintenance of pregnancy probably in every livestock animal species. In ovine and equine species, the role of the corpus luteum is overtaken by the placenta in the late gestation – in the ewe it seems to be with the progesterone in both cases, but in the mare the placenta produces 5α-pregnane instead of progesterone (Holtan et al., 1975). The cow has also a major contribution from the placenta and may be also from the maternal adrenals (Kindahl et al., 2007). Progesterone prevents uterine contractions (Fartosi et al., 2012).
Hence, progesterone deficiency is the contributing factor to the embryonic losses in mares (Ball et al., 1997) and other livestock animal species. Exogenous progesterone can be given to cattle and buffalo to prevent abortion. This progesterone should be given only when it is confirmed that cervix is closed and fetus is live otherwise fetal maceration or mummification may take place and there are chances of late delivery of dead fetus (Purohit, 2010). Progestogen supplementation can be used as treatment for pregnant mares whose endogenous progesterone production is suspected of being low (Canisso et al., 2013). Altrenogest is normally used to feed such mares.
Accidental Administration of Hormones
Various hormones have potency to induce abortion and terminate pregnancy in buffalo and cattle including prostaglandin F2α (PG), glucocorticoids, estrogen and oxytocin (Barth et al., 1978; Prakash and Madan, 1985; Henricks et al., 1977; Nasser et al., 2008; Compton and Mc Dougall, 2010). The potency of abortion induction depends upon the stage of gestation. As early pregnancy (upto 150 days) is fully depend upon the corpous luteum (CL) for the secretion of progesterone, PGF2α alone can induce abortion in cattle and buffaloes. From 150 to term, placenta also secretes progesterone so a combination of both PGF2α and glucocorticoids is necessary for induction of abortion in these species. The chances of abortion are rare in this period. At term either of the PGF2α or glucocorticoids has the potency to induce abortion. Estrogens induce the endogenous luteolytic cascade from the endometrium and cause luteolysis and also have effects on the fetoplacental unit (Thomas, 2007). Administration of intramuscular injection of PGF2α or its analogue can induce abortion (Paccamoti, 1991; Squires and Bosu, 1993) in early pregnancy but later a single injection of PGF2α is unable to induce abortion generally due to presence of two or more secondary CL (Ginther, 1992) in mare.
In doe, PGF2α can induce abortion at every stage of gestation because pregnancy is fully dependent upon CL upto term while in ewe, pregnancy depends entirely upon CL upto 55 days of pregnancy ((Linzell & Heap, 1968). High glucocorticoids level in blood due to any type of stress may results in abortion (in livestock animals mainly in cattle and buffaloes (Kumar et al., 2015). Oxytocin (OT) injection is given in cattle and buffaloes for milk let down in many countries. OT injection significantly affects reproductive performances of dairy animals (Murtaza et al., 2020). Abdullah et al. (1988) studied the effect of OT and found that 50% of dairy animals receiving OT injections were aborted in early stage of pregnancy and also in 22% of animals there was incidence of uterine prolapse. 
Nutritional Causes
