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Foreword to the Fourth Edition

One of the challenges we face at Moredun is ensur-
ing that the high-quality scientific research into dis-
eases of sheep, and the improvements in animal
health that are the outcome of that research, are
made widely available to producers, advisors, veterin-
arians and the allied scientific community. Like its
predecessors, this new edition of Diseases of Sheep is
a major contributor to ensuring that that happens by
enlarging on earlier work and incorporating new
information gained over recent years.

The UK and international contributors to this excel-
lent publication are experts in their respective areas
of work and all who are involved with sheep will bene-
fit from the wide range of knowledge and experience
that the authors bring to their contributions.

Livestock production carried out with high stand-
ards of health and welfare is demanded by our con-
sumers. This publication is an important link in the
chain of achieving this for the sheep sector.

The Moredun Foundation is indebted to Professor
Ian Aitken for once again editing this revised and
updated edition of an established authoritative book.

John Ross CBE, FRAgS
Chairman

Moredun Foundation for
Animal Health

and Welfare



Preface

The first edition of this book in 1983 was spear-
headed by Dr W.B. Martin, the then Director of the
Moredun Research Institute. It had two main pur-
poses — first to remedy the current dearth of readily
accessible information on sheep diseases and second,
through royalty income, to assist the Institute’s parent
body (the Animal Diseases Research Association) in
its bid to purchase additional grazing land at
Gilmerton, the Institute’s original site. Both object-
ives were met.

At Bill’s invitation I joined him as co-editor for the
second and third editions, both of which incorporated
new knowledge on the causes and control of diseases
and widened international coverage to major sheep-
producing areas of the world. In that, we were fortu-
nate in enlisting the support of colleagues both at
home and abroad, many of whom had links with
Moredun as scientific collaborators or visitors. When a
fourth edition was suggested we were encouraged by
initial soundings of former contributors but, sadly,
Bill died before the work was formally commissioned.
As a personal tribute to a friend and professional col-
league I accepted editorship of this new edition.

The aim has been to build on what has gone before
by updating information on specific diseases, by pro-
viding accounts of current knowledge in other areas
related to the production, health and welfare of sheep
and by adding to the international spectrum. As with
other production animal species, generic issues such
as welfare, judicious use of therapeutic resources,
international movement of disease, emerging disease
threats and zoonotic hazards, among others, have
been addressed.

Compilation of a multi-authored work is primarily
dependent on the inputs of individual contributors,
specialists in their own fields, and I am indebted to
them for the quality of their contributions and for
their forbearance in dealing with editorial queries and
occasional harassments. In particular, I acknowledge
new authors who took on responsibility for chapters
previously written by others and who, like their prede-
cessors, have been generous with their time and expert-
ise. From the outset, the Institute and the Moredun
Foundation (ADRAs successor) have been support-
ive, particularly in making available the secretarial
support of Mrs Christine Curran who has been the
skilful hub of the vast electronic traffic involved in
bringing the task to completion. To her and to all
present and former colleagues at Moredun who have
assisted my editorial efforts I owe sincere thanks. As
with the second and third editions the Institute
library will be the beneficiary of accruing royalties.

While none involved would claim that the cover-
age is comprehensive in every particular, together,
the 75 chapters of this edition provide an authorita-
tive source of information for veterinarians, sheep
specialists and others for whom sheep health and
welfare has importance. The last two decades have
seen a burgeoning of printed and electronic output in
the animal health field generally and it is gratifying
that Diseases of Sheep continues to be well regarded
by a demanding readership. Bill Martin would have
appreciated that and I trust that this new edition
upholds the reputation of its forerunners.

Ian Aitken



Part 1
Introduction






1

Sheep: a UK perspective on a world resource

D.A.R. Davies

Sheep and goats are classified as belonging to the
order Artiodactyla, sub-order Ruminantia family
Bovidae, sub-family Caprinae and to the genus Ovis
and Capra, respectively. Generally, they can be dis-
tinguished by a number of appearance traits. The
chromosome number of the domesticated sheep
(Ovis aries) is 54 and that of domesticated goat
(Capra hircus) is 60, so successful interbreeding is
ruled out. Both depend on forage as their major food
source. In the wild, they occupied somewhat differ-
ent ecological niches; goats were found in the more
inhospitable mountain areas browsing on a mixed
flora of bushes and shrubs and poor grass, while
sheep mainly grazed the lower pastures but also
browsed on the young shoots of bushes and trees.

HISTORY

Sheep were relatively easy to tame and consequently
were one of the first species to be domesticated and
used as a source of food and fibre [1, 2]. It is probable
that domestication came partly via imprinting of any
captured very young lambs on humans, but a number
of behavioural and other factors also came into play
and made domestication of adults relatively easy. The
wild sheep were significantly smaller than today’s
domesticated types, were relatively docile and showed
a submissive behaviour when captured. They would
have been easy to catch and handle, and even the males
would not have posed a major threat to their captors.
Like humans, the natural social structure was based on
a hierarchy with a dominant leader. In time, this would
often have resulted in the shepherd assuming the role
of the latter, especially if the person was associated
with an agreeable food source. In addition, control of

the domesticated population was relatively easy
because sheep at pasture generally grazed as a flock
and confined their grazing activity to a specific home
range area or areas and so did not stray widely, and
could be confined with primitive fences.

The earliest records of domestication have been
found in areas of south-western Asia. Much has been
written about their dispersion with their keepers
throughout Europe, Asia and Africa and, in more
recent centuries, the introduction of domesticated
types into North and South America and to Australia
and New Zealand.

GEOGRAPHY

Today, sheep are widespread throughout the world
with the total number, although declining, estimated to
be almost 1000 million [2]. Countries with the largest
populations are shown in Table 1.1. Within the world
population there is a considerable amount of genetic
diversity. This is mainly attributable to the effects that
natural and human-controlled selection have had in
the establishment of populations that are adapted to a
variety of different climatic conditions but also reflects
the relative importance to the sheep economy of the
three main products: meat, milk and wool.

On a global scale the effects of the above can be
summarized in the following way. The sheep of trop-
ical regions of Africa have adapted to the hot climate
and the problem of heat dissipation by having hair,
not wool, and a stored energy source in the tail rather
than in the subcutaneous fat layer.

Large numbers of fat-tailed sheep are also found
in most Asian countries. Often, the sheep are owned
by poor people and live in difficult environmental
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Table 1.1: World sheep populations 2002-3

Country Millions
China 139.2
Australia 98.0
Iran 53.0
Former Soviet Union 51.9
India 42.0
New Zealand 39.0
Turkey 29.4
United Kingdom 24.9
Spain 23.0
Argentina 12.5
Uruguay 10.7
World total (including other countries) 992.7

Source: www.britishwool.org.uk/a-factsheet4.asp

conditions where winters are very cold and winter
food is scarce. They are able to survive such condi-
tions by having a thick coarse wool cover and by
being able to draw on the large stores of energy in the
form of fat around the internal organs and in the tail
that are built up during the summer when food is
more plentiful. The animals are multipurpose, being
slaughtered for food and, in some cases, being a
source of milk and milk products, but the main pro-
duct of the industry is coarse wool that is used for
carpet making.

In Europe, sheep developed to live in cold and wet
inhospitable regions do not have fat tails but have a
thick subcutaneous fat cover as well as large deposits
of internal fat. Again, the adults have carpet-quality
wool and the young are born with a thick felt-like
birth coat that enables them to survive wet and cold
conditions.

The best quality fine wool production is mainly
centred on the Merino and Romney breeds. Dry
arid subtropical areas are particularly well suited to
this type of production because, although the poor
quality of the diet reduces yield, it also results in
an increase in the fineness of the staple. Large
populations exist in Australia and South Africa and
in Argentina and Uruguay. The decline in wool
values in the past few decades has seen a substantial
reduction in numbers and a move to meat production
in many of the better land areas of these
countries.

It is in the temperate grassland zones of both
hemispheres that there is the greatest emphasis on
meat production associated with the most intensive
systems, highest stocking rates and the most produc-
tive breeds and crossbreeds.

Ewes are a local source of milk for human con-
sumption in many poor communities, but it is mainly
in the flocks of European countries that border the
Mediterranean and some areas of south-west Asia
that milk and milk products are the major output of
the sheep flock.

BREEDS

Undoubtedly, in almost every country a number
of distinctive populations would have evolved over
the ages, but breeds as they are now known are a
relatively recent development. In the UK, develop-
ments in agricultural practice in the eighteenth cen-
tury made it possible to keep livestock over winter.
This allowed stock keepers like Robert Bakewell
(1725-95) and his several disciples to develop and
use techniques to standardize local populations and
create breeds. Initially, they were developed from the
undefined local stocks but subsequently new breeds
usually resulted from blending together, via cross-
breeding and selection, individuals from a number of
the breeds already in existence.

Breeds continue to be developed, usually in res-
ponse to changing demands of the sheep industry.
The number in the world has been estimated to be
near 300. In the UK, including the imports in recent
decades, there are now more than 70 [3]. In contrast,
almost all sheep in Australia are Merino or part
Merino crossbreds. Some breeds have a global distri-
bution and large breed populations, while at the
other extreme there are some that are confined to
their area of origin and have very small numbers.
Quite often there are a number of breeds that fulfil
the same role, but a few have an almost unique com-
bination of characteristics. It is now accepted that the
conservation of all breeds, whatever their present
status, is an effective means of preserving genetic
variation that may be useful in future times. In the
UK, the activities of the Rare Breeds Survival Trust
in the past four decades has revitalized interest in
several breeds that were at risk of, and in some cases
near, extinction, because of their small numbers [4].
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It has also to be recognized that, having created
breeds, many flock-masters carry out crossbreeding
to utilize the complementarity that exists between
two or more breeds and/or the improved perform-
ance due to the hybrid vigour of the crossbred
offspring.

The development of breeds resulted in the establish-
ment of populations in which a desirable perform-
ance trait was well expressed and appeared to be
loosely linked to the animals’ appearance. Selection
within a population resulted in a reduction in genetic
variability, an increase in homozygosity and animals
that had a more uniform phenotypic appearance and
produced offspring that resembled the parents. At
the same time, the difference between groups became
more distinct and breeds became distinguishable and
identifiable on the basis of a small number of the eas-
ily recognized traits listed below:

® TFace colour. Colours may be black, various
shades of brown, white, distinctly patterned or
variously speckled and are entirely genetically
controlled.

® Fleece colour. Again, this is genetically deter-
mined. The predominant colour is white,
although some breeds have black and some a
brown fleece and a fourth group have distinctive
patterns of wool colours.

® Face wool cover. This can vary from none (clean
face) to substantial. Many breeds have a clean
face apart from a wool top knot.

® Horned/polled. In primitive breeds both sexes are
horned, in others only the male has horns and
in many of the commercially important breeds
both sexes are polled. Differences are genetically
controlled.

o Tail length. Many northern hemisphere breeds
like the Finn, North Ronaldsay and others have
short tails. In Asia and Africa fat-tailed sheep
predominate.

® Ears. These may be prick or lop.

All of the above traits, but particularly face colour,
can be considered to be simple phenotypic markers
of an animal’s genotype and production perform-
ance. Animals/breeds of a certain appearance may be
expected to produce within a specified range of per-
formance, but because there is no genetic correlation
between the appearance and performance traits a
crossbreeding programme could remove the link.

Also, within breeds, variation in appearance is not
likely to be associated with differences in production
performance.

Mature size/weight and conformation

This is an appearance trait that is genetically linked
to some performance traits. Genotype has an import-
ant influence but environmental effects can modify
both the size and weight of an animal. Variation in
skeletal size (or bone) is considerable; added to this
are differences in the amount of flesh (lean meat
muscle and fat) covering the skeleton. The latter is
usually described in terms of condition score on a
1 (thin) to 5 (fat) scale and is often more influenced
by previous nutrition and production than genotype
[5]- Gender heterogeneity also contributes to size
differences, with ewes usually being 65-70 per cent of
the weight of rams of the same breed. All of the
above contribute to the wide difference in weight
between a 25kg female Soay, considered to be
Britain’s smallest and most primitive breed, and a
very large 150 kg Oxford Down breed ram [3].

The ideal size to maximize biological and financial
efficiency will depend on a number of factors. The
small size of hill breeds is considered to be a survival
and economic advantage when animals have to per-
form in harsh environments. On the other hand, in
more favourable conditions larger well-fleshed and
more productive animals are likely to be preferred.

Performance traits

These include all the important traits directly influ-
encing fibre and meat production as well as those
involved in reproduction, behaviour and disease
resistance. In many cases performance differences
within breeds are just as great as those between
breeds. This can be attributed in part to environmen-
tal influences, but for most production traits there is
also some genetic variation. Generally, genetic vari-
ation is multigenic, but an increasing number of genes
that have a major effect on performance have been
identified. Breeders therefore need to select their
animals knowledgeably and to realize the opportun-
ities that exist to improve the genetic worth of their
breed or flock by selective breeding.
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FIBRE PRODUCTION

In primitive types, coat cover includes hair and a soft
downy undercoat. Breeds of sheep that have evolved
in tropical areas have hair and not wool, and moult
annually. Wool is the inherent fibre coat of the sheep
of temperate and cold climates. It has excellent insu-
lation and water-repellent qualities, and provides the
necessary protection from excessive cold and wet
winter conditions. Apart from exceptions like the
Wiltshire Horn, sheep do not moult and the fleece
has to be removed annually by shearing [3]. The con-
tribution of wool to the income of a sheep farm has
diminished considerably since the development of
synthetic fibres. Presently, the cost of this operation
relative to the value of the fleece often leaves little or
no profit margin and makes the Wiltshire Horn and
its crossbred derivatives attractive propositions. In
Australia, much of the breeding effort is directed
towards the development of sheep that require less
care by having short tails and the natural ability to
moult breech wool. The recent identification of a
Merino line that has a bare crutch would seem to be
the ideal sheep for the system. Most of the traits
associated with wool production have a medium or
high heritability and selection programmes to
improve quantity and quality continue [6].

Nutrition has important influences on wool growth
and high nutritional demands in pregnancy result in
reduced fleece weights. On the other hand, under-
nutrition will give rise to finer fibres. In practical cir-
cumstances a balance has to be achieved between the
effect of the above on incomes via meat and via wool
production.

The value of the fleece can vary considerably
depending its the weight and quality. The former is
determined by staple length and density of the fibres,
and the quality by the fineness and crimp of the fibres.
Some of the UK Longwool breeds claim yields up to
10kg compared with an average of approximately
2.5kg for lowland types and less than 2kg from some
hill breeds. Hill breeds tend to produce coarse wools
having a staple diameter of 35-50 pwm that is used
mainly for carpet and rug making. Most lowland
breeds produce a better-quality finer material with a
diameter of 24-33 pm used for hosiery and knitwear
[3]. The Merino produces a heavy fleece of 5-12kg of
very fine wool with a diameter less than 24 pm that is
used for the manufacture of high-quality garments [6].

Table 1.2: World production of raw wool (thousands of

tonnes)

Country Production
Australia 544
China 302
New Zealand 235
Former Soviet Union 133
Argentina 72
Turkey 70
United Kingdom 50
South Africa 45
Uruguay 43
Pakistan 40
World total (including other countries) 2194

Source: www.britishwool.org.uk/a-factsheet4.asp

Wool has been harvested and used for garment
and carpet making for centuries. Despite the advent
of synthetic materials it remains a commodity that is
traded internationally. The countries that are the
main producers are listed in Table 1.2. China, with its
rapidly expanding textile industry, has become the
major importer of top-quality material from most of
the main producing countries. This includes 45 per
cent of the total and almost 70 per cent of the fine
and super fine Australian clip, 50 per cent of the
medium quality export from Uruguay and the great-
est part of the slightly coarser New Zealand export.

MEAT PRODUCTION

The main meat product is lamb. It is defined as the
meat from animals slaughtered up to 1 year of age.
Mutton is the product from older animals including
both male and female culls from the breeding flock.
In most countries it makes a small contribution to the
total production and is generally used for manufac-
turing purposes.

Consumption of lamb is influenced by tradition and
is related to the size of the sheep population of the
country. In the European Union (EU), it varies from
nearly 14 kg per person per annum in Greece to 6.3kg
in the UK and only 1.2kg in Germany [7]. There is a
considerable amount of trade in meat products within
Europe and between it and New Zealand and
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Australia. The latter are major exporters to a number
of South-east Asia and Middle Eastern countries, but
more than 50 per cent of both lamb and mutton from
the main exporter, New Zealand, comes to Europe.

Currently, New Zealand has a tariff-free entitle-
ment to export the carcass weight equivalent of 227 000
tonnes of sheep meat to the EU. Approximately 17
per cent of this is to Germany, 14 per cent to France
and 42 per cent to the UK [8]. Actual imports have
been slightly below entitlement with 67 000 tonnes of
lamb and 16 000 tonnes of mutton estimated to have
been imported into the UK in 2004 [9]. Historically,
all the lamb was frozen product and filled a deficit
in supply from home production during the early
months of the year. The UK is now almost self-suffi-
cient, exporting approximately 77000 tonnes and
importing 8000 tonnes of lamb to and from other EU
countries [9]. The New Zealand export also includes
an increasing amount of chilled product that is more
comparable to that which is home-produced. The
above means that there is now more competition in
the market and the price obtained by the farmer in
both the UK and New Zealand is influenced signif-
icantly by the volume and value of imports and
exports.

The efficient production of quality lamb meat for
an affluent society is the main focus for producers.
Lambs from larger breeds grow significantly faster
than those of small breeds provided they are supplied
with sufficient nutrients by their dams and/or by graz-
ing good-quality pastures and/or by consuming a high
concentrate diet. In ideal conditions growth rates to
slaughter weight of large breeds like the Suffolk will
reach 500g/day and those of hill breeds like the
Welsh Mountain with a mature weight less than half
that of the Suffolk will be no more than 250 g/day.
Efficiency and hence profitability of lamb meat pro-
duction systems is increased by using a fast-growing
large breed sire and a medium or small breed or
crossbreed dam that has a reduced maintenance cost.

Generally, but not always, lambs will be slaugh-
tered when they reach 50 per cent of their potential
mature weight. This is considered to be the optimum
point because it usually coincides with the skeleton
being well covered with flesh, the muscle-to-fat ratio
being high and the later maturing expensive lumbar
and hind leg joints being well developed. The EU
carcass classification grades reflect the variation in
the latter and provide a clear guide to the producer
of the quality of carcass required [10].

In recent years, consumer demand for lean meat of
low fat content has resulted in much of the breeding
effort being focused on improving the quantity and
quality of meat production. Sire Reference Schemes
and Best Linear Unbiased Prediction (BLUP) statis-
tical techniques have been used to extend the use and
accuracy of breeding values and hence the response to
selection [11]. The use of ultrasound sonography and,
more recently, X-ray computed tomography (CT) have
allowed more accurate assessments of body lean and
fat content to be made. Ultrasound has been used to
measure the depth of the eye muscle (m. longissimus
dorsi) and that of subcutaneous fat cover in the region
of the third lumbar vertebra [10]. A whole body CT
scan provides a more accurate estimate of fat and
muscle content of the whole body and constituent parts
[12]. Tt also gives an accurate estimate of the hind leg
musculature that previously has been determined by
eye. Considerable emphasis is placed on the trait and
the double muscling seen in some breeds like the Texel
and more noticeably in the Beltex. The Callipyge gene
has also been identified as having a major positive
effect on lumbar and hind leg muscle development but,
unfortunately, it also has a deleterious effect on meat
tenderness [13].

The development of lumbar and hind limb muscu-
lature is economically beneficial and does not result
in reproduction problems, but selection for large
heads and wide shoulders is misguided because of
the low value of these parts of the carcass and the
compromise of welfare that results from an increase
in the incidence of dystocia and difficult lambings.

REPRODUCTION

The profitability of a sheep enterprise is linked to
output per hectare. The latter is influenced by stock-
ing rate and output per ewe. The annual output of
lamb per ewe is thus a major influence on the effi-
ciency and profitability of lamb meat production and
in turn is determined by the number of parities per
year and the number of surviving offspring per parity.

Parities per year

The gestation period generally varies between 144
and 150 days but in some breeds individual animals
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will have normal pregnancies outside this range.
Most sheep developed in temperate zones have a
seasonal breeding pattern and come into oestrus in
the autumn in response to shortening day length. In
the northern hemisphere all breeds will show oestrus
between September and January but some will start
at least a month earlier and some will continue to
show oestrus into March. Ewes of the Dorset Horn
breed will mate in almost any month of the year.
Breeds developed and used in tropical countries
often have two crops of lambs per year. In temperate
regions this level of production is not possible and
even obtaining three crops in 2 years is demanding so
is practised only occasionally.

Producers, however, utilize the variability in length
and timing of the breeding period to vary the date of
their lambing to suit particular environmental and
economic conditions.

Prolificacy: lambs produced and sold per ewe

The published information available on the mean lit-
ter size of UK breeds indicates figures for mature
ewes ranging from 1.2 to 2.7, thus giving a wide
choice from which to select a breed that is appropri-
ate for the location and management system [3]. In
difficult hill conditions dealing with significant num-
bers of twins is problematic and the target output will
be a litter size of 1.1. In low input lowland conditions
the ideal flock will have a litter size of 1.7 and a lamb-
ing percentage near 150 with the majority of ewes
producing only singles or twins. In commercial high
output intensive systems producers aim to achieve a
litter size between 2 and 2.2 giving, after losses,
a lambing percentage of 180-200 per cent.

In all conditions lambs that are surplus to the ewe’s
rearing ability create difficulties and need to be
either cross-fostered on to another ewe or else artifi-
cially reared. The latter technique is now well devel-
oped and results in lambs being reared successfully,
but is expensive of both time and money. The most
efficient way of dealing with greater lamb numbers in
commercial production is to ensure that the ewes are
managed correctly and have the genetic ability not
only to bear but also to rear up to three lambs.

Selection to increase the prolificacy of breeds has
usually resulted in a poor, slow response but, overall
in the UK, this is not a major constraint because
there are breeds that theoretically have more than

enough genetic capacity to meet the required proli-
ficacy needs of sheep producers in all conditions. The
performance of hill breeds is usually limited by nutri-
tion, and in lowland conditions a lambing percentage
figure of 200 can be reached by breeds like the
increasingly popular Lleyn and with the help of a lit-
tle hybrid vigour by various Fl-crossbred combin-
ations sired by Bluefaced Leicester and Border
Leicester breed rams.

Even higher prolificacy breeds are available such
as the Finn, Romanov, Cambridge and British Milk
Sheep [3, 14]. Mature ewes of all of the latter breeds
are capable of an average litter size figure in excess of
2.5. At this level more than half of the flock will be
producing triplets and quadruplets. In smaller flocks
it is possible to devise a high input management sys-
tem that will cope with this performance level and
ensure survival of at least 90 per cent of lambs born
alive. Commercial flock-masters are unlikely to be
interested in large numbers of such sheep because of
the problems outlined above but several are known
to keep small flocks to source home-produced
crossbreds.

In the UK, the payment of subsidies to the sheep
industry has reduced the importance of prolificacy to
profitable farming. The recent change to a single farm
payment system designed to maintain a suitable envir-
onment may or may not change flock-masters’ views
on targets [15]. Whatever the general view, high pro-
lificacy sheep are likely to continue to have a role in
lamb production. Ultrasound scanning of ewes in mid-
pregnancy can be used to determine accurately the
number of lambs. This allows feeding to be adjusted
to minimize problems in late pregnancy and also indi-
cates the housing and care that will be needed at lamb-
ing. Problems of dealing with numbers of triplets and
quadruplets and a very variable colostrum yield up to
12 hours post-partum are being addressed, but
breeding strategies must be focused on contributing
a product that is more uniform in its reproductive
performance and also one that has good conforma-
tion and carcass qualities. An important reason for
the interest in super-prolific breeds like the Booroola
Merino and Inverdale is that, unlike the breeds men-
tioned above, their ovulation rate is controlled at a sin-
gle fecundity gene Fec.B and Fec.X, respectively [14].
This makes it much easier to introgress the high fecun-
dity/prolificacy allele into other populations of meat
breeds with the aim of producing sheep that are both
highly prolific and have excellent carcass quality.
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Another attraction of a single gene effect is that the
progeny of a homozygous ram will carry a copy of the
fecundity allele and thus be uniformly productive.
There are usually major differences in performance
between animals that carry none, one or two copies
of the fecundity allele. The downside is the possibil-
ity that the effect of a single copy of the gene is too
large to be manageable and cannot be reduced by
further crossbreeding.

Milk production

One of the difficulties of ewes rearing triplets is the
competition for the available milk supply that can
result in uneven growth of lambs and an increase in
teat damage. Theoretically at least, this could be
overcome by having ewes with four functional teats.
It is recorded that Alexander Graham Bell had a
population of sheep with up to eight nipples. It is
known that ewes and rams in many breeds have more
than two nipples and that some ewes produce signifi-
cant amounts of milk from the anterior extra teats.
Using animals from a number of sources a popula-
tion of four-teat sheep that produce 20-30 per cent
of their total yield via the front teats has been
developed in the UK [16]. The benefit of having such
sheep is a more even distribution of the milk supply
when triplets are being reared; twins may also bene-
fit by being able to suck both front and rear teats.

The milk production per se of most breeds is not
well documented and can only be deduced from early
lamb growth up to 6 weeks of age when it is the main
source of nutrients for the offspring and when yields
are maximum. Daily yields of 3-4 kg are normal but if
ewes are well fed these can increase to 5 or more
litres [17]. Ewes’ milk contains almost 200 g/kg of
total solids, fat levels average 67g/kg and protein
56 g/kg [18]. At such performance levels the demands
of lactation are considerable and equivalent to that
experienced by a dairy cow yielding 35-40 litres/day.
The nutrients in the milk are digested very efficiently
and yields of 5 litres will support twin lambs growing
at 450 g/day and triplets growing at 300 g/day.

The above figures are seldom replicated in hand-
milking systems partly because without the stimulus
of suckling the let-down is incomplete and partly
because of the reduced number of occasions that
milk is withdrawn from the udder; lambs will suck up
to 10 times per day. Some breeds like the Friesland

Table 1.3: Ewes and lambs put to ram in main sheep-
producing countries of the EU in 2004 (1000 head)

Total ewes and Milk ewes and

Country ewe lambs toram  ewe lambs to ram
Spain 17352 3475
United Kingdom 16266

Italy 7255 5804
Greece 6972 6300
France 6749 1618
Ireland 3469

Portugal 2312 587
Germany 1595

Source: www.epp.eurostat.cec.eu.int/

that have been developed specifically for milk pro-
duction have an efficient let-down and also have high
yields with reported figures for a 7-month lactation
varying from 250 to 600 litres [3]. Consequently, this
breed, and some more modern derivatives like the
British Milk Sheep, feature in almost all of the few
flocks that produce milk in the UK.

Most of the milk produced is manufactured
into cheese or yoghurt, so compositional quality is
important.

Large numbers of ewes are kept for milk production
in southern Europe (Table 1.3). In the south of France
the local Lacaune breed provides the milk for the pro-
duction of the famous Roquefort cheese. Flocks are
large and are part of a sophisticated breeding pro-
gramme that includes a well-organized recording
scheme, scientific evaluation of sires and the wide-
spread use of top rams by artificial insemination [19].

Milk production can give very good financial
returns, but labour costs are high and provision has
to be made for the rearing of lambs. This is achieved
in small-scale low-cost systems by separating ewes
and lambs for part of the day and in larger scale oper-
ations by completely removing the lambs from their
dams either soon after birth or at 6 weeks of age and
then feeding them an appropriate diet.

BEHAVIOUR AND HEALTH

The improvement of production traits referred
to above has been the main focus of breeders and
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scientists in the past 50 years. The extent of the effect
on natural behaviours and resistance to disease of
this selective breeding, coupled with improved man-
agement, nutrition, vaccination and drug use, has not
been fully assessed and there is limited information
about current between- and within-breed variation
for most behaviour and health traits.

It is known that the home range grazing behaviour
referred to above remains important and very much
in evidence in the hefting behaviour demonstrated by
UK hill breeds and the flocking instinct is seen in
most breeds. There is evidence that in other import-
ant traits such as mothering ability and lamb teat-
seeking and sucking behaviour, both of which affect
lamb survival, there has been some loss of these
instinctive behaviours [20, 21].

Behavioural difficulties are of course only part of
the many factors that influence lamb survival at birth.
In the immediate post-partum period others include
birth coat type and dystocia problems, referred to
above, that are influenced by both the size and shape
of the ewe pelvis and the size of the lamb. Many of
these factors are not considered to be vitally impor-
tant in intensive systems with ewes housed for lamb-
ing and 24-hour care provided, but if labour and
other input costs have to be reduced to achieve eco-
nomic sustainability then consideration will have to
given to the breed and type of sheep that has the least
number of problems at lambing. In New Zealand,
selection for easy care sheep involving minimal
human interference at lambing time has been prac-
tised for some time. The extent to which practices
employed in New Zealand can be imitated elsewhere
without compromising acceptable welfare standards,
not just at lambing but throughout the production
year, will have to be addressed by producers contem-
plating an easy care system.

Flock-keepers have relied for decades on a mix of
husbandry, vaccination and a variety of drugs to con-
trol disease. All of these are valuable and necessary for
the well-being of the sheep but they tend to be short-
term solutions and their blanket use may be conceal-
ing natural variation in susceptibility to disease.

At the present time there is a huge increase of
interest in selection for disease resistance. Two very
different examples of genetic variability linked to dis-
ease are cited below. Scrapie is a transmissible
spongiform encephalopathy (TSE) that has been
known to be a fatal condition for more than a cen-
tury. Polymorphisms at codons 136, 154 and 171 of

the prion protein have been found to be linked to
susceptibility and it is now possible to select animals
that, when challenged, do not show clinical signs of
the disease. In the UK there is a National Scrapie
Plan that includes an EU directive for the compul-
sory testing and restricted use of rams [22].

Intensive production, high stocking rates and fertil-
izer use have required the regular use of anthelmintics
to control nematodes but worm resistance to the avail-
able drugs has invoked a rethink. There is now evidence
from a number of breeds that 2040 per cent of the vari-
ation in faecal egg counts of weaned lambs and peri-
parturient ewes is the result of genotype differences. In
addition, a strong favourable genetic correlation has
been found between faecal egg counts and growth rates
of lambs [23, 24]. Identification and use of resistant ani-
mals has consequently become a major objective in sev-
eral breeding programmes throughout the world.

The success of the above programmes should be a
spur for the setting up of programmes to identify vari-
ation in and then selection for resistance to a number
of other conditions that create difficulties for the sheep
industry. Lameness is probably the major health and
welfare problem for sheep and shepherds, and some
sheep are more susceptible than others. It would be a
huge benefit if either within or across breeds resistant
populations could be established to reduce the number
of painful cases and the time that has to be spent pre-
venting infection and curing affected animals.

The time seems opportune for breeders, geneti-
cists, veterinary surgeons and scientists to talk,
exchange ideas and challenge present concepts about
the most efficient measures of disease control in the
short and long term.
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Sheep welfare: standards and practices

A.C. Winter and J.L. Fitzpatrick

Sheep are kept under a wide variety of extensive and
intensive conditions, which bring with them a range
of associated welfare problems. From the time sheep
were first domesticated, their appearance and breed-
ing have been manipulated according to the particular
demands of society; this is particularly true of wool
type and yield, carcass shape, litter size and breeding
season. These factors can have many welfare implica-
tions. In the UK, sheep production has retained a
largely natural or ‘green’ image, in contrast to intensive
farming of pigs and poultry, which must not be lost if
the confidence of the consumer is to be maintained.

LEGISLATION

The welfare of farm animals in the UK is currently
regulated by a number of Acts of Parliament. New leg-
islation is being discussed in a draft Animal Welfare
Bill that brings together and modernizes welfare legis-
lation for farmed and non-farmed animals. This was
published in July 2004 and awaits time for discussion
in Parliament. Once enacted, owners and keepers
will have a duty to promote the welfare of their animals
and a new offence of failing to take reasonable steps
to ensure an animal’s welfare will be introduced.
Until 1968 the main legislation lay in the Protection
of Animals Act 1911, which aimed to prevent cruelty
to animals, in particular ‘unnecessary suffering by any-
thing which is done or omitted to be done’. Following
the Report of the Brambell Committee, which con-
sidered intensive methods of farming, statutory pro-
visions for the welfare of livestock were introduced in
the Agriculture (Miscellaneous Provisions) Act 1968.
Legislation under this Act includes the prohibition of
certain operations on animals with or without the use
of anaesthetics (for sheep this specifies freeze dagging,

short-tail docking and tooth grinding), and provides
for the production of welfare codes. It also includes
the Welfare of Farmed Animals Regulations 2000
under which owners and keepers have to take rea-
sonable steps to ensure the welfare of animals under
their care and not cause any unnecessary pain, suffer-
ing or injury. A code of recommendations for the wel-
fare of sheep was first published in 1977, with a new
version in 2000, revised in 2003 [1]. Welfare codes
do not have the force of law, but failure to abide by
their recommendations can be used as evidence of
poor welfare standards. Law relating to transport is
described in Chapter 5.

The Council of Europe produced recommendations
concerning sheep in the Standing Committee of the
European Convention for the Protection of Animals
kept for Farming Purposes in 1992 [2]. A European
Commission Council Directive (98/58/EC) on the pro-
tection of animals for farming purposes that sets
standards relating to the welfare of all farm animals
in the EU was implemented in the UK by means of
the Welfare of Farmed Animals Regulations 2000,
mentioned above. The EU has recently published an
animal welfare action plan for 2006-10 [3]. On a
much wider scale, the Office International des Epizoot-
ies (OIE) has set up an animal welfare working group
to provide guidance on global welfare standards.

FRAMEWORK FOR ASSESSING
WELFARE STANDARDS

In the UK, an independent body, the Farm Animal
Welfare Council (FAWC), set up in response to the
Brambell Report, keeps under review the welfare of
farm animals at all stages from farm to slaughter, and
advises the agriculture ministers on any matters of
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concern, changes required to welfare codes, legislation,
etc. The welfare of farm livestock is generally consid-
ered under the so-called ‘Five Freedoms’ developed by
FAWC, which, although defining ideal states, form a
logical and comprehensive structure for the analysis of
standards within any system. These promote ‘positive’
welfare as opposed merely to absence of cruelty.
The Five Freedoms are:

1. Freedom from hunger and thirst by ready access
to fresh water and a diet to maintain full health and
vigour.

2. Freedom from discomfort by providing an appro-
priate environment, including shelter and a com-
fortable resting area.

3. Freedom from pain, injury or disease by prevention
or rapid diagnosis and treatment.

4. Freedom to express normal behaviour by provid-
ing sufficient space, proper facilities and company
of the animal’s own kind.

5. Freedom from fear and distress by ensuring con-
ditions and treatment to avoid mental suffering.

These freedoms require that people who are caring for
livestock should provide:

® caring and responsible planning and management

@ skilled, knowledgeable and conscientious stock-
manship

® an appropriate environment

® considerate handling and transport

® humane slaughter.

INDICATORS OF WELFARE

Assessment of welfare may be qualitative or quantita-
tive. Qualitative indicators include fear, timidity, agita-
tion, pain, calmness, curiosity and play [4]. Behavioural
indicators of stress may include vocalization, panting
and markedly increased locomotory activity [5]. Quan-
titative indicators include physiological changes, e.g.
heart rate, plasma cortisol and catecholamine con-
centrations, altered reproductive parameters, increased
disease incidence, and reduced growth rate. Responses
of sheep to chronic stress are diffuse and subtle [6].
Sheep show particularly large physiological res-
ponses to the approach of a dog (especially an unfamil-
iar one) and introduction into a new flock, and find
isolation, capture and inversion more aversive than
physical restraint. They also find shearing stressful [7].

A system of harvesting wool, without the need to
shear, by injecting a protein which causes cessation
of wool production in the follicle for a few days, is
being developed in Australia.

Among farm animals sheep are particular stoics and
exhibit few obvious signs of pain or distress. As a species
subject to predation, masking visible indicators from
predators may have given sheep an evolutionary sur-
vival advantage. As human observers generally lack
the ability or skills to discern their outward signs,
methods for objective assessment of distress or pain
in livestock, including sheep, are being used to pro-
vide a scientific understanding that, in turn, can help
to improve welfare.

Many studies have measured cortisol as an indica-
tor of stress, pain and poor welfare. The acute phase
proteins (APP) in serum are also useful in categoriz-
ing disease severity that may then be correlated with
pain and welfare status. APPs are serum proteins that
increase in concentration during infection or inflam-
mation [8]. They are relatively stable and persist for a
number of days or even weeks after the original insult
or stimulus. The APPs, haptoglobin and serum amyl-
oid A, correlate with clinical mastitis in cattle [9]. They
or other APPs may be useful biological correlates of
inflammatory disease in sheep.

PAIN IN SHEEP

Sheep are susceptible to many diseases in which
inflammation is a key component of the pathophysio-
logical process. Inflammatory diseases include foot and
limb lesions such as foot-rot, interdigital dermatitis
and, increasingly, contagious ovine digital dermatitis
(CODD), pneumonias, mastitis, and dermatitis com-
monly associated with sheep scab. In these conditions,
infections with pathogens including bacteria, viruses
or parasites induce the inflammatory cascade with
the release of mediators such as histamine, comple-
ment, cytokines and prostaglandins. In addition to their
effect on blood flow and the immune response, some
mediators are known to alter pain processing at local
tissue levels where pain receptors (nociceptors) may
be affected [10]. Mediators may also affect the cen-
tral nervous system by altering pain processing at the
spinal cord level. When these changes occur, animals
are said to be ‘hyperalgesic’, i.e. they respond to an
unpleasant stimulus at a level which would not affect
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normal individuals [11, 12]. Thus, hyperalgesia can be
an indirect indicator of the presence of pain and has
been described in a number of species, including
humans, cattle and sheep.

In farm animals hyperalgesia is measured by appli-
cation of a mechanical stimulus, usually to a limb, using
a gas-driven device, which increases gradually in pres-
sure until the animal responds by moving (e.g. kick-
ing or shifting weight) [13]. This allows measurement
of pressures over time to be correlated with different
indicators of disease. To date, studies have focused
on diseases with recognized indicators of severity such
as mastitis (clinical signs in the mammary glands, vis-
ible alteration in milk, and/or the presence of somatic
cells in milk) and lameness where locomotion, lame-
ness and lesion scoring can be employed. Hyperalgesia
has been demonstrated in lame sheep and cattle [14,
15]. Sheep with severe lameness had a significantly
lower threshold to a mechanical stimulus than matched
‘sound’ controls, indicating that hyperalgesia was pre-
sent and suggesting that the sheep were affected by a
painful condition. The duration of hyperalgesia var-
ied in different studies, with some suggesting that lame-
ness may induce pain for up to a week while others
showed that the effect lasted for 3 months, even though
the sheep were no longer lame [16]. It is likely that
the duration of pain will vary with the aetiology of the
lameness due to the wide variety of causes of this con-
dition in sheep (see Chapter 39). Hyperalgesia has also
been described in naturally occurring mastitis, includ-
ing acute mastitis in dairy cows and chronic mastitis
in sheep.

In the UK, non-steroidal anti-inflammatory drugs
(NSAIDs) are used to treat farm animals affected by
inflammatory diseases (see Chapters 73 and 74). Their
use tends to be reserved for cases demonstrating obvi-
ous clinical signs and where the signs, such as anorexia
or dullness, indicate a relatively severe form of disease
often with systemic involvement. The use of NSAIDs
in sheep tends to be more limited than in cattle and
pigs. Few studies on the effect of NSAIDs in diseases
of sheep have been reported, but flunixin meglumine
did reduce hyperalgesia in cases of foot-rot with the
responses to a mechanical threshold returning to nor-
mal levels [17]. That NSAIDs are used only rarely to
treat sheep may result from a lack of perception of
need for anti-inflammatory or analgesic therapy, from
cost considerations or from lack of products specifically
licensed for use in sheep. However, in the EU, prod-
ucts authorized for other food-producing animals can

be used under the ‘Cascade’ system. As more know-
ledge is gained on the pain associated with disease in
sheep, it is to be hoped that drugs which alleviate pain
will be used more frequently and strategically.

Many facets of disease influence the overall contri-
bution to pain in individual sheep, and on a flock basis.
These include the intensity and duration of the dis-
ease in individual sheep, and also the prevalence of the
disease when pain is assessed at the flock level. Clearly,
measurement of disease intensity is not sufficient, since
pain of low intensity but long duration may be of dif-
ferent significance to an individual animal within a
flock than a high intensity pain for a short duration,
although in terms of flock welfare, both may have com-
parable impact. Thus, the need to assess the severity
of disease and associated pain as a function of dur-
ation, intensity and prevalence is increasingly recog-
nized. The difficulty in achieving this ambitious goal
is compounded by the fact that on many farms esti-
mation of disease parameters is hampered by poor dis-
ease recording systems and reduced availability of
labour for regular inspection of flocks.

SETTING STANDARDS

FAWC’s report on the welfare of sheep in the UK [18]
made many recommendations to improve standards
of sheep husbandry. The latest welfare code for sheep
takes into account many of the points made.

Several other Member States of the EU have organ-
izations that perform similar roles to FAWC, but not
Spain, which is the only other state with a sheep popu-
lation approaching that of the UK. Of other coun-
tries with a large sheep population, New Zealand is
notable in having a similar organization, the National
Animal Welfare Advisory Committee (NAWAC),
which has produced a Code of Recommendations and
Minimum Standards for the Welfare of Sheep.
Australia also has a Model Code of Practice for the
Welfare of Sheep.

Various farm assurance schemes, which aim to
ensure that a minimum standard of welfare is main-
tained on approved farms, have developed in the UK
[19] in an attempt to reassure consumers that satisfac-
tory standards are being adhered to on farms, during
transport and at slaughter. All assurance schemes are
accredited by the UK Accreditation Service and, for
those covering sheep, standards are based on the
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sheep welfare code. Farm inspections are necessary
before acceptance on the schemes. Of all current
schemes, the RSPCA's Freedom Food scheme focuses
most explicitly on welfare.

An Animal Health and Welfare Strategy (AHWS)
[20] has recently been developed for Britain, setting
out the position it is hoped to achieve by 2014. Within
the overall aims there are some differences in imple-
mentation by devolved authorities; for example, in
Scotland, funding provision encourages farmers to dis-
cuss issues relevant to their farm with their veterinary
surgeon and to plan improvements.

EFFECT OF FINANCIAL SUPPORT
ON WELFARE

Sheep farming within the EU comes within the remit
of the Common Agriculture Policy (CAP) and up to
2004 was supported by payment of a subsidy, the
Sheep Annual Premium (SAP) with farms having indi-
vidual sheep quotas. Under reform of the CAP, Single
Farm Payments (SFP) have been introduced from
1 January 2005, whereby subsidies have been decou-
pled from production, allowing farmers greater free-
dom to farm to the demands of the market and without
minimum or maximum limits on numbers of sheep they
may keep. To receive the payment, farmers must keep
their land in good agricultural condition and comply
with the standards on public health, animal and plant
health, the environment and animal welfare (so called
cross-compliance). Price support through SFPs is
likely to fall progressively over the next 10 years.
Prior to reform of the CAP, price support formed a
significant part of the income of sheep farmers in the
UK [21], particularly in hill and upland areas, where
up to £30 per eligible ewe was paid in some years; this
support could form up to 70 per cent of the gross mar-
gin of the enterprise. With the introduction of SFPs it
remains to be seen what the impact will be on sheep
numbers. Sheep farmers may be facing income reduc-
tions of 20-50 per cent, leading to the possibility of
farm aggregation with larger flocks with lower inputs,
changes that could have very profound effects on sheep
welfare, since any fall in income reduces investments
in labour, feedstuffs and veterinary care. Producers may
aim to increase income from the market by improving
quality of slaughter lambs, or may seek to minimize
costs by reducing inputs or sheep numbers [22]. If

inputs are reduced, emphasis will need to be placed on
the ability of sheep to lamb unassisted without housing
and to thrive on a grass-only diet [23]. Other strategies
such as reducing stocking density for environmental
reasons could, however, be advantageous for the sheep.
New Zealand is one country where all price support
has been removed. After some upheavals, the indus-
try has adapted and survived.

EFFECT OF FARMING SYSTEM ON
WELFARE

The husbandry system under which sheep are kept has
a great influence on their welfare. In some countries,
for example Greece, where the farming system has
changed from traditional extensive to intensive, the dis-
ease incidence has been so great that some farmers
have reverted to extensive systems. Extensively farmed
sheep, which are perceived as being in the most natu-
ral system, are at risk of undernutrition and extreme
weather conditions, particularly in winter, but are at
low risk from infectious diseases. They may be
inspected only at irregular intervals because of the
impossibility of covering the large areas of remote or
difficult terrain over which they graze at very low stock-
ing densities [24, 25]. Large numbers of sheep kept in
the mountainous areas of UK and in New Zealand,
for example, fall into this category.

Sheep on enclosed land are usually kept at much
higher stocking densities and are particularly at risk of
diseases caused by internal parasites such as round-
worms and coccidia, and infectious diseases spread by
close contact such as foot-rot; however, regular inspec-
tion is much easier. In the UK, many sheep are housed
for at least part of the production cycle, particularly
for protection against severe weather during lambing
time or for fattening lambs in the winter. Housing can
have a major effect on welfare (good or bad), depend-
ing on the quality of management.

