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SUMMARY

The primary fortitude of this study is to overview the environmental, nutritional and also some main infectious causes related
to reproduction in small ruminants mainly sheep and goat, that caused milk, meat and wool production loss globally. Mostly
90% small ruminants are reared by rural household globally. The major issues of which are poverty, lack of new techniques and
improper management skills. Families usually own few small ruminants, which are used for religious celebrations, serve as sav-
ings or emergency cash or provide meat or milk. Reproductive problems mainly arise due to nutritional deficiencies and some
pathogens, including bacteria, viruses, parasites and also by environmental stress conditions. The primary reproductive diseases
which are commonly associated with the reproductive system of small ruminants are brucellosis, leptospirosis, toxoplasmosis
fever, listeriosis, campylobacteriosis along with nutritional deficiencies, socio-sexual and photoperiods also affect the reproduc-
tive system. Vaccination and nutrition are mainly advised to control these issues of reproduction. The environment control sys-
tem can also compensate for this economic loss. This paper represents a limited contribution for the review of reproductive

problems in small ruminants’ primarily focusing on sheep and goat which was neglected in past at worldwide level.
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INTRODUCTION

Small ruminants (sheep and goats) play an important role in
the survival, economic, and social livelihoods of many hu-
mans, more significantly in developing countries'. According
to FAO (2010), roughly 95.7% of all goats and 63.3% of all
ewes are located in developing countries and embody more
than 70% of total animal production in the world®. Agreeing
to the Food and Agriculture Organization (FAO), in 2011,
there were 875.5 million goats and one billion sheep in the
world. However, around 80% of all small ruminants were in
developing countries, many of them placed in tropical areas.
So, signifying more than 70% of their production of these
species in developing countries (FAOSTAT 2011)°. Several
diseases which affect the small ruminants mostly causing
abortion, delayed estrous and reduced fertility. The diseases
which cause abortion are campylobacteriosis and enzootic
abortion. Toxoplasmosis, contamination caused by a Toxo-
plasma (T.) gondii apicomplexan protozoan, is common in
humans an animal species, having already been testified in
many countries and different weathers. Goats had signifi-
cantly higher (p<0.01) prevalence (25.4%) as compared to
that of sheep (11.2%); and higher (p<0.01) in female (24%)
than in the males (19%) for both species®. Despite the status
of small ruminants breeding in developing countries,
milk/meat productivity remains insufficient. Communicable
diseases such as leptospirosis, brucellosis, and small rumi-
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nant lentiviruses (SRLVs), add to this scenario®. Developing
countries, due to the social, soil, and weather features, pres-
ent a suitable scenario for development and increase of goats
and sheep breeding. In the last decades, although the high
number of small ruminant population in developing coun-
tries, its yield remains lower than that in developed ones”.
Infectious diseases, particularly those of the reproductive do-
main, play a dramatic role in this scenario, causal important
economic threats in livestock®. But it may vary according to
management and related areal climate changes. Animals have
developed reproductive strategies for enough food coincides
with pregnancy and lactation. The economic and public
health effect of brucellosis remained of a concern in devel-
oping countries. The diseases that generally cause a signifi-
cant loss of productivity through abortion, stillbirth, low
herd infertility and comparatively low milk production®. Un-
der the name “Malta fever,” the disease now called brucellosis
first came to the attention of British medical officers in the
1850s in Malta during the Crimean War. Brucellosis is a
zoonotic disease that leads to considerable illness. Also, it was
characterized by abortion in females and epididymitis and
orchitis in males’.

The economic and public health effect of brucellosis re-
mained serious concern in developing countries®. In general
brucellosis can cause significant loss of productivity through
abortion, stillbirth, low herd fertility and comparatively low
milk production. It is thought that this can be achieved by
linking sexual activity to changes in the photoperiod, a reli-
able predictor of the seasons and future food supplies, how-
ever, this is not applicable due to 3 reasons' photoperiods can
change in, the region that, are close to the equator’. In many
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regions, the fodder availability can be determined by many
factors other than photoperiods’. In semi-arid regions, the
pattern of food supply mainly changes year to year due to
unpredictable rain falls. However, low mineral intake or
availability to small ruminant’s results to reduce productivi-
ty. Natural grazing is also a source of obtaining minerals
from forage plants. Thus, feeding places and seasons also af-
fect the mineral status. Families commonly own a few small
ruminants, which are used for religious festivities, serve as
savings or spare cash or provide meat or milk. Consequent-
ly, due to the reduction of reproductive performance of the
herd, whole milk, as well as meat production, tends to de-
crease, demonstrating an important hazard to farmers. The
acceptance of adequate programs to reduce the incidence of
infectious diseases’. Inadequate management practices and
poor propagative performance have been reported as vital
factors in decreasing productivity level in livestock. Diverse
pathogens have been reported in small ruminants’
herds/groups with reproductive failures. Subclinical infec-
tion is mainly categorized by reproductive problems, such as
infertility, abortion, occurrence of stillbirths, and weak
lambs/goat kids’. Reproductive problems caused by nutri-
tional deficiencies and infectious diseases and other environ-
mental stresses are mentioned here.