Livestock animals are subject to severe dietary deficiencies of trace elements such as copper, cobalt, selenium, iodine, manganese, and zinc frequently. Concomitant infertility in these animals is believed to be associated with enzymatic dysfunctions resulting from these deficiencies. Complex processes are involved in the nutrient exchange of feto-maternal axis and it is difficult to find out which nutrient deficiency causes abortion (Kumar et al., 2015).  Minerals and some vitamins such as vitamin A have been found to be important in reproductive health of cattle (Hurley and Doane, 1989). Copper deficiency associated with infertility, and embryo death in livestock animals (Corah and Ives, 1991). Duffy et al. (1977) suggested that inadequate zinc levels have been associated with decreased fertility, abortion, and altered myometrial contractibility with prolonged labor. Hidiroglou (1979) in his review on trace element deficiencies and ruminant fertility has suggested that there was a close link between the plasma levels of some elements and vitamins in reproductive performance and abortion in ruminants and also explains the role of different minerals and vitamins on reproductive performances of ruminants. An association between abortion and low Se (Selenium) status was suspected for many years but confirmed recently by Giadinis et al. (2016) in cows. They found that blood Se levels in cows belonging to farms that experienced abortions were lower than reference values and significantly lower than 28 control cows from 3 herds without abortions (0.46±0.08 vs. 2.20±0.04 μmol/L; P<0.0001) and serum vitamin E & A concentrations were within reference range and did not differ from controls. Abortions were significantly reduced from 26% to 1.1% following the subcutaneous administration of a Se and vitamin E containing commercial preparation (@0.1 mg/kg b.wt of Se and 8.98 mg/kg b. wt of vitamin E) to each of the remaining pregnant cows. Zeedan et al. (2010) studied the effect of two different iodine levels on productive and reproductive performance of buffalo cows. The periods required for fetal membrane expulsion was significantly reduced in iodine fed (0.5 mg/kg) groups in comparison of control groups, moreover, only one case of abortion and still birth was seen in control group, while iodine fed dams delivered 100% healthy calves. Subnormal serum protein which bound iodine has been found to be associated with infertility in buffaloes (Dabas, 1987). Vitamin A deficiency may also lead to abortion. Calves born from vitamin A deficient dam are generally weak and blind unthrifty (Peter, 2010). An energy deficient diet may leads to pregnancy toxemia in small ruminants with multiple fetuses/twin pregnancy (Saun, 2003), however it has not been noticed in large ruminants and other livestock animals. Protein malnutrition in late pregnancy may be a factor in neonatal mortaltity (Waldhalm et al., 1979).
Aytekin and Aypak (2011) determined the serum levels of calcium, phosphorus, magnesium, copper, zinc, iron, nitric oxide, retinol, and β-carotene in ewes that had experienced an abortion and in healthy controls. Ten healthy and 25 aborted Sakiz sheep were selected from Afyon zone in western Turkey for this study. The concentrations of retinol, β-carotene, phosphorus, and zinc were significantly lower and those of calcium and nitric oxide were increased in aborted ewes relative to healthy controls (Table 4). The serum levels of iron, copper and magnesium were not significantly different among the control and aborted ewes.
Table 4: Levels of some elements, vitamins and nitric oxide in aborted sheep and healthy controls
	Parameter
	Controls (n=10)
	Abortion (n=25)
	P value

