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The  objectives  of health  management  of  ewes  during  pregnancy  are  as  follows:  (i)  successful
completion  of pregnancy  at term,  (ii)  birth  of  healthy  and  viable  lambs,  with  optimal  birth
and potential  weaning  bodyweight,  (iii)  optimum  milk  production  during  the  subsequent
lactation  and  (iv)  improved  management  in relation  to drug  residues  in  animal  products.
Knowledge  of  the  physiological  background  of  pregnancy  in ewes:  changes,  mechanisms
and  interactions,  during  pregnancy  is important  for the  overall  health  management  of ewes
during pregnancy.  Health  management  of  pregnant  ewes  includes  diagnosis  of  pregnancy
and  evaluation  of  the  number  of  foetuses  borne,  which  will support  strategies  for  subse-
quent management  of the  flock.  Nutritional  management  of  ewes  depends  upon  the  stage  of
lactation  and  specifically  aims  to  (i) prevention  of  pregnancy  toxaemia  and  other  metabolic
diseases  during  the  peri-partum  period,  (ii)  formation  of  colostrum  in  appropriate  quantity
and quality,  (iii)  production  of  lambs  with  normal  future  birth  bodyweight  and  (iv)  sup-
port  of  increased  milk  yield  during  the  subsequent  lactation.  At  the  end  of  lactation,  udder
management  of pregnant  ewes  includes  its  clinical  examination,  culling  of  ewes  consid-
ered  unsuitable  for lactation  and,  possibly,  the  intramammary  administration  of antibiotics;
objectives  of that  procedure  are  (i)  to cure  infections  which  have  occurred  during  the  pre-
vious lactation  and  (ii)  to  prevent  development  of  new  mammary  infection  during  the  dry
period. Management  of  abortions  includes  the  correct  and  timely  diagnosis  of the  causative
agent of  the disorder,  as  well  as  the strategic  administrations  of  chemotherapeutic  agents,
aiming to prevent  abortions  in  flocks  with  confirmed  infection  with  an abortifacient  agent,
especially  if no  appropriate  vaccinations  had  been  carried  out before  the  mating  season.
During  the  final  stage  of  pregnancy,  health  management  of  ewes  includes  administra-
tion  of  appropriate  anthelmintic  drugs,  aiming  to eliminate  gastrointestinal  helminthes
(thus,  increasing  production  output  of ewes)  and  preventing  the  built-up  of parasitic  bur-
dens in  the environment  (thus,  reducing  infection  of  lambs  during  their  neonatal  period).
Vaccinations  of  pregnant  ewes  aim  to  protect  these  animals,  as  well  as  their  offspring,
especially  against  diseases  which  are  a frequent  cause  of  neonatal  mortality  (e.g.,  clostridial
infections).  Health  management  also  aims  to prevent  the  main  metabolic  disorders  of  preg-

nant ewes  (i.e.,  pregnancy  toxaemia  and  hypocalcaemia),  as  well  as  to  monitor  flocks  for
development  of  these  dis
application  of  husbandry  

cases, health  managemen
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1. Introduction

In ewes, pregnancy lasts a little less than five months,
i.e. a significant part (∼40%) of the annual production cycle.
Taking into consideration the reproductive cycle of ewes
(Bartlewski et al., 2011), which allows for extended breed-
ing period, it is likely that, in total, there may  be pregnant
ewes in a flock for up to six months every year. There-
fore, health management of ewes during pregnancy covers
a large component of the annual health management cycle
in sheep flocks.

In general, the objectives of health management of ewes
during pregnancy are as follows: (i) successful completion
of pregnancy at term, (ii) birth of healthy and viable lambs,
with optimal birth and potential weaning bodyweight, (iii)
optimum milk production during the subsequent lactation
and (iv) improved management in relation to drug residues
in animal products.

There are no ‘blueprint’ approaches in the health man-
agement of pregnant ewes. The objective of the present
account is to discuss guidelines, which should be modi-
fied accordingly and on farm-by-farm basis, in order to
address health issues according to locally prevailing pro-
duction systems and health problems. Actually, there are
differences in the health management of pregnant ewes
between various production systems, which are related to
the production priorities in the various systems, as well
as between flocks within the same production system. For
example, some differences exist as a result of the season
of the year when the mating season occurs, i.e., in conse-
quence, at least partly, of the geographical latitude of the
farm’s location, which affects the seasons of the year when
animals are pregnant. Although the present paper might be
considered biased towards management of dairy ewes, the
principles of health management of pregnant ewes can be
applied regardless of the production system. Thus, based
on this paper, one can adapt details for application in other
production systems.

In practice, not all the procedures described in this
account would be routinely applied in any flock. Some
procedures are carried out routinely (e.g., nutritional
management; Section 4), others frequently (e.g., vaccina-
tions; Section 8), others selectively (e.g., administration of
anthelmintics; Section 7 – intramammary administration
of antibiotics; Section 5), whilst others only sporadically
or in exceptional circumstances (e.g., induction and syn-
chronisation of lambings; Section 11). In fact, the exact
procedure(s) to be applied in any farm should be decided
on farm-by-farm basis by the attending veterinarian.

2. The physiology of pregnancy

Knowledge of the physiological background of preg-
nancy in ewes: changes, mechanisms and interactions,
during pregnancy is important for the overall health
management of ewes during pregnancy, among that for
pregnancy diagnosis and timely prevention of pathological

conditions of ewes. Pre-natal life may  be divided into three
main periods: (i) period of fertilised ovum, which ends with
the initial attachment of the embryo, (ii) embryonic period,
from 12th to about 34th day, when rapid growth and
on Science 130 (2012) 198– 212 199

differentiation occur, with initial formation of major organs
and features of external body and (iii) foetal period, char-
acterised by growth and changes in the foetus (Jainudeen
and Hafez, 2000a).  Growth of the conceptus can be char-
acterised as ‘relative growth’, more rapid in early stages
of pregnancy, and ‘absolute growth’, maximum during late
gestation. Rate of foetal growth depends primarily on feed
supply and the ability of the fetus to use the feed, although
other factors (e.g., are genetics, environment and foetal
hormones) may  also be implicated (Jainudeen and Hafez,
2000a).

2.1. Early stages of pregnancy

A cascade of morphological, functional and endocrino-
logic changes of the reproductive system is initiated with
a successful oocyte fertilisation. In order for the embryo to
attach to the uterus, the fertilised oocyte has to develop
into a morula and then to a blastocyst, hatch from the
zona pellucida, signal its presence to the dam and partic-
ipate to the formation of the extra-embryonic membranes.
Morula-stage embryos enter the uterus 4–6 days post-
mating and, then, form a blastocyst with an inner cell
mass and a blastocoele or central cavity surrounded by
a monolayer of trophectoderm. After hatching from the
zona pellucida, blastocysts develop into a tubular form
and, then, elongate, on the 12th day, to filamentous
conceptuses that occupy the entire length of the uter-
ine horn (Taverne and Noakes, 2009). The elongated or
filamentous conceptus (embryo/foetus and the associ-
ated extra-embryonic membranes) is composed mainly
of extra-embryonic trophectoderm lined with endoderm.
Elongation of the blastocyst is critical for developmentally
regulated production of interferon-�, the pregnancy recog-
nition signal, and for implantation (Spencer et al., 2008).