GENERAL MANAGEMENT

Shepherding

The skill and experience of the shepherd, the person
actually caring for the sheep, is probably the most
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important factor influencing their welfare. The country
and type of system determines how much contact the
shepherd has with the sheep. With flocks on enclosed
ground in the UK, daily inspection is possible, so any
welfare problems should be detected and dealt with
quickly. In extensive systems in remote or mountainous
areas, sheep may be seen only at gathering times, per-
haps three times a year; they live, therefore, more or
less as feral animals, so it is important that hardy breeds,
adapted to the conditions, are not replaced by less
hardy breeds in the pursuit of increased output. Access
to remote areas can be improved by constructing hill
roads and the use of all-terrain vehicles. In many parts
of mainland Europe, sheep grazing remote areas are
still managed by traditional methods, with a shepherd
constantly herding them and maintaining flock struc-
ture. The number of sheep that can be cared for by one
shepherd is also an issue. In the UK, an upper limit of
about 1000, with extra help at busy periods such as
lambing, was suggested by the FAWC in 1994 but the
number per shepherd has probably risen since then; 30
years ago it was common for one person to be responsi-
ble for no more than 350-400 ewes. In countries such as
Australia and New Zealand, the number of sheep kept
per shepherd is generally much larger.

In the UK, there is a potentially serious problem
with an ageing population of hill shepherds in parti-
cular, with few young shepherds coming forward
to replace them, because of the arduous nature of
the job. Availability of training is also an issue, as the
widespread network of training groups run by the
Agricultural Training Board in the 1970s and 1980s no
longer exists, although in some areas newer regional
organizations, colleges and some veterinary practices
do provide training opportunities. Training of stock
keepers is crucial and local training groups perform an
extremely valuable function if they can deliver practical
‘hands-on’ tuition given by highly experienced instruc-
tors, including veterinarians and farmers.

Food and water

Sheep require an adequate diet in order to breed and
grow to their full potential (Chapter 8). In periods of
drought or severe winter weather, supplementary feed-
ing will be necessary if sheep are not to suffer from
malnutrition. With extensively managed sheep, it is
good practice to provide easily accessible stores of
feed in case of sudden onset of severe weather. The

widespread uptake of scanning for fetal numbers has
improved the welfare of hill sheep in particular, since
twin-bearing ewes can be removed for better treat-
ment in less harsh conditions. This has helped to over-
come the problem of chronic undernutrition caused
by overgrazing land in summer, with ewes entering
the winter period in poor condition.

It is essential that all sheep have access to food at
the same time when limited amounts are being fed, i.e.
adequate trough space, otherwise the weaker animals
will be at a disadvantage. Floor feeding is an alterna-
tive. Composition of the food is also important; a ten-
dency to buy concentrates on price (as low as possible!)
rather than quality, can lead to problems such as preg-
nancy toxaemia. When sheep are housed, they are
entirely dependent on the shepherd for their food and
water supply.

Condition scoring is the most usual means of assess-
ing body state, although regular weighing is used for
sheep of a uniform type. In the UK, a condition score
of less than 2 for lowland sheep and 1.5 for those on
the hill in a significant number of the flock can indicate
inadequate care and requires positive steps to rectify
the situation.

Sheep also need a regular supply of water, although
intake may be low if they are on a diet with a high
moisture content, for example root crops. Lactating
ewes can have a high water requirement. Some hill
ewes are reluctant to drink from troughs and need a
supply of running water.

Housing and handling

Winter housing can improve the welfare of sheep and
shepherd; it can also reduce lamb losses and improve
profit margins, but has to be managed well otherwise
severe disease problems can arise. Adequate amounts
of dry bedding are essential. Dirty, wet conditions
underfoot will predispose to infections such as foot-rot,
pneumonia, and scouring and polyarthritis in young
lambs. Unacceptably wet bedding is a common con-
sequence of feeding low-dry-matter silage.

A well-designed and maintained handling system is
crucial to good flock management. This should include
facilities such as a dip or shower to apply preventive
treatments for external parasites where necessary; a
footbath and a device to turn over sheep so that the
shepherd can work in a normal standing position when
foot trimming, can help to raise standards of foot care.
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Health and disease

The animal health and welfare strategy (AHWS) for
Great Britain [20] brings together current thinking
and policies and lays out aims for the future. It empha-
sizes that prevention is better than cure and advocates
health planning and other proactive services to
improve health and welfare of all animals.

Any disease has an adverse effect on welfare, in par-
ticular those such as lameness or parasites (external
or internal) that affect large numbers of the flock.
Individual sick sheep should also be dealt with by
receiving appropriate treatment or, if untreatable,
should be culled (see ‘Casualties’ below). Fitness of
the flock should be maintained by an annual inspec-
tion of breeding animals, with particular attention
being paid to soundness of teeth, including molars.
Animals that are unfit through problems such as tooth
disease, chronic lameness, mastitis or breeding diffi-
culties should be culled. The development of written
health and welfare programmes covering the yearly
production cycle for all flocks, with appropriate expert
advice, is a major recommendation of the Welfare Code
and its importance is emphasized in the AHWS. Some
diseases such as foot-rot and sheep scab must be tack-
led on a flock or even regional basis for control to be
successful. Scab has been controlled successfully in
some areas of Scotland by co-operation of all farmers
in a defined area. Foot-rot has been almost eliminated
from New South Wales, Australia, as the result of an
eradication programme. Other infectious diseases
which lead to chronic weight loss for which there are
control programmes in some countries include
Johnes disease and maedi-visna.

Breeding and lambing time

The period around lambing is when most deaths occur
(75 per cent of ewe deaths and an average UK lamb
mortality rate of up to 20 per cent). Lamb survival is
an important indicator of welfare standards within a
flock, although allowances have to be made for the
effect of exceptional weather conditions. Even so, good
shepherding and a range of management factors includ-
ing pregnancy diagnosis, better ewe feeding, housing,
good preparation and planning can keep lamb mor-
tality under 10 per cent even in harsh conditions [26].
Training of staff in lambing and lamb survival tech-
niques is of paramount importance.

Lamb survival is enhanced when strong bonding
occurs between ewe and lamb(s). There are behav-
ioural and physiological adaptation differences
between hill and lowland breeds that influence lamb
survival [27]. For ewes lambing outside, bonding occurs
most readily where the animals are not disturbed from
the lambing site. The welfare of mother and offspring
is therefore best met by regular inspection from a dis-
tance, with intervention only when lamb or ewe survival
is threatened [28]. In extensive conditions, the best use
of labour may be to separate and supervise twin-bearing
ewes and to leave single-bearing older ewes on the open
hill to lamb with little or no supervision. In indoor lamb-
ing flocks, provision of well-bedded individual pens for
ewe and lambs for 24 hours or so after lambing allows
bonding and reduces the risk of mis-mothering.

Manipulation of breeding by techniques such as
intravaginal progestogen sponges, artificial insemi-
nation (AI) and embryo transfer can have adverse
effects on welfare if operators are not properly trained
and facilities (e.g. number of lambing pens) are not
adequate. In the UK, performance of embryo trans-
fer and laparoscopic Al is restricted to veterinarians.
Genetic selection for increased yield of meat and car-
cass shape, etc. can have adverse effects on ease of
lambing (Chapter 11).

Casualties

Chronically sick animals, which have no carcass value,
and injured animals, even if they have a value, may
not be legally transported in the UK (other than for
veterinary attention) and are a particular welfare
concern. They should be killed humanely on the farm as
soon as possible. Guidance has been given on trans-
port of casualties [29] and on dealing with casualties
in general [30].

Mutilations

The benefits of carrying out any procedure that is
classed as a mutilation must outweigh the disadvan-
tages, such as the acute and chronic pain resulting from
the procedure, which should itself be minimized. The
main concerns lie with tailing and castration, which are
dealt with in Chapter 4.

Human selection for maximum fine wool produc-
tion, exemplified by the Merino breed which has many
folds that increase skin area, has produced an animal
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that is very susceptible to fly strike. This has resulted
in two types of mutilation which reduce soiling of skin
and therefore attractiveness to blowflies. The first,
the ‘mulesing’ operation (cutting away the woolled skin
immediately adjacent to the hairless area around the
anus), reduces the risk of fly strike in the folds of wool-
covered skin in the perineal area. The disadvantages
are the pain caused at the time of the operation and
during healing, and the risk of infection and fly strike
during healing. The advantage is that the resultant scars
avoid the contamination of wool with faeces and
urine, so flies are less likely to be attracted to the site.
Research into alternatives to mulesing has been car-
ried out over many years and has been given additional
impetus by increasing public questioning of the pro-
cedure because of the adverse welfare impact referred
to above. The most promising alternative involves injec-
tion of collaginase intradermally around the breech.
This causes local bruising and scabbing of the skin
with loss of wool from the treated area. The proced-
ure appears to be painless [31]. Preventive chemical
treatments are an alternative, but mean frequent, often
protracted and stressful musterings.

The other operation is ‘pizzle-dropping’, that is, cut-
ting the skin of the prepuce so that it hangs free of the
abdomen, facilitating urine drainage; this prevents ‘piz-
zle rot’ (balanoposthitis). This procedure and mulesing
are both banned in the UK.

Identification by tagging or tattooing may also be
viewed as a mutilation, although some form of perma-
nent marking is usually necessary at least for manage-
ment reasons. In countries of the EU double tagging
of all sheep born after 9 July 2005 is mandatory for
identification and tracing purposes, although the UK
has a temporary derogation which allows single tagging.
Electronic identification of sheep in all EU countries
will be mandatory from 1 January 2008.

CONCLUSION

Flock welfare is best safeguarded by good advance
planning by well-trained staff equipped with modern
aids to assist in handling sheep. A health and welfare
programme incorporating correct nutrition, appropri-
ate vaccines, parasite control measures, etc. will ensure
optimum flock health. Treatment of sick sheep and
culling of those unfit to breed before the next breeding

cycle will help to maintain a good welfare standard
throughout the flock. The UK Sheep Veterinary Society
has produced a policy statement [32] encompassing
many of the issues addressed in this chapter.
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Welfare of fetal and newborn lambs

D.J. Mellor

During the past 50 years, curiosity driven research
and the use of the fetal sheep as a model for human
clinical application vastly improved knowledge of
fetal physiology in general, and of fetal neurological

development and functionality in particular [1, 2]. Over
the same period, applied research, driven primarily by
economics, led to major advances in knowledge of
the causes and prevention of neonatal lamb mortality
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and provided practical means for minimizing such
losses with intensive [3-5] and extensive [6] lambing
management systems (see Chapter 10).

Although virtually none of this research was con-
ducted with the welfare of the fetus or newborn expli-
citly in mind, recent re-evaluations of the literature
have provided some novel welfare insights [1, 2, 7, 8].
They are supported by sound scientific evidence that
the fetal lamb is actively maintained in a continu-
ously unconscious state throughout pregnancy and
that consciousness appears for the first time only after
birth. The evidence is summarized and some implica-
tions for the welfare of fetal and newborn lambs are
outlined here.

PREREQUISITES OF SUFFERING

Significant suffering, in whatever form, is the antith-
esis of good welfare [9, 10]. To suffer, or indeed exper-
ience good welfare, internal and external stimuli must
be able to elicit impulse transmission along nerves from
peripheral sensory receptors to the animal’s brain,
and its brain structures must be operationally sophis-
ticated enough to transduce those nerve impulses into
perceived sensations. Moreover, the functional state
of the brain must be able to support consciousness, as
unconsciousness nullifies perception. Finally, for wel-
fare to be compromised, the intensity, duration and/or
character of the sensations the animal perceives must
result in noxious or aversive experiences.

Thus, the prerequisites of suffering are the presence
of a nervous system of sufficient sophistication to per-
ceive sensations, a functional brain state that supports
consciousness and sensory input that is experienced
as NOXious Or aversive.

PHYSIOLOGICAL BACKGROUND

Prenatal development of the neural
apparatus

Neurological development in the embryo and early
fetus is not apparently sufficient to allow impulse trans-
mission in sensory nerves to be perceived as sensa-
tions. Initially this is because nerve tracts and brain

structures are too rudimentary and sparsely connected.
Although developmental sophistication progressively
increases, it is only after critical connections have been
made between the cerebral cortex, the part of the brain
responsible for consciousness, and subcortical brain
structures, principally the thalamus, that sensory per-
ception would become possible [1, 2]. This occurs
about two-thirds of the way through pregnancy in fetal
lambs.

The sensory environment in utero is significant and
varied, and by late pregnancy the fetal lamb is
responsive to stimulation in most of the sensory modal-
ities evident after birth [8]. The development of these
mechanisms prenatally allows the newborn to use sight,
hearing, smell, taste, touch, proprioception (awareness
of body orientation and posture) and thermal sensi-
tivity to bond successfully with its mother and secure
its survival during the critical first few minutes and
hours after birth [1, 8]. It is evident, therefore, that fetal
sense organs do operate in utero, but this does not
mean that the fetus perceives or experiences the asso-
ciated inputs as sensations. For that to occur the fetus
would need to be conscious.

The absence of fetal consciousness

As just noted, the nervous system is too immature to
support any activity resembling consciousness during
the embryonic and early fetal stages of development.
Thus, even if the physiological environment of the brain
permitted it, neural development could not support
fetal consciousness until after establishment of the
critical corticothalamic connections. Moreover, the
electrical activity of the fetal cerebral cortex (ECoG)
provides apparently definitive evidence that fetal con-
sciousness is absent before and throughout the last
half of pregnancy in sheep [1, 2]. Fetal ECoG activity
is initially non-existent. It then evolves through rudi-
mentary and discontinuous patterns into undifferen-
tiated continuous activity, and, finally, during the
final few weeks before birth, it matures into two dis-
crete states that resemble the rapid eye movement
sleep and non-rapid eye movement sleep patterns seen
normally in postnatal lambs. These are all states of
unconsciousness. Thus, although the fetal neural appar-
atus may be able to support consciousness during late
pregnancy, the evidence is that the fetal lamb remains
unconscious throughout [1, 2].
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Maintenance of fetal unconsciousness

This conclusion is supported by evidence that a num-
ber of suppressors act in utero to inhibit fetal neural
activity. Thus, fetal, placental and uterine tissues play
a key role in providing chemical and physical factors
that together actively maintain the fetus in a continu-
ously unconscious state [1, 2]. These factors include
the following: (1) a powerful ECoG suppressor and
unconsciousness-inducing agent (adenosine), pro-
duced by fetal tissues and the placenta, the concen-
trations of which markedly increase during hypoxaemia
and decrease during experimentally induced fetal
oxygen abundance; (2) two neuroactive steroids (allo-
pregnanolone, pregnanolone) which have well-
established anaesthetic, sedative/hypnotic and anal-
gesic actions and are synthesized by the fetal brain
and placenta; (3) a potent sleep-inducing hormone
(prostaglandin D,); (4) other ECoG inhibitors pro-
duced by the placenta; and (5) warmth, together with
(6) buoyancy and cushioned tactile stimulation within
the uterine environment.

Changes in neural state at birth: the onset
of consciousness

Fetal unconsciousness persists throughout labour
until after birth [8]. Indeed, it often becomes deeper,
because transient hypoxaemia-induced increases in
adenosine concentrations during uterine contrac-
tions, when sufficiently strong and protracted, can
cause almost complete suppression of the ECoG
(indicated by a near isoelectric trace). This marked
inhibition and lesser such effects are usually rap-
idly reversed when fetal normoxaemia is restored
between labour contractions. Likewise, when placen-
tal oxygen supply is lost with severance of the umbil-
ical cord immediately after birth, the ECoG of the
newborn would progress towards an isoelectric state,
reached after 60-90 seconds. Such cortical inhibition
can only be reversed with the successful onset of
breathing.

Breathing begins despite cortical inhibition because
brain stem activities supporting the initiation of breath-
ing, and other functions, are safeguarded, even dur-
ing protracted hypoxaemia [2, 8]. Umbilical cord
severance, hypoxaemia, hypercapnia (elevated car-
bon dioxide tensions) and other factors in the new-
born lamb elicit gasping that leads to successful

inflation of the lungs (if mature enough), then to the
onset of breathing and a rapid elevation in oxygen
tensions, which eventually rise to well above maximum
fetal levels. It is this oxygenation of the newborn
which, together with loss of the placenta as a source
of adenosine, would result in a rapid decrease in
blood and cerebral adenosine concentrations and a
decrease in adenosine inhibition of the cerebral cor-
tical functions required for consciousness. Conscious-
ness therefore appears for the first time only after
birth.

Loss of the placental source of other cortical
inhibitors, including allopregnanolone and preg-
nanolone, would also contribute to the onset of con-
sciousness in the newborn, but the decline in their
inhibitory effects may take longer than for adeno-
sine. However, once the putatively dominant inhib-
ition of adenosine has declined, any residual inhibition
by other such factors is likely to be offset by ECoG
activators that begin to operate just before and dur-
ing labour, especially during the final delivery stage
and immediately after birth [8]. These neuroactiva-
tors include 17B-oestradiol, which is a potent neu-
roactive steroid with widespread excitatory effects in
the brain, noradrenaline released from excitatory
locus coeruleus nerves that extend throughout the
brain and promote arousal and alert vigilance, and a
barrage of novel sensory inputs associated with the
newborn’s first exposure to air, gravity, hard surfaces,
unlimited space and, usually, to cold ambient condi-
tions. Sight, hearing and taste may also contribute
novel stimulatory impulse barrages.

WELFARE OF THE FETUS

Concerns about fetal welfare arise when movements
in utero are observed after maternal slaughter at
commercial abattoirs and elsewhere, or during dis-
ease control programmes, and when exposed fetuses
flinch and/or kick in response to needle insertion or
other such invasive procedures. These movements
are sometimes taken to indicate that the fetus is con-
scious, can suffer and does so under those circum-
stances. However, there is now a sound scientific basis
(summarized above) for concluding that the fetal lamb
IS never conscious in utero, so that its welfare cannot
be compromised.
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Slaughter of pregnant sheep

Except when religious slaughter is practised, com-
mercial slaughter of sheep, whether pregnant or not, is
preceded by a stun to first make the animal uncon-
scious, and is accomplished by a neck cut that severs the
major vessels carrying blood to and from the brain. The
purpose is to cause a catastrophic and irreversible drop
in blood supply to the brain that leads to disordered
brain function, to the impossibility of regaining con-
sciousness and eventually to brain death, and, over
the same period, to cessation of the heart beat [1].

Blood loss is very rapid, so that blood flow through
the brain and other tissues of the body ceases quickly
(i.e. usually within 10-20 seconds) [1]. In pregnant
animals, blood flow and the accompanying oxygen
supply to the uterus would cease over the same period.
This means that oxygen supply to the fetus, via the
placenta, would stop within 10-20 seconds. In fetuses
within a few weeks of birth this leads very rapidly, i.e.
within 60-90 seconds of the cessation of blood flow,
to the disappearance of most detectable electrical activ-
ity in the cerebral cortex [1, 2].

This means that well within 60 seconds of effective
slaughter of the pregnant ewe by a neck cut, the already
unconscious fetus progresses to a state of profoundly
deep unconsciousness and to an inevitable death
provided that oxygen supply is not reinstated [1].
Likewise, although progress to fetal death may be
somewhat more protracted after killing the ewe instant-
aneously with a penetrating captive bolt or by shoot-
ing, but without a neck cut, the implications for the
continuously unconscious fetus are the same. Thus,
fetuses that remain in the uterus until they are dead
cannot suffer at any stage of the slaughter process.
Their welfare is safeguarded. The movements often
observed before fetal death are subcortical reflex
responses to the increasing hypoxaemia and hyper-
capnia, and are not a cause for welfare concern [1, §].

Collection of fetal tissues at slaughter

If fetuses are kept in the uterus until they are dead no
welfare compromise can occur. Likewise, suffering
cannot occur if, immediately on exposure, living fetuses
are killed by a neck cut, captive bolt, or a blow to the
head with a suitable blunt instrument. In contrast,
welfare compromise can occur if living fetuses with
mature lungs (i.e. within a week of birth) are removed

from the uterus in circumstances where they could
begin to breathe and successfully oxygenate their brain
tissues to levels compatible with consciousness [1, 11].
Precautions to prevent this include not removing liv-
ing fetuses from the uterus until at least 5 minutes
after the maternal neck cut (by which time the ECoG
would be isoelectric and the brain would be anoxic)
and by preventing them from successfully breathing
air (e.g. by keeping the head in the uterus, clamping the
trachea). Such precautions should be applied to all
near-term fetuses that might be able to breathe
successfully, however immature they appear to be.
Provided that these precautions are taken, flinching
or kicking by living fetuses in response to invasive
procedures (e.g. needle insertion, cutting) are sub-
cortical reflexes, unrelated to consciousness, and are
not a cause for welfare concern. Safeguards for fetuses
during slaughter of pregnant animals, based on these
observations, have been incorporated into Office
International des Epizooties draft global guidelines for
the slaughter of animals for human consumption [12].

Fetotomy (embryotomy)

Fetotomy, often incorrectly called embryotomy, raises
welfare questions on those occasions when living
fetuses need to be dismembered in utero in order to
manage intractable dystocia. The above analysis and
the further observation that the fetus cannot be aroused
from its normal unconscious state to consciousness
by noxious stimulation [2], show that, despite with-
drawal and other reflex responses to cutting, it cannot
experience pain or suffer. Nevertheless, killing such
fetuses first [1] may be preferred in light of the emo-
tional challenge of dismembering a physically respon-
sive fetus, notwithstanding its unconscious state.
On those occasions when a jammed lamb is partially
delivered and obviously conscious, it must be killed
before fetotomy is undertaken (see Chapter 11).

WELFARE OF THE NEWBORN

Consciousness appears after birth only when breath-
ing oxygenates the lamb sufficiently to remove the
dominant neuroinhibitory effects of adenosine on its
brain function. The lamb that never breathes will never
become conscious and will die without suffering.
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The lamb with compromised lung function that does
breathe, but not successfully enough to achieve an
oxygenation-induced reduction in adenosine to levels
compatible with consciousness, will also die without
suffering. In contrast, most newborn lambs become
conscious within minutes of birth [1, 7] and, once
conscious, they have the potential to experience nox-
ious and other sensations and to suffer if the intensity,
duration and/or character of those sensations are suf-
ficiently noxious or aversive.

The causes of neonatal lamb mortality and morbidity
are well understood [3-6] but, until recently [7], their
welfare implications had not been considered. There
was a general presumption, however, that neonatal
problems that result in death or severe debility must
involve severe suffering, but this may not always be the
case [7].

The major subjective experiences of welfare concern
in the newborn lamb are apparently breathlessness,
hypothermia, hunger, sickness and pain, and reference
to documented responses of lambs, and to appropri-
ate human experience, suggests that breathlessness
and hypothermia usually represent less severe wel-
fare insults than do hunger, sickness and pain [7].

Breathlessness

Breathlessness due to compromised lung function is
linked to both hypoxaemia and hypercapnia, but hyper-
capnia is its primary cause. When the hypoxaemia is
severe the newborn would be unconscious, as already
noted, or its consciousness would be significantly dulled.
Furthermore, hypoxaemia impedes heat production so
that such lambs would be likely to become hypother-
mic in their usual birth environment, and hypothermia
itself dulls consciousness (see below). Accordingly,
both moderate hypoxaemia and hypothermia may
reduce the noxious experience of breathlessness by
dulling consciousness. On the other hand, as breath-
lessness is primarily due to hypercapnia, conscious
lambs that are only mildly hypoxaemic and hypother-
mic may experience breathlessness at noxious levels.

Hypothermia

Hypothermia precedes death in most lambs that die in
the perinatal period, and the majority of surviving
lambs exhibit transient hypothermia during the first
few hours after birth. Human experience shows that

hypothermia can occur without the knowledge of the
person and that as it becomes more severe, within the
range commonly exhibited by newborn lambs before
death, it dulls cognitive ability and consciousness. This
is likely to reduce noxiousness of experiences associated
with hypothermia. On the other hand, excessive cold
can cause distress because of the marked physiological
demands of producing heat at maximum rates for long
periods and, possibly, because of cutaneous cold pain.

Hunger

Hunger becomes a welfare concern when its intensity
rises significantly above usual daily levels. Starvation
is relatively common in newborn lambs. Starved lambs
experience severe hunger, the noxiousness of which
may be reduced when hypoglycaemia causes sufficient
hypothermia to depress consciousness, or when the
starved newborn sleeps or becomes comatose. The
duration of starvation-induced hunger is shorter in
cold than in warm environmental conditions.

Sickness

Sickness, which is usually associated with infections
in newborn lambs, can apparently be a relatively benign
or noxious experience, depending on its cause. Thus,
sleep, drowsiness, coma and hypothermia, which may
be major features of a sickness episode, tend to be
more benign in their effects and, if present, may reduce
the noxiousness of distress and pain associated with
some infections. Alternatively, distress and pain asso-
ciated with infections may be very severe and not
accompanied by these alleviating factors.

Pain

Pain arising from injuries or infections can be accom-
panied by alleviating factors such as sleep, immobility
and treatment, and, alternatively, may be exacerbated
by the nature and severity of the injury or tissue dam-
age, and be of such an intensity or character that nat-
ural means of reduction, such as sleep and immobility,
are not effective.

Concluding comments

Clearly, two or more of these experiences can overlap,
sometimes where one reduces the effects of another
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(e.g. where hypothermia dulls consciousness in hungry
or sick newborns), and sometimes with greater nega-
tive welfare consequences (e.g. sickness plus pain).
Although in the former cases the extent of welfare
compromise may not be as bad as originally thought,
all significant welfare compromise is of concern. In the
case of newborn lambs, minimizing such compromise
can be achieved by the application of successful,
science-based lambing management strategies that
have been developed over the past 50 years [3-7].

REFERENCES

1. Mellor, DJ. and Gregory, N.G. (2003)
Responsiveness, behavioural arousal and aware-
ness in fetal and newborn lambs: experimental,
practical and therapeutic implications. New
Zealand Veterinary Journal, 51, 2-13.

2. Mellor, D.J., Diesch, T.J., Gunn, AJ. et al. (2005)
The importance of ‘awareness’ for understand-
ing fetal pain. Brain Research Reviews, 49,455-71.

3. Mellor, D.J. (1988) Integration of perinatal
events, pathophysiological changes and conse-
quences for the newborn lamb. British Veterinary
Journal 144, 552-69.

4. Henderson, D.C. (1990) The Veterinary Book for
Sheep Farmers. Farming Press, Ipswich.

5. Eales, FA., Small. J. and Macaldowie, C. (2004)
Practical Lambing and Lamb Care. Blackwell,
Oxford.

6. Fisher, M.W. and Mellor, D.J. (2002) The wel-
fare implications of shepherding during lambing
in extensive New Zealand farming systems.
Animal Welfare, 11, 157-70.

7. Mellor, D.J. and Stafford, K.J. (2004) Animal
welfare implications of neonatal mortality and
morbidity in farm animals. The Veterinary
Journal, 168, 118-33.

8. Mellor, D.J. and Diesch, T.J. (2006) Onset of
sentience: the potential for suffering in fetal and
newborn farm animals. In: From Darwin to
Dawkins: The Science and Implications of Animal
Sentience. Applied Animal Behaviour Science,
Supplement, 100, 48-57.

9. Mellor, D.J. and Reid, C.S.W. (1994) Concepts of
animal well-being and predicting the impact of
procedures on experimental animals. In: Baker,
R.M,, Jenkin, G., Mellor, D.J. (eds) Improving the
Well-being of Animals in the Research Environ-
ment. Australian and New Zealand Council for
the Care of Animals in Research and Teaching,
Glen Osmond, South Australia, pp. 3-18.

10. Mellor, D.J. and Stafford, K.J. (2001)
Integrating practical, regulatory and ethical
strategies for enhancing farm animal welfare.
Australian Veterinary Journal, 79, 762-8.

11. Mellor, D.J. (2003) Guidelines for the humane
slaughter of the fetuses of pregnant ruminants.
Surveillance, 30, 26-8.

12. Shimshony, A. and Chaudry, M.M. (2005) Slaugh-
ter of animals for human consumption. In: Animal
Welfare: Global Issues, Trends and Challenges. OIE
Scientific and Technical Review, 24, 693-710. Office
International des Epizooties, Paris.

Sheep welfare: castration and tail docking

V. Molony and J.E. Kent

Since sheep were first domesticated castration has
been carried out to eliminate indiscriminate breeding,
and tail docking to reduce the damaging effects of fly
strike. Both practices are still considered by sheep

farmers, in many parts of the world, to make man-
agement easier and more productive, sufficiently to
outweigh the costs. Under the changing circumstances
of sheep husbandry, management and marketing,
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however, new costs must be taken into consideration,
including the perception of consumers of suffering by
the animals. It has been made clear by independent
organizations such as the Farm Animal Welfare
Council in the UK that castration and tail docking of
lambs are of public concern.

JUSTIFICATION FOR CASTRATION
AND TAIL DOCKING

Most sheep farmers accept that castration and tail
docking of sheep should be carried out only after care-
ful consideration of the benefits and costs to the ani-
mals, to their owners and consumers. Others carry out
these procedures as part of an established tradition
and may not recognize the need to justify them.

COSTS AND BENEFITS OF
CASTRATION

In addition to preventing indiscriminate breeding, cas-
tration reduces unwanted sexual and aggressive behav-
iour, and makes male lambs easier to handle and to
keep penned.

It is claimed that castrated lambs show more weight
gain and have a better eating quality than uncastrated
lambs: the meat from these lambs is more tender, eas-
ier to cook and has less smell (taint). However, the
evidence for these claims is not accepted as conclu-
sive by others who claim that uncastrated lambs grow
faster, have more lean meat, are just as tender, are no
more difficult to cook, and that the meat does not smell
any stronger than that from castrated lambs.

Meat processors also claim some benefits of cas-
tration, the skin being easier to remove if there is more
subcutaneous fat and no scrotum is present.

The main costs of castration are to the lambs, which
suffer both from the procedure and the loss of their
sexual potential. Various studies provide substantial
experimental evidence that they suffer considerable
pain and/or distress from the commonly used methods
[1-7] and there is little experimental evidence that
they do not. The feelings of those who are obliged to
carry out these procedures also need to be considered.
The costs to the owner are in time, instruments, and

any losses in productivity such as increased perinatal
mortality and increased disease susceptibility due to
reduced intake of colostrum, immunological deficiency
induced by the pain/distress or by increased handling
stress to very young lambs. Costs to the consumer
include more expensive lamb when castration decreases
productivity and unwanted perceptions of animal
suffering for which they accept some responsibility.

COSTS AND BENEFITS OF
TAIL DOCKING

Fly strike is a major disease and welfare problem in
many parts of the world and tail docking is accepted as
the most effective and most economical way of redu-
cing the severity of this problem [8-10]. If fly strike
does not occur or can be easily avoided, e.g. by pre-
venting faecal soiling, there appear to be few other
substantial reasons to tail dock. However, the
appearance of lambs of some breeds with long tails is
considered, by some, to detract from their value, and
failure to comply with such aesthetic considerations
can have significant economic costs.

CONTROL OF CASTRATION AND
TAIL DOCKING

The ‘three R’s’ used as the basis for control of scien-
tific procedures on animals can be applied to castration
and tail docking of lambs: use of the procedure should
be reduced (fewer lambs should be treated), replaced
(alternatives should be found) and refined (better
and more humane methods should be sought).
Reduction and replacement can be achieved if lambs
from rapidly growing breeds/strains are slaughtered
before sexual behaviour and fertility become a problem
for management and before the quality of the meat is
reduced [10]. If the profit from individual lambs is
high enough, the management costs for raising fast-
growing lambs and the alternative of separating ram
and ewe lambs could be accepted, especially if it added
marketing appeal as a welfare-friendly production
system. The further development of such systems may
require government control of lamb production and,
although this has been part of agricultural policy in
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Europe for many years, only recently has government
control been influenced by animal welfare considera-
tions. However, high-cost production systems with good
welfare standards will be undermined and may be
abandoned if they are in direct competition with lower
cost systems with poorer welfare standards. Thus, the
introduction of welfare considerations into the sheep
industry is heavily dependent on its consumers valu-
ing lamb highly and paying accordingly.

Refinement requires clear understanding and
awareness of the welfare costs and of practical ways
to minimize them, involving research to establish and
upgrade ‘best practice’. Research has been carried out
both under experimentally controlled conditions and
by sheep farmers ‘in the field’ [12] and has led to
adoption of different approaches to castration and
tail docking in different parts of the world. In the
UK, the rubber ring method has evolved as the method
of choice for castration and tail docking of young
lambs but its use is restricted by law to lambs of under
1 week old. In 2002 in New Zealand [10] about 20 per
cent of lambs were castrated; 40 per cent were made
bilateral cryptorchids by applying rubber rings and
the remaining 40 per cent were left intact.

Several research groups have assessed the pain/
distress suffered as a result of castration and tail dock-
ing of lambs by measurement of the effects of various
methods on the behaviour and physiology of lambs
[1-6, 12, 13]. There appears to be agreement that,
without effective analgesia, lambs suffer considerable
pain/distress from all the commonly used methods [7,
14-19], and that less painful methods should be used.
Video and graphical evidence can be seen at www.
vet.ed.ac.uk/animalpain/. Economic pressures require
that any such methods should be quick, easy, effect-
ive and reliable.

METHODS OF CASTRATION AND
TAIL DOCKING

Societies whose way of life depends on animals gen-
erally show them great respect, regret the need to carry
out procedures such as castration or tail docking and
show distaste for the process. There are also instances
where societies appear to have ‘ritualized’ these pro-
cedures to help those carrying them out to cope with
the pain/distress caused to the animals.

What method is ‘best’ for castration and for
tail docking?

There is no simple answer to this question as the
method that may be best for very young lambs is not
necessarily optimal for older lambs, and methods best
in some countries may not be appropriate in others.
After deciding that lambs need to be castrated it is
also necessary to decide how important it is that they
are made completely infertile and that none show
sexually associated, deleterious behaviour. This will
assist in making a choice between surgical removal of
the testes, induction of ischaemic testicular necrosis
or some other approach.

A brief description of the advantages and disad-
vantages of generally practised methods is included.
Details of how they are applied should be sought else-
where (e.g. [2-5, 16, 19]).

Surgical castration and tail docking

The main advantages of this method are that it is cer-
tain, and that pain can arise only from the remaining
tissues. The disadvantages are those of any surgical
interference, including: pain, stress, inflammation,
infection, haemorrhage and the time needed for heal-
ing, all of which can reduce productivity and most of
which can be minimized by established surgical skills,
the use of local anaesthesia and treatment with non-
steroidal anti-inflammatory drugs. The disadvantages
are considered to outweigh the advantages in some
countries.

Bloodless castration

The main advantages are that, because the skin
remains intact, there is much less chance of infection,
it is quicker and is considered by some to be easier to
carry out than the surgical method. Successful crush-
ing with a bloodless castrator occludes the blood sup-
ply to the testes and destroys the nerves to and from
the tissues beyond the crush, making the tissues
insensitive immediately and causing atrophy of the
testes. The main disadvantages are rupture of crushed
blood vessels can lead to haematomas and failure to
apply the instrument correctly may not subject the
spermatic cord to the necessary destructive forces to
ensure atrophy of the testicular tissue. The bloodless
castrator can produce a burst of intense pain as it is
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Figure 4.1: Behavioural changes in lambs following applica-
tion of rubber rings for castration: (a) lamb rolling and kicking
soon after being castrated and tail-docked; (b) after a period
of restlessness, they become exhausted (about 60 min after
ring application) and assume lateral recumbency.

applied which should be short lived but can be fol-
lowed by considerable pain from damaged tissues
proximal to the line of the crush [16, 19]. Bloodless
castrators are not often used for tail docking, due to
the operators’ perceptions of the severity of this method
and its unreliability if the unwanted tail is not cut off
at the same time.

Ischaemic castration and tail docking with
rubber rings

The advantages are that rubber rings are quicker and
easier to use, as well as being more reliable than blood-
less castrators. They can be used both for castration
and tail docking. and the Elastrator instrument used

to apply them is easy to use, cheap, robust, reliable
and durable.

The disadvantages are that lambs experience acute
pain for up to 2 hours (Figure 4.1) followed by chronic
inflammation, sepsis and further pain until the affected
parts fall off and healing occurs [20, 21]. This can take
more than 6 weeks for lambs with large scrotums [22].

All of these methods produce behavioural and
physiological changes that have been interpreted as
indicative of considerable acute pain and which require
methods for its reduction or alleviation to improve
the welfare of the lambs.

METHODS FOR REDUCING PAIN
FROM CASTRATION AND TAIL
DOCKING

The easiest, quickest and cheapest approach to this
problem could be to adopt production aims and hus-
bandry methods that do not require these procedures.
If these approaches cannot be used, the least painful
practical alternatives should be adopted.

Local anaesthesia

Since the development of potent local anaesthetics it
has been possible to eliminate or greatly reduce the
acute pain from castration and tail docking provided
adequate amounts of anaesthetic are injected close
to the nerves involved and sufficient time is allowed for
the anaesthetic to block conduction [13]. Two, more
humane, methods for field use have been described
[12, 17]. In each, rubber rings are applied with either
needleless injection of local anaesthetic or applica-
tion of a bloodless castrator to make the tissues at
and beyond the rubber ring insensitive. These pain
reduction methods can be applied at the same time as
the rubber ring and the lambs need not be handled
twice. They take approximately twice as long to carry
out as the usual rubber ring method, suitable needle-
less injectors are costly and there can be increased
handling stress to the lambs [12].

The skill needed to apply a bloodless castrator
effectively, quickly and safely after a rubber ring is
much less than when it is applied separately to each
spermatic cord in the conventional way, i.e. without a
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rubber ring [1, 5]. Pain suffered by lambs when a blood-
less castrator is applied can be eliminated or reduced
by including injection of local anaesthetic as part of
the method [17]. Some operators will need to be con-
vinced that the overall suffering of lambs is signifi-
cantly reduced by this combined method compared
to other methods [1, 5, 23, 24] before their dislike of
crushing can be overcome.

LEGISLATION TO CONTROL
CASTRATION AND TAIL DOCKING

Although it may be claimed that castration and tail
docking are being carried out using humane methods
without the need for any legislation, many societies
consider it necessary to help to ensure the welfare of
the lambs by setting minimum standards for application
of particular methods. Local anaesthesia for castration
and tail docking is now compulsory in Switzerland and
Austria, and other countries may adopt this approach
in future.

Setting standards for the different methods requires
not only assessment of the costs and benefits, but also
compliance with similar legislation for the production
of all lambs for sale in a particular market. This is
necessary to avoid putting those producers who com-
ply at a competitive disadvantage to those who do not.
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Sheep welfare: transport of sheep

J.A. Earl

Concern regarding the welfare of animals during
transport has led to the funding by the European
Union (EU) of research on the welfare of sheep dur-
ing transport. Attention has been focused on the stress-
ful effects of transport, including food and/or water
deprivation, the effects of loading and unloading, dif-
fering space allowances, differing journey times, and
surveys of deaths and injuries.

RELEVANT UK LEGISLATION

The present relevant UK law is The Welfare of
Animals During Transport Order 1997, in response to
the EEC Directive 91/628 as amended by 95/29, and
was made under the Animal Health Act 1981. The
Order imposes a 14-hour journey limit by road for

weaned sheep if vehicles are of an approved standard,
which includes the presence of adjustable ventilation,
carriage of appropriate food and equipment to allow
the connection of a drinking-water supply. A 1-hour
rest for food and water can be followed by a further 14-
hour journey before a 24-hour rest period is required.
For unweaned lambs, a 9-hour journey limit, followed
by a 1-hour break before a second 9-hour journey is
allowed. An outline of European regulations on trans-
port of animals is given at the end of the chapter.

THE SCIENCE OF WELFARE
DURING TRANSPORT

Sheep have probably evolved not to show many out-
ward signs of distress because of the way this would
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attract predators in the wild; as a result they show a
passive response to pain and stress. Consequently,
biochemical, physiological and behavioural parameters
are involved in assessing the effects of transport and
can be related to the ‘Five Freedoms’ of animal wel-
fare that are outlined below:

1. Freedom from hunger and thirst

Water and food deprivation

Total freedom from hunger is not possible when trans-
porting a grazing animal, but data indicate that sheep
tolerate hunger and water deprivation extremely well
[1], confirmed by the absence of a stress response
after 48-hour of food and/or water deprivation (in
non-transported sheep) at normal (20°C), high
(35°C) or low (7°C) temperatures [2]. Dehydration has
been assessed by measuring blood osmolality, albumin
levels, haematocrit, skin thickness and body-weight
changes, but no evidence has been found that dehydra-
tion occurs on road journeys lasting 9-31 hours [3, 4].

Although loading can lead to an increase in haema-
tocrit, probably through splenic contraction, a progres-
sive decrease follows, together with a fall in osmolality
(possibly due to cortisol protecting the plasma vol-
ume), with a consequential absence of thirst. Rising
concentrations of blood urea, 3-hydroxybutyrate and
free fatty acid relate to metabolic stress caused by
lack of food. Free fatty acid levels rise for the
first 24 hours of food deprivation, whereas B-hydroxy-
butyrate is a better indicator of longer term food
deprivation. Neither food deprivation nor dehydra-
tion affects prolactin release, although growth hor-
mone values tend to rise with food deprivation [2].

The conclusions are that sheep tolerate food and
water deprivation extremely well, even in adverse
environmental conditions, and that food and water
deprivation are not the main source of stress during
transport.

Weight loss

Weight loss during transport has been attributed to
food and water deprivation, metabolism and excretion,
and typically falls in the range 6-10 per cent of body
weight during road transport of up to 24 hours [3, 4].
This period of food deprivation in untransported sheep
usually causes a similar, but smaller degree of weight

loss. Up to 4 days might be required for lost body
weight to be restored if only hay and water are offered,
but weight restoration and recovery of metabolic
parameters to normal is more rapid if concentrates
are fed [4].

Eating and drinking behaviour

Sheep eat before drinking during the post-transport
rest, even when dehydrated [4, 5], which is probably
related to sodium and fatty acid absorption from
the digestive tract. Therefore, if access to water
is limited during lairage, restricting dry feed also
would be advisable, otherwise eating without the
opportunity to drink could allow an unrelieved thirst
to develop.

Although this might not be stressful to sheep, it
does suggest that a motivation is being frustrated,
which in welfare terms should be avoided.

Different feeds are eaten at different rates, and
this is seen in sheep after a period of deprivation.

Concentrates are consumed much more rapidly than
hay, especially if they are a familiar source of food.
Hence, for sheep to recover quickly after transport,
they require concentrates, but need to be familiar with
them in order to eat them in a short space of time.

Cockram [6] found no differences in lying behav-
iour or eating patterns in sheep given 0, 3 or 12 hours
of rest in the middle of a 24-hour period of transport,
suggesting that a continuous journey for a period of
24 hours is at least tolerable if other conditions are
satisfactory.

2. Freedom from discomfort

Fatigue

Creatine kinase and either lactate dehydrogenase or
blood lactate have been used as indicators of muscu-
lar exertion. Sheep transported in conditions that
allowed them to lie down showed little evidence of
fatigue, even after journeys of 24 hours [4]. Similarly,
only minimal tissue damage due to transport was
found [3]. However, studies involving the transport
of slaughter-weight lambs (37-39.5kg) at a variety of
stocking densities for a period of 24 hours during winter
indicated that fatigue, as evidenced by elevated cre-
atine kinase levels, can occur at a stocking density of
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approximately 0.23m? per unshorn lamb. Stocking
densities ranging from 0.26 to 0.34m? per unshorn
lamb, and from 0.18 to 0.3m? per shorn lamb were
not associated with elevated creatine kinase levels
[4]. Under current EU regulations, unshorn lambs
between 26 and 55 kg should receive 0.2-0.3 m? space
allowance.

The ability of older sheep, such as cull ewes,
to withstand long journeys without fatigue is likely to
be less than that of young lambs, but might depend on
the state of health or debility, rather than age itself.

Environmental stress

Sheep are unable to show behavioural adaptation
to a rising temperature on a lorry, and a high stock-
ing density could lead to heat stress through the
increased degree of physical contact between sheep.
Similarly, a high stocking density might limit the
cooling effects of transport, particularly for shorn
sheep; sheep morbidity and mortality are far more
likely to be associated with hyperthermia than
hypothermia.

3. Freedom from pain, injury and disease

Stocking density can influence the incidence of bruis-
ing through the effects of falling and riding. Low
density contributes to falling, and a high density to
riding and trampling. The position of a lamb or sheep
on a lorry also influences the incidence of bruising,
with those at the front of a lorry or on the bottom
deck being more susceptible to injury [7]. Sheep
can be more aggressive with each other when on
rough journeys, which might contribute to increased
bruising.

Deaths in transit

In one survey the number of deaths in sheep during
transit was 1 in 5500, less than one-tenth of the per-
centage of deaths in poultry, and approximately one-
quarter of that in pigs. Deaths can be related to
pre-existing disease and the percentage can vary with
the time of year. Death rates might also be higher when
lambs have been through an auction, as opposed to
having travelled direct from farm to slaughterhouse,

but the distance travelled in these two situations
could vary.