	Calcium (mg/dl)
	12.27 ± 0.35
	13.95 ± 0.17a
	<0.05

	Phosphorus (mg/dl)
	3.8 ± 0.17
	2.50 ± 0.09a
	<0.001

	Magnesium (mg/dl)
	2.46 ± 0.13
	2.43 ± 0.08
	NS

	Iron (μg/dl)
	121.53 ± 9.06
	120.13 ± 5.03
	NS

	Copper (μg/dl)
	109.33 ± 8.10
	130.66 ± 7.24
	NS

	Zinc (μg/dl)
	115.01 ± 6.05
	84.72 ± 4.51a
	<0.001

	Retinol (μg/dl)
	21.23 ± 1.02
	12.66 ± 0.29a
	<0.001

	β Carotene (μg/dl)
	199.72 ± 10.13
	78.16 ± 2.30a
	<0.001


aIn the same row, indicate significant differences, NS- non-significant (Aytekin and Aypak, 2011)
Thyroid hyperplasia was identified in 3 of 211 caprine abortions (Robert and Moeller, 2001). Throid hyperplasia may be due to iodine deficiency and probable cause of abortion; however, iodine levels were not examined. Selenium and copper deficiences were identified as a probable cause of abortion in 6 and 2 of 211 submissions, respectively. Trace elements deficiency can cause abortions in livestock animals more likely in small ruminants.
In case of mares, very less data is available on nutritional deficiencies as cause of abortion. Nutritional deficiencies have not been associated with abortion in mares, in general, if mares that are too thin and are nutritionally deficient will not be cyclic or conceive (Wright and Kenney, 2005). However, more research should be there to rule out role of nutritional imbalances in abortion in mares.
Genetic/Chromosomal Defects
Genetic defects in the fetus may result in abortions which are not very frequently diagnosed, and these usually occur in an individual animal rather than as a herd outbreak. These defects which may not cause a change in the phenotypes of the fetus probably result in abortion because of the inability of the fetus to develop properly in the uterine environment. Genetic abnormalities such as monstrosity cause obvious physical changes in the fetus and may lead to fetal death and abortion in almost all livestock animal species. There is need to develop advanced tests to identify and check incidence of genetic defects which lead to abortion. Few studies are available on genetic/chromosomal defects which lead to abortion. More work is needed to be done on this topic as many cases are reported with congenital defects with unknown etiology which leads to death of fetuses. Genetic factors causing abortion may include mutations in gene, gene defects, chromosomal abnormlity, polygenic defects etc.  Some congenital abnormalities in fetus arise from infective sources such as Akabane virus infection in ovines (Hashiguchi et al., 1979). Phenotypic anomalies are common in bovines and reported in many studies- 3-7% of 2,544 (Kirkbribe, 1973), 9.2% of 931 (Coates et al., 1988), and 1.7% of 595 (Maxie, 1986) of the fetuses had abnormality. The cause of these gross abnormalities was undetermined in most cases, but some were probably due to chromosome abnormalities such as aneuploidy, as was postulated some time ago but has rarely been investigated. Inbreeding resulted in concentration of lethal genes per zygote and probably a reason behind early embryonic deaths, abortion and still birth (Roberts, 1986). The incidence of abortions due to fetal anomalies is 7 to 12% in the first 30 to 50 days of gestation (Miller, 1977, Kirkbribe et al., 1973). Coates et al., (1988) performed post- mortem examination on 30 morphologically abnormal aborted bovine fetuses, stillbirths and nonviable neonates and karyotypes were successfully completed on 18 animals, of which three were trisomic, one was mosaic monosomic and one was chimeric. They found that all aneuploid calves had multisystemic anomalies and using chromosomal banding techniques, the abnormal determined karyotypes were 61, XY, +27; 61, XX, +21; 61, XY, +?; 59,XY,-?/60,XY; and 60,XX/60,XY. Schumtz et al. (1996) did the tissue culture and karyotyping of pericardial sac samples from 77 bovine aborted fetuses and stillborn calves out of which cells from 55 of these samples were grown successfully in culture. Six of the 55 karyotyped fetuses (10.7%) had an abnormal chromosome complement (Table 5). 
Table 5: Breed and karyotype of calves with chromosomal abnormalities
	Breed
	Karyotype

	Hereford
	61, XX, +21

	Simmental
	60, XX/61, XX, +?

	Hereford cross
	61, XY, +?

	Angus
	61, XX, +22

	Long horn cross
	60, XY/59, XX, t (1;29)

	Limousin
	60, XX/60, XY


Schumtz et al., 1996
[bookmark: bbib0085]Shilton et al. (2020) characterised aneuploidies associated with Equine Pregnancy Loss (EPL). They detected aneuploidies in 12/55 EPLs (21.8%), and 0/15 healthy control placentae (Table-6). Aneuploidies were detected in both placental and fetal compartments.  The Warmblood fragile foal syndrome (WFFS) is a monogenetic defect in horses with autosomal recessive inheritance. The WFFS is characterised by a point mutation of the gene coding for the procollagen-lysine, 2-oxoglutarate 5-dioxygenase 1 (PLOD1) and as many as 15% of Warmblood horses are WFFS carriers, there has been little veterinary focus on this condition (Aurich et al., 2019). A gene test for the WFFS c.2032 G > A mutation of the PLOD1 gene in horses is available (Winand, 2011). The predominant manifestation of WFFS may lead to death during the latter stages of gestation or live births with foals being non-viable.	
Table 6: Aneuploidy noted in 12/55 early pregnancy loss (EPL) equine conceptuses
	Sex
	Gestational Age (days)
	Maternal age (years)
	Maternal Breed
	Aneuploidy noted