Establishment of pregnancy in ewes begins at the
blastocyst stage and includes pregnancy recognition sig-
naling, conceptus implantation and placentation. Maternal
recognition of pregnancy is mediated by interferon-�,
secreted by the elongating conceptus on the 12th–13th
day of pregnancy (Taverne and Noakes, 2009). Interferon-
� acts on the endometrium to inhibit development
of the luteolytic mechanism by inhibiting transcription
of the oestrogen receptor-�  gene in the luminal and
superficial ductal glandular epithelia, which prevents
oestrogen-induction of oxytocin receptors and production
of luteolytic prostaglandin F2a pulses (Spencer et al., 2007,
2008). Implantation involves shedding of the zona pellu-
cida, followed by orientation, apposition, attachment and
adhesion of the blastocyst to the endometrium. Endome-
trial invasion does not occur in domestic ruminants, thus
definitive implantation is achieved by adhesion of the
mononuclear trophoblast cells to the endometrial lume-
nal epithelium and formation of syncytia by the fusion
of trophoblast binucleate cells with the lumenal epithe-
lium (Spencer et al., 2004). Attachment of the developing

embryo onto the uterine endometrium creates a transient
relationship, which affords an advantage to the develop-
ing conceptus by providing nutrients and protection during
development.
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As the embryo develops, the placenta is formed. This
s a metabolic and endocrine organ between the develop-
ng conceptus and the uterine endometrium. The placenta
s also an important source of signaling molecules capable
f manipulating the pregnant ewes’ physiology to main-
ain an environment conducive to a successful pregnancy.

 unique feature of the ruminant placenta is the popula-
ion of foetal chorionic binucleate cells, which, in sheep,
rst become apparent around the 16th day of pregnancy.
his time-point corresponds roughly to the period of tro-
hoblast attachment to the uterine epithelium. These cells
ave at least two main functions, namely the formation
f a hybrid syncytium formed between the pregnant ewe
nd her foetus, for successful implantation and subsequent
otyledonary growth in the placentome and the synthe-
is and secretion of steroids (progesterone), prostaglandins
prostaglandin I2, prostaglandin E2) and protein hormones
placental lactogens), as well as protein products with no
nown, at the moment, function (pregnancy-associated
lycoproteins) (Bhanu and Green, 2007; Spencer et al.,
008).

.2. Hormonal profiles in pregnancy

Various hormones participating in pregnancy exhibit
uctuations and interact between them depending on the
tage of pregnancy. Apart from their physiological role to
nsure successful outcome of pregnancy, from a clinical
pproach, detection of their concentrations can be used
s a method for pregnancy diagnosis (Section 3). Princi-
al hormones involved are progesterone, oestrone sulfate,
regnancy specific protein B, pregnancy-associated glu-
oproteins, prolactin, placental lactogen, prostaglandins
nd relaxin (Tamasia, 2007; Taverne and Noakes, 2009).
ccording to recent findings, ghrelin (Harrison et al., 2007;
iller et al., 2010) and leptin (Devaskar et al., 2002;

hrhardt et al., 2002; Forhead et al., 2002; Yuen et al., 2002;
uhlhausler et al., 2003), hormones related to energy bal-

nce in pregnant animals, are also involved in growth
nd/or function of the foeto-maternal unit. Leptin may also
e involved in nutrient partitioning during placental and/or
oetal development (Thomas et al., 2001); this could be cor-
elated with the impact of pregnant ewes’ undernutrition
n plasma leptin concentrations during late pregnancy,
hich is dependent on foetal numbers (Edwards et al.,

005).

.3. Principles of pathophysiology of embryonic or foetal
eath

Pregnancy loss can be the result of one or more of the
ollowing events during pregnancy: (i) death of embryo or
oetus, (ii) failure of recognition of pregnancy (interferon-

 insufficiency), (iii) inappropriate uterine environment
defects of endometrium or hormonal pattern), (iv) placen-
al deficiency or (v) decreased progesterone concentration.
ence, abnormal termination of pregnancy may  occur at

arious stages: (i) before recognition of pregnancy, which
annot be distinguished from fertilisation failure (early
mbryonic death), in which case the length of the oestrus
ycle would not be affected and the ewe returns to oestrus,
on Science 130 (2012) 198– 212

as if she had never conceived, (ii) after recognition of preg-
nancy, but before foetal formation (late embryonic death),
in which case the ewe  returns to oestrus after a longer
than normal period of time or (iii) during the foetal stage
(foetal death), leading to mummification or abortion (Sec-
tion 6) (Jainudeen and Hafez, 2000b). Mortality is more
common during the embryonic period. Although fertili-
sation rates may  reach up to 90–95%, risk of embryonic
death can be as high as 20–30%. In some cases, particu-
larly in multiple pregnancies, early embryonic deaths may
be a process of eliminating unfit genotypes, which would
not have survived the entire length of intrauterine life any-
way. In contrast, foetal deaths should always be considered
as an abnormal process. Cumulatively, microbial abortions
account for a significant proportion of embryonic or foetal
deaths in ewes (Jainudeen and Hafez, 2000b; Spencer and
Bazer, 2004; Diskin and Morris, 2008).

In general, factors related to embryonic deaths in
ewes may  be as follows: (i) genetics (e.g., chro-
mosomal defects, individual abnormal genes, genetic
interactions), (ii) hormones (e.g., reduced progesterone
concentration, oestrogen–progesterone imbalance, inade-
quate interferon-� concentration), (iii) nutrition (e.g., over-
or undernutrition of pregnant ewes), (iv) age of ewes (ewe-
lambs, ewes older than six years), (v) endometrium, (vi)
number of ovulations (embryo survival rates decline as
ovulation numbers increase), (vii) lactation, (viii) infec-
tion, (ix) environmental factors (e.g., heat stress) (Martal
et al., 1997; Jainudeen and Hafez, 2000b; Spencer and
Bazer, 2004; Deligiannis et al., 2005; Hansen, 2007; Bazer
et al., 2008; Diskin and Morris, 2008). Improving knowl-
edge regarding biological and immunological interactions
between the pregnant ewes and its embryo(s), as well
as the identification of corresponding genes, will provide
the potential to identify causes of embryonic deaths, thus
improving embryo survival in early pregnancy.

2.4. Prinicples of pathophysiology of pregnancy toxaemia

During late pregnancy, increased energy demands of
the rapidly developing foetus(es), in combination with hor-
monal interactions (insulin, prolactin), have an impact on
lipid and carbohydrate metabolism of the pregnant ani-
mal, putting it at risk to developing pregnancy toxaemia
(Andrews, 1997). The disease is the result of negative
energy balance, usually secondary to increased energy
requirements of the foetuses, and is usually observed in
multiparous ewes on limited-energy diets (Andrews, 1997;
Brozos et al., 2011). Various nutritional, metabolic, genetic,
physiologic, environmental, health and/or management
factors can influence development of clinical disease and
all these should be addressed during its prevention (Section
9.1).

At late pregnancy, hormonal effects in fat and car-
bohydrate metabolism predispose to decreased glucose,
increased fatty acid and increased ketone body (mainly
�-hydroxybutyrate) concentrations (Drackley et al., 1992).

Moreover, insulin secretion rate and plasma concentrations
decrease, whilst growth hormone concentrations increase;
growth hormone is responsible for inhibiting glucose trans-
fer to tissues and mobilisation of body fatty reserves, as
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well as reducing fatty acid synthesis and lipolysis (Strang
et al., 1998). Growth hormone effect is highly dependent on
other hormone (prolactin, placental lactogen, oestrogens,
progesterone) effects; for example, interactions between
prolactin and growth hormone lead to re-distribution of
amino-acids between the liver and various other body tis-
sues. At the end, all above lead to incomplete glucose
synthesis and mobilisation, as well as to fatty acid accu-
mulation to liver, which hampers normal function of the
organ with end results increased oxidation of fatty acids
and increased production of ketone bodies (Andrews, 1997;
Henze et al., 1998; Panousis et al., 2001; Sargison, 2007).

2.5. Foetal programming in twin embryos

Formation of twin embryos takes place soon after con-
ception, hence they develop in a different environment
than singles throughout their embryonic life, from con-
ception until birth, and thereafter. Twin foetuses develop
a between-them competition for nutrients, are enveloped
by a smaller placenta than single foetuses and live in a
restricted physical space. After birth, twins compete for
milk supply and attention from the same dam. Nowadays,
there is extensive literature applied to humans and the
topic is discussed in another article in this special issue
(Fleming et al., this issue), hence few details, specifically
pertaining to sheep, will be discussed here.