ENVIRONMENTAL CAUSES
(PHOTO-PERIOD, SOCIO-SEXUAL)

Mostly reproductive response to environmental factors are
coordinated at brain level, where all external and internal in-
puts ultimately converge into a final common pathway that
controls secretion of gonadotropin-releasing hormone. This
neurohormone controls the secretion of gonadotropins pi-
tuitary hormones that determined activity of reproductive
axis’. The mechanism of feed flush has been done in sheep
management for many years to increase breeding duration'.
Thermal stress decreases the intensity of sexual behavior and
also cause in failure of the animal to maintain a pregnancy
and mating"'. Sometimes heat effect causes a reduction in fe-
tal growth'?. If stress is imposed in the follicular phase of
sheep, it causes to decrease in estrogen level concentration
and also effect on late preovulatory GnRH/LH surge"’. When
ewes are under or above the critical temperature, their
oestrus duration is delayed that is due to thermal stress'* or
when these are transported then due to transport stress'.

For proper reproductive efficiency follicle must grow at prop-
er rate in ovaries, ovulation should occur and related hor-
mones that need to be produced not to control releasing but
also to make uterus ready for conception. All these events are
controlled by endocrine coordination which can be disturbed
in stressed conditions®. The activities of the neurons are co-
ordinated and synchronized so GnRH is released as a stream
of pulses, the frequency of which is critical: a high frequency
promotes the gonadal activity and a low frequency permits
gonadal activity to minimize. Every pulse of GnRH releases a
pulse as of gonadotropins luteinizing hormones from the pi-
tuitary glands in the males each LH pulse stimulates the ledy-
ing cells in the testes to release a pulse of testosterone which
completes the loop by exerting “negative feedback k” on the
hypothalamus system to minimize the frequency of GnRH
and LH pulses's. The timing events in the reproductive

process using male effect in sheep and goats, the sudden in-
troduction of new males can induce ovulation in females that
are reproductively quiet'®. The male effect also work for ad-
vancing the 1* cycle in young females. Among the environ-
mental factor affecting the reproductive system in sheep and
goat the level and type of nutrition is also the most important
factor which has also impact on reproduction'.

EFFECT OF NUTRITION
ON THE REPRODUCTION
IN SMALL RUMINANTS

Limited feeding resources may cause a decrease in reproduc-
tive performance according to the required limit and repro-
ductive status'®. High feed intake can increases the reproduc-
tive output. While for short and long term under-nutrition
may exert a negative effect on ovarian activity in goats'. The
feed flushing system has been incorporated into the sheep
and goat management system to increase the seasonal breed-
ing period". The interaction between nutrition and repro-
duction having a major role in sheep reproductive perform-
ance'. The relationship between ovary functioning and nu-
trition is a fundamental rule to maximize reproductive effi-
ciency”. Deficient nutrition having long term effect on re-
productive capabilities as pregnant ewes fed 50% of its re-
quirement after mating from 28 to 78 days resulted offspring
having lower stress response at one year of age, it also cause
to lessen progesterone level in the luteal phase and also re-
duction in fertility when compared to control ewes?'. Feed
restriction is causing a decrease in GnRH amplitude, pulse
and the capability of low amplitude GnRH pulses to gener-
ate a consequence LH pulse in ovariectomized ewes'’. The
magnitude of LH and FSH surge in pre-ovulatory stage may
be diminished in fasting in ewes'®. FSH and LH level tend to
be decreased in fasted ewes®. Fasting decrease plasma con-
centration and FSH pulse amplitude in comparison to that
of control significantly®. Short-term fed on high protein and
energy diet causes an increase in blood glucose and insulin
concentration in cyclic ewes and also affect the follicular en-
vironment particularly follicular fluid glucose level. The fol-
licular fluid concentration of progesterone was negatively
correlated with the follicular fluid concentration of glu-
cose. Fasting effects pituitary-hypothalamus ovarian axis
that can be stimulated by metabolic meditators like glucose,
insulin, GH, IGF-1 and IGFBP.

Nutritional effect on reproductive performance may be in-
ter-linked via changes in the IGF-1 mechanism (IGF-1 and
IGFBP) which is secreted by the liver and may be present in
other reproductive tissues®. An acute nutrition restriction
till the IGF-1 level decrease then it may cause a reduction in
FSH-receptor expression by developing follicle to respond
FSH'. Insulin and glucose are necessary as a source of nutri-
tional folliculogenesis stimulation'’. Progesterone synthesis
and its release by ovary are also regulated pituitary go-
nadotrophin as well as by IGF-1 which is an important fac-
tor for ovarian secretory and granulosa cell proliferation ac-
tivity. Glycaemia and insulinemia having a role in the regu-
lation of ovarian follicles responsive to gonadotropin®. The
insulin-dependent glucose transporter is also present in the-
ca and granulosa cells of follicles in sheep. Insulin is also af-
fecting granulosa and theca cell function. An increase in in-