	F
	14
	4
	WB
	Trisomy 1

	M
	31
	6
	TB
	Trisomy 3

	F
	28
	19
	TB
	Trisomy 15

	M
	42
	19
	TB
	Trisomy 20

	F
	58
	13
	TB
	Trisomy 20

	M
	42
	3
	TB
	Trisomy 23 and 24

	F
	60
	10
	TB
	Monosomy 27

	F
	42
	19
	TB
	Monosomy 27

	M
	32
	19
	TB
	Trisomy 30

	F
	41
	9
	TB
	Trisomy 30

	F
	29
	10
	WB
	Monosomy 31

	F
	26
	13
	TB
	Trisomy X


F female, M male, TB Thoroughbred, WB Warmblood (Shilton, C. A. et al., 2020)
Physical Causes and Stress 
Trauma usually does not cause abortion however, if trauma is so severe that rupture of amniotic vesicle or fetal heart or fetal blood vessels take place then it may cause abortion (Roberts, 1986). Rupture may take place during faulty/harsh per rectal palpation. Parmigiani et al. (1978) induced abortion in 91 cows and heifers by three manual methods which were applied per-rectally, the methods were: (a) rupture of the amnion and crushing of the fetus in cows pregnant 35 to 66 days, (b) decapitation of the fetus in cows 66 to 120 days into gestation, and (c) rupture of the amnion without crushing the fetus in cows pregnant less than 70 days and they found that all the cows aborted between 10 and 54 days after treatment except three out of the 29 in the group in which the amnion was ruptured but the fetus not crushed. However, the CL may be maintained for prolonged periods of 18-35 days after amniotic rupture and some fetuses may mummify instead of being expelled (Kassam et al., 1987). Primary CL forms on the ovary and secretes progesterone, this endocrine feature persists throughout pregnancy in most livestock animals except for the horse and sheep (Jainudeen and Hafez, 2000). A reduced capacity of CL for progesterone secretion may be responsible for around 50% of embryonic mortalities in synchronised buffaloes and mated by AI during a period of low reproductive activity (Campenile et al., 2005).
Accidental insemination in pregnant buffaloes during gestational estrous may induce abortion (Luktuke, 1964). Intrauterine infusion or uterine lavage from day 6 to 70 days terminates pregnancy in mare (Ragon 2007; Lofstedt, 1987) and in bovines also (Kumar et al., 2015). Cervical and uterine manipulations may result in release of endogeneous PGF2α and result in induction of abortion (Paccamonti, 1991).
Stress exerts its effect by activating the hypothalamic-pituitary-adrenal (HPA) axis which results in activating ACTH and release of corticoids. Heat stress affects the reproductive performance of livestock by compromising the physiology of reproductive tract, through hormonal imbalance, decreased oocyte quality, poor semen quality, decreased embryo development and survival. Heat stress causes embryonic death by the interfering with protein synthesis, oxidative cell damage, reduction in successful pregnancy recognition and expression of stress-related genes associated with apoptosis (Krishnan et al., 2017). Cattle and buffalo embryos are sensitive to maternal heat stress during the first 2 weeks of gestation (Wakayo et al., 2015). Krishnan and co-workers (2017) in their review explained in detail about the impact of various heat stress factors on livestock reproduction, in both the female and male. 
Other Causes of Non-Infectious Abortion
Umbilical Cord Torsion
It is common non- infectious cause of abortion in late gestation in mares, generally not seen in other livestock animals. Post and pre-cervical uterine torsions are very common in cattle and buffaloes than other livestock species.  The cord normally has three clockwise turns, in some cases excessive twisting or wrapping around the extremity of the fetus may shut off the flow of blood in the cord which results in the death of the fetus. In equines, primary umbilical torsion is the most common condition of the noninfectious causes of abortion in mare (McEwen et al., 2004). Umbilical torsion was observed in 19% of 515 cases (McEwen et al., 2004) and 46.2% of aborted cases (Ricketts et al., 2003). The length of the equine umbilical cord is variable, but in some breeds like in Thoroughbreds it does not exceed 84 cm except 5% of total foal deliveries and increased length of the umbilical cord can predispose to three pathological conditions (a) strangulation of the cord around the fetus (b) excessive torsion (c) allantochorionic necrosis of the cervical placenta (Whitwell, 1975).  Among these the incidence of abortion due to umbilical cord torsion was higher than other two conditions which were:  4.5 % (Hong et al., 1993) and 3.4% (Giles et al., 1993). Williams (2002) reviewed 168 cases of umbilical cord torsion and the majority of fetuses were Thoroughbreds and the gestational age of the fetuses ranged from 5–10 months, with a mean of 7.5 month. Umbilical cord lengths in these torsion cases varied from 62–125 cm, with an average length of 96 cm. 
Twin Pregnancy
Twin pregnancies result in high rates of abortion, stillbirth, and neonatal mortality in mares. About 65% of twin pregnancies result in abortions usually after eight months and the mortality of twin foals ranges from 47 to 55 per cent, in comparison to a 1 per cent of normal foals (Jeffcott et al., 1973). Twins develop subsequent to multiple ovulations and multiple ovulations are related to breed and parity which are most frequently seen in Thoroughbred and draft mares (Miller et al., 1988). In large ruminants, twin pregnancy does not cause abortion generally but twin fetus may cause dystocia at the time of parturition due to wedging of both the fetuses at the time of passing through birth canal. Conjoined twins may result in monstrosity and birth of dead and still birth fetuses. In small ruminants twin births are commonly seen.