Twinning results in decreased foetal growth during late
pregnancy and it has been concluded that twin foetuses, in
late pregnancy, can have features similar to those of sin-
gle foetuses borne by ewes experiencing undernutrition
(Section 4.4)  (Rumball et al., 2008). These authors showed
that effects of twinning on late-pregnancy ovine foetuses
have many similarities to the effects of undernutrition,
which causes a documented decrease in future birth body-
weight of foetuses. Nevertheless, differences between the
two situations also exist: in twin pregnancies, the preg-
nant animal’s metabolic and endocrine environment, the
foetal and placental growth and the function of the foetal
glucose–insulin axis differ than those in single pregnancies.

3. Pregnancy diagnosis in ewes

3.1. Principles of pregnancy diagnosis in sheep

Early and accurate pregnancy diagnosis is important, in
order to apply proper and successful management of preg-
nant ewes. Clearly, the result of pregnancy diagnosis could
be only one of the following: (i) the ewe is pregnant, (ii) the
ewe is not pregnant or (iii) the findings cannot support an
accurate diagnosis, hence the ewe needs to be re-examined.

Subsequently to diagnosing pregnancy in a flock/group
of ewes, the animals can be grouped and managed accord-
ing to stage of pregnancy and number of foetuses carried.
Moreover, correct pregnancy diagnosis can lead to avoid-

ance of culling pregnant animals, as well as to successful
induction of lambing if necessary (Section 11). Moreover,
ewes found not-pregnant can be appropriately managed or
else culled.
on Science 130 (2012) 198– 212 201

3.2. Methods for pregnancy diagnosis in sheep

Several methods are currently in use for pregnancy
diagnosis in sheep. These include management approaches
(evaluation of non-return of mated ewes to oestrus),
clinical methods (transabdominal or rectal-abdominal pal-
pation, udder examination, palpation of caudal uterine
arteries), biochemical tests (measurement of progesterone,
oestrone sulphate, ovine pregnancy-associated glycopro-
tein, pregnancy-specific protein B or early pregnancy factor
concentrations), imaging methods (radiography, ultra-
sonographic examination), vaginal biopsy and laparoscopy
(Table 1) (Noakes, 2003; Tamasia, 2007; Taverne and
Noakes, 2009). In practice, the methods most frequently
employed are the evaluation of non-return of mated ewes
to oestrus, the transabdominal palpation, the udder exam-
ination and the ultrasonographic examination. Currently,
diagnostic kits are also commercially available, which
can detect concentrations of various hormones, e.g., pro-
gesterone, ovine pregnancy-associated glycoprotein etc.,
therefore may  also be employed for pregnancy diagnosis of
ewes. Ultimately, choice of the method for use depends on
the operator’s skills, the stage of pregnancy and the avail-
ability of facilities and equipment. In any case, the method
chosen should satisfy as many as possible of the following
criteria: sensitivity, specificity, accuracy, speed, safety, low
cost (Tamasia, 2007).

3.3. Ultrasonographic examination

The method for early pregnancy diagnosis that meets
most of the above criteria is real-time B-mode ultrasono-
graphic examination (Scott and Sargison, 2010; Scott, this
issue). This is advantageous, despite the requirement for
expensive equipment, because the operator may  diagnose
viability, growth, size, number, age and sex of foetus(es),
as well as placental development (Meinecke-Tillmann and
Meinecke, 2007).

There are two  different approaches for ultrasonographic
examination of pregnant ewes: transcutaneous and tran-
srectal ultrasonography. Choice of the technique depends
on the stage of pregnancy, the available ultrasound probe,
the working conditions and the experience of the operator.

Ultrasonographic images characteristic of pregnancy
are multiple anechoic luminal sections of the uterus,
presence of anechoic fluid and/or ‘C’- or ‘O’-shaped
placentomes, as well as presence of embryo(s) or foe-
tus(es) showing heartbeats. Using transrectal examination,
embryonic vesicles can be identified 12–20 days after mat-
ing, while embryo(s) can be recognised 16–25 days after
mating. Placentomes and the amnion can be seen from
about the 25th day of pregnancy. Following transabdomi-
nal scanning, pregnancies can be diagnosed on 17th–30th
day of pregnancy, while transrectal examination is more
accurate until the 35th day. Between 35th and 70th day,
both methods appear to be equally accurate. Taking into
account cases of embryonic deaths occurring early in preg-

nancy, an accurate diagnosis can be performed after the
40th–50th day of pregnancy (95–99%). The transcutaneous
approach is preferable during the second half of pregnancy.
Early estimation of the number of foetuses can be done until
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Table 1
Methods available for pregnancy diagnosis in ewes.

Method Recommended pregnancy period for successful
application of the method

Measurement of early pregnancy factor concentration in blood 1st day

Measurement of progesterone concentration in blood or milk 15th–19th day

Measurement of ovine pregnancy-associated glycoprotein in blood 18th day

Observation of ewes for oestrus signs 16th–18th day

Laparoscopy 17th–28th day

Measurement of pregnancy-specific protein B concentration in blood >18th day

Transrectal ultrasonographic examination for pregnancy diagnosis 25th–30th day

Measurement of oestrone sulfate concentration in blood >28th (best: 40th–50th) day >70th day

Transcutaneous ultrasonographic examination For pregnancy diagnosis >35th day
For diagnosis of numbers of foetuses 45th–100th day

Rectal-abdominal palpation 49th–109th day

Palpation of the vaginal artery >60th day

X-ray examination >65th–70th day
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he 40th day by using the transrectal technique; the most
eliable estimation is possible between 45th and 100th day
y using transcutaneous examination, with an accuracy of
0–95% (Kähn, 2004; Meinecke-Tillmann and Meinecke,
007). Estimation of foetal age, when date of mating is
ot known, can be performed by monitoring embryonic
r foetal parameters (Meinecke-Tillmann and Meinecke,
007), with the best period for an accurate diagnosis being
etween 40th and 80th day of pregnancy.

. Nutritional management of pregnant ewes

.1. Nutritional management before mating and during
he first month of pregnancy

Start of pregnancy is not always clearly defined, espe-
ially so in extensive or semi-intensive management
ystems. Hence, there is some scope for describing, in brief,
re-mating nutritional management of ewes, especially as

 similar regime is also applied during the first month of
regnancy.

Before the mating period, ewes can be given addi-
ional feed with increased energy content (‘flushing’). At
he beginning of the mating period, animals should have

 body-condition score of ‘3’ to ‘3½’ on the five-point
cale. ‘Flushing’ consists of administration of an addi-
ional quantity of concentrate feed mixture of 200–400 g
aily, on top of the ration administered to cover mainte-
ance requirements of the animals. In dairy sheep, it may
lso be necessary to sustain lactation, which is progres-
ively approaching its end. Administration of the increased
nergy feeding should commence at least 35 days before

tart of the mating period; that interval is equivalent to the
ength of two full oestrous cycles of sheep. In animals with
ppropriate body-condition score, this increased energy
eeding aims to producing increased ovulation numbers,
>110th day

>130th day

leading to increased number of lambs born per ewe. In
animals in lower body condition score, there is a benefit
to other reproductive parameters (e.g. earlier start of the
annual reproductive activity, improved cycling and lamb-
ing rate), but no significant improvement in fecundity of
ewes (Heasman et al., 1998).

The same increased energy diet should also be provided
during the initial stages of the mating season. This has two
benefits: (i) animals that had not conceived during the first
oestrous cycle of the season, are maintained in a good body
condition and (ii) animals that had conceived, have a lower
risk of early embryonic death (Parr et al., 1982).