4. Freedom to express normal behaviour

The freedom to behave normally requires sheep to be
able to lie down, which tends to occur after 3—4 hours
of transport provided space allows [6]. With insuffi-
cient space allowance, fatigue could occur on journeys
of over 3 hours’ duration. Other normal behaviours,
e.g. grazing or flocking, clearly cannot occur, although
sheep have been observed to ruminate during trans-
port. A comprehensive study of the effects of driving
events such as acceleration, braking, turning and gear
changes, etc. on the behaviour of 1-year-old sheep in
transit [8] demonstrated clear benefits in terms of
increased lying-down (and therefore reduced falling
and loss of balance) and increased rumination when
motorways were used for the transport, as compared
to minor roads. This study further suggested that driv-
ing style and therefore driver education could have
an influence on the welfare of the transported sheep.
Mixing batches of lambs might not lead to significant
antagonistic behaviour, fighting being more common
between lambs that are familiar with each other.

5. Freedom from fear and distress

Cortisol, glucose, adrenaline and prolactin have been
used as indicators of short-term stress, whether psy-
chological or physical in origin. Elevated cortisol and
prolactin concentrations and a fall in osmolality and
haematocrit for 3 hours after loading sheep into
vehicles have been reported [3], but little evidence
was found that transport caused much response after
that time. Blood glucose concentrations can fluctuate
rapidly in response to environmental stimuli and
tend to be raised at the start of a journey, probably in
response to loading. Heart rates increase when sheep
are disturbed by loading and unloading, when a vehi-
cle stops and starts, or during the first few hours of
transport [2, 3, 9]. It is likely that this is indicative of
both fear of handling and of a strange environment.
No evidence for motion sickness has been found in
sheep, unlike pigs, but, because ruminants do not
vomit readily, this comparison is hard to make. High
noise levels in a vehicle are not associated with any
alterations in stress indicators, which suggests that
high noise levels are not stressful [10].
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Miscellaneous effects

Shearing

An increased likelihood of bruising could result from
impacts in the absence of wool, and there is a reduced
likelihood of ‘wool pull’ during handling, but shorn
lambs have been found to have few hormonal responses
differing from those of unshorn lambs. The behaviour
of sheep in a lairage has been found to differ; shorn
lambs eating more rapidly and for longer periods than
woolled sheep. Shorn and unshorn sheep do have dif-
fering critical temperatures, however.

Meat quality

Dark cutting is a potential problem in sheep, but there
is little evidence about this.

Breed differences

Upland sheep can show a greater cortisol response to
transport than lowland sheep, although whether this
is due to differences in genotype or experience is not
possible to say.

A comprehensive literature review regarding the
effects of road transport on slaughtered sheep is
available [11].

Long-distance transport by sea

A stress syndrome that includes reduced appetite
and water intake, digestive disorders, diarrhoea, pos-
terior paralysis and rapid death has been described in
sheep transported by ship for several weeks from
New Zealand and Australia to the Middle East [12].
The death rate for sheep on such journeys is usually
about 2.5 per cent, although it can reach 8 per cent
and on occasion even 100 per cent if a catastrophe
occurs. On such long journeys, the recommendation
is that sheep should be fed and watered twice daily.
Most deaths on these voyages from New Zealand and
Australia are due to inanition, but pneumonia also is
a major cause of loss in sheep from the former coun-
try, and salmonellosis and trauma important causes
of death in sheep from the latter. Paradoxically, the
sheep succumbing to inanition are those that are well
nourished after leaving good pasture in August but

are less attuned to fat mobilization than sheep from
dry pasture in May [13].

CONCLUSIONS

Scientific evidence suggests that optimum road trans-
port conditions for sheep include:

® Gathering by a known person, and known dog if
necessary.

® Careful loading on and unloading from a vehicle
with an in-built forced ventilation system.

® A space allowance to permit lying down, at least
for journeys over 3 hours.

® Steady driving over smooth roads.

Journeys of up to 24 hours ought to be continuous
with as few stops for loading/unloading as possible.
For journeys over 24 hours, a 24-hour travel time
before a rest period might be advisable as a comprom-
ise between further loading/unloading and freedom
from hunger. This only applies if the other criteria
are met. Rest periods of sufficient duration should be
given to allow adequate recovery before further
transport. This could take up to 6 days, depending on
the foodstuff offered.

EUROPEAN UNION REGULATIONS

The present European legislation (EEC 91/628, as
amended by 95/29) provides a regulatory framework
whereby all Member States legislate to protect the
welfare of animals during transport. This amended
Directive sets agreed standards for the maximum jour-
ney times, feeding and watering intervals, resting peri-
ods, space allowances and means of transport. The
intention has been to provide a common, satisfactory
level of protection for animals transported within the
EU without imposing unnecessarily stringent bar-
riers to trade within the EU itself. Individual Member
States are permitted to set stricter conditions for
transport within their national borders and may opt
for openly declared exemptions for areas of their coun-
try remote from the mainland part of the EU.

In addition, the EU has signed the Council of
Europe Convention for the Protection of Animals
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During International Transport, although this conven-
tion is not legally binding.

In November 2004, the European Council adopted
a new Regulation on the protection of animals during
transport, a radical overhaul of the previous Directive
mentioned earlier, which will enter into force in
2007. The new Regulation introduces stricter rules
for vehicle standards for journeys over 8 hours and
introduces tools such as satellite navigation checks
on vehicles [14].

Main elements of the new Regulation

The Regulation harmonizes national rules regarding
transport, and defines more clearly the responsibil-
ities at each stage of transport; training is given more
importance, and markets and collection centres have
additional rules imposed. In addition, enforcement is
emphasized through increased monitoring and the
more specific responsibilities.

For journeys over 8 hours, stricter standards are
introduced: vehicles will have to provide drinking sys-
tems, and have alarmed-temperature monitoring and
recording equipment.

The Regulation also introduces a ban on trans-
porting heavily pregnant or postnatal females, and
this specifies the final 10 per cent of the duration of a
pregnancy and 1 week after having given birth, respect-
ively. In addition, the very young, including lambs
less than 1 week of age, should not be transported
unless the journey is shorter than 100 km.

Although the maximum journey times and space
allowances are unchanged from EEC 91/628 and 95/29,
it is expected that the impact of the Regulation on
animal welfare shall be the subject of a report within
4 years of the Regulation being brought into force,
i.e. by 2011. This report may be accompanied by appro-
priate legislative proposals as regards journey times,
resting periods and space allowances. Furthermore,
deadlines have been given for establishing maxi-
mum and minimum temperatures for transport, and
for applying navigation systems within transport
vehicles.
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Slaughter of sheep

D.C. Henderson

In the UK and many other countries sheep are reared
primarily for meat production and young sheep are
slaughtered at the appropriate stage in the production
cycle. Likewise, breeding animals that have reached
the end of their productive lives are sent to the abat-
toir. This chapter considers welfare issues concern-
ing slaughter of animals consigned in this way.

We have a responsibility to animals under our care
to ensure that they are slaughtered or killed in a man-
ner that does not compromise their welfare from the
moment of leaving the farm until the moment of death.
Ideally, slaughter should be as close to the point of
production as possible but, unfortunately, in the UK
(and some other European countries) many smaller
slaughterhouses have closed in recent years and there-
fore some animals are subjected to longer journey
times. This need not be detrimental to welfare if the
standards of vehicles and driving are high, but must
add to the stress of the procedure if journeys are exces-
sively long or complex. This is of particular concern
when transporting cast ewes, which are of low value and
may be especially vulnerable to injury during transit.

LEGISLATION

On arrival at the slaughterhouse animals become the
responsibility of the owners and UK legislation cover-
ing the running of premises is the Welfare of Animals
(Slaughter or Killing) (WASK) Regulations, 1995.
These state (Part 1, Introductory, 4. Humane treat-
ment of animals): (1) ‘No person engaged in the
movement, lairaging, restraint, stunning, slaughter or
killing of animals shall — (a) cause any avoidable excite-
ment, pain or suffering to any animal; or (b) permit
any animal to sustain any avoidable excitement, pain
or suffering’. Additionally, any person involved in
the process should have — ‘the knowledge and skill

necessary to perform those tasks humanely and effi-
ciently in accordance with these regulations’.

In law, therefore, the welfare of animals should be
safeguarded, and to a large extent is, but there remain
some areas of concern that recently have been
addressed by the Farm Animal Welfare Council
(FAWC). This body was set up in 1979 to advise gov-
ernment of any legislative or other changes that may
be necessary to safeguard the welfare of farm ani-
mals on agricultural land, at market, in transit and at
the place of slaughter. In its ‘Report on the Welfare
of Animals at Slaughter or Killing — Part 1: Red Meat
Animals’ published in June 2003, FAWC considered
five basic principles should be observed:

® pre-slaughter handling facilities that minimize
stress

® use of competent well-trained, caring personnel

® appropriate equipment which is fit for purpose

® an effective process that induces immediate
unconsciousness and insensibility or an induc-
tion to a period of unconsciousness without dis-
tress and

® guarantee of non-recovery from that process

until death ensues.

The Report made a number of recommendations,
some of which impact on the way sheep in particular
are dealt with.

HANDLING OF ANIMALS

Animals arriving at the slaughterhouse should be
unloaded as soon as possible and wherever possible on
level ground. They should be inspected immediately
by a member of staff trained in animal welfare so that
any animal that has been injured in transit or is other-
wise compromised can be moved to an isolation pen
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designed specifically for that purpose. Any animal in
pain or distress should be killed without delay by com-
petent staff who should be available by day or night.

Apart from its use for ante-mortem inspection, the
lairage is also a place where sheep can rest and recover
after a journey, although it is unlikely that animals
will be in lairage long enough for full physiological
and behavioural recovery. Some premises provide field
lairage contiguous to the slaughterhouse which can be
beneficial to sheep especially to those unused to being
confined indoors. However, it is important that these
areas are managed appropriately to reduce the risk
of disease build-up and to ensure reasonable condi-
tions underfoot, and are not overstocked so as to
provide at least some vestige of grazing.

Lairage design can do much to reduce the distress
of animals in a strange environment; for example by
taking account of the natural behaviour of the species
involved so as to allow them to proceed without hin-
drance. Noise reduction measures should be in place
and floors should be of non-slip materials and kept
clean. The use of goads or sticks should never be nece-
ssary when moving sheep around the lairage.

The provision of food and water in lairage is import-
ant as some animals may undergo complex journeys
without the opportunity to eat or drink; for example,
via markets or collection centres. Legally, water must
be available at all times but, in some instances, too few
watering points are provided, they may be of the wrong
type for sheep, troughs may be contaminated or pens
overstocked. There is a need for guidance on opti-
mum schedules for the feeding and watering of sheep
(and other species) prior to slaughter.

In recent years it has become necessary to check the
age of sheep by examining the teeth and their identity
by reading ear tags. In some cases it is also necessary to
deal with dirty animals to comply with the clean live-
stock policy. All these procedures require additional
handling when, ideally, animals should be handled as
little as possible. Producers can help by presenting clean
animals for killing and the slaughterhouse can assist
by providing suitable facilities and trained operators
to shear sheep when necessary. Electronic identifica-
tion of animals would assist in reducing stress.

RESTRAINT FOR SLAUGHTER

In small to medium slaughterhouses sheep may be
penned together where they are to be stunned. Animals

are walked from the lairage to the pens and allowed
to settle while the slaughterer moves quietly around
the pen stunning any animal when the opportunity
arises. This may be by captive bolt or head-only elec-
trical methods. There is a need for research into the
design of stunning pens for sheep so as to reduce the
risks of pre-stun shocks and to ensure that animals
can be shackled quickly.

In plants with larger throughputs automated systems
may be used to move and restrain animals for stun-
ning. For example, V-shaped moving belts support the
sheep so that their feet are off the ground to prevent
struggling and possible injury. Some include fully auto-
matic stunning systems, others are manual. It is impor-
tant that the speed of the belts synchronizes with the
speed of stunning so that sheep are not kept waiting
in the conveyors and that emergency procedures are
in place for breakdowns or other untoward events.

The UK Meat Hygiene Service (MHS) is responsible
for the enforcement of welfare regulations at slaughter
and Official Veterinary Surgeons (OVS) employed
by the MHS oversee the treatment of animals from
the moment they arrive at the slaughterhouse until the
moment of death (among other duties). They there-
fore have a critical role in welfare supervision. It is
their responsibility to monitor the efficiency of stun-
ning and slaughter, but they cannot be everywhere at
once and there is a need for more widespread use
and development of devices that automatically moni-
tor the efficiency of stunning equipment since this is
an obvious area where animal welfare may be
compromised.

Slaughter without pre-stunning

WASK exempts the slaughter — without the infliction
of unnecessary suffering — of animals by the Jewish
method (Shechita) and the Muslim method (Halal)
with certain provisos. Sheep may be shorn around the
neck, placed on their backs on a cradle and restrained
by a handler while a transverse incision is made with
a sharp knife that cuts through skin and muscle, sev-
ers all the major blood vessels, oesophagus, trachea,
nerve trunks and other tissues in the neck, so that the
animals bleed out until death ensues. In the case of
Shechita, neither a pre-cut stun nor a post-cut stun is
allowed by Jewish law. However, a proportion of
Halal slaughter animals are pre-stunned. Sheep are
not allowed to be moved until they have bled out when
they are shackled and hoisted.
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FAWC had major concerns regarding this method
of slaughter particularly regarding pre-slaughter hand-
ling, the potential for pain and distress during
exsanguinations, and the time to loss of brain respon-
siveness. Concerns on handling related to the skill,
care and physical ability of the handlers restraining
the sheep and, in some observed cases, the illegal
practice of lifting young sheep by the fleece. It was
considered more appropriate to use some form of
crate — such as are used to hold animals for foot trim-
ming — to restrain animals for slaughter.

FAWC’s major concerns, however, were in regard
to: (a) the pain inflicted by the drastic neck cut and
(b) the time taken to loss of consciousness following the
incision. Scientific evidence shows that sheep become
insensible within 5-7 seconds of the throat being cut.
(In adult cattle it may be between 22 and 40 seconds,
and in calves up to 120 seconds.) FAWC therefore

recommended that slaughter without pre-stunning
was unacceptable and that the exemption under
WASK should be repealed. Government did not
accept this recommendation.

Other recommendations made by FAWC included
the training and licensing of slaughterers, the formal-
izing of the role of Animal Welfare Officers (AWO),
and research, development and technology transfer
in a number of areas aimed at improving the welfare
of sheep at slaughter.

Copies of the FAWC report referred to may be
obtained from:

Farm Animal Welfare Council

1A Page Street

London

SWI1P 4PQ
www.fawc.org.uk/reports/pb8347.pdf
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The reproductive cycle and its manipulation

D.C. Henderson and J.J. Robinson

THE REPRODUCTIVE CYCLE

The reproductive cycle of the ewe is controlled by the
integrated activities of neuronal and endocrine path-
ways that link the brain, ovary and uterus. These time
the occurrence of oestrus and ovulation, regulate the
lifespan of the corpus luteum and thereby control the
duration of the inter-oestrous interval.

The breeding season

Sheep are seasonally polyoestrus, short-day breeders.
In temperate latitudes, their sexual activity begins with
the declining day length of late summer and autumn
and ends with the increasing day length of late winter,
early spring. The blood metabolite that monitors infor-
mation on the changes in day length is melatonin, a
hormone secreted by the pineal gland in the brain dur-
ing the hours of darkness. By responding to changes
in day length, melatonin programmes the circannual
reproductive rhythm to ensure that the breeding sea-
son occurs at the correct time of year. Melatonin can
also be used to advance the breeding season by its oral
administration or by its insertion as a subcutaneous
implant.

Although behavioural oestrus and ovulation occur
only during the breeding season, dynamic changes in
ovarian follicular growth and regression continue to
occur throughout the non-breeding season (anoestrus).
These follicles can be further stimulated artificially,
so allowing ewes to breed during anoestrus. Indeed,
in equatorial regions, where day length varies very
little, the dynamic state of the ovarian follicle popu-
lation means that native ewes can breed at any time of
the year. The availability of food is often the limiting
factor, and this is governed largely by rainfall, altitude

and temperature. In temperate regions, photoperiod
is the principal controlling factor, with temper-
ature and other climatic factors having only minor
effects.

While most breeds of ram are able to mate at any
time of year, the quantity and quality of the ejaculate
deteriorates coincident with the ewe’s non-breeding
season. The libido of rams also declines during this
period, and these factors have an important bearing
on the success of lamb production systems that involve
the induction of oestrus outwith the natural breeding
season.

The length of the breeding season varies with breed.
The Dorset Horn is capable of lambing at any time of
the year, but this applies to individual ewes rather than
to the flock in which an 8-month season of sexual
activity could be expected. Mountain breeds, such as
the Scottish Blackface, Swaledale, Welsh Mountain
and Cheviot, have a much shorter breeding season of
around 4 months. In between these extremes are the
cross-breds, such as the Greyface and Mule. Despite
this variation, most breeds are at peak fertility during
the late autumn (October-November), and this is
reflected in the highest lambing rates in late March
and April. Recent studies of the Merinos D’Arles
breed in France and the Small Tail Han breed in China
have demonstrated a polymorphism of the Melj,
receptor gene which is linked to an ability of individ-
uals from these breeds to lamb out-of-season.

The transitional period

Enhanced pituitary activity, characterized by an
increase in the frequency of luteinizing hormone (LH)
pulses, occurs in the transition between anoestrus and
oestrus. These endocrine changes stimulate an
increase in the maximum size, and oestrogenic capacity
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of ovarian follicles, culminating in a surge of LH and
ovulation. In the absence of progesterone priming,
which is normal at the beginning of the breeding
season, the first ovulation is not accompanied by
behavioural oestrus; rather, it is a ‘silent’ oestrus.
Indeed, if the corpus luteum (CL), which is formed
following the first ovulation of the breeding season,
regresses prematurely, ovulation recurs, but it too
may be ‘silent’ because of inadequate progesterone
priming.

Ewes respond readily to stimulation during the
transitional period, either to the introduction of a
ram, which increases the frequency of LH pulses,
or to an exogenous gonadotrophin source such as
pregnant mare’s serum, now known as equine
serum gonadotrophin (ESG) or equine chorionic
gonadotrophin (eCG). The latter is adopted in this
chapter. Provided eCG is given following a period of
progesterone priming, ovulation is accompanied by
behavioural oestrus.

The oestrous cycle

Inter-oestrous intervals in the ewe vary from 14 to
18 days, with an average of 16-17days. The first
13-14 days are the luteal phase of the cycle, charac-
terized by progesterone secretion by the CL, and the
remaining 3—-4days are the follicular phase, which
is initiated by the decrease in luteal progesterone
production. Falling progesterone levels increase
the frequency with which LH is released from the
pituitary gland, thereby stimulating oestradiol pro-
duction and secretion by large non-atretic follicles.
The rise in oestrogen causes behavioural oestrus,
induces the pre-ovulatory LH surge and produces a
concomitant increase in the release of pituitary
follicle-stimulating hormone (FSH). These endo-
crine changes promote the final maturation of the
follicle leading to its rupture and the release of
the ovum.

Invariably, more than one follicle develops in the
ovaries and therefore multiple ovulation is common.
There is rarely more than a few hours’ spread in the
time of the rupture of follicles. The mechanisms con-
trolling the number of follicles reaching maturity and
ovulating are complex and not fully understood.
Nonetheless, there is involvement of ovarian growth
factors [e.g. insulin-like growth factor-1 (IGF-1)
and the IGF-binding proteins (IGFBP); epidermal

growth factor (EGF); transforming growth factors
(TGF-a and -B) and ovarian peptide hormones (e.g.
inhibin, activin and follistatin)], in that they interact
to modulate the responsiveness of the follicular
cells to gonadotrophins. Recent studies of genetic
mutations have demonstrated the importance of two
oocyte-secreted members (BMP15 and GDF9) of
the TGF-@ superfamily in the regulation of ovulation
rate in ewes [1].

Oestrus and ovulation

The behavioural signs of oestrus last 1-2 days and aver-
age around 36 hours. As in other species, the signs are
the result of high concentrations of circulating oestro-
gen, which, in the ewe, peak just before the onset of
oestrus and immediately prior to the LH surge of early
oestrus. This coincides with the lowest level of circulat-
ing progesterone, which has been falling rapidly from
about day 15 of the cycle (day 0 = ovulation). Oestrus
in the ewe is very subdued. If a ram is present, ewes in
oestrus will seek him out, display a little tail wagging
and may nuzzle his scrotum, but this is usually the limit
of their activity. If a ram shows interest, they will stand
to be mounted. If no ram is present, oestrus will go
undetected, but will last several hours longer than
when males are around. Ewe lambs and gimmers may
show no outward signs of oestrus whatsoever, which
can pose problems if inexperienced ram lambs are
used. Therefore, it is essential to run mature rams of
high libido with virgin females.

At the beginning of the breeding season, ovulation
rates are lower and oestrus is generally shorter, less
intense and less fertile. Ovulation is spontaneous
and takes place towards the end of oestrus, some
18-24 hours after its onset. The ovulation rate depends
on the number of follicles that mature and is influ-
enced by a number of factors. These include nutrition
during fetal life and again around 6 months before ovu-
lation when the ovarian follicles leave their primordial
pool. They also include the nutritional status and body
condition of the ewe at the time of ovulation. Other
contributing factors are breed, age, reproductive status
(dry or lactating) and the season of the year. Optimizing
as many of these factors as possible enhances ovulation
rate. High ovulation rates do not necessarily translate
into lambs born, however. This will depend on the activ-
ity and fertility of the rams and on the management of
ewes during early pregnancy, with a view to minimizing
early embryonic mortality.
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Leuteinization and luteolysis

Following ovulation, the ruptured (Graafian) follicle
becomes a corpus haemorragicum, which is trans-
formed into a CL that immediately begins to secrete
progesterone, reaching a peak around 6 days after
ovulation. Progesterone inhibits the secretion of the
pituitary gonadotrophins, so preventing the develop-
ment of oestrogenic follicles, which would jeopardize
embryo survival. Progesterone also primes the repro-
ductive tract for the acceptance of a fertilized ovum.

If the ewe does not conceive, from around day 12
of the cycle the CL fades and circulating proges-
terone levels fall correspondingly. This process (lute-
olysis) is brought about by prostaglandin F, alpha
(PGF,,), which is secreted in a pulsatile manner
from the uterine endometrium in response to prog-
esterone priming. PGF,, is sustained in its action by
oxytocin from the CL interacting with its endometrial
receptors to ensure continued oxytocin production
for the episodic secretion of PGF,,. However, if an
early embryo signals its presence by producing ovine
trophoblastic protein (oTP-1), which is an interferon
(IFN,), the secretion of PGF,, by the uterus is sup-
pressed, the CL remains intact and the pregnancy is
sustained.

Mating and fertilization

At ejaculation, a fit and fertile ram will deposit around
3000—4000 million sperm in the anterior vagina of the
ewe. A ram may serve a ewe on more than one occa-
sion and, in multi-sire groups, ewes tend to be served
more often than in single-sire groups. The sperm have
a long, tortuous and hazardous journey to reach the
ampulla of the oviduct, where they meet the ova. Of
the very large numbers of sperm that are deposited,
only a few hundred complete the journey. Most never
circumnavigate the convoluted cervix of the ewe and
most that do are treated as ‘foreign’ material and are
engulfed by white blood cells.

At fertilization, normally only one sperm fertilizes an
ovum. Enzymes from the acrosome in the head of the
sperm assist it to penetrate the outer membrane (zona
pellucida) of the ovum. Once this has occurred, no fur-
ther sperm may enter the zona unless the ovum is aged
and degeneration has set in. Dual or multiple pene-
tration is fatal to the ovum. If the sperm and/or ovum
are aged by the time they meet — which would rarely
occur following natural service, but could following

the mistiming of artificial insemination — then fertil-
ization may not occur, or if it does, embryo survival is
likely to be compromised.

MANIPULATION OF BREEDING

Better understanding of how environmental and
genetic factors influence the growth of ovarian fol-
licles and ovulation rate encourages the application
of new management strategies and techniques for
enhancing overall reproductive performance. The
ultimate aim in this application, however, should be
to match the level of reproductive performance with
the resources that are available.

Ovulation rate

While rams produce sperm ‘on demand’ from puberty
until age or infirmity intervenes, the ewe is born with
all the ova she will ever possess, most of which will
either never develop or else perish when the follicle,
in which each ovum is encapsulated, becomes atretic.
The incidence of atresia increases as the follicles
develop from the primorial quiescent state to ovula-
tion — a process that takes about 6 months in the ewe.
The increase in atresia reflects the increase in the
sensitivity of the developing follicle to subtle shifts in
the gonadotrophins so that, during the lifespan of the
CL, numerous follicles emerge, grow and perish
(atresia) before emergence of those that actually
ovulate. The number of ova that develop to full
maturity and ovulate can be altered in a number of
ways.

Nutrition

Through its adverse effect on the development of
the fetal ovary, undernutrition (0.5 X maintenance)
imposed for the first 95 days of pregnancy can reduce
permanently adult ovulation rate by 20 per cent [2].
Although not tested for their influence on ovulation
rate, shortened periods of maternal undernutrition
have also been shown to affect adversely the fetal ovary
and are thus unlikely to be conducive to the full expres-
sion of ovulatory potential. These periods are the first
30 days of pregnancy, days 30-50 and days 50-65.
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Undernutrition at around 6 months before ovula-
tion is due to occur can also adversely affect ovula-
tion rate. This is the time when ovarian follicles that
are destined for further development are leaving
their quiescent primordial pool. Improving the ewe’s
nutrition (flushing) in the 2 weeks before mating
appears to alleviate the adverse effect of this earlier
undernutrition.

Of course ‘flushing’ is a long established method of
boosting ovulation rate. Ewes generally respond
optimally to flushing when in medium body condition
(2.5-3.5), rather than when excessively thin or fat.
Thus, ewes should be condition-scored post-weaning,
separated into groups and managed so that most are
in appropriate body condition pre-mating.

Breeding and fecundity genes

Breeds differ considerably in ovulation rate, and cross-
breeding is probably the simplest method of increasing
(or decreasing) the fecundity of a flock. For example,
in early or out-of-season breeding flocks, both fecund-
ity and early breeding are essential characteristics of
the ewe breed. By crossing the Dorset Horn ewe (a
prolonged breeder) with the Finn ram (a prolific
breed), the cross-bred female offspring posses inter-
mediate fecundity, while retaining some ability to breed
out of season. However, there are individual animals
within a number of breeds throughout the world with
abnormally high ovulation rates [3]. Such individuals
include the Thoka (Iceland), Booroola Merino
(Australia), Garole (India), Javanese (Indonesia),
Inverdale Romney (New Zealand), Woodlands
Coopworth (New Zealand), Belclare (Ireland),
Cambridge (England), Lacaune (France), Hu and Han
(China). Their prolificacy is due to a single gene or, in
the case of the Belclare and Cambridge, two genes.
The increase in ovulation rate for one copy of a prolif-
icacy gene ranges from 0.4 for the Woodlands gene
(maternally imprinted and only expressed when
inherited from a sire) to 1.5 for the Booroola. The pro-
lificacy gene in the Inverdale is located on the X chro-
mosome. Ewes with a single copy of the gene (obtained
by mating gene carrier rams to non-gene carrier ewes)
have mean ovulation and litter size increases of around
1.0 and 0.6, respectively, but those with two copies
(obtained by mating gene carrier rams to gene carrier
ewes) are infertile. The development, in New Zealand,
of a DNA test for the gene has led to a rapid increase
in the inclusion of the gene into New Zealand flocks

where all of the progeny (males and females) are
slaughtered for meat production. The claimed bene-
fits are avoidance of the reduction in litter size that
often accompanies the use of superior meat-producing
breeding ewes and elimination of the need for pre-
mating flushing to boost lamb production. In view of
the increasing number of prolificacy genes that are
being identified and the variation in the inheritance
patterns it is envisaged that marker-assisted genetic
selection will be increasingly used to bring prolificacy
more in line with environmental resources and mar-
ket requirements.

Gonadotrophins

Ovulation rates can also be increased by using
exogenous hormones or immunization techniques.
Gonadotrophins such as eCG or ovine follicle-stimu-
lating hormone (oFSH) can be used to superovulate
ewes in embryo-transfer programmes. However, the
response is variable and, while the ovulation rate of the
flock or group overall can be increased substantially,
some ewes apparently do not respond and others
over-respond. Currently eCG is generally reserved
for inducing oestrus and ovulation outwith the normal
breeding season or ensuring good oestrous synchro-
nization in a fixed-time insemination programme dur-
ing the breeding season. In both situations it is given in
a single injection following a period of progesterone
priming. In contrast, oFSH is used for the induction
of superovulation in embryo donor ewes to which,
because of its short half life, it is given as a series of
twice-daily injections before and immediately after the
end of the period of progesterone priming.

Anti-steroid immunity

Among the many steroids secreted by the ovary is the
androgen, androstenedione, which has a regulatory
effect on ovulation rate through feedback on the
hypothalamic—pituitary axis. Ewes immunized against
androstenedione respond with significantly higher
ovulation rates, but the response varies with breed
and level of feeding and the bonus of additional ovu-
lations may be nullified through high embryo mortal-
ity or excessive neonatal lamb losses. Products of this
type, eCG given at progestogen withdrawal being
another example, are vulnerable to misapplication,
often through ignorance of the increased level of
management necessary to cope with the larger litter
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sizes induced by these drugs. The introduction of a
very high prolificacy gene, such as the Booroola gene,
presents similar problems. Mainly as a result of these
problems, the androstenedione-protein immunogen
product was withdrawn in the early 1990s. However, it
is now available again. Despite research showing that
immunization against the ovarian peptide hormone,
inhibin, could increase ovulation rate there is no com-
mercially available immunogen for inhibin. Nor is
there a commercial product to exploit the experimen-
tally proven enhancement of litter size that arises from
short-term immunization against the oocyte peptide
products of the genes (BMP15 and GDF9) responsi-
ble for the greater prolificacy of the Inverdale,
Belclare and Cambridge breeds.

SYNCHRONIZATION OF OESTRUS
AND OVULATION

A compact lambing, arising from a short mating period,
can be achieved by judicious timing of ram introduc-
tion or by application of oestrous synchronization
procedures that either mimic or control the function
of the corpus luteum [4].

The ram or teaser effect

Suint, a mixture of secretions from the sebaceous and
odoriferous skin glands in sheep, contains pheromones
which, in the case of the ram, have a profound and
immediate effect on anoestrus ewes that have been
kept apart from males for several weeks. The effect is
expressed as a rapid increase in the frequency of LH
pulses, which increases the growth of ovarian follicles
with a corresponding increase in their oestradiol pro-
duction, which, in turn, triggers the release of the pre-
ovulatory LH surge. Therefore, in ewes approaching
their natural breeding season or in those breeds and
environments where anoestrus is shallow, the introduc-
tion of the ram increases the frequency of LH pulsing
from the low incidence during anoestrus to the high
incidence that marks the start of the breeding season
and precedes the LH surge.

Ram-responsive ewes will ovulate within 2-3 days of
ram introduction. However, ovulation is not accom-
panied by behavioural oestrus at this time (‘silent heat’),

since the ewes have not been subjected to a period of
progesterone priming. This can be overcome by the use
of exogenous progesterone and, providing their life-
span is of normal length (12-14 days), the following
ovulation will be accompanied by behavioural oestrus.
However, in some ewes, the CL has a short lifespan of
around 4-5 days, with the result that the following ovu-
lation also occurs in the absence of behavioural
oestrus.

In practice, this means that in a group of ewes sub-
jected to the ram effect, some will exhibit behav-
ioural oestrus from around 18 days after joining,
whereas the remainder will do so from around
24 days. Therefore, vasectomized rams introduced
into a flock of ram-responsive ewes that are in
anoestrus should be replaced by fertile rams 14 days
after teaser introduction. This should result in most
ewes being served in a 10-day period. Teaser rams
need be with the flock for only a few days to produce
the required effect. (The vasectomy operation is
described in Chapter 74.)

Ram-induced ovulation is employed most success-
fully in the transitional period, when most ewes in the
flock have not begun oestrous cycling but are almost
ready to do so. While it can be used in deep anoestrus,
the results are not usually as good and, unless the
teasing is sustained by close ram-to-ewe contact
(achieved by increasing stocking density), by joining
with fresh teaser rams and/or by the introduction of
an oestrous ewe to enhance the teasing stimulus,
those ewes that fail to respond fairly quickly may
remain in anoestrus for a protracted period. The
major attribute of the ram effect, therefore, is that it
encourages ewes to breed a few weeks earlier than
they would do normally. However, the response varies
from year to year, and there is a paucity of scientific
information on why this should be so.

One important practical point is that if most ewes
ovulate within a few days of teaser ram introduction,
then they will exhibit behavioural oestrus together
and, if normal ram-to-ewe ratios are used, rams will
be overworked and either may not cope, or their
semen reserves may deplete so quickly that concep-
tion rates and litter sizes to the first oestrus may be
disappointing. To tease a flock satisfactorily one teaser
per 100 ewes is adequate at high stocking densities
but two or three are required for extensive rangeland
systems where stocking density is very low. When the
teasing process has been highly effective at least one
fertile ram per 20-25 ewes will be required to cope
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with the actual matings when the ewes exhibit behav-
ioural oestrus.

In some countries, notably Australia, a favoured
alternative to the vasectomy operation is wethers (cas-
trated males) treated (androgenized) with proprietary
testosterone preparations at weekly interval for
3 weeks. The response to this treatment should persist
for a month or longer following the third injection,
but it should be noted that, in Member States of the
European Union, animals treated in this way are pro-
hibited from entering the human food chain.

Progestogens and progesterone

Progestogen-impregnated intravaginal pessaries
(‘sponges’) developed in Australia, or a controlled
internal drug-releasing device (CIDR) developed in
New Zealand, can be used in conjunction with eCG
to induce oestrus and ovulation in anoestrous ewes
or, in the absence of eCG, to synchronize these
events in ewes during their natural breeding season.
Sponges contain either of the two synthetic progesto-
gens-medroxyprogesterone acetate (MAP) or fluo-
rogesterone acetate (FGH) both of which are many
times more potent than the natural progesterone con-
tained in CIDRs. Blood concentrations of progesto-
gens, in the case of sponges and progesterone in the
case of CIDRs, are high during the insertion period
(12-14 days), to mimic the lifespan of a normal CL.
On removal, the precipitous fall in the concentra-
tions of these hormones initiates the endocrine
changes that lead to oestrus and ovulation, provided

the ewes are already sexually active (oestrus cycling)
at the time of sponge or CIDR insertion. If they are
not sexually active, the progestogen or progesterone
priming treatment must be supplemented with a
gonadotrophin source, eCG, at the time of sponge or
CIDR removal. The oestrus, which follows progesto-
gen-eCG or progesterone-eCG treatment during the
non-breeding season, is a fertile behavioural oestrus.
However, the outcome of matings is dependent on a
number of factors, in particular the ability and fertil-
ity of the rams during the non-breeding season.
Generally speaking, the further in time from the nor-
mal breeding season of the ewe flock that induction
of oestrus is attempted, the poorer will be the results
in terms of conception and lambing rate. Other fac-
tors, such as the nutritional status of ewes and
whether they are dry or suckling lambs will affect the
results. It is important to recognize that when oestrus
is induced during the non-breeding season, ewes that
fail to conceive will return to anoestrus. Their failure
to show a repeat oestrus cannot therefore be taken as
a sign that they are pregnant. The exception to this
would be in the transitional period, when ewes could
be expected to continue oestrous cycling following
induction.

Dose of eCG

The main factors affecting the dose of eCG are breed
of ewe and time of year. Table 7.1 gives a guide to
dosage, in international units (IU), for a small selec-
tion of breeds, which differ in the length of their
breeding season. Immediately before it is used eCG

Table 7.1: Suggested doses (IU) of eCG in relation to ewe breed and month of mating at latitudes of

50-60°N

Dorset Horn, Suffolk and Scottish half-breds,
Month Finn X Dorset Suffolk Cross mules, greyfaces
July 600-500* 700-600 Poor results’
August 400-300 500-400 700-600
September 0 300-0 500-300
October 0 0 0

*The higher doses should be given at the beginning of the month and the lower doses towards the

end.

TThe poor results refer to natural matings, and are in contrast to the high conception and lambing rates
that can be achieved following the intrauterine insemination of ewes of these breeds at an oestrus
induced by an IM injection of 600-700 IU of eCG at sponge withdrawal.
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must be reconstituted, from in-date freeze-dried pow-
der that has been stored between +2°C and +8°C
since, in solution, it degrades quickly.

For the induction and synchronization of oestrus,
e¢CG may be given at the time of sponge removal, and at
the amounts suggested in Table 7.1. For the superovula-
tion of embryo donor ewes it may be given about 28
hours before sponge removal and at a much higher rate
(1500 IU). For this purpose it may also be followed by
an intramuscular injection of gonadotrophin-releasing
hormone at the onset of oestrus. When ewes are being
synchronized for fixed-time artificial insemination,
eCG should always be used to reduce between-ewe
variation in the timing of ovulation.

Damage at sponging

Although there are reports of ewes being damaged at
sponge insertion, this should not happen. It is import-
ant that those not familiar with the procedure seek
instruction from their veterinary surgeon or other
experienced person. Not every ewe can be sponged.
For some age categories, in particular ewe lambs and
gimmers, the hymen may still be intact, and forcing the
applicator through it may make sponge removal
extremely difficult. It may even so damage the vaginal
wall that the ewe is rendered permanently barren.
Care should be taken also when removing sponges lest
the string pulls out of the sponge. Often this can be
avoided by inserting a clean, lubricated finger into the
vagina, while at the same time applying steady trac-
tion on the string with the other hand. This approach
ensures that the area around the sponge is lubricated
and that the sponge is free of any adhesions that may
have formed between it and the vaginal wall. If the
string does become detached, a speculum and forceps
are required to retrieve the sponge.

If sponging has not been done hygienically, there
may be a degree of vaginitis, which may show as
blood tinging on the sponge at withdrawal. This may
interfere with the uptake of progestogen from the
sponge and reduce the chance of the ewe conceiving.
In early breeding flocks, sponging ewes during the
summer may increase the risk of fly strike around the
vulva, flies being attracted to the unpleasant smelling
fluid that accumulates around the sponge and tracks
back to the vulva. In addition to improving hygiene,
sponges can be dusted with terramycin powder at the
time of insertion, to minimize the incidence of these
adverse effects.

Sponging young sheep

Ewe lambs and virgin gimmers may be sponged,
although additional care must be taken and farmers
must be reminded that the results are likely to be sig-
nificantly poorer than in adult ewes, especially when
ewe lambs are insufficiently grown. Ewe lambs should
be given a small dose of eCG (e.g. 300 IU) at sponge
removal, but high doses should be avoided.

Ram introduction

The timing of ram introduction following the removal
of sponges is crucial. Ewes will begin to show oestrus
from around 24 hours after sponge removal but most
will not be in oestrus until 3648 hours. Rams intro-
duced immediately after sponge removal will repeat-
edly serve the first ewes to show oestrus and, in so
doing, deplete their semen reserves, resulting in poor
conception rates to the induced oestrus, a disap-
pointing lamb crop and a more extended lambing.
Therefore, rams should not be joined with ewes until
3640 hours after sponge removal.

With this timing, most ewes will be served within
24 hours but there may be a few latecomers, so rams
should be left with the ewes for at least 48 hours.
They should then be removed, rested and fed until
they are required to mate ewes that fail to conceive at
the induced oestrus and return 15-20 days later. The
rams should be joined with the ewes for the repeat
matings 16 days after sponge removal and left with
them for at least a week, since the synchrony is less
precise at this second service.

Only mature rams should be used in synchro-
nized matings as ram lambs are unsuitable through
inexperience.

Ram-to-ewe ratios in synchronized flocks

In synchronized flocks, large numbers of ewes are
mated over a very short period at the induced oestrus.
During the breeding season, ram fertility should be
satisfactory and one ram to 10 ewes (10 per cent)
should be adequate. Outside the breeding season,
ram libido and fertility are likely to be reduced and
the need to resort to higher amounts of eCG to
induce ovulation at this time makes sperm transport
within the reproductive tract and fertilization more
difficult. Therefore, the ratio should be increased to
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around one ram to five ewes (20 per cent). At the
repeat mating (first return) at least 3 per cent of rams
should be used.

Ewes will be served more frequently if run with a
group of rams rather than a single individual. Also,
there is a risk in single-mating groups that the ram
may be subfertile or infertile. Therefore, in pedigree
flocks in which single-sire matings are essential, rams
should be fertility tested close to the time of use. This
may be justified in commercial flocks also, although
the use of small groups, for example, 50 ewes with five
rams, run in small paddocks, reduces the chance of
ewes being served only by an infertile ram. Rams need
not be raddled for the induced oestrus during the
breeding season. Indeed, if used, harnesses may cause
breast sores during this busy period if not fitted early
(1 week before) and adjusted at least daily. However,
rams must be raddled for the repeat services in order
to identify early and later lambing groups.

Hand mating

In the absence of adequate ram numbers and if arti-
ficial insemination is not possible, hand mating can
be employed. In this procedure, rams are lined-up in
the shedding race and each in turn is exposed to a
group of synchronized ewes. Following an observed
mating, the ewe is drawn off from the main group
and the ram joins the end of the ram queue, where-
upon the next ram in the line-up is released to the
group of unmated ewes. After mating, ewes remain
separated from the main flock and are re-mated,
using the same procedure, 8-12 hours later. This
approach ensures a more uniform spread of the
limited supply of semen across the flock.

Delaying mating

Under some circumstances conception and lambing
rates may be improved if matings take place one cycle
after the induced oestrus. This is because synchroniza-
tion treatments can have an inhibitory effect on sperm
transport. Delaying matings to the second cycle is pos-
sible, however, only in flocks that are synchronized
either during their natural breeding season or close
to it, so that there is no danger of them returning to
anoestrus. Although the degree of synchronization is
slightly reduced at the second cycle, the ram-to-ewe
ratio should remain at around 10 per cent.

Artificial insemination

The high requirement for rams may pose problems in
some synchronized flocks and in these circumstances
the use of artificial insemination (AI), using either
fresh or frozen semen, should be considered. Bearing
in mind the generally lower conception rates
obtained following oestrous synchronization, the
sperm dose when using conventional cervical Al
should be high (about 150 X 10° motile sperm,
equivalent to 0.05 ml of dense semen at each of two
inseminations carried out about 44 and 56 hours
after sponge removal) in order to achieve lambing
rates of around 70 per cent. Only fresh semen is
recommended for cervical insemination. Lambing
rates using frozen/thawed semen by this insemination
route are seldom more than 50 per cent and often
much lower, making it unacceptable.

Frozen/thawed semen can be used but it must be
deposited directly into the uterus (a procedure cur-
rently carried out by laparoscopy) for acceptable
results. As a result of the success of this insemination
method most of the major pedigree sheep flocks in
the UK are now involved in sire reference schemes
for genetic improvement. Semen from selected rams
is collected and frozen for subsequent distribution to
flocks in widely different locations. Using the laparo-
scopic insemination technique lambing rates to fixed-
time insemination with frozen/thawed semen in the
UK sire reference schemes are around 70 per cent.
The technique, however, requires special training and,
in the UK, can be performed only by a veterinary sur-
geon. It involves a single insemination at about 56
hours after sponge withdrawal, i.e. a few hours later
than for fresh semen inseminated by laparoscopy, to
allow for the fact that freezing the semen induces its
capacitation (change in the sperm membrane required
for fertilization), thereby reducing sperm survival time
in the reproduction tract.

Lambing time in synchronized flocks

Ewe conceiving at a synchronized oestrus will lamb
over approximately 1 week. There should be no lamb-
ings over the following week and the repeats should
lamb down in 8-10 days, the whole lambing taking
around 3—4 weeks. Some of the benefits of a compact
and predictable lambing are an improved ability to
provide supplementary feed in relation to requirements
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and a reduction in perinatal infections that tend to
build up when the lambing period is protracted. On
the other hand, additional skilled and semi-skilled
labour, and, in the case of adverse weather condi-
tions, housing for the flock over the lambing period,
must be available to capitalize on the technique.

Alternative synchronization methods

Prostaglandin F,, (or its analogues) can be used to
synchronize groups of sexually active ewes, but has
no place in out-of-season breeding programmes
(other than to remove persistent CLs), because its
mode of action is to cause regression of the CL.

The CL is responsive to the action of
prostaglandin from around days 4-14 of the cycle
(day 0 = oestrus) and progesterone levels fall to
basal levels within hours of the administration of
an adequate dose (12mg of PGF,, or, in the case
of its analogues, 150 wg of cloprostenol or 6 mg of
luprostiol). A suitable interval between the two injec-
tions required to synchronize all ewes in the flock is 9
days. Oestrus occurs about 35 hours after administra-
tion of prostaglandin, with ovulation about 24 hours
later.

An abbreviated period (5 days) of progestogen
priming followed by an injection of prostaglandin at
sponge withdrawal has been shown to be highly effect-
ive for synchronizing oestrus during the breeding
season. Another combination, albeit not quite as
effective in that it achieves around 90 per cent as
opposed to 100 per cent synchrony, is an intramuscu-
lar injection of 4 pg of buserelin, a gonadotrophin-
releasing hormone (GnRH) analogue, followed 5 days
later by prostaglandin. Again, this protocol is effec-
tive only in ewes that are sexually active.