sulin-mediated glucose is critical when up taken by follicle
cells for growth and protection from atresia thus increasing
ovulatory follicles in numbers. On the other hand, ovulation
rate can also be affected by nutrition®. Fasting reduced the
ovulation rate significantly in ewes®. Increasing dietary in-
take may affect the stimulation of follicular development and
increases the ovulation rate in sheep. Acute feed restriction
in the luteal phase of the estrous cycle in ewes cause the
changes in endocrine functions that may affect the timing of
LH surge and ovulation rate also'. Short-term fed on high
energy and protein may cause changes in feedback mecha-
nism between FSH and Estradiol'”. Energy-deficient feed
may cause lipid to break down which result into an increased
level of non-esterified fatty acids and beta-hydroxybutyric
acid including low glucose concentration in serum?. The re-
sulted metabolites affect the endocrine signaling pathway
and also affect the quality and number of oocytes®. In-
creased plasma non-esterified fatty acid level as a sign of neg-
ative energy balance that is linked to decreasing in fertility in
goats"”. Circulating urea and non-esterified fatty acids affect
the quality of granulosa cells and also oocytes”.

While short-term fasting may decrease the follicular growth,
high plasma progesterone level and lowers the magnitude of
LH and FSH surge in sheep'®. Fasting causing a decrease in
average plasma FSH level compared to the control group sig-
nificantly”. The short term dietary treatments lead to
changes in blood concentrations of glucose, fatty acids, in-
sulins and leptins as well as the cerebrospinal fluid concen-
tration of glucose, insulin, leptins and some amino acids.
Some crucial factors seen to be fatty acids, insulin and leptin,
all of which can maximize GnRH pulse frequency. Current
studies showed that there are neuroanatomical connections
between the centers that control the reproduction’. The
acute fasting is having a negative effect on ovulation rate in
ewes. It also causes a decrease in the level of LH, FSH, Leptin
and changes in the signaling pathway of GH*. The increase
leptin concentration is having an effect on LH secretion from
pituitary cells within physiological range in-vitro. The syn-
thesis of steroid hormones depends on the availability of
cholesterol metabolites to ovarian theca and granulosa
cells®. Intracellular cholesterol is transported by steroido-
genic acute regulatory protein (STAR) from the outer mito-
chondrial membrane to the inner mitochondrial mem-
brane”. Circulating urea has been negatively associated with
fertility’'. Dangerous effects on reproduction are stimulated
by the direct effect of urea on the nuclear and cytoplasmic
development of the follicle having oocyte®.

INFECTIOUS CAUSES

Toxoplasmosis

Toxoplasmosis is a parasitic disease causing reproductive
problems and enormous economic loss to the sheep industry
all over the world®. Toxoplasmosis is an infection caused by
T. gondii blood protozoan that is widespread in animal
species reported many countries and many different climate
conditions. Goats are having high prevalence than sheep and
highly significant incidence in females than males®. The
considerable incidence has also been noted in males than fe-
males”. Toxoplasmosis is protozoal a parasitic blood disease
that causes severe reproductive issues and economic losses to
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the small ruminants all over the world*. Toxoplasma gondii
has been recognized as an essential cause of lambing loss and
food hazards (Innes et al., 2010). Prevalence of toxoplasmo-
sis is varied from country to country and from climate to cli-
mate changes within a state”’.

The worldwide seroprevalence of toxoplasmosis in sheep is
30% while in goats 15%7. Age of animal is also a determin-
ing factor for the prevalence of toxoplasmosis in animals. In-
cidence is highest (38.88%) in the age group of 16-28
months and lowest (8.51%) in the age, group of 68-80
months and T. gondii is higher in younger animals than
adults and body weight of the animal is also a key factor for
prevalence®. Toxoplasma gondii is common in sheep’s and
goat’s one of the significant causes of abortion in many
countries. It can also affect fetus of pregnant females
(AH/sheep/19). Within livestock sheep and goats are more
easily infected with Toxoplasma gondii although infection has
also been reported in cattle. Moreover, goats infected by T.
gondii also represent a vital source of human disease due to
ingestion meat and milk from infected animals®. It may
cause resorption or mummified fetus if infected late in ges-
tation may cause abortion or death soon after birth. Female
are immune after abortion (AH/sheep/19). Cats are a pri-
mary reservoir and definite host, usually spread it only for
few weeks as a kitten. Cats and rodent shed agent into hay
and feed by their feces which are later ingested by sheep and
goats. The disease is transmitted by ingestion of contaminat-
ed feed having oocytes and cyst of Toxoplasma gondii*®. Un-
cooked meat and milk having cysts and oocytes may spread
the disease to human by eating such food. Some studies show
that sheep and goats are significant sources of infection in a
human by eating uncooked meat and milk that cause a mas-
sive loss for a small ruminant breeder in many countries.