On the other hand, inadequate nutrition, particularly
in energy, around the mating season, depresses reproduc-
tive performance of extensively (Hill Farming Research
Organisation, 1979) or intensively (Orskov, 1982) man-
aged sheep. Inadequate energy allowance at that period
leads to reduced cyclic activity, reduced ovulation rates and
suboptimal ova survival, as well as increased risk of early
embryonic deaths (Gunn, 1967).

4.2. Nutritional management from second to fourth
months of pregnancy

During the first 100 days of pregnancy, there is a slow
foetal growth (Blanchart and Sauvant, 1974; Economides,
1981). During the second month of pregnancy, when foetal
attachment has been established and placental growth
has been completed, foetus(es) can acquire up to 15–25%
of their future birth bodyweight. During that period, fat
deposistion in pregnant animals should be limited, but,
conversely, excessive bodyweight loss can put ewes at risk

to develop pregnancy toxaemia. Protein requirements of
animals can be fully covered if proportion of total protein
content in ration at that stage of pregnancy is over 8% per
dry matter content of feeds provided (Cannas, 2004). At
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that point, body-condition score of animals should be ‘2’ to
‘2½’ on the five point scale.

Nutrients are also required for the growth of the pla-
centa, the uterus, the mammary glands and the body
reserves of pregnant animals. The placenta has a key role
in ensuring that the foetus(es) would receive optimal sup-
plies of nutrients, but overfeeding during mid-pregnancy
can lead to restriction in placental size, hence to subopti-
mal  future birth bodyweight of lamb(s) (McDonald et al.,
2011).

The major impact of placental size on foetal weight in
sheep has been clearly demonstrated using the technique
of carunclectomy, which results in placental and foetal
growth retardation (Owens et al., 1995). Maximal prolif-
erative growth of the placenta occurs between 50th and
60th day of pregnancy (Ehrhardt and Bell, 1995) and pla-
cental weight normally peaks by mid-pregnancy (Shneider,
1996). A number of studies has shown that restricted nutri-
tion of ewes in early- to mid-pregnancy can inhibit optimal
placental growth (McGrab et al., 1992; Kelly et al., 1992;
Clarke et al., 1998). Few studies have determined whether
nutritionally mediated alterations in placental growth can
extend to term or what the impact is on conformation of the
newborn. However, where such measurements have been
carried out, results obtained at term have been confounded
by a compensatory increase in ewes’ nutrition compared
with controls over the second half of pregnancy (McGrab
et al., 1991). Clarke et al. (1998) have demonstrated that
feeding of ewes bearing a single foetus at close to half their
energy requirements between 30th and 80th day of preg-
nancy significantly reduced the mean weight of individual
placentomes and total weight of the foetal component
of the placenta. Moreover, the effects of pregnant ewes’
nutrient restriction were not confined to the placenta, but,
also, had a significant influence on their plasma thyroid
hormone concentrations, despite no change in plasma con-
centrations of glucose and free fatty acids (Clarke et al.,
1998).

4.3. Management of ewes during the last month of
pregnancy

During the final stage of pregnancy, the ovine foetus(es)
can develop rapidly, to acquire up to 75–80% of their future
birth bodyweight. Hence, energy requirements of preg-
nant ewes increase progressively, as end of pregnancy
is approaching. In the final month of pregnancy, protein
requirements of pregnant animals also increase, due to
foetal requirements and the need to prepare colostrum in
the mammary glands. Hence, it is important that pregnant
ewes are given protein-rich, easily digestible forages; pro-
portion of total protein content of ration can be increased
up to 10% (per dry matter content). Ideally, body-condition
score of ewes should be ‘2½’ to ‘3½’ one month before
lambing and ‘2’ to ‘2½’ at lambing (Cannas et al., 2004).

Stress increases during late pregnancy, especially for
ewes bearing multiple foetuses (Economides and Louca,

1981). Foetal energy requirements in the final stage of preg-
nancy have been calculated as 1.5 MJ  ME  per kg foetus per
day (Hill Farming Research Organisation, 1979). This means
that a 50 kg ewe carrying twins would have an energy
on Science 130 (2012) 198– 212 203

requirement of about 2.5–3 times that of a non-pregnant
ewe. However, it is not proposed to cover in full these
high requirements, as provision of 25% less energy than
above requirements would reduce future birth bodyweight
of lambs by only 10%, which is acceptable on biologi-
cal and economic considerations (Hill Farming Research
Organisation, 1979). However, administration of low levels
of energy during late pregnancy would lead to pregnancy
toxaemia (Morand-Fehr and Sauvant, 1978; Economides
and Louca, 1981). On the other hand, high energy of feeding
throughout pregnancy can also lead to the same disorder
(Orskov, 1982), as well as to dystocia due to excessive foe-
tomaternal disproportion.

Feed provided should be of excellent quality, as quantity
that may be consumed by pregnant ewes is limited. Pro-
gressively, roughage quantity should be decreased, whilst
that of concentrates should be increased. At that stage,
animals also have a gradually reduced feed intake, hence
provision of a high energy diet is important (Cappio-Bornilo
et al., 2004; Rassu et al., 2004).

Nutritional management during that period aims specif-
ically to (i) prevention of pregnancy toxaemia and
other metabolic diseases during the peri-partum period
(e.g., hypocalcaemia, hypomagnesaemia), (ii) formation of
colostrum in appropriate quantity and quality, (iii) produc-
tion of lambs with normal future birth bodyweight and
(iv) support of increased milk yield during the subsequent
lactation.

During early- to mid-pregnancy, grazing animals do not
have additional requirements to cover. Frequently, these
may  be covered only through the consumption of a small
quantity of concentrates coupled to their grazing intake.
Consequently, their body-condition score is usually satis-
factory, if grazing possibilities are available. However, in
winter months, when herbage availability in pastures is
decreased, additional feed should be provided to the ani-
mals (McDonald et al., 2011).

In intensive production systems, feeding is formulated
based on nutrient requirements of animals and nutritive
value of feeds provided, in order to meet daily requirements
of the animals. Under these conditions, feed intake of sheep
can be measured easily and appropriate feeding can be car-
ried out; for example, ewes may  be fed according to the
number of foetuses that they carry or according to their
body-condition score or age. Bocquier et al. (1995) have
considered that allocation of ewes into groups would be the
best way for correct nutritional management of pregnant
ewes in intensive systems.

In dairy ewes, it has been documented that milk yield
of animals could be improved by feeding increased energy
quantity during the final stage of pregnancy. This leads to
building-up body reserves, which subsequently, during lac-
tation, would be expressed as increased milk production
(Morand-Fehr and Sauvant, 1980; Skjevdal, 1982). To note,
that under such conditions protein supplementation would
also be required.

Recently, Tedeschi et al. (2010) have proposed a

mechanistic model that predicts nutrient requirements
and biological values of feeds for sheep (Cornell Net
Carbohydrate and Protein System®, CNCPS-S; Cornell Uni-
versity, Ithaca, USA). The model suggests that pregnancy
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equirements are best met  when the metabolisable energy
or pregnancy requirements are estimated by using the rec-
mmendation and models published by the Agriculture
esearch Council (1980), as these were adopted by the
griculture and Food Research Council (1993) and modified
y the Commonwealth Scientific and Industrial Research
rganisation (1990, 2007).  Similarly, the metabolisable
rotein for pregnancy requirements can be calculated
y using the recommendations of the Commonwealth
cientific and Industrial Research Organisation (1990,
007), which were also derived from the Agriculture
esearch Council (1980) recommendations.

According to the model by Tedeschi et al. (2010),  the
etabolisable energy for pregnant ewes, from the 63rd day

f pregnancy to lambing can be calculated by means of the
ollowing equation:

Ep = 9.2438 × LBW × e(−11.465×e(−0.00643×t)−0.00643×t)

kp

here MEp: metabolisable energy for pregnancy (Mcal per
ay), LBW: expected future birth bodyweight of lambs(s)
kg), t: day of pregnancy and kp = 0.13. The metabolisable
rotein for pregnancy in sheep can be calculated in the
ollowing equation:

Pp = 1428.06 × LBW × e(−11.22×e(−0.00601×t)−0.00601×t)

0.7

here MPp: metabolisable protein for pregnancy (g per
ay), LBW: expected future birth bodyweight of lambs(s)
kg) and t: day of pregnancy.