Because of the additional costs incurred in using
prostaglandin (which, in the UK, has to be adminis-
tered by a veterinary surgeon) and the fact that the
procedure can be applied to ewes only during their
breeding season, the double prostaglandin technique
is unlikely to be widely used. However, the treat-
ments involving either a short period of progestogen
priming (5 days) or an injection of GnRH followed,
in each case 5 days later, by prostaglandin may be
useful for the synchronization of additional recipient
ewes at short notice in, for example, an embryo trans-
fer programme.

Superovulation and embryo transfer

Successful embryo transfer requires close synchrony
of oestrus between the donor ewe and ewes receiving
her embryos, and is normally achieved by judicious
timing of the withdrawal of the progestogen sponge
following about 12 days of progestogen priming. For
donor ewes of large body size, it may be beneficial to
replace the sponge with a new one after 7 days.
A suitable superovulatory protocol is twice-daily
injections (about 12 hours apart) of FSH, starting on
day 10 (day O = sponge insertion) and continuing
until the day after sponge withdrawal. This repre-
sents a total of eight FSH injections over a period of
4 days, with the sixth injection coinciding with sponge
withdrawal. Recipient ewes are synchronized by giv-
ing an injection of 400 IU of eCG at sponge with-
drawal but, because ovulations tend to occur sooner
in superovulated than non-superovulated ewes, it is
normal to withdraw the sponges of the recipients
about 4-6 hours before those of the donors.

Owing to the adverse effect of superovulation on
sperm transport through the cervix, the preferred
method of insemination in embryo donor ewes is
directly into the uterus by laparoscope. Timing of
insemination is critical and, for the FSH regimen just
described, an appropriate timing is 46 hours after
sponge withdrawal with about 50 X 10° motile sperm
in each uterine horn. Embryos (blastocyst stage) for
transfer to recipient ewes are collected 6 days later
by methods that vary from laparotomy to laparoscopy
or a modification of the laparoscopic technique.
The latter involves exposure of the tip of the uterine
horn through a small incision in the body wall. This
facilitates the insertion of the embryo-flushing medium
into the uterine horn and its collection from the horn,
via a self-retaining catheter inserted by laparoscope
some 2-3cm posterior to the external bifurcation.
Embryo transfer to recipient ewes is either by the
laparoscopy or a modification of the laparoscopic tech-
nique, involving temporary exposure of the tip of the
uterine horn through a small mid-ventral incision fol-
lowing its laparoscopically guided pick-up [5].

Ovum pick up and in vitro embryo production

The in vitro production of embryos from oocytes
harvested by laparoscope is less traumatic than
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conventional surgical embryo recovery. The tech-
nique, which involves aspiration of the ovarian fol-
licles, can be carried out on lambs as young as 4
weeks of age. Despite their sexual immaturity ewe
lambs respond well to gonadotrophin (FSH and eCG)
stimulation and the numbers of in vitro produced blas-
tocysts are as high as those of adult animals [6]. The
technique can lead, however, to over-sized lambs and
associated birth problems.

Melatonin

Melatonin treatment for out-of-season breeding was
a logical progression from the use of lighting
regimes, which involve the added costs of housing to
induce oestrus. This hormone, which is secreted by
the pineal gland, can be administered orally or by
subcutaneous implant. Under UK conditions, the
daily inclusion of 3 mg of melatonin in feed given to
ewes in mid-afternoon (15.00h) from late March
onwards induces behavioural oestrus in mid-June.
Daily timed administration is more effective than
continuous release (intraruminal bolus or subcuta-
neous implantation) in that it closely mimics the arti-
ficial short-day treatments that are well known to
advance the breeding season. On the other hand, the
insertion of an implant, for example, has obvious
practical advantages, but this method of administra-
tion appears to be effective under UK conditions
only when initiated towards the end of June. With an
approximate 60-day programming period before the
reproductive axis is activated, this gives only a
modest advance of the breeding season. However,
when used in conjunction with the added stimulus
provided by the judicious timing of ram introduc-
tion (5-6 weeks after insertion of the implant), an
advanced and compact onset of the breeding season
can be achieved. Under these conditions, melatonin
has the added benefit of increasing ovulation rates,
making them more like that of the peak breeding
season.

Recent observations showing an association
between alleles for the melatonin receptor 1la (Mel;4)
gene and aseasonality of breeding in the Merinos
D’Arles in France and Small Tail Han Sheep in China
imply that it may be possible, through the use of
DNA markers, to incorporate out-of-season breed-
ing attributes into breeds that currently are strictly
seasonal [7].

Induction of lambing

This technique can be used where it is desired to lamb
a group of ewes over a very short period. It is practi-
cal to do only when the group or flock has been syn-
chronized in oestrus and mating dates are known,
otherwise there is a distinct risk of reduced lamb sur-
vival due to excessive prematurity.

At normal parturition the birth process is initiated by
the fetal lamb through a series of hormonal changes,
which result in a surge of cortisol secretion, a decrease
in progesterone and an increase in oestrogen. The
latter triggers the release of PGF,, from the uterus
and the birth of the lamb.

Prostaglandin cannot be used in sheep for the induc-
tion of lambing because the production of proges-
terone from the placenta blocks its action. However,
both oestrogens and corticosteroids have been used
successfully, with the latter now the drugs of choice
in practice.

Betamethazone and dexamethazone are the two
most commonly used corticosteroids. Both are avail-
able in short-acting clear aqueous solutions and long-
acting aqueous suspensions. There is variation in the
response of ewes to these different preparations in
terms of the time taken from treatment to lambing
and in the spread of lambing. From the practical
point of view, the latter is the more important, and
the drug of choice would appear to be betametha-
zone suspension. Dose rates normally range from
8 to 16 mg, but the higher dose rate given by intramus-
cular injection results in a shorter time from treatment
to lambing, usually between 26 and 62 hours.

This technique is used in frequent-lambing flocks,
e.g. with three lambings in 2 years, where a high degree
of synchrony at lambing is required both to allow for a
high level of lambing supervision over a short period
to ensure maximum lamb survival and also for ease of
subsequent flock management. To avoid lamb deaths
from prematurity, it is important not to use the tech-
nique too early in gestation. Assuming a mean gesta-
tion length of around 146/147 days for most sheep
breeds, it is unwise to induce ewes on a flock basis
before day 142 of gestation, although it is possible to
induce individual ewes that are in difficulty with their
pregnancy a few days earlier than this. Some breeds,
such as the Finnish Landrace and its crosses, have
shorter natural gestation lengths and have been
induced successfully by injecting as early as day 138
of gestation. Depending on the chosen time for
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induction, a small percentage of ewes may lamb
before the treatment is applied, but this is acceptable
when set against the benefits of better lamb survival.
Ewes injected on the evening of day 142 could be
expected to lamb from the morning of day 144 until
the evening of day 145. Unlike in the cow, retained
placentas and dystocia are not problems encountered
following parturition induction in the ewe.
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Ewe management for reproduction

L.A. Stubbings

The ability of the ewe to breed successfully is the
main determinant of economic efficiency in the
majority of sheep systems throughout the world.
While the variation in genetic potential between
breeds is immense and significant advances have
been made in the selection of superior genotypes, the
final determinant of reproductive efficiency is most
clearly linked to environmental restrictions and in
particular those linked to nutritional sufficiency. The
differences between biological and practical ceilings
to productivity are often significant in sheep produc-
tion. Genetic selection is largely based on ovulation
rate. However, the application of Darwinian princi-
ples in the development of the sheep has resulted in
an animal that is highly adapted to its environment
and whose productivity is highly correlated to the

resources on offer. Therefore, the genetic com-
ponents of reproduction in the ewe are linked mainly
to ovulation rate; the heritability of other traits being
relatively low because of the influence of the
environment.

The key to management for reproduction is
twofold. First, to recognize the potential of the breed
or cross and, secondly, to manage her in such as way
as to optimize her output, relative to the economic
returns and welfare considerations. Technological
advances in recent years have served only to under-
line this relationship. The classic example is the
immunization of ewes against androstenedione, an
endogenous steroid that quantitatively inhibits ovar-
ian follicle production [1]. A commercial preparation
successfully removed the physiological restraint on
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ovulation rate, but the product found little practical
application because subsequent environmental limi-
tations often resulted in no more lambs being reared
and sometimes fewer lambs due to the increased
demands of large litter sizes.

Shepherds have employed such strategies for
many generations, basing management systems on
the need to optimize lambing rate according to
resources available. This chapter provides an overview
of the principles behind the factors that affect repro-
ductive performance and the practical implica-
tions this has on management of the ewe for optimal
output.

NUTRITION

The impact of nutrition on the reproductive per-
formance of the ewe was first demonstrated in the
1920s and subsequent research has elucidated some
of the underlying mechanisms, while others still
remain the subject of speculation. The effects of
nutrition are largely mediated through the effects of
energy intake and for practical purposes they can be
broken down into short (current feeding levels in
days or weeks), medium (weeks and months as it
affects body condition) and long (months and years
with effects also related to fetal and rearing phases)
term effects.

Short-term nutrition

A plane of nutrition above that required for main-
tenance in the period just before mating (flushing) has
long been recognized as having a profound influence
on lambing rates. This influence is mediated through
the effect of energy intake and is thought to influence
all levels of the reproductive system including the
hypothalamus, pituitary gland and ovary. However,
recently published work [2] suggests that it is largely
mediated via follicular development, with responses
to and increases in the concentrations of glucose,
insulin and leptin at the ovarian level in an acute
(2-3 days in duration) response.

There is also a clear interrelationship between
body condition and short-term nutrition (flushing),
with the response to short-term energy intake being
apparent only when ewes are in sub-optimal body
condition in the 2-3 weeks pre-mating. This effect is
mediated via an increased voluntary food intake of
the leaner ewes over and above that demonstrated by
fitter ewes [3]. This is shown in Table 8.1, where
leaner ewes eat significantly more herbage when
there is no restriction on availability. This has impor-
tant implications for the management of ewes and
allocation of resources. It clearly demonstrates that
fit ewes do not need to be flushed, their condition
alone ensuring good ovulation rates; in contrast,
leaner ewes require a high herbage availability to
optimize ovulation rate. It should be noted, however,

Table 8.1: The effect of pre-mating body condition on pasture intakes (dry matter/ewe/day) and lambing performance at two

levels of pasture availability

Condition score

5 weeks Pasture intakes
pre-mating At mating (g dm/ewe/day) Lambing rate* Litter sizet
>3.0 H 3.18 722 1.40 1.62

L 2.96 728 1.10 1.50
2.5/2.75 H 3.05 746 1.53 1.70

L 2.78 829 1.43 1.57
<2.25 H 2.86 1101 1.47 1.61

L 2.46 778 0.93 1.33

H = high pasture availability, above maintenance; L = low pasture availability, maintenance only.

*Per ewe mated.
TPer ewe lambing.
Data from reference [3].
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that ewes in poorer condition demonstrate lower
embryonic success, so flushing only partially restores
the full potential in these ewes.

Very high or very low levels of feeding in the peri-
conceptual period are detrimental to reproductive
performance. Severe undernutrition in the weeks
before mating to 7 days after fertilization has been
shown to have significant effects on subsequent pla-
cental and fetal growth patterns. [4, 5]. Maternal
weight loss during this period affects feto-placental
growth up to day 55 of pregnancy, particularly for mul-
tiple fetuses, with long-term developmental effects.
Indeed, this has also been demonstrated in humans
where specific long-term effects such as coronary
heart disease in later life have been recorded. Over-
feeding reduces embryo survival rates, possibly through
increased hepatic blood flow, which increases the
metabolic clearance of progesterone, high levels of
which are required for early embryonic cell division.

Medium-term nutrition

Energy intake over a production cycle is reflected in
the accumulation or loss of stored energy in the form
of body fat. This is another demonstration of the
adaptation of the ewe to her environment as she is
programmed to superimpose information on the
extent of her body reserves on her subsequent ability
to rear a crop of lambs successfully.

Table 8.2 clearly demonstrates the positive corre-
lation between the body condition score of a ewe at
mating and reproductive performance [6]. The
period between the end of one reproductive cycle
(weaning) and the start of the next (mating) is
therefore of vital importance since it is the time

when body reserves can most easily and effectively be
replenished.

Body condition can override any short-term effect
of feeding level on ovulation rate, with ewes in inter-
mediate (ideal) body condition at the time of mating
unaffected by the level of feeding at the time of mat-
ing [7]. In effect, therefore, if the ewe is in optimal
body condition at mating she does not need to be
flushed and indeed will not exhibit the increased vol-
untary food intake of a lean ewe even if offered high
herbage availability. This is in contrast to the lean
ewe which, given the opportunity, will eat more and
take advantage of the positive effect this has on fol-
licular development.

Long-term nutrition

The onset of breeding activity and fertility at first
oestrus in the ewe lamb are well known to be influ-
enced by nutrition [2], body weight being the major
determinant. To provide optimum conception rates,
management must aim to attain at least 60 per cent
of mature body weight at mating. A high plane of
nutrition in adult life can only partially compensate
for undernourishment in the rearing phase, due not
only to the permanent effect on ovulation rate, but
also on udder development and her overall capacity
to survive and rear lambs.

Relatively recently, the effect of fetal nutrition on
reproductive performance has been noted. Ewe
lambs deprived of nourishment in utero produce more
singletons in their first three pregnancies, and under
severe restrictions of 50 per cent below maternal
maintenance requirements the fetal ovary is
impaired as early as day 47 of pregnancy [§].

Table 8.2: The effect of body condition score at mating on lambing percentage (lambs born per 100 ewes mated)

Body condition score

Breed of ewe 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Welsh mountain 60 65 105 116 123
Swaledale 78 133 140 156
Mule 148 166 178 194 192
Scottish halfbred 148 170 183 217 202

Data from reference [6].
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Minerals, trace elements and anti-nutritional
factors

Deficiencies of a number of trace elements have been
implicated in both reduced ovulation and embryonic
survival rates. Copper, zinc, manganese, iron, cobalt,
selenium and more recently iodine are all mentioned
in the literature, but with tangible evidence only for
selenium and iodine. Pre-mating supplementation of
ewes grazing areas known to be deficient in selenium
has been shown to reduce embryonic mortality in
weeks 3—4 of pregnancy (see Chapter 54). Iodine has
also been implicated in embryonic loss in New Zealand
(see Chapter 67) and this may have increasing import-
ance for flocks utilizing potentially goitrogenic forages
in the peri-conceptual period. Kale, for example, con-
tains the goitrogenic 5-methylcysteine sulfoxide which
in addition to its effect on iodine requirements may
also induce iron and copper deficiencies, the resultant
anaemia increasing embryonic mortality.
Anti-nutritional factors to be avoided in this
period include the phyto-oestrogen compounds
found in the legumes, in particular red clover, the
effects of which can also be long term. Coumesterol
levels in lucerne, which are increased by fungal dis-
ease, and zearlenone, a mycotoxin produced by the
fungus Fusarium, are known to reduce fertility in
ewes grazing affected areas at the time of mating (see
Chapter 67). Certain other plant poisons such as the
steroidal alkaloid found in false hellebore cause
embryonic death at about day 14 (see Chapter 56).

OTHER FACTORS

While the roles of infectious abortion agents and of
other reproductive diseases are dealt with in subse-
quent chapters, the following section deals with fac-
tors related to management of the ewe.

Heat stress

There are many parts of the world where the effect of
high temperatures on reproduction is of significant
concern. Even in the UK, when mating takes place in
July or August there can be periods when daytime
temperatures are in excess of 30°C. Notwithstanding

the effect this may have on ram fertility or mating
behaviour, there may also be a reduction in embryo
survival rates in such conditions. Experimentally,
80 per cent of fertilized ova can be rendered non-
viable by placing ewes in rooms at 36°C immediately
after mating [9], with the embryo most vulnerable in
the first 3 days after fertilization. In the light of cur-
rent concern regarding global warming this may
become a more significant factor in some systems of
production in the future. In the later stages of preg-
nancy, heat stress can also affect performance by
reducing uterine blood flow. Those ewes most at
main risk are unshorn, housed ewes and over-fat
ewes at any stage of pregnancy.

Other stress factors

It has long been accepted that stress should be avoided
in the pre-implantation stage of pregnancy (up to day
21). Factors to be avoided include gathering, han-
dling, dipping and any change in diet that may inter-
rupt nutrient supply. Scientific evidence for this is
sparse and sometimes inconclusive with, for exam-
ple, no significant effect of dipping in the peri-
conceptual period [10]. However, others have
reported detrimental effects following daily adminis-
tration of adrenocorticotrophic hormone (ACTH) or
repeated handling stress 4-6 hours/day in the period
up to day 20, suggesting that it is the duration of the
stress factor that is the determinant of any adverse
effect [11].

Age

Age has a marked effect on lambing rates and, in par-
ticular, on embryo survival. Ewe lambs have a very
high rate of embryonic wastage due to the inherently
low potential for the fertilized ova to get to the
implantation stage. Even when ova are harvested
from ewe lambs and implanted into mature ewes, their
survival rate is 40 per cent compared to 64 per cent for
ova taken from adult ewes [12]. Shearing ewe lambs
pre-mating has been shown to increase conception
rates (73 vs 53 per cent to first service) and is proba-
bly linked to a short-term increase in nutrient intake,
similar to that described for the adult ewe with
respect to flushing.
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Genetic potential

The wide variation in the genetic potential between
breeds of sheep worldwide is a reflection of the
diverse environmental conditions in which sheep have
evolved. Most of the genetic variation is due to dif-
ferences in ovulation rate rather than embryonic sur-
vival rates and is often associated with simple genes,
for example the ‘Boroola’. Of practical significance,
however, is the fact that selection for increased ovu-
lation rate also tends to result in an increased num-
ber of barren ewes in the population. Furthermore,
embryonic wastage in the highly prolific breeds tends
to occur at the implantation stage, which has impor-
tant implications for subsequent lamb birth weights if
it reduces the number of placentomes occupied by
each surviving fetus.

Internal parasites

There is much concern internationally about the
increasing prevalence of anthelmintic resistance (see
Chapter 27). New UK guidelines [13] designed to
reduce the selection pressure on helminths advise
farmers not to drench ewes routinely pre-mating.
This is based on the fact that fit, healthy adult ewes
have a high degree of immunity to the majority of
nematode species and therefore do not require treat-
ment and will not respond in terms of their repro-
ductive performance. However, immature ewes (ewe
lambs and two-tooths) together with lean ewes,
which are likely to have less than optimal levels of
immunity, should be treated. It should also be noted
that where Haemonchus contortus and/or liver fluke
are known to be present, a strategy to control these
parasites is essential for all adult sheep.

PRACTICAL IMPLICATIONS

The optimum lambing rate in a flock must be deter-
mined taking into account the resources available
and potential of the ewes. The objective of the shep-
herd is to put these together into a management pro-
gramme that will result in economic efficiency. As
previously discussed, management of the ewe for repro-
duction involves both short- and long-term factors; in

particular, body condition which requires good, long-
term strategies to be in place.

Selection of breeding stock

Once the fundamental decision on breed type has
been resolved, the role of management is to select
animals which are ‘fit to breed’. The removal from
the flock of those ewes that are unlikely to conceive
and/or rear lambs is essential. Culling policy is the
cornerstone of the production cycle and remains the
Achilles heel of many commercial flocks as they mis-
guidedly try to reduce costs by minimizing the num-
ber of ewes they cull [14]. The number of ewes that
are truly infertile (barren) is actually very small, yet
the number that fail to produce live lambs is much
higher at 5-7 per cent due to a failure to establish
and maintain the pregnancy or to abortion (37.6 and
52.9 per cent, respectively) [15]. The number that
subsequently fail to rear lambs is even higher, often
in excess of 10 per cent. Ewes that are not fit to breed
should be identified at all stages of the production
cycle, for example at lambing if they prolapse, have
little or no milk, etc. so that at weaning they can be
removed. Further inspection 6-8 weeks pre-mating is
also essential, with ewes that have failed to regain
sufficient body condition also culled.

Pre-mating and mating management

The influence of body condition, both on mating per-
formance and subsequent ability to sustain a viable
pregnancy, is so profound that ensuring the majority
of the ewes are in the correct condition at mating must
be the overriding objective of management. While
body condition cannot predict the performance of the
individual ewe, it is an essential tool when managing
groups of ewes, providing the shepherd with a rela-
tively accurate assessment of potential and informa-
tion on which to base the need for any supplementary
feeding. Procedures for assessing and scoring body
condition are given at the end of the chapter.

The ideal condition will vary according to breed and
the lambing percentage required (Table 8.2). Lowland
ewes should score 3.0-3.5 at mating; a pure hill breed
would score 2.0-2.5 [6]. The time of weaning should
take into account the amount of body condition to be
regained by the next mating and grazing availability.
Generally, a period of 10 weeks is recommended
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between weaning and mating, during which time
healthy ewes will regain 1.0-1.5 units of body condi-
tion (10-15 per cent of body weight) on unrestricted
grazing. Condition scoring should be used at the start
of this period to group according to the amount of
condition to be gained, and then periodically to check
that ewes are gaining as required and adjust groups
and grazing availability.

Supplementation or the need for flushing will,
as described earlier, depend on the body condition
of the ewes and the amount of grazing available.
Traditionally, many shepherds evoke the need for
flushing by reducing body condition until 3 weeks
before mating because they recognize that ewes in
less than optimum condition at this stage respond to
additional feeding in terms of their ovulation rate
and subsequent litter size. However, it is important
to note that this is mediated through the increased
voluntary food intake of the leaner ewe. In practice,
the response is reliant on the lean ewes not being
subject to any restriction in forage intakes so they can
exercise their increased appetite over fit ewes.

Sward height can be used as an accurate indicator
of the need for supplementation to maintain nutrient
(energy) intakes, because it has been correlated to
herbage mass availability. Table 8.3 demonstrates the
suggested levels of supplement for lowland ewes [16].
High levels of concentrate supplementation are to be
avoided where possible due to the detrimental effect
on embryo survival described previously.

Early pregnancy

In commercial sheep flocks, mating will normally
take place over a period of about 6 weeks, which means
that for any group of ewes there will be some just

Table 8.3: Rates of supplement for ewes pre-mating based
on sward height

Grass Supplement
height (cm) required (g/ewe/day)
>4.0 No supplement
3.5 4009
3.0 7009
<25 7009

Additional forage
(hay) required

Data from reference [16].

mated, others in the pre-implantation phase and
some with established pregnancies. This has impor-
tant practical implications and advice is based on the
need to avoid stress, abrupt changes in diet or changes
to the plane of nutrition for at least a 6-week period
after mating commences. In practical terms, shep-
herds should aim to maintain a maintenance level of
feeding through this period and be prepared to offer
some supplement if grazing availability declines rap-
idly, which can be the case with late autumn or early
winter matings in the UK. Note should also be taken
of the effects of stress, in particular heat, so that ewes
are given access to shade and not gathered in the
heat of the day. Other routine tasks and disruptions
should also be avoided in this period. Subsequent
development of the placenta beyond implantation is
discussed in Chapter 10.

Rearing management

In addition to the management of replacements to
ensure they reach optimum body weights at mating,
nutrition in the rearing phase also has an important
bearing on future reproductive performance. Ewe
lambs that have been grown slowly, on a low level of
nutrition, have lower ovulation rates than those that
have grown more quickly. This is important in the
UK since many replacement ewes are reared in the
upland areas where there may be nutritional limita-
tions. Purchasers of replacement sheep should there-
fore be wary of this when tempted to buy the cheap,
smaller lambs at the end of the season. For those who
breed their own replacements, the objective must be
to provide for a good, planned level of growth up to
mating and to remember that the potential of next
generation females is also affected by events in utero
in the peri-conceptual period of their dam.

BODY CONDITION SCORING

Assessing body condition is an important aspect of
sheep management and also of considerable value in
clinical appraisal. The following guide is drawn from
published sources [17, 18].

To assess body condition, handle the ewes in the
lumbar region, immediately behind the last rib.
The prominence of the spinous (SP) and transverse
(TP) vertebral processes are then felt and the
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1 Prominence of spinous processes

2 Prominence of transverse processes

3 Cover over ends of transverse processes

4 Fullness of tissue between spinous and transverse processes

Figure 8.1: Anatomical features for condition scoring.

amount of eye (loin) muscle (longissimus dorsi) and
degree of fat cover over both the SP and TP assessed
(Figure 8.1).

From these features a scoring system from 0 to 5 has
been developed that accurately reflects the body con-
dition and hence body reserves of the ewe. In practice,
half scores are also used because the difference
between each whole score is relatively large. As a
guide, each score equates to approximately 10 per cent
of body weight, hence it takes 6-8 weeks on good
grazing for a ewe to gain 1 condition score.

Score Description

0 Extreme emaciation. No fat or
muscle detectable

1 SPs and TPs are prominent and
sharp, with gaps between the
SPs palpable. No fat over the
eye muscle

2 SPs are prominent but smooth;
each process can be felt only as
corrugations. The TPs are
smooth and rounded but it is
still possible to press the fingers
under them easily. Eye muscle
is moderate with very little fat
cover

3 The SPs are smooth and rounded
and can only be felt using pressure
The TPs are smooth and well
covered by fat, firm pressure
being needed to feel over the ends.
Eye muscle is full with moderate
fat cover

4 SPs are detectable with pressure
as a hard line between the fat-
covered eye muscles. The ends
of the TPs cannot be felt even
with hard pressure

5 The SPs cannot be felt, only a
depression between them. The
TPs cannot be felt. The eye
muscle is full with a thick
covering of fat

Target condition scores to be aimed for at different stages of growth and reproduction under UK sheep management

systems are given in Table 8.4.
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Table 8.4: Body condition targets

Hillewes Upland ewes Lowland ewes

At weaning 2.0 2.0 2.5
At tupping 2.5 3.0 3.5
Mid-pregnancy 2.0 2.5 3.0
At lambing 2.0 2.5 3.0
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Management and care of rams

J. Vipond and A. Greig

Rams are costly to buy yet receive relatively little
extra attention on the farm. Their flock life should be
three or four mating seasons, but an excessive num-
ber die or are culled while still relatively young. This
may be due to insufficient management care and vet-
erinary attention and over-reliance on concentrate
feeding in early life. This chapter sets out the way to
ensure rams have the right traits, mating capabilities
required, and the management to ensure they work
and justify their costs.

SELECTING A RAM

Replacement rams are usually purchased as ram
lambs when 8 months old or as two-tooths (shearlings)
at around 20 months of age. Alternatively, in pure-
bred flocks, ram lambs with above average perform-
ance can be identified and retained. They will benefit
from immunity to the farm disease problems, can be
selected for ‘get up and go’ at birth and, as they can be
reared less intensively than purchased replacements,
have greater longevity and serving ability. Whether
homebred or purchased, rams should be examined to
check that they are well developed for their breed and
age, without obvious physical defects and in good
health. Sound feet and legs and a good mouth, with
flat, square incisor teeth biting directly on to the den-
tal pad, are required. Cheek teeth should be regular
with no sharp protrusions at the outer edge as a result
of uneven wear as these can damage the tissue on the
inside of the cheek. The condition of these teeth can
be checked from the outside by running the fingers
along the jaws on each side of the face.

The ram’s testicles should be palpated to confirm
that they are well developed and normal. There should

be two firm, evenly sized and well-formed testicles,
which move freely within the scrotum; large testicles
are a good feature (see Chapter 13 for recommended
scrotal circumference). At the lowest part of each
testicle is the epididymis which, in the breeding sea-
son, should be firm and about the size of table-tennis
ball. Both the testes and epididymis should be free
from obvious lumps. Ideally, rams should be bought
6-8 weeks before use, to acclimatize them to their
new surroundings, and be kept separate on arrival
from the established ram stud, to avoid fighting and
injury. In the UK, purchased rams, as with any sheep,
are potential sources of a number of infectious dis-
eases and so should be subjected to the biosecurity
measures. Under a purchaser’s health plan, devel-
oped in consultation with a veterinary surgeon, quar-
antine for at least 4 weeks is typical. The specific
diseases that need to be considered are maedi-visna
(MV), sheep scab, caseous lymphadenitis (CLA),
contagious ovine digital dermatitis (CODD) and
resistance to one or more of the anthelmintic fami-
lies. To prevent the introduction of MV, rams should
be purchased from flocks which are MV-accredited,
but where the MV status is unknown, the ram should
be blood-tested on arrival or when aged over 12
months and again 6 months later. Such animals need
to be kept in isolation until the results of the blood
tests are known.

All introduced rams need to treated for both
internal and external parasites. To prevent the intro-
duction of worm resistance rams should be dosed
sequentially with levamisole and one of the macro-
cyclic lactone (ML) products. When injected at the
correct dose the latter products will also kill sheep
scab mites — two doses of ivermectin brands are
needed 7 days apart. Rams that come from a fluke
area should be dosed with triclabendazole (see
Chapter 28).
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Purchased rams commonly spread CLA. Hitherto,
careful examination of the area beneath the ear and
around the jaw for evidence of the lumps caused by
CLA has been the only ‘test’” available to flock-masters.
However, in the UK a blood test has been developed
and is used in a voluntary ram-monitoring scheme.

The full course of vaccines routinely used in the
flock will ensure full protection before the breeding
season commences. Vaccination against clostridial
diseases is essential and pasteurella vaccination
adopted where necessary. Where ticks are a recog-
nized problem, replacement rams should be purchased
from flocks within a tick-infested area. If this is not
possible, or if the history is not known, ram lambs
should be purchased and allowed to acclimatize for
use the following year as shearlings. An unacclima-
tized ram that picks up ticks and develops tick-borne
fever will become temporarily infertile, possibly for a
period of several months. In addition to acclimatiza-
tion, vaccination against louping-ill is advocated in
areas where this disease occurs (Chapter 36).

RAM MANAGEMENT PRIOR TO
MATING

As it takes 6-8 weeks to produce sperm, the follow-
ing management timetable should be adopted.

Twelve weeks before mating

On farms where selenium deficiency is known or
proven from blood test results, rams should be given
an injection of a long-acting selenium preparation.
Some of these products may cause a transient local
reaction, so the preferred site is under the skin of the
neck. Selenium is a critical component of the tail of
the spermatozoa; larger numbers of ewes conceive
and hold to service from selenium-supplemented
rams. Blood-sampling ewes to assess flock selenium
status is best done during August to November.

Six weeks before mating

Rams should be condition-scored and supplemen-
tary feeding of thinner ones started with a 16 per cent
crude protein (CP) compound. Rams should be in

above-average condition, condition score (CS) 3.0
but not over-fat (CS 3.5-4.0) at the start of mating.
On good grazings concentrate feeding should start at
around 250 g/day per head, gradually building up to
around 500 g/day per head, continuing until desired
condition is reached.

Concentrates and urinary calculi

Where rams are fed intensively with high levels of
concentrate, urinary calculi (urolithiasis) can be a
problem (see Chapter 55). The basic cause is pre-
cipitation in the urinary tract of an insoluble salt con-
taining magnesium, ammonium and phosphate. Large
stones may block the urethra with subsequent rup-
ture of the bladder and death. Timely surgical inter-
vention may prevent this (see Chapter 74).

The main reason for calculus formation is a high
concentration of phosphate and magnesium salts in
the urine brought about by excessive phosphorus
(and magnesium) levels in a largely concentrate-
based diet, compounded by inadequate water supply.
Such calculi have never been found in grazing lambs.

Dietary factors that cause a high incidence of cal-
culi in lambs are:

® High levels of concentrate feeding — availability
of P is high from concentrates.

o Low forage intake — high forage diets reduce the
availability of P.

o High Pin the diet [over 4.6 g/kg dry matter (DM)].

® High Mg in the diet (over 2.3 g/kg DM).

® Alowratio of Ca:P in the diet (<1.5:1). (A high
Ca:P reduces the absorption of P and so reduces
urinary excretion.)

® Low water intake — increases the concentration
of minerals in the urine.

® Genetics — Blackface and Texel breeds absorb
more P from their diet than other breeds and
are more at risk.

To prevent the formation of calculi:

e Feed diets low in P (<4.6g/kg DM) and Mg
(<2.3g/kg DM) and maintain a high ratio of
Ca:P. This ratio should be at least 2:1 but prefer-
ably nearer 3:1.

® Include 1.5 per cent salt in the diet to promote a
higher water intake to dilute the urine. The total
Na content should be about 6 g/lkg DM.

® Ensure an adequate supply of clean water.
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® Include ammonium chloride (0.5 per cent) in
the diet to make the urine more acid so that
crystals are less likely to start growing.

@ Feed less concentrates and more forage.

Home-mixed concentrates should be supplemented
with an appropriate mineral/vitamin mix, high in Ca
(>25 per cent) and sodium (salt) and contain no P,
Mg or copper. Other trace elements and vitamins
should be included at the normal rate.

Dipping rams in organophosphate or high cis-
cypermethrin dips will remove external parasites, but
close to the breeding season rams are more suscep-
tible to absorption of dip, thus avoid over-strength
solutions, preferably dipping them after the ewes.
Penning purchased rams after dipping with stock
rams can reduce fighting. Examine the scrotum and
sheath for any sign of thickening or abscesses, and
seek veterinary advice if such abnormalities are found
to be present; remove excess wool from the scrotum.

Check the brisket for sores which, if present, should
be treated with an appropriate preparation. If there is
no response to treatment, seek veterinary advice imme-
diately. All feet should be examined for evidence of
foot-rot, CODD or interdigital growths and appropri-
ate treatment applied or veterinary assistance sought.
Heavy breeds of ram are particularly prone to foot
problems, and it is worth having them vaccinated
against foot-rot 6 weeks before mating.

Rams release pheromones that help bring ewes
into season. By keeping them completely separate
from ewes until mating, a synchronization effect is
produced, reducing the lambing period to around
3 weeks. In very hot weather, ensure rams have shade
or house them in a large airy building, but do not run
them on bedding that can generate heat, as this is
detrimental to sperm production.

Two weeks before mating

Check condition score and adjust feeding if neces-
sary. Re-examine the brisket and feet, and treat if
necessary. If non-hardy breeds of ram are used on
hill ewes, they should be trained to eat concentrates
from a bucket tied in a high position to an all-terrain
vehicle. They can then be fed easily among the ewes
during the mating period.

Check that the testicles move freely in the scrotum,
feel firm but not solid, are free from any hard lumps
and have an epididymis the size of a table-tennis ball

at the base. Examine the sheath and tip of the penis
by putting the ram into the sitting position. The more
upright the ram is sitting, the easier it is to protrude
the penis, by gently pressing back the sheath with one
hand while easing the penis upward with the other
hand. A number of infections can affect the sheath or
penis, which can prevent the penis being fully erected.
Growths, pustules or ulcers at the opening of the
sheath require veterinary attention.

Have any ram with doubtful reproductive capabil-
ity examined by a veterinary surgeon who, in addition
to a full physical examination, will probably take a
semen sample to be evaluated with regard to sperm
density, motility and abnormalities. A decision on
whether or not to use the ram can then be taken.

MATING MANAGEMENT AND
RAM TO EWE RATIOS

Rams (in particular ram lambs) should be monitored
to confirm that they are able to mount and to serve
properly. Traditional ram to ewe ratios in intensive
flocks in the UK are one ram lamb per 30 ewes, and
one experienced ram per 40 ewes (typically at least
three rams in a group mating situation is preferred as
single sire mating groups increase risk of reproductive
failure and reduce lambing percentage). However,
these ratios are not based on experimental trials. This
contrasts with New Zealand studies with experienced
rams and mature ewes (older than two-tooth) when no
reduction in flock reproductive performance was evi-
dent at one ram to 210 ewes. Large-scale New Zealand
farms use ratios of 1:100-150 regularly. The difference
in ratios may be explained by differences in husbandry —
in New Zealand, rams are not normally supplemented
with concentrates or brought out by high feeding levels
for sale or show as ram lambs. When carried to
extremes these practices significantly depress mating
ability. Several UK farmers now regularly use ram: ewe
ratios of around 1:100 with the following provisos:

® Rams are not fed concentrates, are mature and
in good condition score.

® Ewes have already had one crop of lambs previ-
ously and are in good condition and are on qual-
ity pasture (rule of thumb — graze half the sward
height on offer then move on, e.g. start at §cm
move at 4cm, this gives high stocking rates and
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avoids ewes grazing at low sward heights on
poor quality material).

® Rams are run in groups of at least three rams
(e.g. three rams + 300 ewes).

In hill flocks the normal ratio is three rams per 100
ewes as the rams may have much more ground to
cover. Usually, two rams are turned out initially with
the third being introduced after 17 days.

BATCHING EWES BY LAMBING
DATE AND IDENTIFYING
NON-WORKING RAMS

The use of a coloured crayon held in a harness (rad-
dle) is a useful means of determining that lowland
and upland rams are working satisfactorily. Rams
with a raddle will leave clear marks on the ewes’
rumps. These should only be used on all rams from
the start of the tupping period where it is necessary
to batch ewes by expected lambing date owing to
shortage of lambing accommodation. Where all ewes
can be housed at the same time, the use of raddles or
marking fluid smeared on the brisket area will
identify late lambers for delayed supplementary feed-
ing. This is best achieved by raddling rams after the
first 3 weeks of mating. In many situations, e.g. flat
rate feeding or outside lambing on grass, the use of
raddles is not justified. However, raddling with
observation is useful to check that newly purchased
rams are working. Where possible, rams should be
inspected daily. Supplementary feeding of trained
rams helps to maintain condition and allows raddle
changes to be made without the stress of gathering
the flock. Harnesses for raddles need adjustment as
rams lose condition. Problem rams should be removed
for treatment, and replaced if there is any doubt
about their ability to work. In extensive hill condi-
tions ewes can be observed from a distance to check
that there is a ram with them but it is a mistake to
gather ewes to the ram daily as the stress induced
causes failure to conceive.

A ram in a single-sire mating group that is not
serving ewes properly or is infertile will be seen sur-
rounded by ewes 16-17 days after turnout. However,
where several rams are run together at mating, ewes
are likely to be served by each ram present, which
results in a higher conception rate. Unless a specific

pedigree mating programme is necessary single-sire
mating groups should be avoided. Once rams are
proven fertile, they generally do not need further test-
ing other than the annual pre-tupping visual and han-
dling check.

In purebred flocks the preferred ewes are those
that hold to first service. Since the oestrus cycle lasts
around 17 days, the preferred practice is to breed
only pure replacements from ewes mated in the first
3 weeks of tupping. Purebred rams are then removed
and a terminal sire used to sweep up. This saves valu-
able purebred rams from long tupping periods and
excessive weight loss thereby increasing their useful
life. When the rams have completed their work, they
should be gathered together and managed apart from
the main flock.

MANAGEMENT AFTER MATING

After mating, any rams considered unfit for a further
year should be culled. Broken mouths, chronic lame-
ness and ‘old age’ are the usual reasons for culling.
Three-year old rams in hill flocks are often sold on to
other farms to avoid father/daughter matings, which
leads to inbreeding and reduced performance of
ewes. These rams can work satisfactorily for a further
year or two on lowland farms. Rams to be retained
can be fed ad libitum hay plus 0.5kg of concentrate
(e.g. cereal, beet pulp or a 16 per cent CP compound
ration) until CS 3.0 is reached. Ram lambs need extra
supplementary feeding and should be fed separately
from older rams; this also reduces the risk of spread-
ing CLA. Cattle concentrates should not be used for
rams as they may contain high levels of magnesium
or copper.

Any open wounds around the head or brisket
should be treated. Excess hoof growth should be
trimmed and foot-rot treated using a footbath con-
taining a 10 per cent solution of zinc sulfate. If there
is any risk of ectoparasites, treatment by dipping or
use of a pour-on should be carried out. In fluke
areas, treatment for fluke is advisable. In the case of
horned rams, check that horns are not touching the
face: it should be possible to pass fingers between the
horns and the head. In adult rams, up to 1-2 cm thick-
ness of horn can be removed by cutting back parallel
to the face.
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WINTER FEEDING AND
TREATMENT

Rams in reasonable body condition (CS 2.0-2.5) can
be fed hay or silage to appetite with 0.2-0.3kg of a
14-16 per cent CP sheep concentrate fed per head
daily. Housed rams need 2 m? of space per head and
trough space of 60cm. Monitor health and body
condition monthly. Free access to minerals is not
recommended but if the ewes receive trace element
supplementation, e.g. cobalt bullets, then treat the
rams also. Copper supplementation should be dis-
cussed with your veterinary surgeon.

SUMMER AT PASTURE

Rams should be run on reasonable grass with shade
available. A worming dose in May/June at shearing is
recommended, particularly if on a pasture used year
after year for the same purpose. In hill flocks, the
rams can be run on to the open hill. They tend to stay
together within a relatively well-defined area and
usually do not mix with the ewes to any great extent.

Rams may fight after shearing owing to their altered
appearance, but are less able to do so if penned tightly
together for a brief period.

Protect rams from pneumonia with a combined
clostridial/pneumonia vaccine boost in April. To pre-
vent head fly damage, routine summer dipping and/or
pour-on treatment should be carried out. When treat-
ing with anthelmintics, ensure they receive a full weight-
related dose, as rams are typically 30 per cent heavier
than ewes of the same breed. Withhold food from
rams for 12-24 hours before using the benzimadazole
anthelmintic drenches, to increase the effectiveness
of the treatment.

FURTHER READING

Allison, AJ. (1976) Ram—ewe ratios. New Zealand
Journal of Agricultural Science, 132, 37-40.

Round-Turner, N.L. (1976) Sheep mating; ram/ewe
ratios. Farm Production and Practice Aglink Series.
MAFE Box 2298, Wellington, New Zealand.

Smith, J. (1997) Ag FACT No. 210 Ram manage-
ment. Agresearch Ruakura, Private Bag 3123,
Hamilton, New Zealand.
www.agresearch.co.nz/publications/agfacts.asp
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The perinatal period

D.J. Mellor and J.C. Hodgson

The time just before, at and soon after birth (i.e. the
perinatal period) arguably represents the most haz-
ardous period in the life of a sheep. Annually, perinatal
death averages 15 per cent or more of all lambs born in
the UK, Australasia and elsewhere, and constitutes
the greatest single source of loss to the sheep industry.
In addition, impaired health and performance of

newborn lambs (neonatal debility) is fairly common
and represents a further loss that is less easy to quan-
tify. However, nutrition of the fetus has a significant
influence on its future productive performance [1].
Many causes of death and debility have been iden-
tified. Infections can be responsible for most prob-
lems in intensive indoor lambing systems, resulting
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from animals in close contact and exposure of lambs
to high levels of environmental infectious agents.
However, taking all systems of production into
account, available figures indicate that only 10-30
per cent of lamb deaths are attributable to infections,
but the percentage may increase with increasing
use of intensive rearing systems. Of the remaining
70-90 per cent, functional disorders (i.e. physiologi-
cal impairments or pathophysiological changes) are
the largest source of loss.

GENERAL PHYSIOLOGICAL
CONSIDERATIONS

Development

The development of the embryo, fetus and newborn
involves three interlinked processes: (1) differenti-
ation or the formation of individual organs and tis-
sues from the homogenous early daughter cells of the
fertilized ovum; (2) growth or an increase in cell num-
bers (hyperplasia), cell sizes (hypertrophy) or both;
and (3) maturation or the attainment of an adequate
functional capacity of individual organs and tissues
and their integrated operation in the whole animal.
The progress of development is influenced by an
inherent drive of organs and tissues to differentiate,
grow and mature; processes that are presumably pro-
grammed genetically, and by environmental effects
on these processes. In lambs, differentiation occurs
mainly during the first 30-40 days after conception,
growth is continuous although variable until adult
size is attained, most maturation occurs continuously
and at a variable rate until a few weeks after birth,
and environmental influences operate throughout.
The physiological state of a lamb at any particular
time therefore results from all preceding interactions
between the complex of factors that determine its
stage of development and the effects of the environ-
ment. During the perinatal period particularly, marked
changes occur.

Birth transitions in the lamb

Maturation of numerous fetal organs and tissues
accelerates during the final 2 weeks of pregnancy in

final preparation for the physiological adjustments
which are necessary if the lamb is to survive its expul-
sion from the uterus at birth [2]. Birth usually occurs
about 147 days after conception. At that time the fluid-
breathing fetus must rapidly become air-breathing to
survive the termination of placental gas exchange, a
process that requires lung maturation, the establish-
ment of pulmonary respiration and marked cardio-
vascular adjustments.

The fetal kidneys must mature sufficiently before
birth to allow them to replace the placenta post-
natally as the major organs of fluid and electrolyte
balance and excretion. The loss of thermal insulation
and placental nutrient supply necessitate a marked
increase in heat production, which at first must be
fuelled entirely from the lamb’s body energy reserves;
the mechanisms which achieve this must therefore be
operational at birth.

The quiescence of lamb behaviour in utero must be
replaced by the relatively vigorous activities of stand-
ing and teat-seeking. Subsequently, the onset of
sucking introduces large volumes of nutrient-dense
colostrum into the gut for the first time, and this both
requires and induces gastrointestinal and metabolic
adjustments.

Finally, the expulsion of the lamb from a sterile
into an infective environment means that the lamb
must acquire or develop the ability to resist pathogens
soon after birth, achieved mainly by the passive acqui-
sition of antibodies from colostrum and maturation
of adaptive and innate aspects of immunodevelop-
ment, such as gut closure.