T. gondii has also been found in mutton and beef in many de-
veloped countries®. Keep cats away from feed storage and
feeding areas. Some producer it best to maintain one adult
cat which keeps younger cats away from the field. Burn
aborted products*'. Wear rubber gloves when handling with
aborted fluid and tissues. It is one of the leading cause of
abortion in many countries. Infection during early gestation
may cause of reabsorbing of the fetus while in later stages
abortions are most common. The abortion manner and dis-
ease are different from the bacterial cause of abortion.
Preventive Measures - Keep dog and cat away from feed
storage and feeding areas. Some producers have found it best
to maintain one adult, neutered cat which then tends to keep
younger, stray cats away from the area. Because cats are reser-
voir of infecting agent.

Leptospirosis

Leptospirosis is a global zoonotic disease caused by patho-
genic spirochetes Leptospira interrogans that belongs to
genus Leptospira. Genus Leptospira consists of pathogenic
and non-pathogenic according to DNA related species®.
Leptospira colonies in the kidney in various animals that
are excreted in urine’. Following period of leptospiremia 7-
10 days it localizes and persists in renal tubules®. Trans-
mission of leptospirosis occurred by exposure to water or
soil contaminated by the urine of infected animals or by di-
rect contact with infected animals*, i.e., rodents, rumi-
nants, swine and canines. The environment also considered
being a source of maintenance for leptospirosis in tropical
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conditions®. Transmission also occurs when the animal is
contacted with standing water like a lake or pond. Lep-
tospirosis in small ruminants may present in acute form
with increased body temperature, anorexia depression,
jaundice and anemic or hemorrhagic syndrome** and
chronic form with impaired fertility neonatal death abor-
tions and decreased milk outputs occurred more frequent-
ly a major economic loss®.

A subclinical infection characterized by infertility, repeat
breeding, abortion, weak lambs and stillbirths. Leptospirosis
is a neglected disease that’s why; its effects on animals are un-
determined. The lack of study on leptospirosis in small ru-
minants and poor study on outbreaks and surveys con-
tributed to limited contribution for leptospirosis in animals”.
It determined that leptospirosis in goats a main cause of
abortion showing strong symptom of the syndrome®. It is
cared and spread in the urine of infected animals. Avoid us-
ing contaminated water isolation of aborted animals and
vaccination of the animals. Serological studies elaborated
that Leptospira infection in goats and sheep is common
worldwide, for many years small ruminants had been con-
sidered as accidental host of leptospirosis being affected on-
ly for incidental serovars, carried by other domestic and wild
species. Leptospirosis in small ruminants commonly associ-
ated with strains belonging to serogroup serovars hardjo*.
Leptospirosis shows an important infectious disease that af-
fects the reproduction in small ruminants® Many risk factors
may influence the occurrence of Leptospira infection in ani-
mals. Leptospirosis is most common in cattle, an elaborative
study with sufficient analysis of those factors regarding in-
fection in the sheep has never conducted”. In several coun-
tries Leptospira infection in sheep and goats is determined
by serological methods. Leptospirosis seroative is 25.9% in
goats while 47.4% in sheep’. Agglutination test is the most
important use for leptospirosis in the world®. Diagnosis can
also be made by urine test of the aborted dam, aborted pla-
centa and fetus. Vaccination play in a key role for control of
leptospirosis in the herd>.

Preventive Measures - Avoid using leptospira contaminated
water as a drinking water for healthy. Isolation of animals ill
or aborting from vaccinated animals. Vaccination plays an
important role in the control of leptospirosis and may re-
duce significantly occurrence of clinical symptoms (abor-
tions) in herd. Control of leptospirosis in small ruminants
involves measures such as identification and treatment of
carriers and other sources of infection. Quarantine is neces-
sary for new herd/flock®. Burn or bury aborted products.
Wear rubber gloves while handling tissues and fluids’.

Q fever

Q fever is a ubiquitous zoonotic disease caused by pathogen
Coxiella burnetii responsible for acute and chronic clinical
signs*® especially in sheep and goats causing abortion,
anorexia and lesion. Cattle, sheep and goat are primary
reservoirs®. Coxiella burnetii is a small obligate intracellular
gram-negative that is prevalent throughout the world.
Genus Coxiella a classified based on the gene sequence
analysis in order of Legionellales family Coxiellaeceae with
Rickettsia and Aquicella. This agent has highly osmotic re-
sistant®. Ranch animals and pets are the key reservoirs of
infection and transmission to human beings is mainly able
through inhalation of contaminated aerosols, this bacteria