.4. Nutrition of pregnant ewes and foetal programming

Undernutrition of pregnant ewes can trigger mecha-
isms, which can affect disease risk in newborn lambs.
owadays, there is extensive literature applied to humans

Fleming et al., 2004) and the topic is also being discussed
n another article in this special issue (Fleming et al., this
ssue), hence few details, specifically pertaining to sheep,

ill be discussed here.
Undernutrition of ewes, from 60 days before to 30 days

fter mating, changes foetal growth trajectory (Oliver et al.,
005) response to undernutrition (Harding et al., 1997),

nsulin response to glucose supplementation (Oliver et al.,
001) and ACTH response to decreased negative feedback
Bloomfield et al., 2004), with some of these effects possibly
ersisting in newborn animals as well (Todd et al., 2009).
ndernutrition, from 45 days before to 7 days after mat-

ng, leads to changes in relationships between pregnant
wes’ weight change and placental weight (McLaughlin
t al., 2005), whilst undernutrition from mating to 30 days
fter it alters pituitary, adrenal (Gardner et al., 2006) and
ardiovascular function of newborn lambs (Gardner et al.,
004).

Inadequate nutrition during pregnancy leads to
ntrauterine growth restriction, which, in sheep, may

e prevented by intravenous or intragastric nutri-
nt supplementation of the foetus(es) (Charlton and
ohengen, 1985, 1987), but cannot be reversed once estab-
ished (Eremia et al., 2007). Moreover, undernutrition of
on Science 130 (2012) 198– 212

pregnant ewes leads to restriction of foetal growth, as a
result of decreased foetal insulin-like growth factor 1 con-
centrations (Oliver et al., 1996). It has thus been postulated
that foetal growth during late pregnancy relies on the
‘glucose/insulin/insulin-like growth factor 1’ axis, although
a paraplacental route, via the amniotic fluid, has also been
considered. According to the latter model, foetuses swal-
low amniotic fluid (Harding et al., 1984), using nutrients
and growth factors ingested (Pitkin and Reynolds, 1975;
Phillips et al., 1991; Bloomfield et al., 2002a).  In fact,
oesophageal ligation in sheep foetuses has been shown
to lead to intrauterine growth restriction (Kimble et al.,
1999), whilst direct intragastric nutrient supplementation
prevents the condition, even in the presence of nutrient
restriction of the pregnant ewes (Charlton and Johengen,
1985), as does supplementation of amniotic fluid with
insulin-like growth factor 1 (Bloomfield et al., 2002b).

5. Udder health management

The principal component of mammary physiology dur-
ing pregnancy involves the process of involution at the
end of lactation preceding pregnancy. The aims of effec-
tive udder health management at that period are (i) to
cure infections which have occurred during the previous
lactation and (ii) to prevent development of new mam-
mary infections during the dry period. In lactating dairy
ewes, staphylococci (coagulase-negative staphylococci and
Staphylococcus aureus)  account for the largest proportion
of aetiological agents of subclinical mastitis, leading to
reduced milk production (Fthenakis and Jones, 1990a;
Saratsis et al., 1999). Staphylococci and Arcanobacterium
pyogenes are the most frequent causative agents of mas-
titis in ewes during the dry-period (Saratsis et al., 1998;
Spanu et al., 2011).

It is now well documented that incidence risk of mam-
mary infections increases during the first two weeks of
the dry-period (Barkema et al., 1998; Saratsis et al., 1998).
This increased infection risk has been associated with
compromised mammary defences during that period; neu-
trophil dysfunction, depression of lymphocyte function
and decreased cytokine production have been suggested
as possible reasons for the increased infection risk of dry
mammary glands. Subclinical infection which has occurred
during the previous lactation, may  also lead to recrude-
scence of clinical disease at the end of lactation and the
start of the dry-period, as a result of the reduced mammary
defences of the animal (Fthenakis and Jones, 1990b).

The first step to effective udder health management
of pregnant ewes is the thorough clinical examination of
the mammary glands at the end of lactation; this will
help to identify ewes, which should be culled. The udder
of all ewes in the flock should be examined by palpa-
tion, whilst the animals are run through a race (Saratsis
et al., 1998). If mammary abnormalities are suspected, ani-
mals can be individually examined; mammary secretion
samples may  also be collected for microbiological exami-

nation (Fthenakis, 1994; Saratsis et al., 1998; Mavrogianni
et al., 2005). Diffuse hardness, abscesses and nodules in the
mammary glands are the most common clinical findings
during that examination (Saratsis et al., 1998).
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The following categories of ewes should be considered
for culling based on the results of this examination: (i) ani-
mals chronically affected, (ii) animals which had showed
relapsing mastitis during the previous lactation, (iii) ani-
mals with one mammary gland permanently damaged and
(iv) animals which had not fully responded to mastitis
treatment during the preceding lactation. The benefits of
culling such animals include: (i) decrease of veterinary
expenses for mastitis control in the flock, (ii) elimina-
tion of sources of potential infection for other animals in
the flock and (iii) decrease of bulk somatic cell counts in
the subsequent lactation (Mavrogianni et al., 2011). More-
over, lambs (especially from multiple births) from ewes
with extensive mammary lesions do not thrive as well as
those from healthy dams and may  require additional feed-
ing (Fthenakis and Jones, 1990a),  which adds to labour
expenses in the flock.

Subsequently, intramammary administration of antimi-
crobial agents should be carried out to animals, which will
be maintained into the subsequent lactation. Administra-
tion of intramammary antimicrobial agents at the end of
lactation is effective in reducing post-partum mammary
infection risk in dairy ewes, and, in some cases, leads to
decreased bulk somatic cell counts in the flock (Hueston
et al., 1989; Chaffer et al., 2003; Gonzalo et al., 2004;
Scwimmer et al., 2008; Spanu et al., 2011). The procedure
may  be just as beneficial in ewes in mutton-type produc-
tion systems (Hendy et al., 1981). The principle of antibiotic
administration at the end of lactation relies on admin-
istration of an intramammary preparation once, to both
mammary glands of all ewes in the flock, after thorough
disinfection of the teats. Good hygiene conditions dur-
ing application, as well as definite and complete cessation
of lactation after administration are essential for success
of the procedure. Strategic administration of injectable
antibiotics in ewes, at the end of lactation, has also been
found to be beneficial in reducing incidence of post-partum
mastitis (Croft et al., 2000). Although a variety of products
is licenced for administration in ewes, ideally, the prod-
uct for administration should be selected on the results
of susceptibility testing of bacteria (Constable and Morin,
2003; Mavrogianni et al., 2011) isolated from the mam-
mary secretion samples of ewes individually examined, as
detailed above.

Finally, there seems to be lack of evidence regarding
the effects of method of cessation of lactation (i.e., abrupt
cessation of lactation practiced in mutton-type sheep pro-
duction systems versus progressive cessation of lactation
frequently taking place in dairy production systems, which
aims to increase total milk production of the animals) in
subsequent mammary infection and development of mas-
titis. However, the results of recent work do not support a
hypothesis that the procedure followed for udder drying-
off could affect the risk of infection of the mammary glands
during the dry period and the immediately post-partum
period (Petridis et al., 2011).
6. Management of abortions

In sheep, abortion refers to the expulsion of a foetus
before the 135th day of pregnancy, after which a newborn
on Science 130 (2012) 198– 212 205

lamb is usually able to survive. Abortion is a significant
problem in pregnant ewes and a major source of financial
losses. An incidence risk of abortion cases <5% during a sea-
son is considered acceptable, whilst a risk <2% is excellent;
a repeated, year after year, abortion rate between 2% and
5% suggests the presence of endemic diseases in the flock
(Menzies, 2007a).