Labour and birth

The maturational changes in the lamb during the
final 2 weeks of pregnancy are accompanied by a
complex sequence of hormonal interactions which
remove a block to, and actively stimulate, contractions
of the uterine muscle, cause relaxation of the cervix
and delivery of the fetus(es). Important features of
this sequence of events are reductions in placental
progesterone and increases in placental oestrogen
production, which cause parallel changes in the con-
centrations of these hormones in maternal plasma [2].
However, these hormone changes not only affect uter-
ine activity, they also influence other functions in
the ewe including the onset of milk production and
ewe—lamb bonding [2].
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Onset of milk production

Udder development during pregnancy consists of a
massive increase in cell numbers associated with pro-
liferation of the collecting ducts and terminal differen-
tiation of milk-producing alveolar cells. Most visible
udder growth occurs during the final 6 weeks of preg-
nancy. Just before parturition, however, there is a
rapid transition from growth to secretion, manifest
first when the alveolar cells begin to produce and
secrete specific milk products, which accumulate in
the gland as precolostrum and then colostrum.

The onset of copious milk secretion occurs
soon after birth, when colostrum is sucked from the
udder by the lamb, and thereafter milk production
usually increases continuously for 1-3 weeks. The
transition at birth from udder growth to secretion
depends largely on the withdrawal of progesterone,
which inhibits milk formation, and surges in pro-
lactin, cortisol and oestrogen, which stimulate milk
formation.

Withdrawal of progesterone also allows greater
mammary blood flow, which increases the supply to
the udder of nutrients, including precursors of milk
constituents. Undernutrition during the last third of
pregnancy raises plasma progesterone concentrations
and depresses colostrum production [3].

Ewe-lamb bonding

Maternal behaviour patterns, leading to successful
ewe—-lamb bonding and ensuring that each ewe dries,
protects and feeds her offspring, are under a large
measure of physiological control. The odours of
amniotic fluid, which at most times are repellent, usu-
ally become attractive to ewes at birth. The attraction
is general initially, the fluid on virtually any lamb
being acceptable, but rapidly becomes specific.

This period of general receptiveness to lambs is
linked to the transient rise in maternal concentra-
tions of oestrogen that occurs at birth, and is
reinforced by expansion of the cervix and vagina dur-
ing expulsion of each fetus. Thus, ewes are strongly
motivated to lick newborn lambs, and this introduces
them to the unique odours of each lamb, which they
learn to discriminate as the period of general recep-
tiveness fades during the first 3-5 hours after birth.
In addition, licking helps to dry the lambs and may
increase arousal and stimulate respiration; it also

elicits from the lambs various behavioural and vocal
responses, which further stimulate maternal interest
and activity and lead to the lamb being accepted at
the udder. Although the interacting mechanisms that
induce maternal behaviour in ewes at birth have yet
to be clarified fully, key features are the transient
oestrogen rise and mechanical stimulation of the
genital tract during fetal expulsion.

Integration of perinatal events

It is evident that a wide variety of activities in the
fetus, placenta, uterus, udder and elsewhere in the
mother need to be integrated if birth is to have a suc-
cessful outcome [2]. The initiation and coordination
of many of these diverse events is achieved by a sin-
gle physiological signal originating in the fetus.

There is a marked rise in the activity of the fetal
adrenal cortex, which progressively increases the
secretion of cortisol during the final 2 weeks before
birth. This cortisol surge has direct fetal effects,
either by acting alone or synergistically with other
hormones, or it acts indirectly in the fetus and
mother by causing changes in the production of sev-
eral fetal, placental and maternal hormones. By this
means, fetal maturation, labour, delivery, milk pro-
duction and ewe-lamb bonding are initiated and
sequenced appropriately [2].

PATHOPHYSIOLOGICAL CHANGES

The border between normal and impaired function
(i.e. between physiology and pathophysiology) is
reached when an animal’s well-being is threatened.

Placental insufficiency

Placental development begins about 30 days after
conception. Placental weight increases until about
90 days gestation and thereafter remains fairly con-
stant, but proliferation of blood vessels continues
throughout and is associated with marked increases
in blood flow to both the fetal and maternal sides of
the placenta. However, placental size varies widely
between fetuses at the same stage of gestation due to
competition between litter mates for the fixed number
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of implantation sites, variations in maternal nutrition
or to other unknown factors. As a result, inadequate
placental development accompanied by impaired
transfer functions is usual in a small proportion of ewes
in most flocks [2]. The most obvious consequence of
placental insufficiency is fetal growth retardation.

During the final 30-40 days of pregnancy, low-
weight fetuses of this type exhibit: (1) a long-term
oxygen shortage (chronic hypoxaemia) with associ-
ated elevations in haematocrit and plasma concen-
trations of lactate and cortisol; (2) a chronic nutrient
deficiency associated with low plasma glucose and
fructose concentrations; and (3) other metabolic and
hormonal disturbances. Fetal death is common when
placental weight is near the bottom of the normal
range and is probably due mainly to the restriction on
oxygen and nutrient supply. Even when such fetuses
survive to term, effects of the hypoxaemia persist,
inhibit the lamb’s heat production response to cold
stress after birth and thereby increase its susceptibil-
ity to fatal hypothermia. However, in many cases
these effects are transient, so that such lambs can be
saved by keeping them in warm air (38-40°C) usually
for no more than 6-10 hours, until the effects of the
oxygen shortage have passed.

Intrapartum hypoxaemia

Even when placental weight is above average, fetal
hypoxaemia can occur during birth as a result of
umbilical cord compression and/or protracted labour
[2]. Short-term or acute hypoxaemia, with its associ-
ated elevations in plasma lactate and cortisol concen-
trations, can also inhibit heat production sufficiently
to jeopardize the survival of newborn lambs. In these
cases, however, the inhibition lasts for only about
30 min, so that support for short periods in warm air
(38-40°C) will usually overcome this problem.

Maternal underfeeding

Underfeeding ewes between about 30 and 90 days of
gestation (the period of greatest placental growth)
impedes placental development, so that proportion-
ately more fetuses enter late pregnancy with small
placentas and consequently must face the hazards
described above. Moreover, if the underfeeding con-
tinues, such fetuses have the extra handicap that

their nutrient supply will be reduced even further by
the combined effects of placental insufficiency and
maternal underfeeding. Underfeeding during early
gestation may also retard fetal ovarian development,
with the long-term potential to reduce adult ovula-
tion rates [4]. This is an example of fetal program-
ming of adult physiological capability, whereby
events during fetal life having potential detrimental
effects during adult life [1].

When ewes carrying fetuses with average or above
average placental weights are underfed during late
pregnancy, oxygen supply to their fetuses is not
impeded and fetal death is rare. However, the inad-
equate nutrient supply does retard fetal growth,
depletes fetal energy reserves, especially fat, and causes
fetal hypoglycaemia with associated elevations in
plasma cortisol and reductions in plasma fructose
concentrations [2]. Postnatal heat production is not
inhibited in lambs of this type unless they experience
intrapartum hypoxaemia. However, their depleted
energy reserves do reduce the period over which heat
production can be sustained in the absence of feed-
ing. This can be life-threatening, because undernour-
ished ewes may exhibit poorer maternal care and
abandon their lambs, and they do produce less
colostrum and milk [2].

Moreover, colostrum composition may affect the
absorption of macromolecules, as the absorption
of marker immunoglobulin given by stomach tube
4 hours after birth is higher in lambs receiving
colostrum from undernourished than from well-
nourished ewes [5]. Recent work suggests that bioac-
tive compounds present in colostrum, such as retinol
and insulin-like growth factors and their binding pro-
teins, in combination, may alter the absorption of
macromolecules [6].

Specific effects of some dietary deficiencies have
been defined. For example, lambs from ewes deficient
in cobalt are apparently slower to start sucking and
have lower plasma concentrations of immunoglobulin
G than do lambs from cobalt-sufficient ewes [7].
Selenium deficiency may lower resistance to cold stress
[8] and, conversely, chronic cold exposure of ewes
induced by winter-shearing 4 weeks before lambing
may have indirect beneficial effects on the newborn
lamb by increasing the activity of the selenium-
containing enzyme, type 1 iodothyronine 5'-deiodi-
nase, in its tissues at birth, leading to increases in
plasma tri-iodothyronine concentrations and in the
thermogenic activity of brown adipose tissue [9].
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Supplementing ewes during late gestation with vita-
min E can also lower mortality amongst lambs born
during the early part of the lambing season [10].

Premature birth

Restrictions on fetal oxygen and/or nutrient supply
cause an early rise in the fetal plasma concentrations
of cortisol which starts the birth process, so that it is
not surprising that premature birth is a common con-
sequence of placental insufficiency and severe mater-
nal underfeeding during late pregnancy. Maternal
stress can also cause premature birth, possibly because
of placental transfer of maternal cortisol to the fetus.
Many premature lambs are also immature and suc-
cumb quickly after birth, but some thrive, presum-
ably because the fetal cortisol rise, although early, is
protracted and large enough to allow adequate tissue
maturation before birth.

Starvation of the newborn

A total or partial failure to ingest sufficient colostrum
or milk occurs when lambs fail to suck adequately owing
to weakness, competition with litter mates or inade-
quate mothering, or when colostrum/milk production
is deficient. Such starvation has several pathophysio-
logical consequences.

First, the lambs become hypoglycaemic as their
body energy reserves are depleted and this leads to
cerebral compromise in warm conditions and to
hypothermia when cold. The hypoglycaemia can be
exceptionally severe, with plasma glucose concentra-
tions of about 0.5 mmol/1 compared to 4-8 mmol/1 in
fed lambs. Starved hypothermic lambs with such low
plasma glucose concentrations are protected from
cerebral compromise only by their low body temper-
atures and the associated slow rates of brain meta-
bolism. If they are rewarmed without providing
additional glucose by intraperitoneal injection they
will die in convulsions. The quantities of colostrum/
milk required to meet a lamb’s energy needs and pre-
vent hypoglycaemia during the first day after birth

are surprisingly high; indoors (still, dry air at 2-10°C)
a lamb needs about 210 ml/kg body weight, and out-
doors (0-10°C, wind, rain) about 280ml/kg [11].
Well-fed ewes produce more than enough colostrum to
meet these needs, and hand milking ewes after inject-
ing them with the hormone (oxytocin), which causes
let-down, is a convenient and practical way of accu-
mulating supplies of colostrum/ milk to feed surplus
or orphaned lambs [11].

Second, starvation impedes normal gut maturation
and growth, which could have long-term deleterious
effects in those lambs exposed to short periods of
starvation after birth [2].

Third, starvation deprives the newborn lamb of its
only significant source of immunoglobulins which, in
fed lambs, act within the gut or after absorption into
the blood stream, or both, to help provide protec-
tion against infections that cause diarrhoea, watery
mouth, pneumonia, septicaemia and other conditions.
However, when lambs consume enough colostrum/
milk to meet their energy needs their intakes of pro-
tective antibodies are usually sufficient [2].

Use in diagnosis

The pathophysiological changes have been used to
determine criteria which allow different forms of func-
tional impairment to be identified in newborn lambs
(Table 10.1). The necessary critical assessments are
comparatively few and straightforward (weight, rectal
temperature, haematocrit and the plasma concentra-
tions of lactate and fructose at about 15 min after birth,
and the age at death) and permit the identification of
lambs that have experienced placental insufficiency,
acute intrapartum hypoxaemia, inadequate thermo-
genesis and starvation (Table 10.2). Investigation of a
commercial flock with an 18 per cent neonatal mortal-
ity rate showed that prenatal factors contributed to 71
per cent of the deaths, postnatal factors to 13 per cent
and 16 per cent were undiagnosed [12]. That prenatal
physiological impairments can be major sources of
neonatal lamb loss needs to be borne in mind when
strategies for improving neonatal health and vigour are
being devised.
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Table 10.1: Criteria for causes of death in lambs based on altered haematocrit, plasma composition, birth weight and rectal
temperature measured soon after birth

Category

Diagnostic variable

Pathophysiological state indicated

Placental insufficiency

Acute intrapartum hypoxaemia

Inadequate thermogenesis

Starvation

Normal plasma composition

Normal rectal temperature

High haematocrit
High plasma lactate
Low plasma fructose

Low birth weight

Low rectal temperature
Age at death <12 hours

Haematocrit not high
High plasma lactate
Low rectal temperature
Age at death <12 hours

Haematocrit not high
Plasma lactate not high
Low rectal temperature

Normal haematocrit
Normal birth weight

Age at death >12 hours

Chronic fetal hypoxaemia

Fetal undernutrition and growth retardation
Inhibited heat production

Acute fetal hypoxaemia

Inhibited heat production

Fetal normoxaemia

Excessive heat loss or inhibited heat production
No prenatal or intrapartum predisposing factors

Table 10.2: A comparison of some features (mean = standard deviation) of newborn lambs that survived and those that
died, assigned to four pathophysiological categories [12]

Lambs which died

Surviving Placental Acute intrapartum Inadequate
Diagnostic variable lambs insufficiency hypoxaemia thermogenesis Starvation
Haematocrit (ml/dl) 46.0 = 5.9 54.0+ 6.4 420+ 4.7 41.0=*x52 450+ 4.3
Plasma lactate (mmol/) 8.7 £ 3.9 145 5.1 145+ 4.9 6.4 +2.43 6.5 + 3.9
Plasma fructose(mmol/l) 1.8 0.6 1.3+04 1.8+04 1.48 = 0.48 20=*+0.6
Birth weight (kg) 42+1.0 26*+0.9 3.5 0.7 3.60 = 0.90 42 +1.2
Rectal temperature (°C) 379+ 13 339+ 27 35.8 +2.3 36.0 = 3.7 39.1 £ 0.6
No. of lambs 600 20-24 31-34 11-12 11-13
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Genital abnormalities, obstetrical
problems and birth injuries

J.C. Hindson and A.C. Winter

There are significant areas of reproductive loss in sheep
even when nutritional inputs are optimal throughout
the year and in the absence of reproductive infections.
Such losses are made up of ewes that fail to breed
because of abnormalities of the genital tract, prolapses
and their complications (Chapter 14), and those
associated with parturition. About 5 per cent of ewes
in the UK die annually, three-quarters in the peri-
parturient period. In addition, approximately 6 per
cent of ewes fail to lamb each year. A survey of over
5000 ewes in the UK showed that 0.3 per cent were
anoestrous, 0.3 per cent failed to become pregnant
despite multiple matings, 2.4 per cent aborted and a
further 3.4 per cent were barren, a total reproductive
failure rate of 6.4 per cent [1]. In a slaughterhouse
survey of over 33000 sheep, the same author found
that 6.6 per cent of ewes and 1.9 per cent of nulli-
parous sheep showed abnormalities of the reproduc-
tive tract [2].

FAILURE TO BREED

Developmental abnormalities

Smith et al. [2] described the range of congenital repro-
ductive abnormalities that occur in sheep. These
include cystic structures, hypoplasia or aplasia of part
or the whole of the reproductive tract, uterus unicornis,
fusion of the ovaries and intersex. Intersex sheep may
show abnormalities of the vulva (underdevelopment or
enlargement), clitoris (enlargement and protrusion
from the clitoral fossa), shortened vagina or abnor-
mally small teat size. Occasionally, gonads may be pal-
pable in the inguinal region. Karyotyping may be used
to identify animals with chromosomal abnormalities.

Intersex animals have been reported in breeds produc-
ing large litters, such as the Cambridge.

Without normal ovaries, animals will not have an
oestrous cycle and will not mate; therefore they can
be identified and removed from the flock providing
raddle markers are being used on the rams. Ewes with
normal ovaries but defects of other parts of the tract
are likely to show normal mating behaviour but fail to
become pregnant. They can be identified if the raddle
colour markers on the rams are being changed regu-
larly, or are detected at scanning.

Acquired defects

Smith et al. [3] also reported on acquired reproduc-
tive abnormalities; 6.6 per cent of almost 10000 cull
ewes showed abnormalities such as bursitis, para-
metritis, abscesses and mascerated fetal remnants.
Nulliparous sheep also showed acquired abnormal-
ities such as hydrometra and follicular cysts. Animals
with acquired abnormalities but functional ovaries may
mate in the normal manner but repeatedly return to
oestrus. In multiparous ewes, many of these abnormal-
ities are presumably sequels to lambing difficulties.
Laparoscopy to examine the ovarian areas may help
in making a diagnosis.

OBSTETRICAL PROBLEMS AND
DYSTOCIA

The normal delivery of a healthy full-term lamb and
the rapid transfer of a ‘parasitic’ fetus living on a life-
support mechanism in a fluid environment, through a
rigid passageway of restricted size to an immediate



76

Diseases of sheep

free-living state without physiological damage occur-
ring is an event to wonder at. In a survey of 15584
ewes, the incidence of dystocia was recorded as 3.1 per
cent (3.5 per cent with single lambs and 1.3 per cent
with twins) [4]. Manipulation of breeding, in the search
for maximum output, increases the risk of dystocia.
Changes in carcass conformation to increase yield of
meat, removal of nutritional constraints to fetal growth,
together with increasing tolerable litter size may all
have an adverse influence. Work in New Zealand
revealed a dystocia incidence of 20-31 per cent in a
Romney stud flock [5], but this was reduced to 4 per
cent or less within 4 years by culling ewes that required
assistance at lambing and by selecting rams that sired
lambs of lower birth weight. The application of
severe culling, or even no intervention at all so that
those ewes and lambs that get into difficulty do not
survive to breed further, has been the basis of the devel-
opment of ‘easy care’ sheep. In the Coopworth
breed, mothering ability is central to selection of the
next generation. Where this type of selection takes
place, there is much higher maternal ability and bet-
ter lamb survival compared with systems with no such
selection. Scott [6] has drawn attention to the welfare
aspects of common ovine obstetrical problems.

Dystocia

The most common types of dystocia in ewes are fail-
ure of the cervix to dilate (ring womb), malpresenta-
tion or posture of the fetus(es) and fetal oversize. In
a survey of 328 dystocia cases submitted to a veter-
inary practice in west Wales, at least 50 per cent were
due to presentation or postural abnormalities, and
26.8 per cent were the result of failure of the cervix to
dilate [7]. Unless dealt with early and skilfully, cases
of dystocia lead to losses of both ewes and lambs (see
Figures 11.1 and 11.2 in the colour plate section).
Losses in ewes can result from unskilled assistance
causing damage or infection of the reproductive
tract. Losses in lambs arise through factors such as
hypoxia, subdural haemorrhages, fractured ribs, rup-
tured liver and as a result of poor mothering ability
on the part of the dystocic ewe.

Failure of the cervix to dilate (‘ring womb’)

be idiopathic, it can be a complication of abortion
or premature birth, since the absence of the normal
hormonal cascade preceding parturition (decreasing
progesterone, increasing oestradiol, prostaglandin and
relaxin) will have left the cervix unprepared for the
normal response to uterine contractions. The condi-
tion is also a common complication of prolapse of the
cervix. The ingestion of foodstuffs contaminated with
the fungus Fusarium graminareum, which has oestro-
genic activity, also has been implicated. Ring womb
can arise also where no fetal extremity is presented into
the internal cervical os, with a lamb in transverse
presentation for example, but in these cases manual
dilation of the cervix is usually possible, since normal
softening of the cervix will have occurred.

Malpresentation, position and posture

These are the commonest causes of dystocia. Some
result from chance coincidence between random fetal
movements and uterine or abdominal expulsive efforts,
but many are associated with lack of space within the
uterus. Large single lambs and large litters increase the
risk, since there is insufficient space for the fetus(es) to
adopt the extended posture for parturition to progress
smoothly. Other cases can arise because of stress or
disturbance of ewes, particularly immature ewe hoggs,
through bad management practices interfering with
the normal behaviour of the ewe during the early stages
of parturition. There are many variations of abnor-
mal presentation or posture. With anterior presenta-
tions, deviation of the head with retention of one or
both forelegs, because of carpal or shoulder flexion,
is common, as too is presentation of the head only.
With posterior presentations, which form about 10
per cent of deliveries, hock flexion or breech presen-
tation are the most common problems. Transverse
presentations also may occur, probably the result of
prolonged uterine contractions acting on a fetus already
in an abnormal position. Most malpresentations are
capable of correction by a competent person adopt-
ing a basic approach of correct diagnosis and use of
adequate lubrication and other aids.

Oversize

This is a complex problem due to many causes rather
than one alone [8]. While the condition can appear to

This may be defined as relative or absolute. Relative
oversize occurs when the ewe is unable to achieve
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normal delivery, but the obstetrician can achieve it
with full lubrication and careful traction. The aim is
to deliver the lamb in such a position that the minimum
diameter is presented at the pelvic inlet and minimum
friction occurs during traction. Relative oversize often
appears as a malpresentation, as expulsive efforts may
force the head alone, or head and one limb, or limbs
alone through the pelvic inlet. Absolute oversize is
present when it is highly unlikely that the whole lamb
will pass through the pelvis without trauma; in such a
case surgery should be the method of choice, not a
last resort.

Hindson [9] suggested a formula (slightly modi-
fied, below) to determine whether delivery is possible.
This takes into account the most important factors
governing ease of lambing, i.e. size of the ewe’s pelvis,
size of the lamb as estimated by limb diameter, parity
of the ewe, whether the lamb is in anterior or poste-
rior presentation and whether the ram used was of
exaggerated muscular conformation. Ratio (R) of
feto/maternal disproportion is given by

R=M P 1
F B E

where M is the inter-ischial diameter of the ewe (cm);
F is the digital diameter of the fetus measured at the
fetlock (cm); P is the parity (primiparous = 0.95,
multiparous = 1); B is the presentation (posterior
presentation = 1.05, anterior presentation = 1); E is
the conformation type of ram (exaggerated muscular
type = 1.05, normal conformation ram = 1).

If R = 2.3 or less, surgery is indicated, if R = 2.1 or
less, surgery is essential.

Oversize frequently is a flock problem. It is common
in ewe hoggs, which are often mated when too imma-
ture; these must be at least two-thirds of mature body
weight at the time of mating. Their feeding must be
carefully controlled during the later stages of preg-
nancy to avoid overfatness and excessive growth of
single lambs. Regular condition scoring and scanning
for fetal numbers are good practices by which to avoid
these problems. The search for extra carcass yield and
‘improved’” conformation has also increased the poten-
tial for oversize. Breeds with heavy musculature
have wide thoracic and hindquarter diameters even as
lambs, and this heavy muscle development requires
thicker and stronger bone formation. Inevitably, one
consequence is thicker bone in the maternal pelvis,

potentially reducing the pelvic inlet area. This is
shown in extreme form in the Beltex and Dutch Texel
breeds, which have the added complication of ‘double
muscle’ conformation.

Other causes of dystocia

Maternal factors include uterine inertia resulting from
systemic illness such as hypocalcaemia, pregnancy
toxaemia, septicaemia or premature onset of parturi-
tion; weak or overstretched abdominal muscles; con-
strictions of the birth canal, including pelvic deformity,
torsion of the uterus or tightness of the vestibule or
vulva.

Fetal factors include developmental defects such as
duplication of the head or limbs, body fusion (Figure
11.3) ascites, anasarca, schistosome or hydrocephalus;
prepartum fetal death can result in uterine inertia
with putrefaction and emphysema grossly increasing
the size of the fetus. Some of the most difficult cases
are those in which the shepherd is in doubt as to the
commencement of parturition. Full term has been
reached with normal udder development and per-
haps some vaginal discharge, but no evidence of fetal
membranes or limb extremities. The ewe may or may
not show maternal behaviour or signs of uterine or
abdominal contractions. The usual underlying reason
is that no part of the fetus is engaged in the pelvis and
so maternal stimulation via the pelvic reflex has not
occurred.

Figure 11.3: Conjoined twins — a difficult obstetrical prob-
lem to diagnose, often requiring a Caesarean operation to
resolve.
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The role of the veterinarian

As well as dealing with individual cases of dystocia,
the veterinarian can have an overview of problems
within a flock and should be able to identify areas
for improvement in order to minimize losses. An
extremely important role is educating the shepherd
in obstetrical skills and in recognition and accept-
ance of the point at which a skilled professional
should be called. The benefits from insistence on train-
ing are great and appreciated by all involved with
lambing ewes. They also have very significant effects
in improving welfare of ewes and lambs.

The veterinarian’s approach to dystocia cases

A detailed study of obstetrical techniques is outside
the scope of this book, see reference [10] for guidance;
however, a basic approach should always be adopted
and should incorporate the following guidelines.

If the starting point is a normal healthy lamb within
a normal healthy ewe, the only criterion for success is
a normal healthy lamb outside a normal healthy ewe.
All else is failure. Unfortunately, farmers do not always
present ewes in such an optimum state. It is then up
to the skills of the clinician to make as good a job as
possible in the circumstances (or to decide on euthana-
sia on welfare grounds), and to educate the farmer to
present cases at an earlier stage in the future.

Examination should be carried out with absolute
care, optimal hygiene and almost unlimited lubrica-
tion. As much time as is felt necessary must be taken
in order to diagnose the problem. Administration
of sacrococcygeal epidural anaesthesia may be help-
ful if the expulsive efforts of the ewe make diagnosis
or manipulation difficult. Once diagnosis has been
achieved, delivery should be straightforward. A com-
bination of aids will be necessary for a successful out-
come, such as continuous lubrication, positioning the
ewe according to the particular circumstances of the
presentation, lambing cords or snares, which can be
applied to the head or limbs to identify those belong-
ing to the same lamb, and traction coincident with
the uterine and abdominal contractions of the ewe.
The clinician must be absolutely satisfied that all
lambs have been delivered before leaving the case.

Caesarean operation

This should not be a method of last resort, since a
prompt decision to carry out surgery is vital in ensuring

a successful outcome as far as both ewe and lambs
are concerned. If the lambs have been dead for some
time, the success rate is markedly reduced. In a series
of 137 cases a ewe survival rate of 97.8 per cent was
achieved [11] where live or freshly dead lambs were
present, compared with 57.1 per cent where the lambs
were autolysed and emphysematous.

Surgery should always be performed in cases of
absolute oversize and should be considered for a large
lamb in posterior presentation, where the risk of injury
is high if traction is attempted. Surgery also will be
necessary in many cases of ring womb and torsion of
the uterus, and required for some cases of fetal
developmental abnormality, even though the lamb
will not be viable. For methods of anaesthesia and
surgical procedures see Chapter 74.

Fetotomy

This must be carried out only on lambs that are already
dead. Gross swelling in a ‘head only’ presentation is
often dealt with by this method. In cases where autoly-
sis of lambs is present, fetotomy, provided it is per-
formed carefully, may result in a better chance of
survival of the ewe than performing a Caesarean
operation.

BIRTH INJURIES

The only involvement of the veterinarian in this area
should be in correcting the mistakes of others, in the
diagnosis of injury to either ewe or lamb that requires
euthanasia to prevent further suffering, and on occa-
sion to recognize a pattern that will lead to advice on
changes in breeding policy (for example in the case
of a high incidence of oversize) or further training for
members of staff (evidence of uncontrolled and inad-
equately lubricated traction).

INJURIES TO THE EWE

Uterine rupture

Most cases result from mistakes by the shepherd,
although there is also the possibility of idiopathic or
spontaneous rupture, or of full uterine and maternal
expulsive effort coinciding with a fetal movement
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that results in damage by a projecting extremity.
Diagnosis should be straightforward, but the decision
as to what course of action to take following removal
of the lamb is difficult. Suturing without carrying out
a laparotomy is impossible. Surprisingly, some ewes
will survive, providing the placenta is quickly expelled
or removed, and antibiotics are administered both
parenterally and into the abdominal cavity via the
rupture. If the tear is severe, or the ewe is shocked,
euthanasia is necessary on welfare grounds.

Cervical tearing

This is common following unskilled manual dilation of
the cervix in cases of ring womb. Severe, sometimes
fatal, haemorrhage may result. It may be possible to
exteriorize the cervix by careful traction, sufficient to
ligate the source of the bleeding. If the tear extends
through to the abdominal cavity, the same comments
apply as to uterine rupture. If the cervix is damaged,
antibiotic cover is necessary to prevent chronic infec-
tion, which often results in straining and prolapse of
the cervix days or even weeks after lambing.

Vaginal tearing and bruising

This again results from excessive interference or inad-
equate lubrication by inexperienced staff. Providing
any tear has not extended to the abdominal cavity,
recovery should result. Administration of antibiotics,
non-steroidal anti-inflammatory drugs and epidural
anaesthetic may all be necessary depending on the
severity of the damage.

Vulvar injury

Occasionally this may result in scarring or deformity.
Episiotomy is carried out occasionally to prevent
uncontrolled tearing in extreme cases of constriction
of the vulva.

When any of the above injuries is evident other than
as isolated incidents, it is an indication that further
training of staff is necessary.

INJURIES TO THE LAMB

These are almost always the result of oversize, pro-
longed delivery or excessive traction, and are an

important cause of stillbirth or death during the neona-
tal period [12].

Subcranial haemorrhage

This is usually the result of prolonged second-stage
labour and is common in extensive systems where
lambing ewes are not frequently inspected for difficul-
ties. In one survey of perinatal mortality in Australia
[13], up to 86 per cent of lambs necropsied showed
subdural, subarachnoid and extradural haemor-
rhages in and around the cranial and spinal meninges.
If severe, the damage may prove fatal. If not, it is
undoubtedly an important cause of reduced lamb
viability because of reduced mobility, reduced suck-
ing drive and poor bonding with the mother. With
increased supervision, or in intensive units, a signifi-
cant percentage can be saved by techniques such as
feeding by stomach tube and general nursing in the
first few days of life.

Oedema

This is most common in a ‘head only’ presentation. It
may occur also during prolonged second-stage labour
when some other part of the fetus becomes impacted
within the pelvis. If the lamb is born alive, the oedema
disappears within a few hours.

Ruptured liver

This condition is almost inevitably fatal. It usually
results from forced delivery but can be caused by
maternal trauma during the ewe’s endeavours to
stimulate mobility in the lamb. This problem has also
been reported on a flock scale as a result of vitamin E
deficiency [14].

Fractured ribs

Extreme traction of an oversized lamb, particularly
if in posterior presentation, often causes fractures
along the costochondral junctions of the rib cage.
Diagnosis is straightforward, as inspiratory effort by
the lamb produces an inward movement along this
line with every breath. Treatment is not possible, but
some lambs survive, providing underlying lung dam-
age is not too severe.
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Extensor paralysis of a forelimb

This is usually the result of delivery of a lamb with a
forelimb retained and may be transitory or permanent.

Limb fractures and other trauma

Fractures may be due to trauma during delivery, but
more commonly to the lamb being trodden on by the
mother or other sheep in the immediate post-lambing
period. Inadequate, particularly cramped, housing
conditions often are implicated. Damage to the eyes,
jaw or neck results from unskilled and incorrect tech-
niques during delivery of lambs.

CONCLUSION

Since 90 per cent of veterinary visits to sheep units
occur near to or at lambing time and 90 per cent of
lamb deaths occur in the perinatal period, the clin-
ician has a very significant role to play in both general
sheep welfare and in reducing losses. Education of
those directly responsible for day-to-day care of preg-
nant and lambing ewes is vitally important and can
markedly reduce losses of both ewes and lambs.
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D.C. Henderson

Most surveys of lamb losses in the UK and elsewhere
usually quote figures for losses that include abor-
tions, as well as deaths during the act of parturition
and to disease and injury during the first week or two
of life. Abortion is dealt with elsewhere in this book,
as are other important conditions afflicting newborn
lambs. This chapter will therefore deal with the
general measures that can be used to reduce losses of
lambs in the perinatal period, but will include a
description of hypothermia and watery mouth, which
are not dealt with elsewhere. (Table 12.1 lists the
common conditions affecting newborn lambs in
the UK for completeness.)

REDUCING LOSSES IN THE
PERINATAL PERIOD

Many infectious agents encountered in a flock are as
a direct result of purchased animals being introduced
to the farm. Agents such as border disease virus
(a cause of abortion) and the virus causing the skin

disease known as orf (contagious pustular dermati-
tis) being examples. It is therefore imperative that
newly purchased animals are isolated in a quarantine
area, well away from the home flock, for a period of
at least a month and preferably — in the case of
breeding females — until well after lambing. During
this time they should be carefully observed and any
relevant treatments undertaken.

The flock should be fed so as to ensure that
ewes are in appropriate body condition throughout
pregnancy and in particular in relation to the number
of fetuses present, as determined by ultrasound scan-
ning. Mineral and trace element status of ewes
should be monitored by blood sampling a repre-
sentative sample of the flock as and when appro-
priate. These measures should ensure adequate
placental development so that lambs are born within
the normal weight range for the breed, that ewes pro-
duce an adequate quantity and quality of colostrum,
and exhibit a strong bond with their offspring
post-partum.

Preventive measures should be applied at appropri-
ate times to reduce the risk of disease in ewes which

Table 12.1: Common conditions affecting newborn lambs

General conditions

Specific conditions

Birth trauma

Climatic/mis-mothering

Inherited conditions

Congenital malformations
Congenital non-infectious conditions
Congenital infections

Enteric infections

Fetal anoxia; ruptured liver; fractured ribs; brain haemorrhage
Hypothermia (exposure/starvation)

Daft lamb disease

Hydronephrosis; cleft palate

Swayback; white muscle disease

Hairy shakers (border disease); campylobacteriosis

Watery mouth; colibacillosis; salmonellosis; lamb dysentery;

cryptosporidiosis; rotavirus

Respiratory infections
Navel infections

Skin diseases
Predation

Pasteurellosis (acute septicaemia)

Joint-ill (polyarthritis); navel-ill; necrobacillosis; abscessation
Contagious pustular dermatitis (orf)

Foxes, crows, etc.
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may compromise their ability to care for their lambs.
Vaccination of ewes against clostridial diseases (such as
lamb dysentery, tetanus and pulpy kidney) is of par-
ticular importance in providing protection for lambs
via colostrum.

Dividing the lambing flock into separate groups
according to lambing date, fetal numbers or some
other parameter is a wise precaution in the final
trimester, especially in the case of housed animals or
closely confined outdoor lambings. This should reduce
the risk of spread of infectious diseases such as abor-
tion and neonatal diarrhoea, but also assist in the
correct feeding of ewes according to fetal numbers.
Compromised animals, such as those suffering from
lameness and which may have difficulty competing at
the trough, should also be dealt with separately.

Shelter for both ewes and lambs is crucially import-
ant at lambing. Access to woodland or straw bale
enclosures can mean the difference between life and
death in inclement weather and especially in hill and
upland conditions. This is particularly so where lambs
may be compromised at birth (for example, through
inadequate birth weight or because of infection) and
thereby prone to hypothermia — a rapid and ruthless
killer of the newborn (see below).

Ewes also require adequate space at lambing time
with the provision of a sufficient number of lambing
pens to assist with mothering-up. Contamination of the
lambing area should be kept to a minimum by clean-
ing out frequently and providing copious amounts of
clean fresh straw or other suitable bedding material.
However, it should be remembered that even the
cleanest area still presents a risk to the newborn and
especially to compromised lambs — in particular to
diseases that strike within hours of birth, such as watery
mouth (see later).

The importance of a close ewe-lamb bond and the
ingestion of adequate amounts of colostrum by the
lamb cannot be overemphasized. Selection of breed-
ing stock from ewes that give birth to viable lambs
and rear them successfully year on year will assist in
this regard. As ewes generally become better mothers
with each successive lambing, increasing the average
age of the flock should increase lamb survival rates,
other things being equal.

Hygienic practices are essential when assisting ewes
to lamb to prevent injury or infection and shepherds
should therefore be encouraged to resist any unneces-
sary interference. Appropriate antibiotic therapy
should be applied after manual interference.

In order to reduce the risk of infection gaining entry
via the navel, it is essential that it is treated by soaking
in tincture of iodine (e.g. 2.5 per cent sublimated
iodine in absolute alcohol) immediately after birth to
desiccate and disinfect the cord. This, together with
adequate colostrum intake, will significantly reduce the
occurrence of navel-ill, joint-ill and liver abscesses.

Ewes should be examined for the presence of
adequate supplies of colostrum and lambs examined
to ensure they have ingested sufficient. If there is any
doubt the lamb should be assisted to partake from
the ewe or be stomach-tubed with colostrum from its
mother, another suitable ewe or from a colostrum
bank. If the latter is not available then an alternative
should be used, such as cow or goat colostrum (bear-
ing in mind the risks from ovine anaemia factor or
caprine arthritis encephalitis, respectively). Commer-
cial colostrum substitutes are available.

Before moving ewes and lambs out of the lambing
area to other quarters it is imperative to make a careful
assessment of the ewe—lamb bonding, especially where
the move is from housing to outdoors when weather
condition may have a significant effect on vulnerable
lambs. Any procedure that may hinder the lamb’s abil-
ity to follow the ewe and take colostrum, such as cas-
tration and/or tailing, should be avoided and certainly
during the first day of life, in bad weather or if lambs
are in any way compromised, since it can be fatal under
these circumstances. Indeed, careful thought should be
given as to whether these mutilations are strictly neces-
sary under individual flock circumstances.

The role of shepherds at lambing time is crucial.
An adequate shepherd-to-sheep ratio to allow for close
shepherding and a modern, informed approach to
the vocation is essential. Farmers and others should
appreciate the highly skilled nature of their shep-
herds’ work and provide all necessary equipment,
facilities and assistance to allow them to perform
their duties at what is often a hectic and stressful
time. Access to training in the modern methods used
to ensure the survival and welfare of both ewes and
lambs should be actively encouraged.

HYPOTHERMIA

A newborn lamb with a wet birth coat, recently ejected
from the warmth and protection of the intrauterine
environment is very vulnerable to heat loss, leading



Neonatal conditions

83

Figure 12.1: A recently born wet lamb, at risk of hypothermia unless early attention is given.

to a lowering of body temperature or hypothermia.
Chilling is a significant cause of death in the new-
born, especially when lambs are born into a hostile
environment, as may be found on hill and upland
farms, especially in bad weather and particularly the
combination of wind and rain. However, hypother-
mia may still occur under lowland conditions, even in
the relative comfort of a well-bedded lambing shed.
Multiple siblings are particularly at risk.

The lamb has a relatively large surface area in rela-
tion to body weight compared to an adult sheep so
that heat is lost rapidly (through latent heat of evap-
oration) unless the dam licks the lamb dry immedi-
ately after birth, or it is towel-dried by the shepherd
(Figure 12.1). Additionally, some breeds have a poorly
developed fleece which may increase the risk.

If ewes have been appropriately fed during the
second and third trimesters in particular, then lambs
will be born within the normal weight range for the
breed and number in the litter. They will also have
accumulated sufficient depots of brown adipose tis-
sue and carbohydrate in muscle and liver to help
maintain a near-normal body temperature, of around
39-40°C, by metabolizing the fat for a period of hours
after birth. This will also depend on the mothering
ability of the ewe (licking the lamb dry and leading it
to shelter), the prevailing weather conditions and a
number of other factors.

Once the brown fat and carbohydrates reserves are
exhausted the lamb will not survive unless it has
access to adequate amounts of colostrum at regular

and frequent intervals, as this is its only source of
energy. Lambs may still succumb if the rate of heat loss
exceeds the rate of heat production as may occur in
an exposed site in severe weather. Once body tem-
perature falls by only 2-3°C (to below 37°C or lower)
the sucking reflex is lost and lambs will starve to
death unless revived and fed by the shepherd.

Clinical signs

Mildly hypothermic lambs — between 39 and 37°C -
can appear relatively normal in that they may still
follow their dams, even though they may not attempt
to suck. As body temperature dips below 37°C lambs
become lethargic and disinclined to follow their
mothers who may sometimes abandon them. A lamb
whose temperature falls to 35°C may still attempt to
stand but will quickly become laterally recumbent
and eventually comatose at around 25°C. Death
ensues when rectal temperatures fall below 20°C but
they may die much earlier.

Pathology

Deaths due to hypothermia as a result of exposure
usually occur within the first 6 hours of birth since the
lamb’s energy reserves will normally sustain it — even
in the absence of colostrum — for around this length
of time. At necropsy the birth coat may still be wet if
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the lamb has been neglected by the ewe. Signs of pre-
maturity may be noted in some cases as such lambs
are particularly prone to chilling. Signs of trauma,
such as fractured ribs or jaws, or congenital deformi-
ties such as cleft palate may be seen and in some
cases may have contributed to the demise of the lamb.
Brown adipose tissue will probably have been com-
pletely metabolized, the last vestiges being the
deposits around the kidneys. Yellowish subcutaneous
tissue may be present in the extremities (limbs, tail and
ears) and haemorrhage may be seen in the meninges
or in the subcutaneous or periosteal tissues. Lambs
that have died within 6 hours of birth are likely to be
hydrated, but older lambs that have succumbed to
starvation-hypothermia (usually 12 hours plus) are
generally dehydrated at necropsy. The gastrointest-
inal tract may be completely empty or may contain
varying amounts of colostrum or milk in a clotted
or undigested form. The latter may indicate that the
lamb has been stomach-tubed shortly before death.
Meconium may or may not be present in the gut and
chyle may be present or absent in the lacteals. The
absence of post-mortem findings associated with other
neonatal disease will assist in diagnosis but hypother-
mia is common in the terminal stages of many disease
conditions.

Treatment

Most hypothermia cases respond reasonably to treat-
ment in the absence of other complicating disease. If
it is to be successful, any decision regarding the treat-
ment of hypothermia cases will depend on a number
of factors. It is important to attempt to determine the
age of the lamb in hours, since this will give an indi-
cation as to whether the lamb is likely to be hypogly-
caemic or not. If the age is unknown then it is safest
to assume that the lamb is over 5 hours of age for the
reasons explained below. The rectal temperature
should be taken and an assessment of its state of con-
sciousness should be made.

A lamb with a temperature of 37-39°C (mildly
hypothermic) should be brought indoors where pos-
sible or otherwise guided to shelter with the dam and
any other siblings. An attempt should be made to
determine why the lamb has become chilled as this
will have a bearing on any action post-treatment. The
ewe should be carefully examined for lack of milk or
udder disease (mastitis, orf, etc.).

Figure 12.2: Hypothermic lamb being exposed to circulat-
ing warm air in a warming box.

If the lamb is wet it should be thoroughly towel-
dried and checked for any abnormality that might
compromise feeding or locomotion. The chilled lamb
should be fed, either by putting it to the ewe’s udder
(which may assist in assessing the ewe—lamb bond) or
by stomach-tubing, preferably with colostrum from
the dam or from some other source, providing the
lamb is less than 24 hours old. The group should be
closely observed, the lamb fed at regular intervals
and its rectal temperature monitored until it is back to
normal (39°C). Fostering or artificial rearing should
be considered early if there is any doubt about the
ewe’s ability or willingness to look after the lamb.

Lambs are at high risk if their rectal temperature is
below 37°C. Lambs of under 5 hours of age will prob-
ably have some remaining metabolizable energy to
draw on and can be safely warmed in a warming box
without first being fed and provided they are dry
(Figure 12.2). The lamb should be removed once body
temperature has reached 37°C, fed frequently, put in
shelter with the ewe and dealt with as above. Normal
metabolism will raise the lamb’s temperature to nor-
mal (39-40°C) but it must be monitored frequently.

Lambs below 37°C, but over 6 hours of age, will be
hypoglycaemic to some degree, owing to the deple-
tion of metabolizable energy reserves. It is imperative
to supply these lambs with an energy source before
they are rewarmed to prevent them succumbing to a
hypoglycaemic fit. If the lamb is fully conscious it
should be safe to administer colostrum or milk by
stomach tube. If, however, the lamb is semi-conscious
or unconscious (unable to hold its head up) then the
swallow reflex will be absent and the lamb must not
be stomach-tubed. The lamb will have to receive its
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Figure 12.3: Intraperitoneal injection of warm glucose
solution.

energy supply by injection, which is best achieved by
injecting 10 ml/kg body weight of a 20 per cent solu-
tion of glucose at blood heat via the intraperitoneal
route. The site for injection is 1cm to the side and
2cm below the umbilicus (with the lamb suspended
between the knees). A 2.5 cm/19 gauge needle should
be directed towards the tail head and the solution
administered slowly (Figure 12.3). The lamb can then
be safely warmed to 37°C as described above. Lambs
with body temperatures as low as 20°C have been
revived by this technique, but they require appropri-
ate aftercare and close shepherding post-recovery if
they are not to relapse.

Prevention and control

In order to avoid losses from hypothermia the manage-
ment and feeding of the flock throughout pregnancy
should be such as to ensure the birth of lambs of nor-
mal birth weight, an adequate supply of colostrum
and strong mothering instincts in the ewe. There is
no substitute for an adequate level of highly skilled
shepherding at lambing time so as to detect lambs in
difficulty quickly and deal with them promptly. (The
reader is referred to the paragraph on husbandry
measures at the beginning of this chapter.)

WATERY MOUTH

Synonyms: slavers, rattle belly

This rapidly fatal disease affects lambs within 72
hours of birth and is characterized by profuse saliva-
tion, gut stasis, collapse and death. It is particularly
prevalent in intensively managed flocks, either
indoors or at high stocking rates at pasture. Particularly
prone are lambs out of primiparous, thin or other-
wise compromised ewes. Twins and triplets are more at
risk because of the reduced chance of ingesting ade-
quate amounts of colostrum immediately after birth.
Despite attempts at treatment the mortality rate is high
and therefore the disease is best tackled in affected
flocks by employing preventive measures. It is much
less common in hill flocks due to the relative lack of
contamination at the lambing site.