also shed in milk, urine, feces, placental debris and amniot-
ic fluid and causing illness associated with a wide clinical
spectrum from asymptomatic to fatal disease®. Mostly in-
troduction of bacteria is through aerosol route in farm ani-
mals®*. To prevent from oral infection with C. burnetii in
human is required to pasteurize the milk before use®. In
small ruminants mainly causing abortion and stillbirth in
late pregnancy without clinical signs*. Coxiella burnetii on
inoculation to pregnant goats the trophoblast cells of the al-
lanto-chorion are primary target cells for C. burnetii*!. Al-
most in all cases trophoblasts of inner-cotyledons allanto-
chorion and also the base of cotyledonary villi are affected™.
Abortion in dairy goat increased by incidence of metritis.
Abortion mostly occurs with no proceeding clinical signs>.
Many studies indicate that human Q fever risk factors are
more living near to farm has a history of abortions through
C. burnetii®®. In small ruminants premature birth, weak off-
spring deliver, stillbirth and abortion are reported®. Chron-
ic fatigue is infrequently also associated with C. burnetii in-
fection”. It is yet not clear that C. burnetii is present other
than placenta or not™. Induction of long-lasting immune
response against many diseases is facilitated by C. burnetii.
Immune response to C. burnetii infection is better studied
in goats than in sheep® but result from work in goats could
also be applicable in sheep.

After inoculation of C. burnetii specific antibodies both IgM,
IgG can be detected after two weeks and remained for up to
13 weeks. Prevalence of C. burnetii in sheep or goats have
been described on the basis of analysis different body fluids
and tissues, seroprevalence have been described for many
countries but these data are difficult to compare because of
the differences of the methodology of studies'. Sheep, goats
and cattle are common hosts but many other species may be
infected. Excreted in milk, urine, feces and with especially
high numbers in the birth fluids and fetal membranes. Ticks
can assist as a reservoir and also spread the disease (Seshadri
et al., 2003). C. burnetii is also transmitted between sheep,
goats, cat, cattle and dogs by biting of ticks or by contact with
contaminated excreta. Prevention, burn or bury the repro-
ductive organs and fluids. Infection in closely confined ani-
mals is almost universal. The level in research flocks can be
reduced by periodically testing their serum and culling all in-
fected animals (Gikas et al., 2001). This disease is present at
worldwide level affecting a wide range of domestic and wild
animals®. The presence of C. burnetii is worldwide except in
New Zealand®. In many countries Q fever is epidemic in ru-
ral outbreaks and occupationally it is endemic®. No ovine
abortion is observed in human Q fever outbreak related to
sheep®. Analysis of human Q fever outbreak indicates that it
is related to small ruminants instead of cattle®. In humans C.
burnetii infection unnoticed and with signs flu-like illness,
pneumonia, or as hepatitis. In 1 to 5% cases disease proceed
to chronic stage mainly to endocarditis or vascular infec-
tions. A few studies have been done on ruminants and zoo
animals for clinical demonstration, despite having zoonotic
importance occurrence of infection information is scarce®.
European Commission concern about the high risk of Hu-
man Q fever associated with small ruminant herds in urban
areas®. Q fever incidence and prevalence is still not well
known and undetermined in many years till now'. Increased
numbers of lambing in lambing seasons cause an increase in-
troduction and transmission of the pathogen in the popula-



tion or small ruminants®. Another factor including visiting
and working professionals and animal supply also cause an
increase transmission of the pathogen on the farm*®. C. bur-
netii DNA detection by PCR is done by milk tank from dairy
goats having the reproduction problem. An association be-
tween C. burnetii and reproductive problems prevalence is
reported in some studies®. C. burnetii is having a sensitivity
to oxytetracycline in vitro and demonstrated to reduce the
abortion rate. Globally prevalence of C. burnetii in mixed
herd is 38.4%, in sheep herd is 37.5%, and in goats, the herd
is 28.8%. While seroprevalence 74% in sheep herd in Spain®
and Turkey 83%%. Overall mean prevalence was 15% in
sheep and 27% in goats.

Preventive Measures - During an outbreak screening of an-
imal is advisable with identified risk factor®. Eradication of
Q fever from a herd is not currently straightforward for a
range of reasons, including chronic infection in a small num-
ber of animals, presence of shedding, but test-negative ani-
mals are also potential for shedding of agent®’. Reduction of
excretion has been reported using a phase 1 C. burnetii vac-
cine for animals, however, this could be affected by herd in-
fection status and the timing of vaccination®. To minimize
human health risks, vaccination of animals must need to be
conducted in combination with repeated testing. For this,
first require training of health workers and laboratory staff
to strengthening laboratory analysis®.

Prevention of shedding and abortion can be achieved by vac-
cination. Some vaccines claim to prevent abortion and to
contribute for reduction of shedding in vaginal charges, fe-
ces and milk. Vaccination seems to be most operative when
administered in non-infected small ruminants before their
first pregnancy’®’!. Pasteurization of milk from infected
farms is recommended to prevent oral infection of hu-
mans’'. Placentas and foetuses should be collected, properly
stored and destroyed. Wear protective clothing, although it
has been demonstrated that this does not completely prevent
infection for humans™. General hygiene measures can also
reduce exposure to animals from infecting agent.