The great majority of abortion cases is of microbial
aetiology; various non-infectious agents (e.g., stressors,
pharmaceutical agents, nutritional factors) have also been
identified to cause abortion in ewes, but are not highly
prevalent (Edmondson et al., 2002). Generally, the most
common causes of abortion in sheep are the follow-
ing: Brucella melitensis,  Campylobacter fetus subsp. fetus,
Chlamydophila abortus, Coxiella burnetti, Toxoplasma gondi
and Border Disease Virus; of lesser importance can be var-
ious other bacteria (e.g., Salmonella spp., Mycoplasma spp.,
Leptospira spp.) and viruses. Hence, early control of cases
of abortion can prevent a subsequent abortion ‘storm’. In
such cases, one faces two  problems: (i) to establish an accu-
rate diagnosis of the causative agent and (ii) to control
the disease. Causative diagnosis cannot be achieved in all
cases and, frequently, several cases remain undiagnosed
(Linklater, 1979; Kirkbride, 1993). As a general rule, it is
recommended that the first 10 cases of abortions occur-
ring in a lambing season should be investigated in detail,
whilst, thereafter, only 10% of cases should be investigated
(Mavrogianni and Brozos, 2008).

Diagnosis of abortion cases should start with a detailed
history, as closely pertaining to the abortion problem, since
it is not rare for a stillbirth case to be perceived and reported
as abortion. Certain points can offer valuable information
and facilitate diagnosis; for example, the incidence of abor-
tion may  be higher in certain age groups or in different
stages of pregnancy. Other important factors for a suc-
cessful causative diagnosis include the number of foetuses
borne per ewe, possible introduction of replacement ani-
mals in the farm, details of vaccinations and nutrition,
exposure to toxic plants or drugs and abnormal findings
in the animal(s) that had aborted, before, during or after
abortion (Menzies, 2011).

Ewes that had aborted, must be isolated and abortion
material should be destroyed by burning. Healthy animals
must be examined first, whilst securing no contact with
animals that had aborted. Farmers of infected flocks should
be advised to wear protective clothing that is changed
before entering the area of healthy pregnant ewes. If ani-
mals that had aborted, need to be milked or mated during
the subsequent breeding season, they should remain iso-
lated for at least three weeks. If it is decided to cull them,
they should be sent directly to the slaughterhouse, thus
avoiding any contact with healthy animals.

Confirmation of the cause of abortion in a flock can
be achieved only after appropriate laboratory examina-
tions. These depend on correct selection of samples, which
should reach the laboratory in a state allowing examina-
tion. It is advisable to accompany the samples with a brief

case history. Generally, the following material are useful
and will support a diagnosis of the causative agent of the
problem: (i) at least two  cotyledons with intercotyledonary
placenta from a ewe that had aborted, (ii) fresh foetuses
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rom ewes that had aborted, (iii) whole blood or serum
amples from ewes that had aborted and/or (iv) vaginal
ischarge samples from ewes that had aborted. Material
or microbiological examination should be freshly collected
nd individually packed in sterile containers. Material for
istopathologic examination can be fixed in 10% formalin
olution. In all cases, deep freezing should be avoided.

In general, abortive disease can be well-controlled by
eans of vaccination, which is best taking place before start

f the breeding season. The possibility of vaccinating preg-
ant ewes, in front of an abortion ‘storm’ is discussed in
nother article in this special issue (Menzies, this issue),
ence there is no need for elaboration here.

In flocks with a confirmed abortive disease problem,
here vaccination had not been carried out, there may  be

 need for a strategic administration of chemotherapeu-
ic agents. For example, in flocks with prevailing C. abortus
roblem, starting after the 80th day of pregnancy admin-

stration of long-acting oxytetracycline at a dose rate of
0 mg  per kg bodyweight and repeated every three weeks,
ill significantly decrease the abortion risk, although

here is some disagreement whether multiple treatments
re justified (Menzies, 2011). Although oxytetracycline is
ffective in the control of an outbreak caused by C. burnetii,
he literature regarding value of strategic administration
f the drug in infected, non-vaccinated flocks is conflicting
Sahin et al., 2008; Angelakis and Raoult, 2010). In unvac-
inated flocks, where toxoplasmosis has been diagnosed,
ontrol can be instituted through feeding of prophylactic
edications during pregnancy; administration of mon-

nsin at a dose rate of 16.8 mg  per ewe daily has been shown
o reduce losses (Buxton et al., 1988), whilst administration
f decoquinate at a rate of 2 mg  per kg bodyweight daily for
he final 14 weeks of pregnancy can also lead to decreas-
ng abortion risk caused by T. gondii (Buxton et al., 1996);
nally, sulphadimidine administered in various dose rates,
n its own or in combination with baquiloprim, trimetho-
rim or pyrimethamine, has also been found to be effective

n controlling abortion risk due to toxoplasmosis (Buxton
t al., 1993; Giadinis et al., 2011a).

. Management of endoparasitic infections

Gastrointestinal parasites are important constrains
n sheep production, responsible for significant losses
Jackson and Coop, 2007). Control of gastrointestinal par-
sitic infections largely relies on regular treatments with
nthelmintics. On the other hand, treatments need to be
arried out with minimum selection pressure, in order
o delay development of anthelmintic resistant strains. A
ustainable solution remains the application of targeted
elective treatments of individual animals at risk, instead
f the systematic treatment of the whole flock, approach
hich supports maintenance of a reservoir of suscepti-

le worms within the parasite population. The benefits
rom the anthelmintic treatments can vary depending
pon a number of factors, particularly the timing of treat-

ents (Cringoli et al., 2008). Juste-Jordan and Garcia-Perez

1991) demonstrated that improved timing of treatment
ould yield up to 9% increase in milk production. In the
emperate South European climates, sheep can acquire
on Science 130 (2012) 198– 212

gastrointestinal parasitic infections almost throughout the
year, as they are challenged with infective parasitic stages
during the almost constant pasture grazing. Therefore, a
strategic and sustainable anthelmintic protocol has to be
designed for annual long-term protection and combined to
animal production, in order to be flexible according to the
different needs of sheep during the year.

A critical timing for anthelmintic treatment in ewes
is before mating, i.e. beginning of summer in the para-
Mediterranean countries. Any class of anthelmintics may
be used at this point. Experimental results have shown that
removal of helminthes before mating can improve repro-
ductive efficiency. Garcia-Perez et al. (2002) observed that
highest conception rates (>95%) were achieved among ani-
mals treated before mating and considered that to be the
result of increased fecundity during the first 30 days after
ram introduction into the flock; moreover, it seemed that
pre-mating treatment had a positive effect on lamb body-
weight per ewe  mated. Hence, control of helminthes during
the pre-mating period can be considered to have an effect
similar to ‘flushing’ (Section 4.1) (Venter and Greyling,
1994). In case the treatment has to be carried out during
or soon after the mating period, the choice of nematocide
anthelmintics to be used includes levamisole, macrocyclic
lactones, monepantel (an amino-acetonitrile derivative)
or derquantel (a spiroindole), if necessary combined with
a trematocide. Obviously, at that period, benzimidazoles
have to be excluded as a possible choice, as these com-
pounds have documented embryotoxic properties, leading
to teratogenesis (Braun, 1997); hence, there is a scope for
avoiding their use during the peri-conception and early
pregnancy period (Gibson, 1980; Gottschal et al., 1990;
Navarro et al., 1998). The same precaution should also be
maintained in flocks where rams are kept permanently
with ewes, as some animals may  be already at early preg-
nancy at the time of benzimidazole administration.