Cause

The disease is caused by inadequate intake of
colostrum, together with the ingestion of Gram-
negative bacteria (principally Escherichia coli) from
the environment immediately after birth (bedding,
fleece, udder, teats). In the absence of colostral
immunoglobulins (which are particularly important
in combating Gram-negative micro-organisms) and
in the neutral pH of the abomasum and reduced
motility of the gut of the newborn lamb, the Gram-
negative bacteria multiply very rapidly. Upon the
death of the bacteria, large quantities of endotoxin are
released into the gut and it is these products that are
largely responsible for the clinical signs of the disease
and for the death of affected lambs.

Because of the mechanisms that allow large mole-
cules to pass unaltered into the systemic circulation
during the first day of life, a bacteraemia also occurs
in lambs deprived of colostrum. Interestingly, the
E. coli isolated from cases of this disease do not pos-
sess the adhesion (K99) antigen normally associated
with Gram-negative infections.

Clinical signs

Lambs very often show the earliest signs of disease
within the first day of life. Their movements become
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Figure 12.4: Lamb affected with watery mouth. Note
drooling saliva.

sluggish, they are disinclined to suck, hang their heads
and appear severely depressed. Some develop a
swollen, tense abdomen, which may cause respiratory
distress. Gastrointestinal motility is reduced which
makes lambs disinclined to suck or swallow. In con-
sequence, copious amounts of saliva drool from the
mouth, giving the disease its name (Figure 12.4). The
term rattle belly arises from the sounds heard when
some lambs are picked up, due to gas in the aboma-
sum. Some lambs may be affected by diarrhoea, oth-
ers have normal faeces, while others again produce no
faeces owing to the sluggish movements of the gut
failing to void meconium — the latter being a sign,
rather than a cause, of the disease. Other signs include
lacrimation and puffiness around the eyes. Lambs

often become dehydrated and hypothermic, which
hastens the onset of collapse, coma and death — often
within 24 hours or less of the onset of clinical signs.

Pathology

Post-mortem signs are frequently non-specific and
insufficient to declare a diagnosis. Externally, there
may be signs of salivation, lacrimation, diarrhoea and
dehydration. The abdomen may be distended and on
internal examination the abomasum may be full of
gas, saliva and perhaps traces of colostrum (espe-
cially if lambs have been stomach-tubed), but often
the gastrointestinal tract may be completely empty.
Meconium may be present in a proportion of cases.

Diagnosis

Diagnosis is based on the history of the flock, the
clinical signs and the often non-specific post-mortem
findings. A number of neonatal diseases of lambs may
present with signs not dissimilar to watery mouth in
their terminal states.

Treatment

In order to achieve any degree of success, cases must
be detected early and treated promptly. Even then
the success rate is likely to be disappointing, espe-
cially once symptoms such as salivation have begun.
The first aim should be to prevent starvation and cor-
rect dehydration which is best done using electrolyte
solutions, fortified with glucose to provide energy if
necessary and administered by stomach tube pro-
vided the lamb is conscious. Such preparations should
not be administered by intraperitoneal injection to
watery mouth cases. Nor should such lambs be given
colostrum or milk by stomach tube, as they will be
unable to digest the food. The presence of fluids in
the gut will tend to stimulate gut movement, as will a
soapy water enema to remove meconium, which in
turn will assist in evacuating bacteria and endotoxin.
The use of parenteral antibiotics is normally advo-
cated, but it should be borne in mind that this is likely
to increase circulating endotoxin initially. The simultan-
eous administration of a corticosteroid, such as
dexamethazone, or, probably more appropriately, a
non-steroidal anti-inflamatory, such as flunixin, should
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help to reduce the risk of endotoxic shock, as well as to
make the lamb feel more comfortable. Once fully
recovered, the lamb will require frequent monitoring
to see that it is mothered-up and sucking satisfactorily.

Prevention

As is the case with hypothermia and indeed for most
neonatal diseases, it is crucial to see that all lambs
obtain adequate amounts of colostrum as early as
possible and certainly within 2 hours of birth. At-risk
lambs, such as multiples or lambs out of primiparous
ewes, should be stomach-tubed if necessary. Rubber
ring application for castration or tailing (if indeed
these measures are necessary) should be avoided
during the first day of life, as this will deter the lambs
from sucking colostrum. Lambing pens should be
cleaned out frequently and well bedded with clean
straw, and outside paddocks should not be too heav-

ily stocked. If these preventive measures fail and an
outbreak occurs, then the use of an oral antibiotic to
all newborn lambs immediately after birth may be
instigated, although this is considered bad practice in
the light of the risk of antibiotic drug resistance.
However, it should be borne in mind that this disease
is painful and distressing, and therefore presents a
serious welfare challenge in affected flocks.

FURTHER READING

Eales, A., Small, J. and Macaldowie, C. (2004)
Practical Lambing and Lamb Care, 3rd edition.
Blackwell, Oxford.

Eales, FA. (1987) Watery mouth. In Practice, 9,
12-17.

Mitchell, G. and Linklater, K. (1983) Differential
diagnosis of scouring in lambs. In Practice, 5,
5-11.
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Ram infertility

A. Greig

To be considered fertile, a ram must have sufficient
libido to be interested in mating, and be fit to seek
out and serve ewes properly and to inseminate them
with fertile semen. At an average ram-to-ewe ratio of
1:50 anything that detracts from any of these para-
meters will produce a degree of infertility that may
be of sufficient magnitude to cause a flock problem,
depending on the mating situation in the flock. In the
UK, the level of ewe infertility in the national flock can
be obtained from the Meat and Livestock Commission
data. However, there are no accurate figures for the
incidence of infertile rams, although an estimate of 3.6
per cent has been made. A limited field study [1] found
that about 30 per cent of rams were less than fully
satisfactory in getting ewes in lamb, and 10 per cent

were infertile. A similar proportion, i.e. 33 per cent of
rams, suspected of being infertile were found to have
recognizable abnormalities of the reproductive tract,
other body systems or both [2], thus highlighting the
merit of annual examination of the ram stud and sub-
sequent observation of the animals at work.

RAM EXAMINATION

Flock-masters should subject their ram stud to annual
physical examination at least 6 weeks, preferably
10 weeks, before the breeding season. In this regard
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Figure 13.1: Measuring scrotal circumference.

the English Beef and Lamb Executive (eBLeX) have
produced very useful literature entitled ‘MOT Your
Ram - For Better Returns’. This examination should
also comprise the preliminary to an investigation into
the reproductive capability of a ram with suspect
fertility. The animals should be observed and their
general condition, alertness and free locomotory
movement assessed. Rams should be at a condition
score of between 3.5 and 4.0 at the time of joining the
ewes. Overfat rams are liable to be lazy, while rams in
poor condition may well lose interest before the
breeding season is completed. The poor state of the
latter may well reflect an underlying medical condi-
tion, e.g. chronic pneumonia, parasitism or paratu-
berculosis. The scrotum and scrotal contents should
first be examined with the animal in a standing posi-
tion so that the normal hang of the testes in the scro-
tum can be assessed. The scrotum should preferably
be clipped free of wool to reduce any chance of tes-
ticular overheating in hot weather and the scrotal
skin should be thin and freely moveable over the
testes with no evidence of mange, abscesses or other
signs of previous injury. The scrotal circumference
should be measured at its widest point using a tape
measure (Figure 13.1); reference sizes are shown in
Table 13.1.

Table 13.1: Normal scrotal circumference (cm) of rams
within 1 month of the normal breeding period

Breed type
Age (months) Down and Longwool Hill
6-8 26-34 24-32
8-12 28-38 26-36
12-18 30-40 28-38
>18 30-44 30-40

Scrotal circumference has been correlated posi-
tively with sperm output and ovulation rate, number
of multiple births produced and age of puberty of
female offspring [3]. The testes should be gently han-
dled and compressed to assess their resilience and
tone. They should be of a similar size, move freely
within the scrotum and give only a little under com-
pression. A hard painful testicle is likely to reflect
orchitis, whereas a soft one has probably undergone
degeneration leading to atrophy. Likewise, the epi-
didymes should be examined along their length pay-
ing particular attention to the head (Figure 13.2),
which is a common site of epididymitis or spermato-
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Figure 13.2: Handling the heads of the epididymes.

coele. In a ram ready to work, the tails of the epi-
didymes should be firm and be between 2 and 3 cm in
diameter. The ram should then be restrained on its
rump while the scrotum is further visually examined,
before the sheath, preputial orifice and brisket are
similarly assessed.

® The inside of the thighs should be purple with
waxing evident.

® The penis should be extruded to ensure that there
are no adhesions that would prevent it being
erected through the preputial orifice, and the
glans, vermiform appendix and shaft should be
examined.

® The brisket should be examined for evidence of
brisket sores, which could reduce the ram’s will-
ingness to serve and certainly preclude the fit-
ting of a crayon harness.

® The conformation of the ram’s limbs is important,
since defects such as straight hocks with sloping
pasterns have been associated with reduced
working life. All feet should be examined for evi-
dence of foot-rot, scald, interdigital fibromas or
other causes of lameness.

o Finally, the teeth, bite, eyes and nostrils should
be inspected.

Ultrasonographic examination of the scrotum under-
taken in the standing sheep using a 5 MHz linear scan-
ner connected to a real-time, B-mode ultrasound
machine or 6.0 MHz frequency sector transducer [4]
provides invaluable information regarding location

Figure 13.3: Ultrasonograph of normal testicle.

of any lesions. If necessary, ultrasonographic exam-
ination of normal rams can be undertaken first to
establish normal measurements and sonographic
appearance before progressing to those rams with
scrotal swelling(s) or other palpable abnormalities.

Sequential examination of the pampiniform plexus,
head of the epididymis, testicle and tail of the epi-
didymis is undertaken as the transducer head is moved
distally over the lateral aspect of each spermatic cord
and testicle. The pampiniform plexus reveals a matrix
of hyperechoic (bright white) lines throughout the
conical anechoic (black) area. The normal testicle
appears as a uniform hypoechoic area (Figure 13.3)
with a hyperechoic mediastinum clearly visible. The
tail of the epididymis is distinct from the testicle and
considerably smaller in diameter (2cm compared to
7 cm) with a distinct capsule. It may prove difficult to
obtain good contact between the linear probe head
and the smaller diameter tail of the epididymis.

It is generally accepted in the UK that the routine
pre-mating evaluation of semen from all rams in a stud
is not justified and should be restricted to those that
are either suspected of being infertile on past history
or in which an abnormality in the testes/epididymes
has been palpated. Collection of semen into an artifi-
cial vagina produces the best samples, but with
untrained rams in the field electro-ejaculation using
either a transistorized rectal probe or variable output
electro-ejaculator is generally adopted. Usually the
animal is restrained in a standing position, the lubri-
cated probe is inserted into the rectum by the oper-
ator, the electrodes are held over the area of the
seminal vesicles and current applied in 4-second bursts.
Simultaneously, a second person collects the ejacu-
late in a polythene bag applied over the preputial
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orifice. However, when bacteriological examination
of semen is required, e.g. for Brucella ovis, the animal
should be restrained on its side, the penis extruded
and secured with cotton gauze and semen collected
in a sterile container. Semen density and motility are
each scored 1 (poor) to 5 (high) and should be assessed
immediately before preparing smears stained with
nigrosin eosin. Semen from normal rams is milky
white, density 4 or 5 and exhibits strong wave motion
(5), and, on microscopy, has a low percentage of
dead and abnormal sperm. Figures in excess of 20
per cent for both dead and abnormal sperm are not
normal. Only two parameters need be used in assess-
ing semen: motility and percentage of abnormal
sperm [5]. Any sample with motile sperm and less
than 30 per cent abnormal would be considered satis-
factory. Other work has shown that semen samples
had to contain as low as 40 per cent normal live
sperm before fertility was adversely affected.

If the first sample is poor, a further sample should
be obtained for examination, particularly if the ram
has no history of infertility and appears clinically nor-
mal. If doubt remains about fertility, the animal
should be run with a small number of ewes, noting his
activities and the return rate of the ewes to service.

The British Veterinary Association has produced
Certificates of Veterinary Examination for rams
intended for breeding. In addition, the certificates
provide a checklist for ram examination, guidelines
for veterinary examination of a ram intended for
breeding and procedures for electro-ejaculation.

CAUSES OF INFERTILITY
DETECTABLE ON CLINICAL
EXAMINATION

Conditions of scrotal skin

Scrotal mange, dermatitis, skin abscesses and excess
scrotal wool are conditions that, by increasing the
temperature of the scrotal contents, can cause testic-
ular tubular degeneration, resulting in semen of
reduced density and increased numbers of morpho-
logically abnormal and immature sperm. Semen
changes can occur as early as 3 days after an increase
in scrotal temperature.

Conditions of the testes

Cryptorchidism

Cryptorchidism is due to a hereditary factor trans-
mitted by the ram. The testes may be palpated in the
inguinal canal or lie within the abdomen and thus be
unpalpable. In a recent study 13 of 70 cases of cryp-
torchidism were bilateral and 57 were unilateral
(K.C. Smith, personal communication, 2005). With
the exception of one individual the testes were
both in either the inguinal position or in an abdomi-
nal position. With the latter the undescended testes
were found in the same position within the abdomen.

Hyperthermia of the testes in these abnormal pos-
itions causes degenerative changes so that spermato-
genesis does not occur. Thus, if bilateral, the ram will
be sterile while, if unilateral, normal semen will be
produced from the normal descended testicle, but
such a ram would be expected to impregnate fewer
ewes successfully. However, because of the heredi-
tary nature of this condition, cryptorchid rams should
not be used in flocks breeding stock rams. The inci-
dence of cryptorchidism is reported to be around 0.6
per cent in rams in the UK.

Testicular hypoplasia

Like cryptorchidism, this is usually an inherited trait
with either or both testicles affected to varying degrees
and a reduction in scrotal circumference from normal
being manifest. Histologically, the spermatogenic
epithelium fails to develop, but the interstitial tissue
and cells of Leydig are normal. If hypoplasia is severe
and bilateral, the ram will be sterile whereas, if uni-
lateral and slight, the semen will be of reduced den-
sity and contain an increased percentage of abnormal
sperm. This inherited trait has to be differentiated
from the underdeveloped testes that arise from the
long-term administration of anabolic steroids.

Testicular atrophy

This refers to a marked reduction in size and increased
firmness of a previously normal testicle in an animal
with an earlier history of satisfactory fertility, and
represents the end-point of extensive tubular degen-
eration. It is usually bilateral, but can be unilateral
when the neighbouring testicle has suffered acute
orchitis. Semen samples are of reduced density with
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Figure 13.4: Ultrasonograph of atrophic testicle.

increased numbers of abnormal spermatozoa, par-
ticularly detached heads and tail deformities. On
ultrasound examination an atrophic testicle appears
more hypoechoic than a normal testicle with many
hyperechoic (white) dots (Figure 13.4).

Orchitis

Inflammation of the testicle, whether caused by an
infectious agent, e.g. Arcanobacterium pyogenes,
B. ovis, Corynebacterium ovis, or trauma, is rapidly
reflected in subnormal fertility. In the acute stage,
heat, pain and swelling are evident, while chronic
orchitis is characterized by reduced testicular mobil-
ity and induration of testicular tissue. When orchitis
affects both testicles, infertility is permanent while, if
unilateral, the contralateral testicle undergoes degen-
erative changes during the acute phase but regenera-
tion may follow, so that a degree of fertility will
return. Semen changes occur early in the process, so
that ejaculates contain inflammatory exudate and
only a few normal sperm.

Recent studies provide clear evidence that A. pyo-
genes is pathogenic for the ovine genitalia; however,
methods of transition of the organism from commen-
sal to pathogenic state are not clear. It was also noted
that some degree of fertility was restored in the late
stages of the disorder. Ultrasonography proved very
useful both in the acute and chronic stages of the
orchitis [6].

Treatment with systemic antibiotics can give vari-
able results. When unilateral, removal of the affected
organ early in the disease may prove the best course
of action.

Neoplasia

Testicular neoplasms are rare, but Sertoli cell tumours
and seminomas have been described.

Conditions of the epididymes

Epididymal hypoplasia or aplasia

The epididymis is the site where sperm mature and
are stored, and therefore any reduction in the size of
this organ will adversely affect its function and, hence,
semen quality. Epididymal hypoplasia and aplasia are
considered to be congenital abnormalities.

Spermatocoele

This condition arises from an obstruction of the epi-
didymis and can occur at puberty from imperfect for-
mation of epididymal tubules or as a sequel to an
inflammatory condition. Stasis of sperm ensues and
the increased accumulation of spermatozoa results in
duct dilation, destruction of duct epithelium and
release of sperm into the interstitial tissue, which
evokes a granulomatous reaction (Figure 13.5). Part
or whole of the epididymis can be involved, but the
tail is most commonly affected.

On palpation, the affected portion of the epi-
didymis will feel enlarged and nodular. Gross patho-
logical examination shows the epididymis to consist of
green—yellow milky or caseated material surrounded
by fibrous tissue. The testicle is generally unaffected.
Cultural examination frequently is unrewarding.
Spermatocoele is generally progressive and, if bilat-
eral, will result in infertility. Before gross changes are
palpable, semen quality deteriorates with reduction
in sperm numbers and an increase in the percentage
of abnormal forms. If unilateral, the affected testicle
can be removed.

Epididymitis

Worldwide, this is the most common cause of infec-
tious infertility in rams, with B. ovis most frequently
incriminated, particularly in mature animals [7].
Various non-enteric Gram-negative, pleomorphic
organisms identified as Actinobacillus, Haemophilus
or Histophilus spp. have been isolated from cases of
epididymitis particularly in younger animals [8, 9].
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Figure 13.5: Spermatocoele affecting head of epididymis.

These organisms are commensals of the preputial
cavity and probably migrate to the deeper organs of
the reproductive tract under the influence of sys-
temic hormonal stimulation [10]. Recent studies [11]
showed that 4. seminis resulted in a mild to severe
epididymitis after inoculation by a number of routes.
B. ovis has also been shown experimentally to cause
epididymitis, and infection across mucous mem-
branes is probably the natural route of transmission.
Sporadic cases of epididymitis can be caused by
Actinomyces, Pasteurella, Staphylococci and Strep-
tococci, while concurrent orchitis and epididymitis
may suggest a traumatic origin.

In the acute stage, pain and swelling will be evi-
dent, while induration will be a feature of the chronic
disease. Rams with palpable epididymitis usually pro-
duce a semen of inferior quality, containing leuco-
cytes. These cells also have been noted in subclinical
cases of B. ovis infection and may thus be an aid in
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Figure 13.6: Epididymitis: ultrasonograph of head of
epididymis.

Figure 13.7: Epididymitis: ultrasonograph of tail of
epididymis.

making a diagnosis. In countries where B. ovis infec-
tion is recognized, serological screening of ram studs
is frequent.

Ultrasonographic examination of rams with epi-
didymitis reveals a normal pampiniform plexus.
Typically, the swollen epididymis appears as multiple
1-5cm diameter anechoic areas containing many
bright spots (Figures 13.6 and 13.7) surrounded by
broad hyperechoic lines (fibrous capsule) extending
up to 1-2cm in thickness typical of thick-walled
abscesses. The abscesses generally involve the tail of
the epididymis (Figures 13.7 and 13.9) but may extend
proximally to involve the body and head of the epi-
didymis (Figures 13.6 and 13.8). (Figures 13.8 and
13.9 are in the colour plate section.) The testicle is
embedded within this fibrous tissue reaction, is much
reduced in size, and appears more hypoechoic than
normal and contains numerous hyperechoic spots
consistent with testicular atrophy. In sheep with
unilateral epididymitis the contralateral testicle is
much smaller than normal and appears more hypoe-
choic than normal.
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Treatment and prognosis are the same as for orchi-
tis, except that, with B. ovis infection, culling is recom-
mended.

Conditions of penis and prepuce

Inability to erect fully or extrude the penis, arising from
a developmental or congenital defect or adhesions,
result in a ram being unable to serve properly. Balanitis
(Chapter 21) can be a problem in certain flocks.
Preputial prolapse leading to ventral deflection of
the erect penis has been recorded occasionally.

Conditions outwith the reproductive tract

Brisket sores

These are not uncommon and, if present, preclude
the use of a crayon harness. They arise possibly from
chafing by a loose-fitting harness, aggravated when
the animal lies around in areas devoid of grass. They
are easier to prevent than treat and may require top-
ical, and possibly systemic, antibiotic therapy and
even minor surgery.

Foot conditions

In one study [2], these comprised a major finding,
whether as overgrown horn, foot-rot, scald or inter-
digital fibromas. As well as making the animal unwill-
ing to walk and therefore follow ewes, infectious
conditions of the feet will cause testicular degenera-
tion and thus reduce fertility.

Arthritis

The elbow, carpus and tarsus in that order of preva-
lence can be affected with arthritis. The stage and
degree of inflammation is reflected in the ability or
otherwise of the ram to work.

PHYSIOLOGICAL/PSYCHOLOGICAL
FACTORS AFFECTING FERTILITY

Season

Sperm production occurs throughout the year but
volume and density reach low levels in the spring.

This seasonal effect is more marked in the hill
breeds, but should always be taken into account
when assessing semen quality outwith the normal
breeding season.

Sexual inhibition

The common practice of running ram lambs and
shearlings in bachelor groups, possibly compounded
by heavy feeding, has been postulated as a cause of
failure to work when first introduced to ewes in
oestrus. Most animals will overcome this inhibition
within a few days.

Social dominance

While the competitive drive amidst groups of rams will
generally increase mounting activity, an individual
animal, particularly if older, may dominate the others.
If the dominant one is infertile or subfertile, the effect
is compounded and obviously his covering ability will
be stretched to the maximum and probably exceeded.

Immaturity

This term has been applied to rams that produce
‘normal’ semen and mate properly and yet have high
return rates. The sperm transit time in the relatively
short epididymis may have an adverse effect on sperm
fertility.

Body condition

A greater problem, particularly with pedigree Down
breeds in the UK, is overfatness as a possible cause of
infertility. Overfat animals will be less willing to
move and may be too heavy for some ewes.
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Prolapse and hernia

B.D. Hosie

Prolapse is the posterior displacement, eversion and
external protrusion of one or more of the vagina,
uterus and rectum. The condition occurs most com-
monly in advanced pregnancy and less frequently
after lambing. Prolapse of the rectum alone can occur
post-weaning in lambs. Hernia is the term applied to
protrusion of portions of intestine through a natural
or accidental opening of the musculature, but not the
skin, of the abdominal wall of lambs to form a visible
localized swelling. Herniation of the uterus through
the abdominal wall can occur in late pregnancy.

The welfare of sheep affected by prolapse and her-
nia is of considerable concern. Some presentations of
prolapse and hernia appear as flock problems, which

require an effective strategy for their prevention and
treatment.

PROLAPSE

Vaginal prolapse antepartum

Synonyms: pre-partum cervical vaginal prolapse;
vaginal eversion; vaginal prolapse

Cases of vaginal prolapse can be expected among
pregnant ewes in all but the most extensively managed,
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least productive flocks. The condition is of consider-
able welfare concern as well as causing a significant
economic impact on flocks that experience a high
prevalence of the condition. Veterinary surgeons
should advise their clients on the correct treatment and
care for affected ewes. While understanding of the
causes remains poor, predisposing factors have been
identified and prevention strategies described. These
can be included in the health plan for flocks that expe-
rience outbreaks of vaginal prolapse.

Cause

Vaginal prolapse ante-partum in ewes was the subject
of considerable research in the 1950s and early 1960s
and many factors, some contradictory, were associ-
ated with the problem. For the vaginal wall to pro-
lapse, the vaginal and vestibular tissues must be
relaxed and readily distensible. Both features are
influenced by the compliance of the vaginal wall, which
is affected by the amount and distribution of collagen
and smooth muscle, and the action of hormones.
Vaginal compliance, capacity and stretchability were
examined in normal sheep during the oestrus cycle
and in pregnancy [1], and the influence of steroid
hormones considered [2]. While both oestradiol and
progesterone had a modest effect in increasing ‘vagi-
nal capacity’, both hormones also reduced the com-
pliance of the vaginal wall.

Clinical signs

Vaginal prolapse antepartum may precede lambing
by up to 55 days, but most cases occur within the final
21 days of pregnancy. Acute cases with rupture of the
vaginal wall are observed [3] but, typically, the pro-
lapse develops over a few days, often returning spon-
taneously when the animals rise. Later, the vagina
fails to return to its normal position, and the prolapse
progresses until the vagina is completely everted and
the cervix is visible (see Figure 14.1 in the colour plate
section). Initially pink, moist and smooth, the vagina
becomes swollen, oedematous and congested if not
replaced and is very susceptible to injury. After pro-
longed exposure, the dried vaginal mucosa becomes
rough and haemorrhagic and gangrene may develop.
Straining becomes a feature of the condition when

the mucosa is irritated or obstruction of the urethra
leads to severe distension of the urinary bladder.

Vaginal rupture results in herniation of the cae-
cum, ileum and colon, and, occasionally, the uterus
[3]. Death from haemorrhage and shock is rapid. A
Norwegian report of 17 cases of ovine vaginal rup-
ture suggests the condition results from excessive
tenesmus associated with uterine torsion following
previous scarring of the vaginal wall [4]. Several
authors [2, 3, 5] consider vaginal rupture results from
a preceding vaginal prolapse, combined with pro-
tracted tenesmus.

Epidemiology

While an understanding of the pathogenesis of vaginal
prolapse antepartum is poor, appreciation of predis-
posing factors has advanced.

Breed

The overall prevalence found in a survey conducted
in the Scottish Borders was 1 per cent, but there were
marked differences between breeds and their crosses
[6]. Pure-bred hill flocks had few cases of vaginal
prolapse (0.2 per cent) and most cases occurred in
the highly prolific greyface (Border Leicester cross
Scottish Blackface) or mule (Blueface Leicester
cross Scottish Blackface) ewes mated to Suffolk rams
(1.8 per cent).

Litter size

The risk of a ewe developing vaginal prolapse rises
with increasing litter size. Independent studies in New
Zealand [7] and Scotland [5] found that the risk of
vaginal prolapse was five times greater in ewes bearing
twins and 11-12 times greater in those bearing triplets
than in ewes with single lambs. These marked differ-
ences probably explain, in large part, the different
breed susceptibilities, as hill sheep generally carry only
one lamb, while cross-bred ewes carry twins or triplets.

Age

The risk of vaginal prolapse increases with age, pos-
sibly because the proportion of ewes carrying twins
and triplets increases amongst the older age groups.
In addition, there is an accumulation of risk as 35-40
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per cent of ewes that survive vaginal prolapse are
affected in future pregnancies.

Nutritional factors

A study of cross-bred ewe flocks did not associate a
high prevalence (>3 per cent) of vaginal prolapse
with any particular feedstuffs or the presence of oestro-
genic mycotoxins [8]. Mild hypocalcaemia found in
some ewes recently affected by vaginal prolapse was
considered to be a consequence of the stress and
trauma of the prolapse rather than the cause. How-
ever, vaginal prolapse was more prevalent in flocks
managed as a single group or small number of groups
fed on an unrestricted basis. In those flocks, some
ewes were overfed, particularly where there was a
considerable spread of lambing dates. An epidemio-
logical study in New Zealand identified access to salt
and feeding swedes in the latter part of pregnancy
and weight gain between the start of mating and
scanning (mean 95 days) as risk factors [7]. The for-
mer may contribute through their effect on water
intake leading to distention of the bladder.

Treatment

In one study [5], in which none of affected ewes was
treated by a veterinary surgeon, 20.7 per cent died.
The veterinary surgeon has a clear role in setting cri-
teria by which the shepherd can determine which
cases of vaginal prolapse to treat himself and which
require veterinary intervention or euthanasia. Cases
that fail to respond to treatment within 24 hours or that
relapse require veterinary attention. Treatment and
management of vaginal prolapse has been described
[9, 10], and reference to those papers for detailed
information is recommended, particularly the bene-
fits of caudal epidural anaesthesia and the role of
real-time B-mode ultrasonography [10]. Shepherds
should be urged to seek assistance and training from
their veterinary surgeon if the case mortality rate
exceeds 10 per cent.

Assessment

Evidence of exhaustion or shock indicates a poor
prognosis. Hypocalcaemia should be treated. The
prognosis is good when the vagina is clean, moist and
warm, but deteriorates as time progresses and the

vaginal wall becomes dry, purple, bruised, dirty and
cold. Evidence of the fetal membranes indicates that
the cervix is open and fetal death, metritis and the
death of the ewe are all possible sequelae. Euthanasia
may be necessary for some cases.

Anaesthesia

Caudal epidural anaesthesia is effective at control-
ling straining. Local anaesthetic such as 2 per cent
lignocaine gives control for a few hours, while much
longer anaesthesia and analgesia (up to 36 hours)
can be obtained by using a combination of lignocaine
and xylazine.

Replacement

Traditional advice was to raise the hindquarters
during this procedure, to reduce pressure from the
stomach contents and unborn lambs on the vagina.
Cradles can be constructed to help or an assistant
may raise the hindquarters of the ewe from the floor.
With epidural anaesthesia, the vaginal prolapse can be
replaced in the standing ewe as the tenesmus stops.
The vaginal mucosa should be carefully cleaned with
warm, mild disinfectant and the prolapse gently
reduced by pushing with bent fingers or the palm of
the hand. A very distended urinary bladder should be
allowed to empty with gentle pressure. Occasionally,
a veterinary surgeon may need to empty the bladder
by insertion of a hypodermic needle.

Retention

The bruised tissues cause persistent straining and, once
replaced, the vagina must be physically restrained to
prevent a recurrence of the prolapse. Various meth-
ods are available, such as tying wool across the vulva,
stitching or the use of a truss or retainer device. The
least invasive method that will retain the prolapse
should be chosen. Webbing trusses are available
commercially or can be made from baler twine and
are effective for ewes in the early stages when there is
little straining. The truss requires daily inspection
and adjustment to ensure it does not chafe or cut or
become displaced. Trusses should be removed at
lambing and cleaned, disinfected and dried before
storage. Many shepherds favour plastic T-shaped
retainers that are inserted into the vagina but many
veterinary surgeons believe they cause a greater risk
of metritis and persistent straining. The retainer can
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be held by tie strings fastened to the wool of the ewe
or by creating a harness from binder twine. These
retainers must be checked daily.

Most veterinary surgeons prevent recurrence by
suturing the lips of the vulva after epidural anaesthe-
sia. The most popular suture patterns are horizontal
mattress or the method of placing a subcutaneous
purse string suture around the vulva. The stitches must
be into the perineal skin and not vaginal mucous
membrane, as the latter results in urine scalding with
secondary bacterial infection. Stitches are cut when
lambing commences. The Buhner suture tied with a
double bow is recommended as it can be slackened as
the prolapse resolves and/or the signs of first stage
labour are noted.

Supportive treatment

Affected ewes should receive a course of antibiotic
injections and be clearly identified. More severe cases
benefit from administration of a non-steroidal anti-
inflammatory analgesic such as flunixin to reduce the
discomfort to the ewe and reduce the chances of a
relapse. The health of the ewe should be monitored
for evidence of hypocalcaemia or pregnancy tox-
aemia, when appropriate therapy is required.

Complications

Fetal death may occur as a consequence of the pro-
lapse and metritis may follow if the dead fetus is not
removed promptly. Persistent tenesmus after replace-
ment may cause rectal prolapse or recurrence of
vaginal prolapse. Tenesmus might be prevented by
correcting the cause or through epidural anaesthesia
with lignocaine and xylazine. Rectal prolapse can be
retained by a Buhner suture or, if severe, amputated
under anaesthesia (see Chapter 74).

Incomplete cervical dilation may occur at parturi-
tion. While patient and careful digital pressure to the
cervix may cause a dilation, often a Caesarean sec-
tion is preferable, with an improved prognosis for the
ewe and the lambs.

Prevention and control

In outbreaks of vaginal prolapse, veterinary surgeons
can have a valuable role in overseeing the manage-
ment of the flock to prevent further cases and to alert

the shepherd to other health and welfare problems
such as pregnancy toxaemia, that may develop. They
can include a programme to control vaginal prolapse
in the flock health programme for flocks in which the
condition is a perennial problem. Culling of affected
ewes is generally advised because almost half will
prolapse in a subsequent pregnancy. In addition, the
trauma to the reproductive tract may render such
animals liable to infertility, dystocia or metritis.

In flocks that experience an outbreak of vaginal
prolapse, a reduction in the intake of roughages and
bulky feeds usually alleviates the immediate prob-
lem, but the adequacy of the flock’s nutrition must be
maintained. This should be assessed by body condi-
tion scoring about 10 per cent of the flock and meas-
urement of serum betahydroxybutyrate (BOHB) on
about 20 ewes in the group. If there is a great vari-
ation in the ewes’ body condition scores, the flock
should be split into more manageable groups by con-
dition score and, if known, according to litter size and
lambing dates. The feeding should be in accord with
their requirements, taking into account body condi-
tion and BOHB levels.

In flocks where vaginal prolapse antepartum is a
perennial problem with more than 3 per cent of the
flock affected, greater control should be exerted over
the flock’s nutrition in the last 8 weeks of pregnancy.
The flock should be divided in mid-pregnancy into
groups with similar nutritional requirements on the
basis of litter size, as determined by real-time ultra-
sonic scanning and expected lambing dates. The hay or
silage should be analysed and rations formulated that
will allow the pregnant ewes to lose body condition
from a score of 3.0-3.5 at mating to 2.0-2.5 at lambing.

Eight weeks before lambing, the lean ewes (body
condition score 2.0 or less) are identified and removed
for additional feeding. About 3 weeks before lambing,
the body condition of the ewes should be reassessed
and blood taken from 10 to 20 ewes in each group for
BOHB estimation. The target BOHB concentration
of 0.8 mmol/l is suitable for flock groups with a wide
range of expected lambing dates or litter size. Where
the flock is divided into groups according to lambing
date and litter size, a mean BOHB concentration of
1.1 mmol/l is an acceptable target [11]. The ration can
be modified in the light of these findings. Where this
approach is combined with the culling of ewes that
are affected by vaginal prolapse, the reduction in the
prevalence of vaginal prolapse antepartum is dra-
matic and of benefit to both sheep and shepherd.
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Vaginal prolapse postpartum

This condition may occur several days or some weeks
after lambing. The author investigated an outbreak
where the condition affected ewes suckling their first
lambs. The affected ewes tended to be smaller than
average. Trauma to the cervix and vagina at lambing
was suspected as a predisposing factor. As vaginal
prolapse postpartum is seldom found sufficiently
early to institute treatment most cases are humanely
destroyed.

Prolapse of the uterus postpartum

This condition occurs sporadically after apparently
normal lambings and is unrelated to vaginal prolapse
antepartum. It is usually associated with younger
ewes and may be a consequence of a hypocalcaemia.
Provided the prolapse is treated promptly, utilizing
the techniques described for treating vaginal pro-
lapse antepartum, recovery is usually uneventful.

Rectal prolapse

In addition to occurring in adult ewes as a complica-
tion of vaginal prolapse, rectal prolapse in fattening
lambs is due to tenesmus caused by irritation to the
mucosa from coccidiosis, parasitic gastroenteritis
and fly strike. Ultra-short docking of lambs in the
USA, so that virtually no tail remains, results in a
significant increase in the incidence of rectal pro-
lapse in fattening lambs [12]. Treatment of the
affected animal is as described for vaginal prolapse
antepartum, and specific treatment of the group for
the predisposing causes is described. The practice of
ultra-short docking should stop.

HERNIA

Umbilical hernia

Open umbilical hernias occasionally occur in new-
born lambs when loops of intestine pass through a
patent umbilical ring. The prognosis is good, pro-
vided the shepherd can immediately return the loops
of intestine to the abdomen and close the cord with a

clamp or suture. Otherwise the prognosis is grave
and euthanasia should follow.

Surgery can be considered for closed umbilical
hernias in older lambs, although most resolve with-
out intervention. The decision rests on the size of the
hernia, the likelihood that loops of intestine will
become strangulated and the value of the lamb.

Inguinal and scrotal hernias

These hernias are found in lambs rather than older
sheep, although scrotal hernias can cause infertility
in rams owing to raised intrascrotal temperature.
Inguinal hernias are usually a consequence of raised
intra-abdominal pressure, as might occur among lambs
on artificial or highly fermentable diets. The pressure
is believed to force intestinal loops though the inguinal
ring to become visible as a swelling at the groin and
inner thigh. Death follows strangulation or rupture
of the herniated intestine. To avoid further cases, the
diet should be changed to include more roughage.

Scrotal hernias were widely recognized when sur-
gical castration was commonly practised. They vary
in size from small and difficult to palpate at the scro-
tal neck to a gross enlargement of the scrotum due to
herniation of intestine. Affected males should not be
used for breeding, as the condition is inherited.

Ventral hernia

Ventral or abdominal hernias usually occur in the latter
stages of pregnancy, when increased intra-abdominal
pressure and possibly other non-specific factors such
as previous dystocias and undernutrition weaken the
muscle and tendinous support of the abdominal wall.
Rupture of either the pre-pubic tendon or the fibrous
aponeurosis of the abdominal muscles allows the
uterus and abdominal viscera to fall into the sac
formed by the skin and subcutaneous muscles. The
affected ewe will have difficulty in rising and walking
and, if it survives to parturition, the lack of abdom-
inal muscular contractions means the fetuses do not
engage or enter the pelvic canal. Ewes with ruptured
pre-pubic tendons should be destroyed. Some cases
of flank hernia can be assisted to lambing when sur-
gical repair will permit the ewe to nurse its lambs.
Thereafter, such ewes should be culled.
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Mastitis and contagious agalactia

G.H. Watkins and J.E.T. Jones

MASTITIS

Mastitis in ewes occurs in all countries of the world
where sheep are kept, but most attention has been
paid to the disease in those countries in which there are
substantial milking flocks, e.g. France, Italy, Spain
and Greece. In the UK, ovine mastitis was first inves-
tigated systematically some 75 years ago by Leyshon
[1] in the eastern counties of England. The bacteria
that he identified as the principal causes of mastitis
are those we still regard as the most important.
Sheep farmers and veterinarians are increasingly
concerned about the economic implications of

mastitis. Adverse effects include acute disease leading
to death of the ewe, acute disease followed by systemic
recovery and the necessity to cull the ewe because of a
permanently damaged udder, replacement costs and
veterinary costs. Severe depletion of milk production
may lead to starvation and death of lambs. Clinical
and subclinical mastitis may lead to reduced milk
yield and suboptimal growth of lambs. In both acute
and chronic mastitis, affected ewes may suffer con-
siderable discomfort, and the alleviation of pain is an
important consideration.

There is little information on the economic effects
of mastitis in relation to culling. In one investigation
in which 1650 ewes were examined at the time of
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slaughter, 10 per cent had evidence of mastitis [2].
Available surveys on diseases of sheep show that
mastitis is one of the most important causes of mor-
tality and of the enforced culling of ewes. A survey
between 1985 and 1987 of some 70 lowland flocks
with a collective population of about 30000 ewes
showed the incidence of mastitis varied considerably
among flocks and ranged between 1 and 15 per cent
of the ewes, with 10 per cent of the flocks having an
incidence greater than 10 per cent [3]. The average
incidence in lowland flocks is probably 4-5 per cent.
Most of the recorded cases of acute mastitis in low-
land flocks occurred in the first week and between
the third and fourth weeks of lactation. However,
since many less severe cases were not detected until
the time of weaning, the period of peak incidence of
this form of mastitis is not known.

Cause

In the UK, Staphylococcus aureus and Mannheimia spp
(especially M. haemolytica A2 and A6, M. glucosida
All and untypable strains) are the two most import-
ant causes, accounting for 80 per cent of cases of
severe mastitis [3]. Escherichia coli, Streptococcus spp
and coagulase-negative staphylococci cause most of
the remaining 20 per cent and most occur in the first
week of lactation. Other bacteria incriminated spor-
adically include Arcanobacterium pyogenes, Bacillus
cereus, Clostridium perfringens, Listeria monocytogenes,
Actinobacillus spp, Pseudomonas aeruginosa and the
fungus Aspergillus fumigatus. Leptospira hardjo has
been reported to cause agalactia but not mastitis.
Mycoplasmal mastitis, discussed below, is not found
in the UK.

Chlamydophila abortus mastitis has been produced
experimentally in sheep, but there is no evidence that
it causes mastitis in field circumstances or that it is
present in the milk of ewes suffering from enzootic
abortion. However, ewes that have aborted and some
clinically healthy ewes in affected flocks excrete
Chlamydophila in the birth fluids, which may soil the
udder and the teats and thus easily contaminate milk.
Is it therefore possible that ewe’s milk for human
consumption could become contaminated with
Chlamydophila [4].

One non-bacterial cause of mastitis is the maedi-
visna virus, which can cause indurative lymphocytic
mastitis in ewes and may lead to reduction of

growth rate in lambs. Maedi-visna is described in
Chapter 31.

Clinical signs

Acute mastitis

Some cases are so severe and the course of the disease
so rapid that no signs are observed and the ewe is
found dead; fortunately, such cases are uncommon.
In less severe forms of the acute disease, affected ewes
have a swollen, painful udder, generally involving only
one ‘half’. The skin over the affected half may become
red or purple, and this colour change may spread along
the abdomen. At first the udder feels hot but, as the
disease progresses, there may be extensive necrosis
of the glandular tissue and, at this stage, the udder
becomes cold and clammy. The secretion from the
gland is usually sanguineous. The ewe is obviously ill,
limb movement is stiff, body temperature is high and
the ewe may become isolated from the flock; her lambs
may show signs of starvation. If the ewe survives, these
general signs of illness disappear but part, or the
whole, of the affected half may slough. Healing of the
skin takes several weeks.

Chronic mastitis

This develops from the acute form of the disease. It is
manifested by hardness of the udder and by the pres-
ence of single or multiple abscesses within the gland
and often the subcutis. The teat is sometimes swollen,
and the teat canal may contain a hard core of inspis-
sated pus. These changes are easily detected when
the ewe is examined prior to mating when the gland
has involuted. Single or multiple milk cysts may be
mistaken for abscesses.

It had become common to refer to mastitis observed
at the pre-mating examination of ewes as post-weaning
mastitis. The great majority of cases of so-called
‘post-weaning mastitis’ are examples of pre-weaning
mastitis detected post-weaning. They represent the
sequelae of acute mastitis that developed during
lactation [5].

Subclinical mastitis

Subclinical mastitis has been reported frequently
in many countries where sheep are kept for milk
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production, but to only a very limited extent where
flocks are reared predominantly for meat and wool
production as, for example, in the UK, New Zealand
and Australia. The principal bacteria associated with
subclinical disease are coagulase-negative staphylo-
cocci, various streptococci and, occasionally, S. aureus
and Mannheimia spp. In affected ewes, the somatic
cell count in milk exceeds 10%/ml.

The Whiteside and California mastitis tests are
suitable screening tests, but bacteriological examina-
tion and milk somatic cell counts (SCC) are necessary
for confirmation. These tests have been comprehen-
sively evaluated for the diagnosis of subclinical mas-
titis in meat-producing flocks [6]. In Mediterranean
countries, SCC and bacterial culture are the main
determinants for classifying lactating dairy ewes as
‘healthy’, ‘infected’ or ‘doubtful’ [7].

Investigations of subclinical mastitis in lowland
ewes in several flocks in southern England showed
that the predominant bacterial isolates from the milk
of affected glands were streptococci, coagulase-nega-
tive staphylococci, Mannheimia spp and S. aureus,
There was a significant association between the devel-
opment of clinical mastitis and antecedent subclin-
ical mastitis caused by the same organisms [8]. The
possible effect of subclinical mastitis on milk produc-
tion in flocks in the UK is not known, but it has been
shown experimentally that milk yield and growth rate
of lambs are significantly reduced [9].

Pathology

In well-developed lesions of the udder of ewes in
which clinical signs have been present for 2 or 3 days,
the affected half is much larger than the unaffected
half, and there is often subcutaneous oedema, espe-
cially in the area surrounding the base of the teat.
The mammary parenchyma is intensely and diffusely
reddened, although, in the early stages, the reddening
is confined to individual lobules, giving the cut sur-
face of the gland a mottled appearance. As the inflam-
matory reaction progresses, tissue degeneration and
necrosis result in the separation of the parenchyma
from the skin and from the unaffected half. The lac-
tiferous ducts are plugged with clots of milk or exudate,
and there may be evidence of venous thrombosis.
Histologically, those areas of the gland that macro-
scopically are intensely reddened are hyperaemic
and haemorrhagic. There is massive infiltration of

leucocytes into the alveoli and degeneration, necro-
sis and desquamation of alveolar epithelium.

Diagnosis

It is not usually possible to associate the clinical and
pathological features of acute mastitis with a particu-
lar causal organism. The changes brought about by
S. aureus and Mannheimia spp. are essentially simi-
lar. Provisional identification of the bacterium may
be made from microscopic examination of mammary
secretion. The majority of the bacteria causing mas-
titis will grow on blood agar incubated aerobically for
24 hours. The routine use of other media and of
anaerobic incubation is usually unrewarding. About
10 per cent of milk samples from mastitic ewes do not
yield any bacteria when cultured.