Campylobacteriosis

The main infectious agent that causes campylobacteriosis is
vibriosis (Campylobacter). Campylobacter is not much in-
vestigated in small ruminants as in other farm animals.
Campylobacter is isolated from ovine meat, liver, carcass,
gut, and feces”. Carcass contamination rate is different ac-
cording to the age of animal that was 94% lambs, 63% goats,
78% kids and 72% for sheep. On an average Campylobacter
presence were 30% of intestinal contents and 70% of carcass
and liver surface™. The primary agent for abortion is
Campylobacter fetus subspecies fetus, abortion and stillbirth
occurred in late pregnancy. Remove all the aborted fetus,
placenta, to avoid contamination of feed and water of other
uninfected animals. It causes abortion in sheep but occa-
sionally affects goats; Campylobacter fetus is a primary
agent. It causes abortions and stillbirths in late-term preg-
nancy. It causes inflamed placenta, necrotic cotyledons, and
the leathery area between cotyledons. It is spread by the
aborted fetus, tissues and all discharges. Moreover, the di-
gestive tract is probably a long term reservoir. Campylobac-
ter is a gastrointestinal bacterial pathogen that is common-
ly reported in human by European Union®. For human in-
fection it is confirmed by the 72-78% of sheep liver and car-
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cass in comprised of campylobacter’””. Human campylobac-
teriosis is highly acquired by consuming undercooked con-
taminated foods™. Carcass and liver of animal become col-
onized by Campylobacter once exposed to a contaminated
external environment but remain mostly asymptomatic in-
testinal carriers’.

According to EFSA, existing data on Campylobacter in goats
and sheep are primarily from clinical investigations since no
surveillance so far has been carried out. Moreover, the largest
goat population and the fourth largest sheep population in
the EU!. The majority of sheep and goats at slaughter car-
ried Campylobacter present on meat and liver. This indicates
that meat and offal not only of sheep but also of goat origin
are commonly contaminated with a diverse population of
thermophilic campylobacters, and serve as a vehicle for hu-
man infection (Lazou et al., 2014). Revealed resistance to
tetracycline (47.9%) monitored by streptomycin (22.9%)
and ciprofloxacin alongside nalidixic acid (18.3%) Isolates
exhibited low opposition to erythromycin (2.5%) and were
liable to gentamicin’. Now vaccines are available to prevent
Campylobacter infections.

Preventive Measures - Ovine vaccines are available but
should be used prior to exposure. They may not protect for
all kinds of strains. Antibiotics can be fed prophylactically
during pregnancy (tetracycline at 100 mg/head/day). Feed in
mangers and water in troughs to avoid contamination of
feed and water by aborted material of infected animals. Re-
move aborting ewes, fetus, and placenta from lambing area.
Parenteral injection of oxytetracycline (antibiotic) followed
with repeated injections, will decrease the abortion loss.

Brucellosis

“Malta fever” now called brucellosis firstly came from British
during Crimean War®. Brucellosis is having zoonotic impor-
tance worldwide high impact on rural livelihood and under-
estimated toward febrile illness’. The economic and public
health impact by brucellosis is considered the main concern
in developing countries. This disease causes a significant loss
of production by abortion, low herd fertility, stillbirth and
low milk®. Due to zoonotic impact it leads to morbidity. It is
considered most common zoonotic disease is occurring
globally”. Brucellosis is the world’s most common consid-
ered bacterial disease®™. Brucella species are intracellular
gram-negative coccobacillus that can infect many animal
species including human also®'. Brucella melitensis infects
goats and sheep common in many countries. Primary clini-
cal effect of brucellosis is related to production problems in
livestock®. It is a zoonotic disease.

Brucella abortus primarily infects cattle but can infect sheep
and goat also. B. ovis cause brucellosis with no zoonotic im-
pact with genital lesions in rams, placentitis and abortion in
ewes. The agent can be secreted by vaginal discharge and
milk to other related animals in a herd. In some countries, B.
abortus is reported in cattle®? as well as in small ruminants®.
But mixed infection by both has also been reported®. B.
melitensis (sheep, goats, biovars1-3). B. ovis (sheep) among
these B. melitensis having a high risk for human infection
which is followed by B. suis and B. abortus and others are vir-
ulent for human health®. The serological test has been done
only in sheep B. ovis having low affinity for the host. This
disease causes abortion in late gestation, retained placenta,
perhaps some weak newborn animals. It can be spread by
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oral ingestion of the organism from the fetus, placenta, uter-
ine discharges or contaminated feed and water; it can also
enters through the conjunctiva, mucous membranes, wound
and intact skins. In dairy farms, mostly dog use contaminat-
ed milk and carcass, aborted fetus, placenta and vaginal de-
bris then serve as a basis of infection for canine brucellosis
and can also transmit to livestock®. It is prevented by involv-
ing testing and testing of slaughtering of animals, isolate
aborted animals, clean up and burn the aborted fetus and
placenta, contaminated bedding manure. Keep all aborted
tissues and fluids away from dogs and birds. Clean and dis-
infect floors, feed bunks, building, and equipment’s. The
most widely used diagnostic techniques are serological tests
such as complement fixation, agar gel immunodiffusion
(AGID), and indirect ELISA. Although seroreactivity to an
agent does not necessarily mean that the animal was clinical-
ly affected by that pathogen. Furthermore, we inferred that
these pathogens contributed to the decreased productivity of
these animals®.