Antiparasitic treatment of pregnant ewes during the
last month of pregnancy can be incorporated in flock
health management, as animals are particularly suscep-
tible to the effects of parasitism at that time (Coop and
Jackson, 2000). The interaction of parasitism and reproduc-
tive activity in ewes is expressed with the periparturient
rise in worm egg output, which has been attributed to
a loss of resistance associated with late pregnancy and
early lactation (Dunsmore, 1965). The findings of Houdijk
et al. (2003) imply that, in lactating ewes, milk produc-
tion takes a priority over reduction of helminth numbers.
Therefore, treatment of pregnant ewes at this stage elim-
inates helminthes (thus, increasing production potential
for ewes) and prevents the built-up of parasitic burdens
in the environment (thus, reducing infection of lambs dur-
ing their neonatal period). Effective treatment of pregnant
ewes, using drugs with persistent activity, can also result
in increased future birth bodyweight of their lambs and
increased milk production (up to 44%) during the sub-
sequent lactation (Juste-Jordan and Garcia-Perez, 1991;
Fthenakis et al., 2005; Cringoli et al., 2008).
The choice of nematocide anthelmintics to be used at
that time, includes benzimidazoles, macrocyclic lactones,
monepantel (an amino-acetonitrile derivative) or derquan-
tel (a spirondole), potentially combined with a trematocide
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Fig. 1. Strategic timing for anthelmintic treatments of ewes reared in
temperate climates in the para-Mediterranean areas.

drug (e.g., triclabendazole, closantel, rafoxanide or alben-
dazole at a dose rate of 20 mg  per kg bodyweight) if
necessary. Certainly, choice of the drug to be prescribed,
should also take into consideration the rotation of classes
of anthelmintics, in order to minimise selection for resis-
tance. Levamisole has been reported to potentially cause
abortion if administered in late pregnancy (Braun, 1997),
hence, it should better be avoided.

Finally, it is noteworthy that, as a general rule, in
the temperate climates prevailing in para-Mediterranean
countries, a course of two anthelmintic treatments annu-
ally (i.e., before mating and at the end of pregnancy) is
the most effective option for strategic protection of ewes
against helminthes (Fig. 1).

8. Vaccinations

Vaccinations of pregnant ewes aim to ensure health of
these animals, as well as that of their offspring at the early
stages of their life (Mobini et al., 2002).

Clostridial infections constitute a significant health
problem in sheep and anti-clostridial vaccinations, most
often carried out during the last month of pregnancy, will
contribute significantly to protection of vaccinated ewes, as
well as of their offspring (Lewis, 2011). Internationally, var-
ious anti-clostridial vaccines are licenced for use in sheep.
Some of these are multivalent, whilst others are composed
of few clostridial antigens, mainly Clostridium perfringens.
Multivalent vaccines aim to protect, except for Cl. perfrin-
gens infections, also against Cl. septicum, Cl. novyi (types B
and D), Cl. tetani and Cl. chauvoei (Lewis, 2011). In recent
years, Cl. sordellii has also been identified as a cause of
deaths in newborn lambs and adult animals, hence, some
vaccines now include Cl. sordellii antigens (Vatn et al., 2000;
Clark, 2003). Vaccination of pregnant ewes against clostrid-
iosis should be carried out 20–40 days before the expected
start of the lambing season, in order to achieve increased
antibody titres in the colostrum of the vaccinated animals
for protection of the newborn lambs, as the main immune
mechanism in clostridial infections is humoral immunity.
To note that ewes that had not lambed within three months
after the last anti-clostridial vaccination should be revac-
cinated (Blackwell et al., 1983; Uzal et al., 1999; Giadinis
et al., 2011b; Lewis, 2011).
Infections from Manheimia haemolytica can cause mor-
tality in newborn lambs; therefore, vaccination of pregnant
ewes can be useful, especially as many risk factors for
the disease cannot be avoided. Vaccines incorporating
on Science 130 (2012) 198– 212 207

iron-regulated proteins produced by the causative organ-
isms are best for use and they confer cross-protection
against all isolates of M.  haemolytica and Bibersteinia tre-
halosi (Scott, 2011). It is noteworthy that vaccination of
pregnant ewes confers immunity to their lambs up to the
5th week of their life, hence lambs maintained after that age
need to be vaccinated for complete protection. Vaccination
for protection against M. haemolytica infection can be com-
bined with anti-clostridial vaccinations (Donachie, 2009;
Sargison, 2009). Nevertheless, in order to maximise pro-
tection afforded by vaccination, predisposing factors of the
disease (e.g., inappropriate ventilation, overcrowding in
shed etc.) need also to be removed (Giadinis and Petridou,
2008; Donachie, 2009; Sargison, 2009).

Contagious ecthyma (“orf”), caused by Orf virus, can also
be prevented by vaccination of pregnant ewes, especially in
flocks with increased incidence risk of the disease in lambs
or increased mortality rate of lambs due to secondary bac-
terial infections. In general, field studies have confirmed
that annual vaccination of pregnant ewes one month before
lambing by using an attenuated vaccine, affords adequate
protection of newborn lambs (McKeever and Reid, 1987;
Giadinis et al., 2007; Stampoulis et al., 2010), although vac-
cination failures may  also occur (Buddle et al., 1984).

Contagious agalactia, caused by Mycoplasma agalactiae
and other mycoplasmas is a common health problem in the
para-Mediterranean countries (De la Fe et al., 2005). Excel-
lent control of the disease can be achieved by combining
hygiene, biosecurity measures and effective vaccinations
(Madanat et al., 2001; Buonavoglia et al., 2010; Fragkou
et al., 2011). Vaccination should be carried out during preg-
nancy, in order to confer immunity to the female animals,
as well as to their lambs, as humoral immunity is important
for contagious agalactia (Chessa et al., 2009).

Pregnant ewes cannot be vaccinated with attenuated
vaccines, especially vaccines against abortifacient agents,
e.g., B. melitensis (Stournara et al., 2007; Samadi et al., 2010),
C. abortus (Aitken, 2000) or T. gondii (Giadinis et al., 2011),
as this would lead to abortion. Therefore, only inactivated
vaccines may  be used. Inactivated whole cell vaccines are
available to protect against C. abortus infections and may  be
administered to pregnant ewes, in view of an outbreak of
the infection. The possibility of vaccinating pregnant ewes,
in front of an abortion ‘storm’ is being discussed in another
article in this special issue (Menzies, this issue), hence there
is no need for elaboration here.

9. Prevention of metabolic disorders: pregnancy
toxaemia, hypocalcaemia

9.1. Control of pregnancy toxaemia

Pregnancy toxaemia (“twin-lamb disease”) is a
metabolic disorder of pregnant ewes, caused by an
abnormal metabolism of carbohydrates and fats, which
occurs at the final stage of pregnancy. Treatment of preg-
nancy toxaemia, as well as management of flocks where

cases of the disease have been diagnosed, were recently
described in detail (Brozos et al., 2011).

In order to improve prevention of the disease, espe-
cially in farms with prevailing risk factors of the disease,
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wes should ideally be allocated into early and late lambing
roups on the basis of mating records. Moreover, animals
ay  be subdivided into ewes bearing one foetus and ewes

earing multiple foetuses (Sargison, 2007), as established
n pregnancy diagnosis (Sections 3.2 and 3.3). This allows
mproved nutritional management during the last stage
f pregnancy (Section 4.3), as well as administration of
nthelmintic treatments (Section 7) and vaccinations (Sec-
ion 8) at the most appropriate time-point.

A representative sample of ewes (around 20% of the ani-
als) should be evaluated to assess their body-condition

core. Ideally, body-condition score of ewes should be ‘2½’
o ‘3½’ one month before lambing and ‘2’ to ‘2½’ at lamb-
ng (Cannas et al., 2004). Thin ewes (body-condition score
‘2’) should be provided additional high-energy feeding
nd their condition should be re-evaluated every fortnight.