Epidemiology and transmission

S. aureus inhabits the skin, mouth, nasal passages and
vagina in a proportion of healthy ewes, but the car-
riage rate varies between flocks. It is isolated some-
times from normal teat skin and, rarely, from the teat
canal in the absence of mastitis. S. aureus can cause
dermatitis of the teat and udder skin and these lesions
predispose ewes to mastitis. Severe outbreaks of
staphylococcal dermatitis associated with mastitis have
been described [10].

Mannheimia spp colonize the nares and tonsils of
sheep during the first few days of life. They are also
present in the mouths of ewes and lambs and, soon
after lambing, on the teat skin of ewes. By contrast,
Mannheimia spp are not isolated from the teat skin of
ewes before lambing or after weaning, thus demon-
strating that they are present on the teat skin only
when lambs have been sucking [11]. As the teat skin
is constantly being exposed during the sucking period,
even small numbers of Mannheimia spp on the skin
of the teat may gain access to the mammary gland
through the teat canal. Because fewer than 10 colony-
forming units of a virulent M. haemolytica are required
to produce mastitis experimentally [12], the potential
for disease is evident. Experimentally, some isolates
of M. haemolytica multiply in the gland after a short
lag phase of 3 hours and elicit a neutrophil response
within 12 hours [12]. In vitro, Mannheimia spp adhere
to and are internalized by mammary epithelial cells
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within 2 hours, suggesting that these are important
early stages in the development of mastitis caused by
these bacteria [14].

Factors predisposing to entry of bacteria into the
teat canal and thence to the gland have not been
investigated in the ewe to the extent they have in the
cow. Suggested factors include anatomical defects of
the teat and indiscriminate sucking, which is com-
mon when ewes and lambs are housed. Lesions on
the skin of the teat (e.g. orf pustules, bites and abra-
sions from vigorous sucking) predispose particularly
to staphylococcal mastitis. All may facilitate spread
of mastitis pathogens from affected to non-affected
ewes. In dairy sheep flocks, the incidence of Mann-
heimia spp mastitis declines rapidly when lambs are
removed, while the incidence of staphylococcal mas-
titis is unaffected, indicating that the main source of
infection of Mannheimia spp for the teats of the ewe
is the mouth of the lamb.

Possible predispositions to mastitis are not fully
understood. In housed sheep, high stocking density
(less than 2m? per ewe) has been shown to lead to
increased somatic cell counts and increased inci-
dence of subclinical mastitis, as well as lower milk
yield and protein and fat content [14].

Treatment, prevention and control

Most of the bacteria causing mastitis are sensitive to
several antibiotics. Parenteral administration of an
appropriate antibiotic, e.g. one of the penicillins or
tetracyclines, will usually lead to recovery of the ewe
but almost always the affected half of the udder is
permanently damaged and lost to milk production.
Even at an early stage of the disease, treatment is
often disappointing and may not result in recovery of
the affected gland.

There is no treatment for chronic mastitis; most
affected ewes are culled, although genetically valu-
able ewes with no functional gland are often retained
in a flock.

Currently, there are no effective vaccines nor are
there any proven means of prevention. Greater
understanding of the predisposing causes of mastitis
may lead to appropriate preventive husbandry and
managemental procedures. Empirical measures that
may help are the segregation and culling of affected
ewes so as to minimize spread of infection. In flocks
in which there is a high incidence of mastitis, the

teats should be examined regularly and any lesions
present treated immediately and not allowed to
become foci of infection. If there is coliform mastitis,
faecal contamination of the udder, prevalent in
indoor lambing systems, should be reduced by regu-
lar provision of clean bedding or eliminated by put-
ting ewes and lambs outdoors as soon as possible.

Administration of intra-mammary antibiotic to
dairy ewes in the dry period has been shown to reduce
the incidence of subclinical mastitis in the next lacta-
tion [15]. The efficacy and cost-effectiveness of this
measure for the control of mastitis in meat-producing
flocks require investigation under carefully controlled
conditions.

Recent work on dairy sheep in France has shown
that high SCC is heritable (0.15), as well as being an
accurate indicator of subclinical mastitis. It may,
therefore, be possible to breed ewes selectively with a
lower risk of development of subclinical mastitis [16].
However, at present, no evidence is available of genetic
influences on clinical ovine mastitis in meat-produc-
ing sheep.

CONTAGIOUS AGALACTIA

Contagious agalactia affects sheep, goats and, pos-
sibly, South American camelids. It has been recog-
nized in southern Europe and the Middle East for
almost 200 years and has since spread to most other
parts of the world, but does not occur in the UK,
where it is a notifiable disease.

Cause

Traditionally, contagious agalactia has been ascribed
to Mycoplasma agalactiae. Disease caused by this
species has been comprehensively reviewed [17] and
remains the most important cause of contagious
agalactia in sheep. Three other mycoplasma species
have been shown to cause similar disease and they
are now included as possible causes of contagious
agalactia. One, M. putrefaciens, has not been isolated
from sheep and will not be considered further. Both
M. capricolum subsp. capricolum (Mcc) and the large
colony variant of M. mycoides mycoides (MmmLC)
infect goats more readily than sheep. MmmLC is
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distributed widely, occurring in areas free of
M. agalactiae, but has been isolated only rarely from
diseased sheep. Mcc is thought to be able to infect
sheep in the absence of goats and has a greater
predilection for joints than the other pathogenic
mycoplasmas [18]. It has been isolated only once,
from genital lesions, in sheep in the UK.

Clinical signs

disease, where culture is unlikely to be rewarding.
The complement fixation test is still used for interna-
tional certification, but it suffers from lack of sensi-
tivity. Enzyme-linked immunosorbent assays have
been developed, but many of these suffer from a lack
of specificity. A review of laboratory diagnosis of
contagious agalactia is available [19].

Epidemiology and transmission

In sheep, disease is usually chronic. Infection is fol-
lowed by a period of malaise, anorexia and pyrexia
that coincides with bacteraemia. Pregnant animals
may abort and occasionally sheep die at this stage.
Severe mastitis follows; both glands are often swollen,
hot and tender, and milk is yellow and granular, with
many clots. Later, as the mammary gland becomes
atrophied and fibrosed, milk production may cease
and lambs sucking affected ewes often die at this stage.
Acute mastitis is followed by arthritis characterized
by accumulation of synovial fluids in one or more,
usually carpal or tarsal, joints. Keratoconjunctivitis
often occurs concurrently with arthritis. Pneumonia
is not a consistent finding in adult sheep, but is more
common in younger sheep, in which it may lead to
rapid death without development of other signs.

Diagnosis

Clinical diagnosis is based on a high prevalence of mas-
titis, arthritis and keratoconjunctivitis in the flock,
but laboratory confirmation should be sought.
M. agalactiae is present in large numbers in mammary
secretions and joint fluid, which are the samples of
choice in the acute stage of the disease. M. agalactiae is
not fastidious, may be cultured in modern broth media,
and may be distinguished from other mycoplasmas
by its inability to ferment glucose, by growth inhib-
ition and by fluorescent antibody tests using specific
hyperimmune rabbit sera. Recently, polymerase chain
reaction (PCR) tests to identify specific sections of
mycoplasmal DNA have been used to identify cultured
isolates and these can be applied to clinical samples
to accelerate laboratory diagnosis. Failure to detect the
causative mycoplasma is not uncommon in chroni-
cally infected animals.

Serology is important for screening sheep before
export or import and for investigating long-standing

If ewes are infected when they are not lactating, latency
may ensue, resulting in clinical signs of contagious
agalactia developing at the onset of lactation. Excre-
tion often precedes clinical signs — after experimental
inoculation by the nasal or conjunctival route, clini-
cal signs occurred after 20 days but excretion com-
menced after 1 day from the nose and 9 days in the
milk [20]. After recovering from contagious agalactia,
sheep may continue to excrete M. agalactiae, from the
nasal cavities, conjunctivae, ear canals, vagina and
mammary glands, without showing clinical signs of
disease. Asymptomatic carriage in the middle ear
occurs, and mites resident in this site may act as both
reservoir hosts and vectors of mycoplasma infection.
Asymptomatic carriers play an important role in the
maintenance and spread of infection.

Lambs are usually infected by sucking infected milk,
which can contain large numbers of mycoplasmas.
Adult sheep may be directly infected from respira-
tory secretions of sheep or goats, or from contami-
nated fomites such as milkers’ hands and bedding.
Infection is possible by the intra-mammary, respira-
tory or oral routes, and mycoplasmas can survive in a
dormant state in soil and bedding for several weeks.

Treatment, prevention and control

Appropriate antibacterials, given early in the disease,
can bring about some clinical improvement but anti-
bacterial therapy is thought to promote carriage of
mycoplasmas in joints and other tissues where pene-
tration of the antibacterial is poor, with subsequent
recurrence of disease and shedding of bacteria.

In endemic areas, it may be possible for a flock to
remain free of contagious agalactia through strict
biosecurity and dairy hygiene measures and sero-
logical testing of replacement animals. Infected ani-
mals should be isolated and culled. Occurrence of
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contagious agalactia in countries free of the disease
would usually result in culling of the affected flock.

Both inactivated, adjuvanted and live attenuated
vaccines for M. agalactiae infection have been used in
countries bordering the Mediterranean. Both reduce
the severity of clinical signs but neither prevents excre-
tion of mycoplasmas, and vaccinated animals may
become carriers of M. agalactiae. Vaccination, there-
fore, may help to reduce the incidence and severity of
contagious agalactia in endemic areas but is not com-
patible with attempts to eradicate the disease.

ZOONOTIC IMPLICATIONS

In dairy sheep it is important to note that some
strains of S. aureus causing mastitis produce entero-
toxin and therefore the ingestion of milk may result
in food poisoning. B. cereus, which causes sporadic
cases of mastitis, may also cause food poisoning.
Both L. monocytogenes and Streptococcus equi subsp.
zooepidemicus are rare causes of mastitis in ewes, but
their presence in sheep milk could result in infection
in humans.

In Britain, there is currently no statutory require-
ment for heat treatment or pasteurization of sheep
milk for liquid consumption or for manufacture but,
in Scotland, untreated milk may only be sold directly
from the farm of production to the final consumer.
These regulations are periodically reviewed, and pas-
teurization of sheep milk may be obligatory in future.
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Chlamydial abortion

LD. Aitken and D. Longbottom

Synonyms: enzootic abortion of ewes (EAE), ovine
enzootic abortion (OEA)

Chlamydial abortion causes serious reproductive
wastage in many sheep-producing regions of the
world, with the notable exceptions of Australia and
New Zealand, and occurs most commonly in flocks
that are intensively managed over the parturient
period. Despite the availability of well-publicized vol-
untary control measures, chlamydial abortion is still
the most commonly diagnosed cause of infectious
abortion in the UK and other countries of northern
Europe. In southern Europe, Brucella melitensis infec-
tion is of greater prevalence. Chlamydial abortion also
affects goats and, less commonly, cattle and deer.

CAUSE

The causative organism belongs to the highly special-
ized bacterial family Chlamydiaceae, which has a
biphasic developmental cycle that alternates between

an extracellular infectious phase and an obligatory
intracellular replicative phase that is not infectious
[1,2]. The extracellular round (300 nm diameter) infec-
tive form, designated the elementary body (EB), has a
thick wall around a dense internal core and stains
Gram-negative. In contrast, the larger (0.5-1.6 um
diameter), thin-walled intracellular reticulate body
(RB), has more homogeneous granular contents and
does not survive outside the host cell. Adhesion of the
EB to the outer membrane of a susceptible cell leads to
its engulfment and occupancy of a membrane-lined
vacuole formed from the cell wall, known as the
chlamydial inclusion (Figure 16.1), to which cellular
lysosomes are not attracted, thus allowing the EB to
evade the defensive reaction of the host cell. Structural
modification of the EB wall prepares the emergent
thin-walled RB for its metabolic parasitism of the host
cell and successive rounds of binary fission. After a
24-36-hour period, the accumulated progeny RBs
revert to the EB form and are released by rupture of
the cell or by exocytosis to renew the cycle of infection.

In the laboratory, chlamydiae can be grown readily
in the yolk sac of the developing chick embryo and in
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Figure 16.1: Chlamydial inclusion within an infected cell;
both pale reticulate bodies (RB) and smaller, dark elemen-
tary bodies (EB) are visible.

cell cultures. Infectivity is destroyed by heat (10 min
at 60°C) and by treatment with formalin or ether.
However, infective particles can survive for weeks at
low environmental temperatures and for years
at —70°C.

The Chlamydiaceae underwent significant taxo-
nomic reclassification in 1999 [3] based on ribosomal
RNA phylogenetic analysis, and both morphological
and phenotypic information. The family, which pre-
viously comprised the single genus Chlamydia and
four species (C. trachomatis, C. pneumoniae, C. psittaci
and C. pecorum), now also includes a new genus,
Chlamydophila, and five new species (Table 16.1).
Two of the new species, C. muridarum and C. suis, are
present with C. trachomatis in the emended genus
Chlamydia. The other three new species, C. abortus,
C. felis and C. caviae, join C. pneumoniae, C. psittaci
and C. pecorum in the new genus Chlamydophila.
C. trachomatis and C. pneumoniae are principally
pathogens of humans, while the other seven species
infect a wide range of avian and non-human mam-
malian hosts. At least two species, C. psittaci and

Table 16.1: Family Chlamydiaceae: genera, species and
principal hosts

Genus Species Principal host(s)
Chlamydia C. trachomatis  Man
C. muridarum Mouse
C. suis Pig
Chlamydophila  C. abortus* Ruminants, pigs
C. felis Cat
C. caviae Guinea-pig
C. pneumoniae  Man, koala, horse
C. psittaci* Birds, including poultry
C. pecorum Ruminants, pigs

* Species with proven zoonotic potential.

C. abortus, are recognized as causing zoonotic infec-
tions in humans [2]. Of the animal pathogens, three
have been associated with chlamydial infections in
livestock: C. pecorum infects ruminant and porcine
species, and is associated with a number of condi-
tions such as conjunctivitis, pneumonia, arthritis and
apparently innocuous enteric infection, especially in
sheep; C. suis appears restricted to swine, causing
reproductive, respiratory and enteric infections; and
C. abortus (formerly immunotype 1 Chlamydia psittaci)
causes abortion in ruminants, particularly sheep and
goats and swine.

All chlamydial species share a heat-stable
lipopolysaccharide antigen that is the basis of the
widely used Chlamydiaceae-specific complement-
fixation (CF) test. However, interpretation of CF test
results in sheep can be confounded by false positives,
perhaps attributable to concurrent infection with
C. abortus and C. pecorum, requiring recourse to
species-level serological discrimination. Western
blotting, immunofluorescence tests and a number of
enzyme-linked immunosorbent assay (ELISA) pro-
cedures, based on native chlamydial antigen prepara-
tions, developed principally for research can be used
selectively for this purpose but are not appropriate
for large-scale routine application [4]. More recently,
a competitive ELISA based on the C. abortus major
outer membrane protein (MOMP) [5] and an indirect
ELISA based on polymorphic outer membrane pro-
tein POMP90 [6] have been developed and shown to
be both sensitive and specific in differentiating animals
infected with C. abortus from those infected with
various C. pecorum subtypes. The completion of the
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sequencing of the C. abortus genome [7] and the
future genomic sequencing of representative strains
of the different subtypes of C. pecorum will enable
more specific diagnostic tools to be developed in the
future.

CLINICAL SIGNS

mid-gestation may be a previously unrecognized con-
sequence of chlamydial infection in pregnancy and
account for any above-average number of barren
ewes in a flock affected by chlamydial abortion [9].

PATHOLOGY

Chlamydial abortion is without specific premonitory
signs, although closely observed individual ewes may
display some malaise and exhibit slight vaginal dis-
charge for a few days before expelling dead, moribund
or weak lambs. It is the latter event, generally occur-
ring some 2-3 weeks before term, that is the first indi-
cation of a problem. Although the fetal membranes
present a variable extent of necrotic change, most
lambs aborted at this late stage in pregnancy are
well developed and quite fresh (Figure 16.2a in the
colour plate section), the absence of autolytic change
indicating that death in utero has been fairly recent.
Some aborted lambs may appear ‘pot bellied’ owing
to accumulation of blood-tinged fluid in serous cavi-
ties, and the fleece may be partially covered with,
or discoloured by, flecks of pink-brown material
originating from placental exudate. However, true
degenerative changes such as corneal opacity and
easily detachable wool, indicative of death some days
or weeks before abortion, are seen in only a few
cases. Generally, premature liveborn lambs are weak
and, under farm conditions, rarely survive, even with
nursing. Their deaths contribute to the sum of repro-
ductive wastage caused by chlamydiae. In contrast,
some ewes with placental infection give birth to live
lambs, which they rear successfully and, in multiple
births, the delivery of one dead lamb and one or more
live weak or healthy lambs is not uncommon. For
several days after abortion, ewes pass varying
amounts of a discoloured uterine discharge but other-
wise are clinically normal. The discharges eventually
dry up, future breeding potential is not impaired and
ewes are clinically immune, although some may
excrete chlamydiae at their next oestrus and at subse-
quent lambing [8]. Occasionally, the placenta is
retained and an associated metritis develops, leading
to loss of condition and death as a result of secondary
bacterial infection. Although yet to be confirmed
under natural conditions, experimental studies sug-
gest that inapparent fetal death and resorption in

Placentitis, the major and typical gross pathological
component of chlamydial abortion, is a direct conse-
quence of chlamydial colonization that starts about
8 weeks before the normal time for parturition.
Experimental studies have established that, even if
ewes are infected at an earlier stage of pregnancy,
florid chlamydial growth in the placenta and ensuing
pathology do not begin until after 90 days of gestation
when rapid fetal growth commences [10], although
chlamydial antigen can be detected in placental tis-
sue some 3—4 weeks earlier. The reasons for the tem-
poral restriction of placental pathogenesis have not
been established. Possibly, contemporary physiologi-
cal changes in hormonal activities serve to relax the
suppression of chlamydial growth known to be exert-
ed by interferon-gamma (IFN-vy) and other cytokines
[11]. The crucial lesion occurs in the vascular placen-
tome, the intimate apposition of the uterine endome-
trial caruncle and the fetal chorionic cotyledon that is
the anatomical and physiological unit for maternal—
fetal transfer of oxygen and nutrients (see Figure 4
in reference [2]). Chlamydiae infect and replicate
within the trophoblastic epithelial cells of the
chorionic villi in the hilus of the placentome, in which
they produce visible cytoplasmic inclusions [12]. The
placentomal infection and accompanying cellular
disruption provoke an infiltration of inflammatory
cells, consisting mainly of monocytes/macrophages.
Loss of epithelial cells and progressive necrosis of
the underlying villi and tips of caruncular septa are
accompanied by accumulation of necrotic cellular
debris and organisms in the placentomal haematomas.
With time, infection spreads to the peri-placentome
and then to intercotyledonary regions of the chorion,
where damage of chorionic epithelial cells, oedema
and cellular infiltration of the underlying stroma give
rise to the reddened and thickened placental mem-
branes that are characteristic of this disease, as well
as the accumulation of a cream or straw-coloured
exudate adherent to the surface of the placenta.
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In contrast, endometrium opposed to infected and
diseased chorion shows only limited infection and
loss of epithelial cells. The associated cellular reac-
tion is generally mild but, in severe cases, necrosis
and sloughing of endometrial epithelium is accompan-
ied by a more vigorous inflammatory response. As
infection progresses in the placental membranes,
vasculitis and thrombosis occur, most likely triggered
by the release of chlamydial lipoolysaccharide (LPS),
which has been shown experimentally to induce the
pro-inflammatory cytokine, tumour necrosis factor-
alpha (TNF-a) [12]. TNF-ao mRNA is also readily
expressed in the mononuclear cells of infected pla-
centas, and of the inflammatory exudates, as well as
in the cells of inflamed arterioles and arteries suggest-
ing that production of TNF-a damages the placenta
and thereby contributes to abortion or premature
birth [12]. Not all placentomes of a placenta become
infected and, in those that do, the degree and extent
of inflammatory and destructive change is variable.
However, impairment of the functional integrity of
even a proportion of placentomes may compromise
maternal-fetal exchange and contribute to fetal debil-
ity. In the later stages of gestation, chorionic epithe-
lial cells constitute the major source of progesterone,
the hormone responsible for maintaining pregnancy.
Progesterone also interacts with locally synthesized
oestradiol and prostaglandin in regulating parturi-
tion. Chlamydial infection alters the pattern of secre-
tion of these three hormones, an alteration which
may precipitate premature labour [13]. Thus, abor-
tion is likely to result from a combination of several
pathological, immunological and physiological events,
including destruction of tissues by the pathogen and
the concomitant release of LPS, the disruption of the
normal hormonal control of pregnancy, vascular
thrombosis and a pro-inflammatory immune response
(IFN-y and TNF-a) by the fetus. Interestingly,
re-challenge of previously infected ewes also results in
placentitis, although this may be dose-related and
appears slower to develop when compared to naive-
challenged ewes, but these animals do not abort [14].
It is unclear why this is the case, but it is likely to be a
consequence of the maternal acquired immune
response. In the fetuses of naively challenged ewes,
changes are confined to development of inflamma-
tory or necrotic foci in the liver, lymphatic organs,
lungs, skin and brain, although seldom are the changes
so severe or extensive as to be grossly visible. Con-
gestion and pinpoint white foci have been reported,

but are not consistent features. Similar changes are
observed in the fetuses of rechallenged ewes, although
necrotic foci appear to be less frequent [14].

DIAGNOSIS

Abortion of well-preserved lambs in the final 2-3
weeks of pregnancy and an associated necrotic pla-
centitis provide reasonable grounds for a provisional
diagnosis (Figure 16.2a, b in the colour plate section)
but, superficially, some cases of toxoplasmosis may
present similarly and more than one micro-organism
may be involved in an outbreak of abortion.

Necrotic placentitis is not a feature of the less
common or sporadic causes of infectious abortion,
e.g. Listeria and Campylobacter. Rarely, abortion
occurs as a consequence of infection of pregnant
ewes with the rickettsia, Coxiella burnetii, which is
infectious for humans, causing an influenza-like ill-
ness known as Q-fever. Vast numbers of the organism
are shed in infected placentas and uterine discharges.
In stained smears, C. burnetii resembles C. abortus,
but the two are antigenically unrelated and may be
distinguished serologically.

Diagnosis of chlamydial abortion is readily con-
firmed by the demonstration of large numbers of EBs
in smears made from diseased placental tissue and
stained by a modified Ziehl-Neelsen procedure to
reveal red bodies, singly and in clusters, against a blue
background (Figure 16.2¢ in the colour plate section).
Under dark-ground illumination, the stained bodies
stand out clearly as bright green coccoid structures. If
placental material is lacking, vaginal swabs from ewes
that have aborted or the still-wet fleece of a recently
aborted or stillborn lamb are useful alternatives for
making smears. However, chlamydiae are likely to be
less abundant in these sources, and they do not occur
consistently in fetal stomach contents. For submission
to a diagnostic laboratory, a small piece of affected
placenta, free from gross contamination, should be
placed in a suitable transport medium, such as SPG
buffer (sucrose [74.6 g/l], KH,PO, [0.512 g/], K,HPO,
[1.237 g/1], L-glutamic acid [0.721 g/1]), supplemented
with 10 per cent fetal bovine serum and non-penicillin
antibiotics such as streptomycin and gentamycin.
Under these conditions, chlamydiae survive for sev-
eral days and will be evident in tissue smears. If neces-
sary, isolation of chlamydiae may be attempted by
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inoculation of tissue extracts into chick embryo yolk
sacs or on to cell culture monolayers. Commercial kits
are available for detecting chlamydial antigen in pla-
cental material [15]. If smears fail to detect any organ-
isms and culture is not an option, then amplification
of chlamydial DNA by the polymerase chain reaction
(PCR) is a highly sensitive alternative approach [16].
There is a wide range of family- and species-specific
chlamydial PCR protocols described in the literature,
and the technique is beginning to be introduced into
diagnostic laboratories throughout Europe.

In tissues, intracellular chlamydial inclusions can
be demonstrated by Giemsa-staining of suitably fixed
thin (<4 um) sections. However, immunological
labelling methods, such as the direct immunoperoxi-
dase technique [17], are simple, specific and rapid.
Serology or PCR can be used to confirm or refute
diagnosis. Infected or vaccinated ewes generally have
low or moderate titres of CF antibodies but aborting
ewes experience an episode of chlamydaemia, which
often stimulates a post-abortion rise in antibody titre.
Paired blood samples, one collected at or soon after
abortion and the second about 2-4 weeks later,
should reveal this rise. A less satisfactory alternative
is to compare single samples from representative
aborting and healthy ewes. Dubious outcomes, which
may be due to concurrent infection with C. pecorum,
may be resolved by Western blotting or by ELISA, as
discussed earlier. The development of a DNA
microarray hybridization assay using the ArrayTube ™
platform that specifically differentiates chlamydial
species holds much promise for the direct detection
and identification of organisms from clinical samples
[18]. Specific diagnosis early in the course of an out-
break allows the right control measures to be put in
place but diagnostic monitoring should be main-
tained for the duration of abortions so that any other
causes are not missed.

EPIDEMIOLOGY AND
TRANSMISSION

Characteristically, chlamydial abortion occurs in
flocks that practise intensive management over the
lambing period, but is uncommon under extensive
management such as occurs in UK hill flocks. In
intensive systems, the practice of successive use of

the same lambing field or sets of lambing pens, out-
door or indoor, can result in considerable environ-
mental contamination by abortifacient chlamydiae.
Exposure of susceptible females to such heavy infec-
tion is a major component in transmission of the dis-
ease. Ewes which abort or drop stillborn or weak lambs
as a result of placental infection shed vast numbers of
chlamydiae in the diseased placentas and uterine dis-
charges. Under average UK spring weather conditions,
chlamydiae remain viable for several days and afford
opportunity for spread of infection. Survival is likely
to be longer at temperatures near or below freezing.
Susceptible ewes probably become infected by the
oral or oro-pharyngeal route, and the tonsils may be
involved as a primary focus. Generally, the infection
remains inapparent, and the current pregnancy is not
threatened unless it has more than 5-6 weeks to go to
term. In flocks that have experienced chlamydial
abortion or undetected placental infection, a propor-
tion of animals will become intestinal carriers of
C. abortus for an undefined period and intermittently
shed chlamydiae in the faeces. The significance of
this carriage to the epidemiology of abortifacient dis-
ease has not been established, nor has its relationship
to enteric infection with C. pecorum. Intestinal infec-
tion with either or both species of Chlamydophila
does not induce immunity against placental infection,
but may complicate serology, as may C. pecorum
infection at other sites.

In rams, C. abortus infection can spread to genital
tissue, inducing orchitis, and the organism can be
detected in semen during the acute phase of infec-
tion. Chronic testicular infection can result in palpa-
ble abnormalities. However, venereal transmission
generally has been held to be uncommon or to have
only a minor role in the epidemiology of chlamydial
abortion. More recent experimental findings raise
doubts about those assumptions. Following abortion
induced by subcutaneous inoculation of C. abortus,
ewes developed persistent but non-pathological infec-
tion of the reproductive tract, which was reactivated
at subsequent breeding seasons, with transient excre-
tion of chlamydial antigen detected at each oestrus.
Further, careful deposition of C. abortus into the
vagina of susceptible virgin yearlings at oestrus
5 weeks before natural mating resulted in delivery of
underweight lambs of low viability but no abortions
[19]. There was some placentitis, and chlamydial anti-
gen was demonstrated in vaginal swabs and in the
lambs. The extent to which cyclical vaginal excretion
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of chlamydiae occurs in the field remains to be inves-
tigated together with any propensity for mechanical
ewe-to-ewe venereal transmission by rams, which
ultimately might cause or contribute to reproductive
loss.

Live lambs born to dams with active placental infec-
tion and lambs fostered by ewes that have aborted or
produced dead lambs are very likely to be infected as
a result of close contact with their mothers, although
no clinical evidence of infection may be apparent.
Neither colostrum nor milk is a direct vehicle for
transmission of chlamydiae from ewe to lamb,
although infected utero-vaginal excretions contami-
nating the udder and teats could contaminate milk
also. Experimental and field evidence suggests that,
if bred in their first year, up to one-third of neona-
tally infected ewe lambs may develop placental infec-
tion, and some may abort in that first pregnancy.
Clean flocks usually become infected by introduction
of infected replacement females, which disseminate
infection when they abort or lamb down. In-contact
ewes of any age are likely to become infected, and the
following year can bring a serious outbreak of abortion
involving up to 30 per cent of the ewes. Thereafter,
only the younger females are likely to be affected and
an annual incidence of 5-10 per cent can be expected
unless control measures are introduced. Clean replace-
ments joining a flock that is already infected run a
high risk of picking up chlamydiae at their first lamb-
ing, and some are likely to develop placental infection
and may abort in the following year.

CONTROL AND PREVENTION

In an outbreak, the primary aim is to limit spread of
infection. Ewes that abort or deliver dead or weak
lambs should be clearly marked and isolated from
other sheep until their uterine discharges have dried
up (about 7-10 days). Aborted fetuses, dead lambs,
placentas and contaminated bedding must be removed
and destroyed. Lambing pens in which abortions
have occurred should be cleaned and disinfected
and, if possible, not re-used. Thorough hand-washing
immediately after dealing with abortion material and
before tending to other animals should be practised.
As lambing progresses, continued vigilance is needed
to ensure detection and swift isolation of all affected

ewes particularly those that prematurely deliver live
rather than stillborn lambs.

Strict segregation of aborting ewes is contrary to
control procedures in other infectious abortion dis-
eases such as border disease and campylobacteriosis,
in which spread of infection to non-pregnant females
is encouraged as a means of establishing immunity. If
more than one agent is involved in an abortion prob-
lem, control of chlamydial infection should be the
priority.

Treatment with long-acting oxytetracycline (20 mg/
kg intramuscularly) may be used to moderate the
severity of incipient chlamydial abortion; suppres-
sion of chlamydial multiplication extends the dura-
tion of threatened pregnancies. If necessary,
antibiotic cover can be repeated at 10-14-day inter-
vals, until lambing is completed. This therapy will
reduce the number of organisms shed, but it will not
eliminate infection nor can it reverse the patho-
logical damage already done to a heavily infected
placenta. Thus, some abortions and stillbirths will
occur despite treatment. The use of oxytetracycline
should be restricted to emergency situations and
never advocated as a routine seasonal procedure.

Ewes that have experienced chlamydial abortion or
placentitis are able to breed again normally in fol-
lowing seasons and maintain successful pregnancies.
However, the possibility that a proportion may carry
persistent infection of the reproductive tract and
excrete organisms during oestrus should be borne in
mind in devising a future control strategy. If they are
to be retained, ewes with a history of abortion should
be bred separately, using rams exclusive to the group or
introduced only after ‘clean’ ewes have been mated.
Separation for lambing would be advisable also.

The most effective way to avoid introducing infec-
tion to a clean flock is to keep it closed or to obtain
replacements from sources known to be free of
chlamydial infection. Flocks accredited under health
schemes that involve annual clinical and serological
monitoring are an obvious source of new breeding
stock.

If any doubt exists about the status of animals
acquired from non-accredited sources, pre-breeding
vaccination should be adopted for the new flock
entrants and considered for the home-bred group
that they will join. Both inactivated and attenuated
live vaccines are available. The former are based on
whole chlamydial EBs grown in chick embryo yolk
sacs or cell cultures and contain an adjuvant. They
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give significant, but not complete, protection against
field disease and have a role in controlling chlamy-
dial abortion. However, inactivated vaccines com-
prising mineral oil-based adjuvants can induce local
inflammatory responses at the injection site and pose
a serious risk to the operator through self-injection.
The live vaccine is a chemically induced temperature-
sensitive mutant derived from an ovine abortion strain
of C. abortus [20]. Administered at least 4 weeks
before mating, it confers a strong and durable immu-
nity against abortion and, in infected flocks, it reduces
shedding of chlamydiae at parturition. As a live vac-
cine, it requires operator care in handling and
administration. Both types of vaccine can be admin-
istered up to 4 weeks before breeding, although the
inactivated vaccines can also be administered to preg-
nant ewes but not until at least 4 weeks after breed-
ing. Vaccination should be repeated after 3 years or
sooner if circumstances warrant it.

Under experimental conditions, inactivated subunit
vaccines derived from detergent-solubilized EBs
have proved effective, although relatively expensive
to produce. Attempts at developing safer, more
stable, lower cost vaccines based on recombinant
protein and DNA vaccination technology have been
less successful to date, although with improvements
in methods of delivery, use of suitable adjuvants and
the identification of new candidate protective anti-
gens this should ultimately be an achievable goal [21].

ZOONOTIC IMPLICATIONS

Sporadic cases of respiratory illness have occurred in
laboratory staff, abattoir workers and vaccine plant
workers handling ovine C. abortus, but farmers and
others tending infected flocks and cases of abortion
apparently do not experience linked respiratory symp-
toms. In contrast, infected lambing flocks pose a very
real threat to pregnant women because of the ability
of C. abortus to colonize the human placenta. Several
cases of chlamydial-induced human abortion and
stillbirth with severe and, in one instance, fatal
maternal illness are documented. Pregnant women
should be advised against working with sheep, partic-
ularly during the lambing period. The zoonotic
implications of C. abortus infections in various ani-
mal species have been described recently [2].
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Toxoplasmosis and neosporosis

D. Buxton and S.M. Rodger

TOXOPLASMOSIS

Clinical toxoplasmosis in sheep is manifest as abortion
and results from a primary infection during pregnancy
with the protozoon parasite Toxoplasma gondii.

Cause

Toxoplasma gondii is an obligate intracellular parasite
and intestinal coccidium of felidae with a worldwide

distribution. It has a life cycle that can be divided into
two parts; a sexual cycle, restricted to the enteroep-
ithelial cells of cats, which results in the production
of oocysts; and an asexual cycle which occurs in a
wide range of warm-blooded intermediate hosts,
including humans and sheep [1] (Figure 17.1). There
are three developmental forms of the parasite, the
tachyzoite, the bradyzoite and the oocyst-containing
sporozoites. All forms are infectious both to inter-
mediate and final hosts but oocysts result only from
gametogony (sexual cycle). The asexual cycle is
characterized by an initial phase of rapid replication
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Figure 17.1: Transmission cycle of Toxoplasma gondii.

involving tachyzoites and a slower phase of restricted
division involving bradyzoites. Each crescent-shaped
tachyzoite (about 5 pwm by 1.5 pm) can actively pene-
trate a host cell, where it becomes surrounded by a par-
asitophorous vacuole in which it multiplies by
endodyogeny (two daughter cells form within the
mother cell). Multiplication continues until the host
cell ruptures, when the organisms are released to para-
sitize further cells. This process continues until the host
dies or, more usually, develops immunity to the para-
site. In the latter case, a persistent infection is estab-
lished, extracellular organisms are thus eliminated,
intracellular multiplication slows and tissue cysts con-
taining bradyzoites develop. A small tissue cyst con-
tains only a few bradyzoites but a large one may
contain thousands. Cysts are found most frequently in
brain and skeletal muscle, and represent the quiescent
stage of the parasite within the host. Tissue cysts may
break down on occasion to release bradyzoites that
may then enter other cells to complete the asexual
cycle [1].

Initiation of the sexual cycle occurs when a non-
immune cat ingests food contaminated by oocysts or
containing tachyzoites or tissue cysts. In the case of the
latter, the tissue cyst wall, which is relatively resistant to
acid pepsin in the stomach, is dissolved by proteolytic

enzymes in the small intestine, and the released
bradyzoites penetrate the epithelial cells of the small
intestine. The parasite spreads to brain and muscles,
where tissue cysts develop (asexual cycle) and simul-
taneously toxoplasms undergo gametogeny (sexual
cycle) in the cat’s enteroepithelial cells. Here, in the
small intestine (most commonly the ileum), gameto-
cytes develop 3-15 days after infection, giving rise to
macrogametes and microgametes. The latter are
released to penetrate mature macrogametes, trigger-
ing the formation of an oocyst wall around each fer-
tilized gamete. The oocysts (10-12 pm in diameter),
each almost filled by the sporont, are then discharged
into the intestinal lumen to pass out in the faeces.
Sporulation occurs within 1-5 days (depending on
aeration and temperature) to produce two ellipsoidal
sporocysts, each containing four sporozoites within
each oocyst [1]. Thus, during the 4-12 days after
ingesting tissue cysts, the cat is capable of shedding
millions of oocysts in its faeces, after which it will
remain persistently infected but will not normally
excrete the parasite again, although stress and illness
can trigger the recrudescence of infection. Unrelated
illness therefore may lead to the excretion of oocysts
in smaller numbers and for a shorter time than in
a primary infection. Cats also may become infected
by ingesting oocysts or tachyzoites, but in this case
only around half of them go on to produce oocysts in
relatively small numbers about day 19 or 20 after
infection [1].

Susceptible sheep are infected by ingesting feed or
water contaminated with oocysts, which are highly
resistant and survive for long periods (>500 days) at
room temperature in moist conditions. (They are
destroyed by a 5 per cent ammonium solution within
minutes, 95 per cent ethanol within an hour and 10
per cent formalin within 24 hours, but none of these
methods could be used to treat food or water.) In
contrast, tachyzoites and bradyzoites do not survive
long outside the host and are readily killed by freez-
ing and thawing, desiccation, standard disinfectants
and even water.

Clinical signs

Sporulated oocysts ingested by a susceptible preg-
nant sheep excyst in the small intestine, each able to
release the eight sporozoites. As early as 4 days after
ingestion, tachyzoites may be found in the mesenteric
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lymph nodes, where they multiply and are released
into the blood to cause a parasitaemia, which may
last from 5 to 12 days, disseminating infection around
the body. The cessation of the parasitaemia coincides
with the onset of a protective immune response and
infection then persists as bradyzoites within tissue
cysts. However, in the pregnant ewe, infection may
establish in the gravid uterus, where maternal
immunological responses are modulated in order to
accommodate the fetus (a ‘foreign’ body or allograft
with half of its genes derived from its father).

The ability of the fetus, with its placenta, to recog-
nize and respond to the parasite is negligible in the
early stages of gestation, but develops progressively
with time so that lambs are born immunocompetent.
Toxoplasms initially parasitize the caruncular septa,
the maternal tissues of the placentome, before invad-
ing the adjacent trophoblast cells of the fetal villi and
from there the rest of the fetus [2]. While infection in
the latter part of gestation may have no clinical
effect, with offspring being born normal but infected
and immune, the outcome of infection early in gesta-
tion can result in death and resorption of the fetus
and may be misdiagnosed as infertility.

In sheep, typical clinical signs of toxoplasma abor-
tion usually result following infection in mid-gesta-
tion, with ewes producing stillborn and/or weakly
lambs often accompanied by a mummified fetus.
Cotyledons on the accompanying placenta(s) will
also show lesions visible to the naked eye.

Pathology

Characteristically, the placental cotyledons appear
bright to dark red and speckled with white foci of
necrosis 2-3mm in diameter (see Figure 17.2 in the
colour plate section), while the intercotyledonary
allanto-chorion appears normal [3]. Visible changes
in lambs vary, the most obvious being the mummified
fetus, typically a shrunken small brown miniature of a
lamb with a head resembling that of a bird’s skull,
together with its own leathery placenta (see Figure
17.3 in the colour plate section). Fetuses dying later in
gestation are born in various stages of decomposition,
often with clear-to-bloody subcutaneous oedema and
a variable amount of clear-to-bloodstained fluid in
body cavities. These latter changes tend to indicate
that the fetus failed over a period of time but they are
not specific to infection with Toxoplasma.

The most obvious histopathological changes are
the necrotic foci, visible macroscopically, in the
cotyledons. Microscopically they appear as large foci
of coagulative necrosis, relatively free of inflamma-
tory cells, which may become mineralized with time.
Rarely, small numbers of intracellular and extracel-
lular toxoplasms are visible, usually on the periphery
of the necrotic lesions or in a villus that is in the early
stages of infection [2]. In the fetal brain both primary
and secondary lesions develop.

Microglial foci, typically surrounding a necrotic
and sometimes mineralized centre (see Figure 17.4
in the colour plate section), often associated with a
mild lymphoid meningitis, represent a fetal immune
response following direct damage by local parasite
multiplication. Toxoplasms are found only rarely,
usually at the periphery of the lesions. Focal leuco-
malacia, seen most frequently in cerebral white mat-
ter cores, is also common and is probably due to fetal
hypoxia in late gestation (see Figure 17.5 in the colour
plate section), caused by the lesions in the placen-
tome preventing sufficient oxygen transfer from
mother to fetus. In the liver there may be periportal
accumulations of lymphoreticular cells and, on occa-
sions, clusters of similar cells may be seen in the lung.
In some cases, lymphoid aggregates have also been
recorded in the heart [4].

Diagnosis

A diagnosis of toxoplasmosis as a cause of abortion
and neonatal mortality depends not only upon the
clinical and post-mortem picture but also on further
laboratory investigations. These may include sero-
logy, the identification of characteristic histopatho-
logical changes in placental cotyledons and lambs’
brains, the demonstration of parasite antigen in tissue
sections by immunohistochemistry and the demon-
stration of parasite DNA by means of the polymerase
chain reaction (PCR).

Serology

Of the many tests available, the longest established is
the dye test [5], which uses live virulent toxoplasma
tachyzoites, a complement-like ‘accessory-factor’
and test serum. When specific antibody acts on the
live tachyzoite, it is altered so that it does not stain
uniformly with alkaline methylene blue. The test is
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expensive to operate and not free from hazard. The
indirect fluorescent antibody test (IFAT) [5] gives
titres comparable to the dye test and is safer as it uses
killed tachyzoites. Many other tests exist and include
the direct agglutination test (DAT) [6] and the latex
agglutination test (LAT) [7], both relatively rapid
and neither requiring sophisticated laboratory equip-
ment. An enzyme-linked immunosorbent assay is
ideally suited to screening large numbers of samples
in a well-equipped laboratory [8] and various modifi-
cations are available. Unless a test specifically designed
to detect acute-phase IgM toxoplasma antibody is
used, a single positive serum sample only indicates
infection of the host at some time in the past,
although, as a general rule, a single dye test or IFAT
titre of 1/1000 or greater suggests recent infection.

A more certain serological diagnosis of recently
acquired toxoplasmosis in sheep therefore depends
on the demonstration of a rising titre in paired sera
collected 2-3 weeks apart. However, following a toxo-
plasma abortion, this may not be possible if initial
infection occurred some time previously and the
antibody titre is no longer rising. The demonstration
of toxoplasma antibody in fetal fluids and precolostral
lamb serum is a good indication of intrauterine infec-
tion with the parasite. With post-colostral samples, it
is necessary to demonstrate IgM antibody against
Toxoplasma, as IgG antibody could represent absorbed
maternal colostral antibody.

Immunohistochemistry

Immunohistochemical techniques that allow visuali-
zation of both intact 7. gondii and antigenic debris in
tissue sections of aborted materials are convenient and
sensitive and have the advantage, when compared
with attempts at isolation, of detecting toxoplasma
antigen even in decomposed tissues. Immunohisto-
chemical methods such as the Dako EnVision (Dako
Ltd, USA), the ABC indirect immunoperoxidase
method (Vector Laboratories, USA) and the peroxi-
dase anti-peroxidase (PAP) technique [9] are all
equally good.

Polymerase chain reaction

Both viable and non-viable toxoplasms may be iden-
tified in tissues with the PCR, using either the P30 or
the B1 gene of T gondii as PCR targets in various
clinical specimens collected from infected humans.

Studies have been carried out also using ovine sam-
ples such as aborted placental material and fetal
brain, liver and lung from experimentally infected
ewes [10, 11]. Detection of T. gondii by amplification
of the B1 gene would seem to be more sensitive than
amplification of the P30 gene, owing to the repetitive
nature of the former, of which 25-50 copies are pres-
ent in the genome of T. gondii compared with the sin-
gle copy of the longer P30 gene. Currently, the
technique is not used in routine diagnosis, but the
potential of the PCR to identify DNA in paraffin-wax
sections from histopathological tissue blocks may
broaden its applicability.

Differential diagnosis

Differential diagnosis should seek to eliminate other
causes of abortion and neonatal mortality such as
enzootic (chlamydial) abortion, campylobacteriosis,
listeriosis, border disecase and salmonellosis.

Epidemiology and transmission

Epidemiological studies have produced strong evi-
dence indicating that the major source of toxoplasma
infection for susceptible sheep is toxoplasma oocysts
excreted in cat faeces [12] (Figure 17.1). Susceptible
cats becoming infected with 7' gondii for the first
time after ingestion of tissue cysts excrete large num-
bers of oocysts, which then sporulate and become
infective within a few days, remaining so for many
months. Thus, infected faeces can contaminate bed-
ding, unprotected stores of hay, concentrated animal
feeds, water supplies and pasture. The most import-
ant source of infection for cats is probably wild
rodents persistently infected with 7. gondii, as it has
been shown that in mice, infection can be passed ver-
tically from generation to generation, although the
offspring appear normal [13]. In this way, a reservoir
of infection can be maintained in a given location.
Vertical transmission in rats occurs much less fre-
quently [14]. Infected birds also are a significant
source of infection for cats. On a farm, the cat’s terri-
tory tends to be centred on farm buildings, although
individual male cats may command an area of up to
80 ha (200 acres). Cats acquire infection as a result of
hunting so that many will have seroconverted by
adulthood. Although less than 1 per cent of a popula-
tion may be excreting oocysts at any time, infection of
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the environment is readily maintained. Environmental
contamination with oocysts is thought to be the only
significant source of infection for sheep. While verti-
cal transmission of the parasite from persistently
infected dams to their offspring in utero (endogenous
transplacental transmission) has been suggested in a
small number of flocks, the weight of evidence from
field and experimental investigations indicates that
clinical toxoplasmosis is associated with primary
infection of non-immune ewes during pregnancy [15].
A long-lasting immunity develops following primary
exposure and animals are very unlikely to abort again
due to toxoplasmosis in subsequent years.