Quarantine the new herd until further serological testing
reveals no new cases. In general, brucellosis causes huge
loss of production by abortion and stillbirth and low milk.
If brucellosis is highly prevalent in a country then im-
proved diagnosis can be helpful for proper treatment’. By
regression analysis, it is reported that association of anti-
body against brucellosis is having high potential risk for
age, history of abortion and party number for B. melitensis
infection in small ruminants®. In Nigeria, reported sero-
prevalence is 0-76% in small ruminants and humans; it is
0-74%%. Brucellosis primary affects on livestock, but it can
also affect humans by ingestion of contaminated milk or
meat and by close contact with infected animals®’. Animal-
to-human transmission may occur through a direct con-
nection with the vaginal and placental fluid and material
and aborted fetuses of infected animals, or via consump-
tion of raw milk or unpasteurized dairy products from
these animals®. Brucellosis is endemic among Mediter-
ranean countries of Europe. Northern and eastern Africa,
India, central Asia, Mexico and South America almost oc-
curred in the whole world. Signs and symptoms of brucel-
losis in human are not specified and be confused with
febrile illness especially malaria®. Poor diagnosis can result
in the treatment of malaria for brucellosis and unnecessary
use of antimalarial medicine in human®. Some studies are
conducted in high-risk groups like a farmer, veterinary pro-
fessionals, meat inspectors and artificial insemination tech-
nicians in Amhara Regional State®. The importance of bru-
cellosis in equine, swine and wild animals has also not been
addressed to date®.

Preventive Measures - Brucellosis can transmit to human by
consuming unpasteurized products or direct contact with
infected animals®. Vaccination was applied to overcome ex-
tensive bovine abortions in government-owned farms and
local production by a liquid S19 vaccine started. A test and
killing policy was also implemented®®. Many countries have
eradicated brucellosis by this method. Isolate the aborted an-
imal from normal ones. Clean up and burn the aborted foe-
tus and placenta, contaminated bedding, manure. Keep all
aborted tissues and fluids away from dogs and birds. Clean
and disinfect floors, feed bunks, buildings and equipment.
Use serologic tests to identify infected animals and if positive
for brucellosis send to slaughter.

Quarantine the new incoming animals for almost 30 days.
Buy all replacement animals from herds or flocks that have
been certified free of brucellosis or animals tested as serolog-
ically negative prior to bring them into new herds or flocks
which are free of brucellosis.

Listeriosis

It is triggered by Listeria monocytogenes, a bacterial disease.
Listeria species are small gram-positive rod-shaped having 1-
2 micron in length and 0.5 micron width. Optimal growth
temperature for these bacteria ranges from 30-37celcius. But
organism can also grow and reproduce at a temperature of -
0.4 and 45 celciuse with a pH of 4.5-9.6 in aerobic or mi-
croaerophilic conditions. Common in goats but sheep affect-
ed occasionally. L. monocytogenes is a universal organism for
which soil is the most important cave for its transmission
and persistence to animals®. The risk factor for listeriosis is
associated with winter season by using silage listeria can
grow at this low temperature while another pathogen cannot
grow, and their growth is inhibited at that temperature. The
incidence rate for this may reach 9%, but rarely it is up to
2%. It is isolated from livestock®. Listeria monocytogenes
mostly distributed in soil, feces and environment of animals.
Upon certain conditions, it becomes highly pathogenic and
causes serious disease. It is clinically characterized by abor-
tion, decomposed fetus, necrosis of cotyledons and necrotic
foci in the lungs and liver. May have a severe uterine infec-
tion after an abortion; abortion commonly occurs during
late pregnancy spread of agent by spoil silages with soil and
rodent contamination. Other clinical signs for listeriosis are
septicemia, abortion, mastitis and gastroenteritis. The dis-
eased animal can shed the organism in milk and feces. It is
also zoonotic one that’s why infection from milk and meat is
of real concern®. Abortions usually occurred in the last of
gestation. Fever, depression, metritis may also occur in it.
The main clinical sign is of nervous system unilateral or bi-
lateral. The outbreak of listeriosis can also occur by without
any silage feeding but can occur by feeding low-quality pas-
ture or vegetation to animals. In ruminants, sheep are one of
the most commonly affected one clinical characterized by
encephalitis, septicemia, abortion, mastitis and gastroenteri-
tis®2. It can be prevented by improving the storage and man-
agement of the silage or other forages. Antibiotic can be ad-
ministered for a long period be a cause of recovery period for
almost one month. Prevalence of organism is higher in cat-
tle than sheep®. Removal of L. monocytogenes is an unrealis-
tic challenge because it can survive in very stressful condi-
tions of the environment. But efficient management and
control measure can help to reduce food contamination®.
Preventive Measures - Make improvement in storage and
handling of silages as well as forages because these are
sources of infecting agent.