Animals at risk of developing pregnancy toxaemia can
e identified by measuring �-hydroxybutyrate concentra-
ion in their blood during the last six to four weeks of
regnancy, especially as rapid measurement techniques
re now available (Panousis et al., 2012). If the num-
er of foetuses carried has not been identified, the value
f 0.8 mmol  L−1 should be considered to distinguish ani-
als at risk to develop the disorder. Otherwise, if the

umber of foetuses carried had been determined, then �-
ydroxybutyrate concentration should be measured only

n the blood of animals carrying multiple foetuses; in
his case, the cut-off value to be used for identifying ani-

als at risk is 1.1 mmol  L−1 (Sargison, 2007; Braun et al.,
010). If financial or labour constraints preclude examina-
ion of all animals as above, then examination of around
0% of animals will still provide a valuable overview of
he flock situation. If blood measurement is not feasible,
emi-quantitive measurement in urine by using dipsticks
an be advocated, but results should be considered cau-
iously. Animals found to have increased concentration of
-hydroxybutyrate in blood or urine should be separated

rom other animals and monitored closely.

.2. Control of hypocalcaemia

Hypocalcaemia (“parturient paresis”, “lambing sick-
ess”) is an acute or subacute pathological condition, which
ccurs more often shortly before or after parturition. A
etailed account of preventive measures for the disease has
ecently been published by Brozos et al. (2011). In general,
n effective preventive strategy against the disease should
nclude (i) control of body condition (Ostergaard et al.,
003), (ii) regulation of calcium (Sorensen et al., 2002),
agnesium (Roche, 2003) and phosphorus (Lean et al.,

006) content in the feed, (iii) monitoring of cation/anion
alance in the feed (Goff, 2004) and (iv) regular monitor-

ng of calcium concentration in the animals’ blood (Oetzel,
004).

0. Husbandry practices before the start of the
ambing season
Lambing is a crucial period in a sheep farm. Correct
ealth management at that period significantly improves
he overall financial performance of the flock, especially
on Science 130 (2012) 198– 212

as, given the seasonality of sheep breeding, a large number
of ewes may  give birth over a relatively short period. In any
sheep flock, husbandry interventions before the expected
lambing are associated with the production system applied
in the farm.

Good management practices require that personnel in
charge of peri-parturient ewes are aware of the animals’
needs and have the appropriate knowledge to control and
manage potential problems. Moreover, personnel (even the
most experienced) should update their skills on latest tech-
niques and management practices.

Allocation of ewes into groups (as discussed above) will
reduce workload in the farm, considering the variability in
length of pregnancy in ewes. In general, one should focus
on avoiding long, spread-out lambing periods, because this
results in increased stress for ewes and more workload
for the farm staff. Moreover, ewes in different lambing
groups should lamb in separate areas of the shed, in order
to minimise the risk for build-up of pathogens in the farm
environment (Menzies, 2007b).

Regardless of the production system applied in the
flock, stress to parturient ewes should be minimal, but still
with maximum supervision. Availability of temporary indi-
vidual lambing pens provides many advantages, such as
significant reduction of newborn lamb losses and facilita-
tion of animal marking. Specific measures should be taken
to ensure that any purchased replacement ewes will lamb
in a separate barn, away from the home flock, in order to
avoid potential cross infections (Gelasakis et al., 2010). A
similar management should apply to ewe-lambs lambing
for the first time. Areas with pregnant ewes should allow a
floor space of ≥2 m2 per ewe, whereas clean straw bedding
should be always available (Gelasakis et al., 2010). Shear-
ing around the perineal area of parturient ewes and dirt
removal from the udder and teats of ewes contributes to
quick access of lambs to the mammary glands of their dams,
as well as decreased incidence risk of post-partum genital
infections of ewes and cryptosporidiosis of newborn lambs.
Finally, an ‘isolation’ area should be available, where ewes
with obstetrical problems or post-partum disorders may be
isolated.

11. Induction and synchronisation of lambings

Synchronisation of lambings in sheep flocks is beneficial
for optimising flock production, as it leads in correct man-
agement of peri-parturient ewes and newborn lambs. The
method can also be used to ensure that newborn lambs are
only artificially fed, as part of schemes for eradication of
various infectious diseases (e.g., Small Ruminant Lentivirus
infection). Induction of lambing in individual animals may
be required as part of the therapeutic regime in peri-partum
pathological conditions of ewes (e.g., pregnancy toxaemia)
(Kastelic et al., 1996; Ingoldby and Jackson, 2001; Klobasa
et al., 2004; Menzies, 2007b; Batista et al., 2008).

The procedure is not routinely applied in sheep flocks,
but only in farms where it had been well planned in advance

and where a cost/benefit study had been undertaken. In
general, induction of lambing can be easily performed only
if the mating date of the ewes is known within a three-
day margin, which aids to avoid premature birth of lambs.
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In practice, lambing may  be induced by administration of
corticosteroids, oestrogens or prostaglandin, depending on
the stage of pregnancy and the overall treatment regime
applied.

Synthetic corticosteroids (10–20 mg  dexamethasone
per ewe i.m., 10–12 mg  betamethasone per ewe  i.m. or
2 mg  flumethasone per ewe i.m.) can be administered as
early as the 137th day of a 144–149 day-long pregnancy.
However, it may  be better to induce lambing on or after
the 142nd day, in order to ensure increased chances of
newborn viability. In the above cases, lambing takes place
within 30–75 h after start of the treatment (Harman and
Slyter, 1980; Rommereim and Slyter, 1981; Edey et al.,
1985; Menzies, 2007b; Rawlings and Bartlewski, 2007).
Later in pregnancy (146th day of a 148–150 day-long
pregnancy), induction of lambing may  be achieved by
administration of smaller doses of dexamethasone (1–2 mg
i.m.) (Tsiligianni et al., 2008). To note that, in general, effi-
cacy of dexamethasone-induced lambing can be affected by
breed of the ewe and time of the year (Sir and Bartlewski,
2010).

Oestrogens (oestradiol benzoate 2–20 mg  per ewe  i.m.)
can be administered 5 days before the expected end of
pregnancy, leading to lambing after 30–45 h (Rawlings and
Howell, 1988; Rawlings and Bartlewski, 2007). Specifically
in ewes carrying in vitro-produced embryos, use of a com-
bination of betamethasone and oestradiol benzoate, albeit
expensive, is preferred, because it ensures increased per-
centages of newborn lamb viability (Ptak et al., 2002).
Attempts to concentrate lambings during the day, after
administration of synthetic corticosteroids have not been
successful (Edey et al., 1985). In contrast to that, admin-
istration of oestradiol benzoate has proved to be more
effective in improving synchronisations of lambing during
the day (Rawlings and Howell, 1988).

Prostaglandins, alone or in combination with dexam-
ethasone, have given poor results in inducing lambing
(Harman and Slyter, 1980; Tsiligianni et al., 2008). Thus,
these protocols appear insufficient for successful applica-
tion under field conditions, in contrast to common practices
for induction of parturition in heifers or goats.

In ewes with pregnancy toxaemia, in which induction
of lambing is performed as part of the overall therapeu-
tic regime, simultaneous administration of cloprostenol
(0.375 mg  per ewe) would increase the efficacy of the
regime, as endogenous concentration of corticosteroids
may  be increased (Brozos et al., 2011). In these cases, induc-
tion should be followed by intravenous administration of
20% dextrose solution (dose: 200–300 mL  per ewe) or 50%
dextrose solution (dose: 80–120 mL  per ewe) twice daily
until parturition is completed.

In all cases, animals should be monitored at regular
intervals after hormonal administration, because they can
often develop dystocia, retention of foetal membranes and
metritis.

12. Concluding remarks
This paper has provided, for the first time, a detailed
account of health management of pregnant ewes, which
is a multi-faceted very significant task for successful
on Science 130 (2012) 198– 212 209

management of the flock within the annual production
cycle. The paper provides guidelines for health manage-
ment of pregnant ewes around the world. Fine-tuning of
the procedures will need to be carried out in individual
flocks, after taking into account their specific requirements.
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