Diagnosis
The causes of abortion in livestock animals are diverse including infectious and non-infectious causes such as genetic, thermal, nutritional, toxic and other non-infectious causes. However, the success rate of diagnosis in animals is low as abortion follows its cause by weeks or months and causative agent may not be apparent at the time of abortion. Often, recent advances in laboratory diagnosis are heavily biased toward identification of infectious agents. Interestingly, almost half of half of the abortions may be more than that of remain undiagnosed in diagnostic laboratory.  It is more difficult to diagnose a non-infectious causative agent when compared to infectious as this field is less developed and also there are no pathognomic signs in most of the cases. However, diagnosis is possible in some cases.
Nitrate poisoning can be diagnosed based upon the abortion along with possibility of ingestion of toxic plants and water. Laboratory analysis of suspected plants, water, stomach contents, blood and urine of mother and fetus (if possible) can be performed to confirm the diagnosis. Previously, diagnosis of pine needle abortion has relied on the history of exposure of pine needle to dam and for confirmation ICA can be detected in the blood sample of Dam. Stable metabolites of ICA which can cross placenta are agathic acid, dihydroagathic acid, and tetrahydroagathic acid which can be evaluated using gas chromatography–mass spectroscopy on fetal thoracic fluid and this technique has been used recently for diagnosis of pine needle abortion (Snider et al., 2015). Similarly, metabolites of other toxicants of poisonous plants can be investigated and such investigations will be very helpful in determining the cause of abortion.
The chemical structure and associated toxicity of mycotoxin residues excreted by animals is different from the parent molecule because mycotoxins are metabolized in liver, kidneys and also by microorganisms in the digestive tract (Ratcliff, 2002). Therfore, it is very difficult to identify mycotoxins in dam or fetus. However, mycotoxins can be identified in the feed material with the help of analytical methods such as thin-layer chromatography (TLC), gas chromatography (GC), and High-performance liquid chromatography (HPLC) (Zaki et al., 2012).  Estimation of hormones can be done by commercial ELISA kits available in market. Inspite of hormonal assay CL insufficiency can be diagnosed by colour doppler ultrasonography.
Nutritional deficiency is very difficult to diagnose, however, minerals and vitamins estimation can be done to rule out causes of non-infectious abortion in livestock animals.  Karyotype is able to diagnose aneuloidy and it is done to find out whether trisomy, nullisomy or diplosomy is present or not. Technological advancement is needed to be done in diagnostic laboratories to find out non-infectious etiology. 
Conclusion
Non-infectious causative agent may cause serious damage to economy by affecting dairy industry and other livestocks. The incidence of abortion due to non-infectious etiology ranged between 12-62%. There is need of consideration of non-infectious causes of abortion as a serious threat and more emphasis on their diagnosis, prevention and treatment should be provided. In stall fed animals pine needles, locoweeds, mycotoxins contaminated feed should be avoided. In poor body score condition animals, high energy rich feed with mineral supplements should be fed. To control genetic causes of abortion up to some extent, the inbreeding should be avoided. Exogenous progesterone can be given in case of CL insufficiency.
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in horses are rare. Most cases involve ingestion of nitrate/nitrite-contaminated water, nitrate fertilizer directly, or
forage or hay grown in the area of a previous fertilizer spill. Hypoxic stress due to nitrate poisoning results in cortisol
release (Bocking e al., 1986) and subsequently leads to abortion (Fig. 2). Nitrate percentage ranged 0.61-1.0|% is
reported to induce abortion in bovines (Johnson ez al., 1983). Consumption of nitrate accumulating plants in low

quantity leads to deformed fetuses (Krikbride ez al., 1991). It is an emergency condition in mare.

Nitrate accumulating plants (Sudan grass, oat, wheat, corn and johnson grass)
Rumen microbes reduce nitrate
Absorption of toxic nitrite ion in the blood stream

Formation of methemoglobin from oxidation of ferrous iron (Robert, 1986)
Hypoxic stress and abortion

Fig-2: Flow diagram showing pathogenesis of nitrate poisoning.

Clinical signs may include difficult breathing, weakness, tremors, ataxia, rapid heartbeat, grey/blue or brown
discoloration of blood and tissues, seizures, and rapid death and abortion can probably occur in animals that survive

the initial clinical sions (Roberts. 1986). Ruminants are more vulnerable to nitrate toxicitv (Casteel et al.. 2007). A
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