Trypanosoma (Dutton Ella) vivax

Trypanosoma vivax is a blood parasite that is normally asso-
ciated with anemia and permanent febrile status causing a
loss in production, weakness of related animals and some-
time may causing the death of the infected animal®. Try-
panosomosis is a disease of economic importance caused by
blood protozoan Trypanosoma spp. That affects most of the
areas of South America, Africa, and Central America caus-
ing a huge loss in the cattle industry. The Trypanosoma



species members are parasites having two hosts involved in
their life cycle. Bloodsucking insects are the main vectors for
transmission of trypanosome®. This parasite initially
named by T. guyanense later on according to genetic simi-
larity with T. vivax was high so considered it as a separate
group of the parasite”. For transmission, by the natural way
the vector is tsetse fly and by mechanical it is directly trans-
mitted from one animal to other by blood-sucking parasites,
i.e. Tabanidae and Stomoxydae®. It can also be transmitted
by invertebrates which sucks blood, i.e., Vampire bats and by
the mechanical way by contaminated needles by infected
blood®. Trypanosoma caused by T. vivax may spread in a
new herd that is never before exposed to blood-sucking par-
asite can also be infected within 6months®. T. vivax infec-
tion triggered by high temperature, anorexia, anemia and al-
so degenerative changes at testicular and epididymis level'®.
It can also affect semen quality and may cause infertility or
sterility (Bittar et al., 2015). It may result in multi-focal epi-
didymitis and hyperplasia of epididymis tissue. Beside this
in female sheep, T. Vivax also results into the degeneration
of hypothalamus, hypophysis and gonads that results into
hormonal disturbance and lower its concentration in blood
plasma which is necessary the basic fundamental reproduc-
tive processes like gestation. These conditions might cause
an increase in corticosteroid, estrogen; prostaglandins re-
sults in abortion and luteolysis®.

Reproductive failure includes irregular oestrous, infertility,
abortion, neonatal death, intrauterine infection, and also
abortion in goats. If it is occurred in the last third of the ges-
tation period may give rise to placental retention, perinatal
mortality, and next to that disruption of the estrous cycle®.
Damage by protozoa to placenta may cause a disturbance in
placental progesterone secretion®. Diagnostic tools are im-
portant for the detection of the parasite to increase sensibili-
ty and specificity. It is of paramount status to prepare field
professionally for differential diagnosis in reproductive fail-
ures”. Different parasitological, immunological and molecu-
lar techniques for diagnosis of Trypanosomosis. The simplest

Disease Losses References

Brucellosis Infertility, abortion, (89)(69)
milk loss, zoonotic, (79)(95)
20% financial loss of total (103)
production system,
weak new-borns

Q fever In chronic high death rate, (104)(59)

productivity loss, (63)
costly vaccination, abortion,
stillbirth, public health issue

Abortion, repeat estrous, (100)(95)
repeat breeding, (101)
retained placenta,

delay uterine involution,

infertility, mortality, sterility

Trypanosomiosis

Compylobacteriosis  Abortion, infertility, (73)(95)
late pregnancy, stillbirth

Listeriosis Abortion, septicemia (95)

Leptospirosis Infertility, stillbirth, abortion (105)

Toxoplasmosis Meat loss due to infection, (95)(106)

infertility, abortion
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method for Trypanosomosis is by blood examination under a
light microscope. Most important techniques for detection of
trypanosome are ELISA, immunofluorescence PCR, and re-
striction fragments length polymorphic®. Trypanosoma gets
different genetic variability during the stages of infection
making it difficult for vaccination development™®.
Preventive Measures - Trypanosomosis is mostly confused
with babesiosis, anaplasmosis, theileriosis, and even with er-
lichiosis (OIE, 2013). Diagnosis must consider the herd’s his-
tory, the region’s epidemiology and an adequate coordina-
tion between the veterinarian in charge and the diagnostic
laboratory so this can allow to define the best sample and test
available which can help identifying causative agent'®”. It is
very important to eliminate possibility of iatrogenic trans-
mission, using specific needles for each animal; plus, atten-
tion must be paid to fly control, especially in times of year
when their population increase®.

The Economic losses in small ruminants are mainly because
of infectious causes are in the form of production loss, ani-
mal loss and production quality and quantity loss. Here we
have given different reports of these losses for each infectious
disease.

CONCLUSION

These reproductive problems cause an economic loss in the
world. Inadequate management and nutritional deficiencies
cause poor production. All these reproductive problems
should be resolved by positive improvements in nutritional,
photoperiod & infectious causes to compensate these losses.
These losses can be nullified by improvement in manage-
ment and vaccination should be done to avoid zoonosis of
some these reproductive diseases. The efficiency of small ru-
minants can be increased by the identification of the cause of
disease, quarantine and active immunization by the com-
mercially available vaccine. The more research is to be done
in diagnosis and molecular basis of these reproductive dis-
eases that were neglected in past. Which have made high im-
pact on countries economy.
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