Prevention, treatment and control

In general, young rather than old cats pose the great-
est threat. Toxoplasma oocysts are produced during
the initial infection, which occurs as the young cat
starts to hunt small animals, although, as already noted,
a recrudescence of infection and further oocyst
excretion may occur in sick, older animals. Measures
to limit the breeding of cats and to maintain healthy
adults at numbers sufficient to keep vermin to a min-
imum, can be useful. While this is good general advice,
once an outbreak of toxoplasmosis has started in
lambing sheep, there is little that can be done other
than to observe sensible precautions by responsible
disposal of dead lambs and infected placentas and
disinfecting contaminated pens if applicable. Sheep-
to-sheep transmission at lambing does not appear to
occur to any significant extent in toxoplasmosis. More
direct preventive measures include chemoprophylaxis,
chemotherapy and vaccination.

Chemoprophylaxis

Research has shown that a significant reduction in
toxoplasma-induced perinatal lamb mortality can be
achieved by feeding decoquinate during pregnancy
[16]. It should be added to the feed to provide 2 mg/kg
body weight/day from around mid-pregnancy. Deco-
quinate is most effective if it is already being fed to
susceptible ewes at the time they encounter infection
rather than after infection is established. As it does not
eliminate the parasite, challenged ewes become per-
sistently infected and develop protective immunity to
subsequent challenge. It is not suitable in manage-
ment systems in which supplementary feed is not

given. Monensin also has been shown to be effective
when added to the feed (15 mg monensin/head/day)
but, because of the low toxic:therapeutic ratio, it is no
longer approved for use in sheep.

Treatment

A combination of pyrimethamine and sulfadimidine,
well tried in human medicine, blocks folate synthesis,
and has been shown to be effective in the treatment of
infected sheep [17]. The drug combination, baquilo-
prim and sulfadimidine, also blocks folate synthesis
and has given promising results in a controlled pilot
study in non-pregnant sheep (unpublished data).

Vaccination

Following abortion ewes are immune and while to
date so-called ‘killed’ vaccines are not effective, good
immunity is induced in sheep by a live vaccine that
comprises S48 T. gondii tachyzoites [18]. It is currently
licensed for use in New Zealand, the UK, Ireland,
France, Spain and Portugal, and it induces very good,
long-lasting immunity in sheep (and goats) after only
one injection and has no measurable fall-off in immu-
nity after 18 months. Non-pregnant, healthy ewes may
be vaccinated at any time, apart from the 3-week
period before tupping. Other live vaccines, such as
that against chlamydial abortion, may be adminis-
tered at the same time but at different sites, although
it is arguably better that such injections are also sep-
arated by a couple of weeks. When handling and
administering the live vaccine, care must be taken to
avoid accidental self-infection.

NEOSPOROSIS

Neospora caninum, which is closely related to T. gondii,
has been recognized only since the 1980s and, while it
appears to be a major cause of fetal loss in cattle [19],
it may cause infrequent losses in sheep and goats
also.

Life cycle

N. caninum naturally infects a wide range of hosts
including cattle, deer, sheep and goats as well as
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dogs, coyotes, foxes and wolves. An asexual life cycle,
similar to that of T gondii, involving tachyzoites and
tissue cysts containing bradyzoites, takes place in
these animals, with the sexual life cycle taking place
in dogs and coyotes, which produce oocysts that closely
resemble those of T gondii. Sporulation can occur
within 3 days of excretion in dog faeces, and they will
then contain two sporocysts each with four sporozoites
[19]. The tachyzoites, which divide by endodyogeny,
may be either crescent shaped or ovoid, 3-7 wm long
by 1-5 pwm wide, depending on their stage of division.
The tissue cysts range from 20 to 100 pm in diameter
and typically have a clearly discernible cyst wall up to
4 pm thick surrounding a variable number of closely
packed bradyzoites and are primarily found in neural
tissues (Figure 17.6 in the colour plate section) [19].

Clinical signs

Clinical neosporosis is most important in cattle, in
which it is recognized to be a serious cause of abor-
tion throughout the world. Transmission from a per-
sistently infected cow to the fetus is important in the
epidemiology of the bovine disease and is responsi-
ble for more cases of abortion than ingestion of
oocysts produced by dogs. Recrudescence of a per-
sistent infection in the mother occurs during preg-
nancy, permitting a parasitaemia, which allows
tachyzoites to invade the gravid uterus, the placenta
and then the fetus. Infection early in gestation, when
the fetal immune system is little developed, can be
fatal to the fetus with resorption or abortion. Expo-
sure of an older fetus, with its better developed
immune system, may result in the birth of a clinically
normal but congenitally infected calf [20].
Serological evidence of infection with N. caninum
in sheep is scant, with reports of three of 660 ewes
that aborted in the UK being seropositive and 55 of
597 sheep in Sao Paulo, Brazil being seropositive
[21]. The parasite has been demonstrated in a natu-
rally infected ewe and her offspring, and isolated
from another sheep, and neosporosis was identified
as the cause in a weak, ataxic lamb, that died when
1 week old [21]. The spinal lesions in that animal
were similar to those seen in calves congenitally
infected with N. caninum. While pregnant sheep
have been shown to be very susceptible to experi-
mental infection with N. caninum [22], to date, the
evidence points to it being an uncommon infection in

sheep. Neospora has been associated with abortion in
goats in the USA and Costa Rica and, while only a
few fetuses were lost, there was evidence of serocon-
version to N. caninum in the Costa Rican herd [19].

ZOONOTIC IMPLICATIONS

T. gondii readily infects man and the proportion of
the human population infected with the parasite,
dependent on age and the environment, can be 30
per cent or higher. While infection is relatively com-
mon, clinical illness is relatively rare. N. caninum has
not been shown to be zoonotic, although experimen-
tal infection of primates has been achieved.
Toxoplasma can pose a serious threat to the
unborn human child if the mother becomes infected
for the first time while pregnant. The rate of congeni-
tal infection varies from one region or country to
another, but is usually between one and six per 1000
pregnancies. Other people at risk of developing clini-
cal illness include those who are immunosuppressed,
such as tissue transplant patients, victims of AIDS,
people suffering from certain types of cancer and those
undergoing certain forms of cancer therapy. The very
young and very old also may be more susceptible. On
occasions, people with no apparent immune defi-
ciency may develop an illness characterized by gen-
eral malaise, fever and lymphadenopathy. Most human
infection appears to result either from exposure to an
environment contaminated with toxoplasma oocysts
or from ingestion of raw or lightly cooked meat con-
taining toxoplasma tissue cysts. Operator caution is
needed when using the live vaccine for sheep.

Tissue cysts

Among the food animals, sheep, goats and pigs, once
infected, may remain so for life, with bradyzoites in
tissue cysts in brain and muscle. There is less risk of
tissue cysts being present in cattle and deer. Free-range
poultry meat also may be infected. Cooking of red
meat sufficiently to induce a colour change to brown
would be expected to kill the parasite, while freezing
and thawing will significantly reduce the viability of
toxoplasma bradyzoites, if not kill them. Those hand-
ling raw meat should wash their hands afterwards.
Shepherds, veterinary surgeons, slaughterhouse staff
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and butchers, by the nature of their work, may expe-
rience greater exposure to the parasite.

Oocysts

Sporulated oocysts may remain infectious for a long
period so that flower beds and vegetable plots in
which cats have defaecated can present a risk of infec-
tion to the vulnerable. It is a sensible precaution to
wash all vegetables, whether they are to be cooked or
not, before they are eaten. Children’s sand pits also
may be a source of infection if soiled by cats and should
be kept covered when not in use. On the farm, cats may
soil hay, bedding and bulk grain stores, and so pose a
threat of infection to farm staff as well as stock.

Abortions in domestic stock

Apart from seeking specialist assistance in reaching a
diagnosis, common-sense precautions should be taken,
including hand-washing and the use of disinfectants.
Infected placentas and dead lambs should be dis-
posed of in such a way as to prevent their ingestion by
other animals.
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Border disease

PE Nettleton and K. Willoughby

Synonyms: B disease, ‘hairy-shaker’ lamb or ‘fuzzy’
lamb disease, congenital trembles, ovine pestivirus
disease

Border disease (BD) is a congenital virus disease
of sheep reported in 1959 from the border region of
England and Wales and since recorded throughout
the world. BD is characterized by barren ewes, abor-
tion, stillbirths, and the birth of small, weak lambs,
some of which show tremor, abnormal body conform-
ation and hairy fleeces (‘hairy-shaker’ or ‘fuzzy’
lambs). In some outbreaks no hairy-shaker lambs are
born, and the disease is difficult to distinguish from
other kinds of abortion. Occasionally, losses at lamb-
ing time are low, veterinary advice being sought
when a group of lambs fails to thrive and the number
of scouring and dying lambs is abnormally high.

CAUSE

The cause of BD is a virus (BDV) serologically
related to bovine viral diarrhoea virus types 1 and 2

(BVDV-1, BVDV-2) and classical swine fever (CSF)
virus, the four viruses being grouped in the genus
Pestivirus within the family Flaviviridae [1]. They were
named after the diseases from which they were first
isolated. Traditionally, pestiviruses isolated from pigs
have been termed CSFV, those from cattle BVDV
and those from sheep BDV. Cross-infection between
species occurs readily and viruses are now grouped by
their antigenic reactivity and their nucleotide
sequences at selected genomic regions. Pestiviruses
are enveloped, spherical particles approximately
50nm in diameter. The genome is a positive single-
stranded RNA molecule, approximately 12.5kb long,
having a single open reading frame (ORF) (Figure
18.1) [2, 3]. Virtually all pestivirus isolates from sheep
and goats are non-cytopathic in cell culture. Two cyto-
pathic sheep isolates have been described and both
contain insertions of cellular sequence within the
NS2-3 encoding region, which results in its cleavage
to NS2 and NS3 [4]. This is analogous to the similar
process in BVDV viruses, which is associated with the
development of mucosal disease in cattle. Such cattle
are persistently infected with non-cytopathic (NCP)
BVDV following infection in utero. Mutation of the
persisting virus RNA in the region coding for NS2-3



120 Diseases of sheep

NPro E2 P7 NS2-3 NS4A NS4B NS5A NS5B

5I_ - - B 3'

‘ NS ‘<7 Structural Non-structural (NS) }

Figure 18.1: Diagrammatic representation of final protein products of the single open reading frame (ORF) of a non-
cytopathic BD virus. The ORF is flanked by a 5'non-coding region of 366-72 bases and a 3’'non-coding region of 225-73
bases. The ORF encodes proteins processed by viral and cellular enzymes. Of the proteins within the ORF, the first is a non-
structural autoprotease NP followed by the structural C nucleocapsid protein and glycoproteins E™S, E1 and E2, with E2 the

immunodominant major envelope protein.The remaining proteins are non-structural [2, 3].

can result in overproduction of NS3, which is corre-
lated with the development of mucosal disease.

Within the four principal species of pestiviruses
(BDV, BVDV-1, BVDV-2, CSFV) numerous sub-
groups are constantly being identified. Genetic
sequence analysis has shown that genetic variation is
considerable among BD viruses isolated from sheep
in Europe so that three subgroups have been identi-
fied [5]. A further subgroup has been identified in
Tunisian sheep [6], while two further putative novel
BDV subtypes have been reported from an Italian
goat [7] and a Pyrenean chamois (Rupicapra pyrenica
pyreneica) [8].

Antigenic analysis of a limited number of pes-
tiviruses using cross-neutralization tests supports
genetic analysis and provides evidence for seven major
antigenic groups corresponding to BVDV-1, BVDV-
2, CSFV, a ‘giraffe’ isolate and three BDV groups [5].
Comparison of 10 sheep pestiviruses from the UK
showed two groups of serologically distinguishable
virus isolates, one group related to Moredun BDV
and the other to the Weybridge and BVD viruses [9].
These antigenic differences correlate well with geno-
typing results, since all the Moredun BDV-related
isolates type as true BDVs, whereas representatives of
the other group all fit into the BVDV-1 genogroup.
These results, together with genotyping studies on a
total of 38 UK sheep isolates, show that 23 (60 per
cent) are true BD viruses and 10 (26 per cent) belong
to the BVDV-1 group. A further five isolates (13 per
cent) belong to the BVDV-2 group [10]. Continuing
surveillance of UK sheep isolates from 25 outbreaks
in 20034 demonstrated that 80 per cent of outbreaks
were due to BD virus and 20 per cent were due to
BVDV-1. No BVDV-2 viruses were detected in sheep,
although BVDV-2 was detected in cattle in England
during this time.

The relevance of strain typing results to vaccine
development requires further work. In particular,

there is a dearth of cross-protection studies in sheep.
The only recorded cross-protection test used field
brain material to infect and challenge pregnant ewes
[11]. The viruses recovered from those field out-
breaks were G1480 (Moredun reference strain), a
true BD virus, and B1056, a BVDV-1 isolate. In that
thorough experiment, 12 pregnant ewes previously
exposed to BVDV-1 were challenged intramuscularly
with heterologous BD virus on day 54 of gestation; 11
ewes (92 per cent) had diseased lambs. A further 11
pregnant ewes previously exposed to BDV were simi-
larly challenged with the heterologous BVDV-1
strain; one ewe aborted and five had diseased pro-
geny, i.e. 55 per cent of the ewes had diseased lambs.
In contrast, similar-sized groups of immune ewes all
had normal lambs when challenged with the homolo-
gous virus to which they had been previously exposed.

This result would imply that any BD vaccine
should contain at least one representative from the
BDV and BVDV-1 groups. The protection between
BVDV-2 and these other two sheep-infecting groups
will need to be studied. There is evidence that some
pestivirus strains elicit significantly broader cross-
neutralizing antibodies than others [12], which is
likely to be relevant to the design of any future BDV
vaccine.

CLINICAL SIGNS

Healthy newborn and adult sheep exposed to isolates
from different countries experience only mild or
inapparent disease. Slight fever and a mild leucope-
nia are associated with a short viraemia detectable
between 4 and 11 days post-infection, after which
serum-neutralizing antibody appears.

However, one French isolate of BDV produced
high fever, profound leucopenia, enteritis and death
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in 50 per cent of 3-5-month-old lambs [13]. The iso-
late was recovered from a case of ‘Aveyron disease’, a
disease reported in 1983 among intensively reared
milk sheep. One other pestivirus isolate that caused
disease in 4-5-month-old lambs was discovered in
The Netherlands during investigations into disease in
piglets following earlier vaccination of the sows with
a live CSFV vaccine. The expected ‘Chinese’ strain of
CSFV could not be demonstrated in the vaccine, but
a contaminating pestivirus was shown by its reactivity
to be either BVD or BD virus. The contaminant was
probably of sheep origin from the lamb kidney cells
used to produce the vaccine. Lambs to which the vac-
cine was administered experimentally developed
fever, prolonged leucopenia, anorexia, conjunctivitis,
nasal discharge, pale conjunctivae, dyspnoea and
diarrhoea, and four of eight lambs died [14].

Generally, clinical signs of BD are seen only fol-
lowing infection of pregnant ewes. While the initial
maternal infection is usually subclinical or mild, the
consequences for the fetus are serious. Fetal death
may occur at any stage of pregnancy but is commoner
in fetuses infected early in gestation. Small, dead
fetuses may be resorbed or their abortion pass unno-
ticed, since the ewes continue to feed well and show no
sign of discomfort. The observant shepherd may notice
brown staining around the perineum, which is readily
mistaken for scour. As lambing time approaches, the
abortion of larger fetuses, stillbirths and the prema-
ture births of small, weak lambs will be the first indi-
cation that BD is occurring. During lambing, an
excessive number of barren ewes will become appar-
ent, but it is the diseased live lambs that present the
main clinical features characteristic of BD. The signs
are very variable and depend on the breed, the viru-
lence of the virus and the time at which infection was
introduced into the flock. Outbreaks on some farms
result in lambs with few clinical features. In other
flocks, however, a range of abnormalities will be
represented by different lambs.

Affected lambs are usually small, weak and of poor
conformation. The limbs are short, fine-boned and
knees and hocks may be incapable of extension. The
back is short and arched, and the head narrow with
doming of the frontal bones and shortening of the
mandible. The eruption of incisor teeth may be
delayed and pigmentation of these teeth may be obvi-
ous. Many lambs are unable to stand unaided, at which
time the nervous signs and fleece changes become
apparent. When they occur, the nervous signs of BD

are its most characteristic feature and take the form
of tremor, varying from violent rhythmic contrac-
tions of the muscles of the hind legs and back to
barely detectable fine trembling of the head, ears and
tail. Obvious fleece changes are apparent only in
smooth-coated breeds, affected lambs having hairy,
rough fleeces due to long hairs rising above the fleece
to form a halo, especially over the nape of the neck
and upper body. Abnormal brown or black pigmen-
tation of the fleece may also be a feature in BD-
affected lambs.

Weak lambs of normal size without typical nervous
signs or fleece changes may show a wide range of
abnormal behaviour. More obvious lambs of this
type have excessively long legs (‘camel-legged’) a
flattened cranium and poorly sprung rib cage; they
can stand but wander aimlessly, show little sucking
drive and die within 1 or 2 days. Others show head
pressing, apparent blindness, nystagmus and gait
abnormalities.

With careful nursing, some affected lambs can be
reared, although deaths occur at any age. The nerv-
ous signs gradually decline in severity as the affected
lamb matures, but weakness and swaying of the hind-
quarters together with fine trembling of the head
may reappear at times of stress. Halo hairs are soon
lost from the birth-coat, which is replaced by a coarse,
kempy fleece (Figure 18.2 in the colour plate sec-
tion). Affected lambs often thrive badly, make poor
weight gains and, under field conditions, many will
die before or around weaning time. Occasionally, this
is the first presenting sign of disease, when losses at
lambing time have been low and no lambs with obvi-
ous clinical signs have been born.

PATHOLOGY

Acute infections of lambs and non-pregnant mature
sheep with virtually all BDV isolates produce no
obvious pathological changes. The exceptional pes-
tiviruses recovered from cases of ‘Aveyron disease’
and from the CSF vaccine in The Netherlands, how-
ever, can cause severe acute infections, with dying
sheep showing lesions of haemorrhagic enteritis and
fibrinous pneumonia.

The most serious consequences occur when BDV
infects susceptible pregnant ewes. Viraemia leads to
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an acute necrotizing placentitis, detectable about 10
days post-infection. The placentitis may be severe
enough to contribute to the early fetal death and
abortion in some cases but, if the pregnancy is sus-
tained, the lesions heal in about 25 days. Virus can
cross to the fetus within 1 week of infection and,
while the immune response of the ewe rapidly elim-
inates all virus from the maternal tissues, it has no
effect on virus replicating in the fetus. The ultimate
outcome of the fetal infection depends on several
factors, including the strain and dose of virus, the
breed of fetus and its ability to repair damage. The
most important factor, however, is the stage of fetal
development at which infection occurs. The age at
which the fetus gains immunological competence is
critical in determining the distribution and persist-
ence of virus, which, in turn, influences the extent of
fetal damage. The ovine fetus can first respond to an
antigenic stimulus between approximately 60 and 85
days of its 150-day gestation period. The possible
fates of fetuses infected before or after this crucial
period are summarized in Figure 18.3.

In fetuses infected before the onset of immune
competence, viral replication is uncontrolled and fetal
death is likely. In experimental infections, deaths of
50-75 per cent of fetuses occur, depending on the
virus strain used. In lambs surviving infection in early
gestation, virus is widespread in all organs. Such
lambs appear to be tolerant to the virus and have a
persistent infection, usually for life. Typically, there is

no evidence of any inflammatory reaction, and the
most characteristic pathological changes are in the
central nervous system (CNS) and skin.

At all levels in the CNS there is a deficiency of
myelin associated with an increased density of interfas-
cicular glia. The lesions are most obvious in newborn
lambs, and the myelin deficiency is thought to result
from direct viral action on oligodendrocyte precursors,
leaving a deficit of mature myelin-forming cells at crit-
ical stages of CNS development [15]. The myelin defi-
ciency has also been attributed to depressed levels of
circulating thyroid-gland hormones [16]. In older
lambs, myelin defects are less obvious and usually have
resolved by 20 weeks of age, while the density of inter-
fascicular glia remains high and cells with swollen
nuclei can persist for up to 3 years.

The fleece abnormalities of BD lambs result from an
increased size of primary wool follicles and decreased
numbers of secondary wool follicles in the skin. This
results in a greater-than-normal proportion of large
fibres, many of which are medullated, and a reduced
number of fine fibres. Although gross fleece changes
become less apparent as the BD lamb matures, serial
skin biopsies have shown that the follicular alterations
are permanent. If fetal infection occurs between
approximately 60 and 85 days, when the immune sys-
tem is developing, the outcome is unpredictable.
Some lambs will be born antibody-positive and virus-
negative, while others will be viraemic and antibody-
negative. Infections at this stage can produce a

Infection Infection
Conception 60 85 Birth
/- Or \ '/- Or \
Fetal death Fetal survival Fetal death Fetal survival
'Hairy-shaker'
Resorption Abortion Weak or normal
Mummification Weak or normal Stillbirth lambs with
Abortion lambs which are antibody to
Stillbirth persistently BD virus
infected with virus
No virus
No antibody detectable
detectable

Figure 18.3: Possible outcome of border disease virus infection before and after the fetus gains immunological competence

between approximately 60 and 85 days gestation.
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violent necrotizing and inflammatory process within
the fetal CNS, leading to extensive destruction of the
germinal layers of the brain. The ensuing lesions of
cerebellar hypoplasia and dysplasia, hydranen-
cephaly and porencephaly result in lambs showing
severe nervous signs and locomotor disturbances.
Some lambs may show skeletal abnormalities such as
arthrogryposis and excessively long legs. The severe
destructive lesions appear to be immune-mediated,
and lambs with such lesions frequently have high
concentrations of serum antibody to BDV.

Fetal infection after approximately 85 days gesta-
tion is met by an effective immune system. Fetal death
is rare and virtually all lambs will be born apparently
normal with demonstrable antibody against the virus.
Nevertheless, microscopic lesions can be detected
principally in the CNS and consist of a disseminated
nodular periarteritis, suggestive of a cell-mediated
allergic reaction, affecting small and medium-sized
arterioles. These lesions can remain detectable for at
least the first year of postnatal life.

The fate of lambs infected in early gestation is vari-
able. Clinically affected lambs have a low chance of
survival; many die early in life, while survivors have a
poor growth rate and an increased susceptibility to
other diseases. Less severely affected lambs and

apparently normal persistently infected lambs can
survive for years (Figure 18.4).

After colostral antibody to BDV has waned, per-
sistently infected lambs become viraemic with no, or
low, titres of BDV-neutralizing antibody. They read-
ily yield non-cytopathic virus from blood and bodily
secretions and appear to be immunotolerant to the
infecting virus. Normal concentrations of serum pro-
tein and immunoglobulins and the ability of the
animals to produce antibody to other agents confirm
that persistently infected sheep can have a normal
immune responsiveness in spite of their specific tol-
erance. Development of anti-pestivirus antibodies by
some persistently infected sheep in later life shows
that the immune tolerance may not be absolute.

The mechanisms involved in the establishment and
maintenance of persistent BDV infections are com-
plex, and much remains to be learned. An unstable
equilibrium appears to be established between the host
and the virus. Evidence for breakdown of this equi-
librium has been seen in some sheep among groups
of persistently infected sheep housed apart from all
other animals. Spontaneous development of intract-
able scour, wasting, excessive ocular and nasal dis-
charges, sometimes with respiratory distress, have
been encountered in sheep aged from 2 to 21 months.

Figure 18.4: Seven-month old Cheviot X lambs both persistently infected with BDV. While one is of normal size and appear-
ance, the other is severely stunted, even though they were born to dams infected with the same virus at the same stage of

early gestation.
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At necropsy, such sheep can have systemic,
chronic, multifocal inflammation including nephritis,
myocarditis and pneumonia. More consistent, striking
lesions are seen in the gut where there is gross thick-
ening of the distal ileum, caecum and colon, resulting
in focal hyperplastic enteropathy. Histologically, there
is ulcerative hyperplasia of the mucosa with foci of
massive penetration of the muscularis, around which
there is mononuclear cell infiltration and necrosis.
Cytopathic BDV can be recovered from the gut of
these lambs and, with no obvious outside source of
cytopathic virus, it is most likely that such virus origi-
nates from the lamb’s own virus pool. Other persist-
ently infected lambs in the group do not develop the
disease. This syndrome, which has also been recog-
nized in occasional field outbreaks of BD [17], has
several similarities with bovine mucosal disease [18].

DIAGNOSIS

The diagnosis of BD will present little difficulty if
typical ‘hairy-shaker’ lambs are born. Even so, labora-
tory confirmation is advisable, since swayback,
daft-lamb disease, bacterial meningo-encephalitis,
polio-encephalomalacia will have to be considered in
differential diagnosis. Placentas and fetuses aborted
owing to BDV infection have no distinguishing char-
acteristics so, similarly, laboratory confirmation will be
necessary to differentiate BD from the other known
infectious causes of ovine abortion. Histological exam-
ination of the CNS can confirm BD but should be sup-
ported by the demonstration of viral antigen in tissues
by specific immuno-staining or virus isolation from
blood and tissues. Aborted fetuses are often unre-
warding for the demonstration of virus, since they
have wusually died several days before expulsion.
Whenever possible, recently dead or severely affected
lambs should be taken to the laboratory. Alternatively,
the best tissues to submit are thyroid, kidney, brain,
spleen, gut and lymph nodes; fresh for antigen detec-
tion and in virus transport medium for virus isolation
(Chapter 75). Heart blood for serology and a blood
sample from the dam should be collected.

From live newborn ‘hairy-shaker’ or weak lambs
confirmation of infection is based on the demonstra-
tion of virus in a heparinized blood sample by antigen
enzyme-linked immunosorbent assay or by virus

isolation in cell culture. Colostral antibody can mask
the presence of virus so that precolostral samples
should be collected. To detect the antibody-negative,
virus-positive, persistently infected sheep, all animals
in a suspected group should be blood-sampled. Alter-
natively, reverse-transcriptase polymerase chain
reaction may be used for diagnosis of persistently
infected animals or fetuses [19, 20]. This test is not
yet commercially available in the UK for sheep but
has several advantages over conventional testing; virus
may be detected in the face of colostral antibody,
results can be available very rapidly and it is possible
to type the virus molecularly which may be important
for surveillance. Serological examination of individual
sheep for BD antibodies is rarely helpful, but anti-
body testing of a 10 per cent sample of different age
groups of animals can be useful for demonstrating
the presence and extent of BDV infection in a flock.

EPIDEMIOLOGY AND
TRANSMISSION

Sheep-to-sheep contact is the principal way in which
BDV is transmitted, and the most potent source of
virus is the persistent excretor. Flocks with no previ-
ous experience of the disease are particularly vulner-
able. Purchased persistently infected gimmers have
been shown to introduce BDV [21]. Persistently
infected lambs that reach maturity often have reduced
fertility. Females that conceive either abort or pro-
duce persistently infected lambs, sometimes over a
period of years. Rams usually have small, soft tes-
ticles, but can transmit virus in their semen and other
secretions. The speed of virus spread in a susceptible
flock exposed to one or more persistent excretors will
depend on the contact between sheep. At grass, inti-
mate contact at mating time or gathering for any pur-
pose will allow the virus to spread widely, whereas in
the summer, with no close contact, virus spread will
be slow. Any intensification of husbandry, particu-
larly housing during early pregnancy, increases the
risk of an explosive outbreak of BD. In flocks in
which the disease is endemic, older ewes are immune
and the progeny of primiparous ewes are most com-
monly affected. Pestiviruses from other domestic
ruminants and pigs can also cause BD in sheep [22].
Under natural farming conditions, the most serious
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threat comes from cattle, since they are the principal
hosts of pestiviruses; serological survey data from
several countries indicate that about 70 per cent of
mature cattle have antibody to BVD virus, whereas
in the same regions the prevalence of pestivirus anti-
body in sheep is much lower, varying from about 5 to
50 per cent. Furthermore, cattle persistently infected
with BVD virus are numerous; surveys in several
countries have shown the prevalence of such cattle to
be 0.4-0.9 per cent in randomly selected animals and
between 1.7 and 10.5 per cent in herds experiencing
disease.

Among free-living ruminants, pestiviruses have
been isolated from red, roe and fallow deer, and
serological surveys in Europe, North America and
Africa have shown that many species have detectable
antipestivirus antibodies. Where sheep are grazed
extensively in contact with free-living ruminants, the
possibility of infection cannot be excluded.

One other possible source of BDV infection is a
live vaccine contaminated with a pestivirus. Both
sheep pox and orf virus vaccines administered to
sheep have been incriminated as vectors of BDV
infection [23].

CONTROL

The control of BD will depend on the extent of infec-
tion in a flock. Sporadic outbreaks can be controlled
by removing for slaughter the entire lamb crop and
sheep suspected of introducing the disease before
the start of the following breeding season. In endem-
ically infected flocks, susceptible animals retained
for breeding should be deliberately exposed, while
they are not pregnant, to known persistently infected
lambs. Close herding for at least 3 weeks preferably
indoors is necessary for BDV to spread effectively
and exposure should end 2 months before the start of
the breeding season.

On farms with no history of BDV, the introduction
of new breeding stock needs careful consideration.
Ideally, replacement females should be home-bred,
and all purchased rams should be blood-tested to
ensure they are not persistently infected. Where
females are also purchased, the feasibility of blood-
testing them should be considered. Recently pur-
chased females should always be mated and kept

separate from the rest of the flock until lambing time.
Because of the risk of infection of sheep from cattle,
it is essential that pregnant ewes are never mixed
with cattle.

There is only one commercial vaccine for the con-
trol of BDV, and it is not licensed in all countries. It is
a killed adjuvanted vaccine, which contains represen-
tative strains of BDV and BVD-1 viruses, and which
should be administered to young animals before they
reach breeding age [24]. Further vaccine develop-
ment is required, with candidate vaccines being
tested for efficacy in pregnant sheep.

BD IN GOATS

BD occurs also in goats. Although there appear to
have been few reported outbreaks of natural BD [25],
experimental infections of pregnant goats with BDV
produces severe placentitis and clinical and patho-
logical signs in the offspring similar to severe BD in
sheep. The majority of pestiviruses isolated from goats
have been typed as BVDV-1 and may have originated
from cattle. One goat isolate from a mixed sheep and
goat flock appears to be a novel BD virus [7].
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Other infectious causes of abortion

R. Mearns

Various infectious agents — viruses, bacteria, protozoa —
can adversely affect normal pregnancy in the ewe,
either by targeting the conceptus with little constitu-
tional harm to the dam or by inducing acute systemic
illness in the ewe with abortion as a consequence [1].
This chapter gives an account of several bacterial
causes of abortion additional to infectious causes cov-
ered elsewhere in the book.

SALMONELLOSIS

Several serotypes of Salmonella have been associated
with deaths and abortion in sheep in all parts of the
world. Many animals can be affected in any single
outbreak with catastrophic losses but the number of
flocks affected annually is small.

Cause

The organisms of the Salmonella group are short
aerobic Gram-negative rods, and most grow well on
laboratory media at 37°C. They belong to the family
Enterobacteriaceae and are differentiated within
that family by their biochemical and serological reac-
tions. The most common serovar isolated from sheep
is Salmonella enterica subspecies diarizonae serovar
61:kL1,5,7. All other important serovars are from
Salmonella enterica subspecies enterica.

In recent years in Britain, the incidence of
S. typhimurium has decreased and the three most
common serovars after S. diarizonae are S. montev-
ideo, S. dublin and S. derby [2]. Individual serotypes
of Salmonella may be further subdivided by phage
typing, e.g. S. typhimurium, and by biotyping, e.g.

S. montevideo, techniques that are extremely useful
in epidemiological studies. For example, over 200
phage types of S. typhimurium can be identified and
used in tracing the spread of infection between
groups of animals and in detecting sources of infec-
tion. For S. montevideo, some 27 biotypes belonging
to two biogroups have been recognized. One biogroup
(10di) is predominant in sheep whilst the other (2d) is
associated mainly with human, cattle and poultry
infections.

Only a few members of the Salmonella group are
host-specific, and among these are S. diarizonae and
S. abortus ovis.

S. diarizonae accounts for around 60 per cent of all
reported Salmonella isolated from sheep in the UK
and has been the most common serovar isolated since
1998. The role of S. diarizonae in clinical disease is
unclear as, when isolated from abortion material, there
is often concurrent infection with other abortifacients
[3]- The organism has been isolated also from diar-
rhoeic and healthy sheep. Experimental infections do
not lead to disease. Sheep may become long-term car-
riers of S. diarizonae in intestinal and reproductive
tracts and in the nasal cavity.

S. montevideo has been associated repeatedly with
abortion in ewes in Scotland. From 1970 to 1981, a
total of 67 incidents was reported, but in 1982 there
was a sudden upsurge, mainly in the south-east of the
country, where the infection was confirmed as a
cause of abortion in 40 flocks [4].

From time to time, other serotypes have become
prevalent in sheep in various parts of the world.
S. brandenburg has been of predominant importance
in New Zealand since its first diagnosis in 1996. Since
then, S. brandenburg has spread via environmental
contamination with abortion products, contaminated
water, dust from yards where sheep are gathered and
by black-backed gulls (Larus dominicarus). The same



128

Diseases of sheep

serotype has also caused abortion in cattle, and enteric
disease in horses, goats, pigs, deer and humans. In
sheep, it has a high morbidity and high mortality with
rapid local spread when introduced to a naive area.
From 5 to 20 per cent of ewes may abort with, on aver-
age, a 50 per cent mortality rate. The expelled fetuses
are putrid with a cooked appearance, subcutaneous
oedema and pale oedematous cotyledons in the pla-
centa. Up to 2 per cent of sheep can be identified as
excretors 6 months after aborting. The spread of dis-
ease between farms is aided by gulls, which cover a
50-km radius from their nesting sites. Risk factors for
abortion are high stocking rates, strip grazing over
winter, high fecundity of ewes and outbreaks often
following a period of gathering for management
tasks. Isolates from different locations and species
were indistinguishable until a new ‘possibly related’
strain was reported in 2004 [5]. An inactivated vac-
cine is used widely either as a primary course com-
menced at mating with annual boosters or with the
second injection deferred to perceived risk periods.
Other important serotypes in New Zealand include
S. typhimurium, S. bovis-morbificans and S. hindmarsh.

Clinical signs

Clinical signs of salmonellosis can vary with the
serotype, are diverse, and include general systemic and
enteric signs as well as abortion. With S. montevideo,
the clinical picture is very similar to that with S. abortus
ovis. Abortion is characterized by very little ill health in
ewes, and often a vaginal discharge and hollow flanks
may be the first sign. In an affected group many ewes
may excrete the organism in their faeces without abort-
ing, and the infection can pass through a group of non-
pregnant animals without any apparent signs.

In infections with S. typhimurium, enteric and sys-
temic signs predominate, although, with in-lamb
ewes, a variety of signs will be seen, including some
sudden deaths. Affected animals are generally anorexic,
and scour profusely. Those that do not die of septi-
caemia may continue to scour and die from dehydra-
tion with sunken eyes and tight skins. Pregnant
animals may die of septicaemia before aborting. S.
typhimurium abortion is often associated with illness
in farm workers, farm dogs and other livestock.

S. dublin infection causes disease similar to that
produced by S. typhimurium, with pyrexia, malaise
and diarrhoea as well as abortion. Ewe deaths due to

septicaemia are not uncommon. Deaths in neonates
may also be a feature with little clinical disturbance
in lambs over 1 week old. In one report, 30 of 380
ewes aborted and 23 of them died within 7 days of
abortion [6]. Aborted lambs were rotten and decom-
posed following death in utero.

When S. abortus ovis is first introduced into a flock
up to 60 per cent of ewes may abort with some deaths
in ewes and lambs up to 3 weeks of age. The infection
then becomes endemic with only sporadic abortion in
home-bred ewes lambing for the first time or in bought-
in ewes. S. abortus ovis infection is now rarely seen in
the UK but ranks among the main causes of abortion
in some countries of Europe and western Asia.

Pathology

Aborted fetuses and placentae are usually fresh and
without macroscopic lesions. Post-mortem findings
in ewes are variable. There are lesions of acute metri-
tis and, if abortion or stillbirth has occurred, the
swollen uterus usually contains retained placenta,
necrotic tissue and serous exudate. The carcass
appears septicaemic with an enlarged spleen and
generalized congestion of organs. In animals that have
not eaten for several days, the gall bladder is dis-
tended and the liver swollen and very friable (Figure
19.1). The placenta may be oedematous with haem-
orrhages in the chorioallantois, enlargement and
necrosis of the cotyledons, and multifocal suppurative
inflammation. Fetal tissues are usually unremark-
able, although there may be multifocal necrosis in the
liver and spleen (see Figure 19.2 in the colour plate
section). In lambs that are stillborn or survive into
the first week of life there are often signs of acute
abomasitis and severe enteritis with gross enlarge-
ment of the associated lymph nodes. Intestinal con-
tents tend to be very fluid, and inflammatory changes
may be detected in the caecum and colon.

Diagnosis

Confirmation of diagnosis depends on the isolation of
the causal organisms. In cases of abortion, Gram-
negative organisms seen on direct smears made from
fetal stomach contents and placentae can be confirmed
as salmonellae by direct culture on MacConkey agar.
Typical non-lactose-fermenting colonies are present in
profuse numbers. Enrichment media, such as selenite
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Figure 19.1: Swollen liver from sheep that died of septicaemia due to
Salmonella typhimurium. Note the grossly enlarged gall bladder.

Figure 19.3: The enlarged mesenteric lymph nodes in this ewe are a good site for
recovery of salmonellae after faecal shedding has ceased.

broth or Rappaport—Vassiliadis, also can be used but
often are not necessary for primary isolation if salmo-
nellae are the cause of abortion.

In flocks with endemic S. abortus ovis, culture of
vaginal swabs taken not later than 1 week after abor-
tion are most effective, although samples taken up to
4 weeks after abortion are occasionally positive. A
polymerase chain reaction (PCR) test is available
that identifies the serovar-specific IS200 element.

In enteric and septicaemic cases, isolation of the
causal organisms should also be possible by direct

culture from organs, faeces, intestinal contents and
drainage lymph nodes. Cultures from faeces, intes-
tinal contents and lymph nodes made in a selective
liquid medium such as selenite broth are sometimes
helpful, as they allow the salmonellae to multiply
preferentially over other Enterobacteriaceae. Typical
non-lactose-fermenting colonies are then identified by
subculturing on to Brilliant Green Agar. In chronic
enteric infections, the predilection sites for the bac-
terium are the posterior mesenteric lymph nodes,
which become enlarged (Figure 19.3). The infection
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is carried longer in these nodes than elsewhere in the
body, and organisms can be recovered from them
after faecal excretion has ceased.

When a suspect Salmonella has been isolated,
serotyping is carried out against O (somatic) and H
(flagellar) antigens by slide agglutination tests. In the
UK reference laboratories confirm the serotype.

Serology can be used to diagnose abortion due to S.
montevideo after the event. Marked serum agglutin-
ation test responses to H and O antigens peak some
4 weeks after infection. Serological tests are not com-
monly used for other serotypes in sheep.

Epidemiology and transmission

S. abortus ovis, which is host-specific, is invariably
introduced into a flock by an infected subclinical
carrier sheep but there are many sources of infection
for the other serotypes (e.g. food, water, other ani-
mals, wild birds and man). Oral infection probably
occurs some weeks before abortions hence the diffi-
culty in trying to establish the source of infection.

In outbreaks of abortion due to Salmonella the
fetuses and placentae are heavily infected. Organisms
excreted in faeces readily contaminate food, water
troughs and pasture. Fields containing affected ani-
mals become heavily contaminated with organisms,
which may find their way into watercourses. Conse-
quently, animals drinking from rivers or streams
downstream from such infected fields may become
infected.

Wild birds have been incriminated in spreading
some serotypes, especially S. montevideo, which has
been reported frequently as causing abortion in areas
frequented by wild geese. However, the evidence
remains circumstantial because, as abortions do not
occur until several weeks after infection, it is difficult
to tell whether geese have infected the sheep or vice
versa. It is more likely that foci of infection with
S. montevideo occur within a flock, and that there is
mechanical spread to neighbouring flocks by wild
birds. Salmonellae do not appear to multiply and
establish in gulls, but may be carried by them
from rubbish tips, sewage outfalls and other places
where they feed [7]. Sheep troughs could be another
source of infection if S. montevideo or another
serotype is present in a flock. Animals frequently
become carriers of salmonellae, especially S. dublin in
cattle. This serotype is usually introduced to a flock or

herd by purchased carriers. Carrier sheep of S. dublin
have been identified by culture up to 32 months
post-abortion [6].

With S. typhimurium, sheep tend not to become car-
riers and, usually, those that survive acute episodes of
disease quickly throw off the infection and stop
excreting the organism within 6 weeks [8]. Biogroup
10di of S. montevideo appears to be associated pri-
marily with sheep, and infected sheep are probably
responsible for introducing this serotype into suscep-
tible flocks.

Treatment, prevention and control

By the time salmonellosis is detected, the infection
will have spread throughout the group. Nevertheless,
isolation of affected animals is worthwhile to limit
contamination of the environment and further
transmission.

Septicaemic animals can be treated with suitable
parenteral antibiotics, and those that scour may
require supportive therapy with electrolyte solutions.
Often, ewes that abort develop postparturient metritis
and injections of long-acting antibiotics at the time of
abortion help to prevent this. It is unusual for serotypes
other than S. abortus ovis to become endemic in flocks
in the UK and normally, after an episode of disease,
the infection disappears from a flock.

Ewes aborting due to S. abortus ovis rarely do so in
subsequent pregnancies indicating that protective
immunity may follow natural infection. Attempts to
protect susceptible animals (replacement stock, new
purchases) by mixing them when barren with abort-
ing ewes have had apparent success. Nevertheless, this
may produce more carriers and also risks disseminat-
ing other concomitant abortifacient infections.

In the face of abortions confirmed or suspected to
be due to S. montevideo, treatment of all ewes with
two injections of long-acting oxytetracycline, 7 days
apart, have been purported to reduce the severity of
outbreaks although there are no published support-
ing data.

An inactivated S. dublin and S. typhimurium vac-
cine licensed for use in cattle (although not in sheep)
has been used in the face of an outbreak to protect
ewes yet to lamb [9]. This is useful only when the
lambing period is prolonged such as when young
ewes lamb as a separate batch later than older ewes
(manufacturer’s advice).
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Where S. abortus ovis is endemic, vaccination is the
most common preventive procedure. Live vaccines,
either attenuated or virulent, provide much better
immunity than inactivated ones. Live attenuated
vaccines using mutant strains of S. abortus ovis (Rv6)
and of S. typhimurium gave better protection than
inactivated vaccines [10, 11] and are safe when used
either before mating or during gestation.

CAMPYLOBACTERIOSIS

Outbreaks of abortion in sheep caused by organisms of
the genus Campylobacter have been reported in many
countries since it was first described in 1913. A spo-
radic cause of abortion, in the UK Campylobacter
infection tends to occur with increased incidence every
4-5 years within flocks. In recent years it has been the
third most common cause of ovine abortion in the
UK [12]. Abortion storms in which up to 20 per cent
of ewes abort are not uncommon when infection is
first introduced into a naive flock. Campylobacteriosis
is the leading cause of diagnosed sheep abortion in
New Zealand [13].

Cause

The species involved are Campylobacter fetus sub-
species fetus and C. jejuni. The bacteria are
microaerophilic, motile, Gram-negative rods.

Clinical signs

The major manifestation is abortion in the last 6
weeks of gestation and birth of live, weak lambs.
Occasionally, there may be mild diarrhoea in ewes
prior to abortion due to C. jejuni. The timing of infec-
tion may be important in determining the extent of
abortion; in an experimental model almost 100 per
cent of ewes aborted if infected at 105 days of gesta-
tion, whereas after infection 3 weeks later only 20 per
cent aborted. This may reflect increasing immuno-
competence of the fetus [14].

Pathology

No pathognomonic lesions are present in placentae
but characteristic grey necrotic foci may be seen in

fetal livers. Histopathological features are multifocal
hepatic necrosis, bronchopneumonia and non-sup-
purative inflammation of abomasum and jejunum.

Diagnosis

Diagnosis depends on the demonstration of large num-
bers of characteristic curved Gram-negative rods in
smears from placentae, cotyledons and fetal stomach
contents. Confirmation of the species is carried out fol-
lowing culture on special selective media (Skirrows)
under microaerophilic conditions.

Immunohistochemistry also can be used on
formalin-fixed tissues to demonstrate antigens of C.
fetus when culture is not diagnostic, for example if
fetuses are autolysed or scavenged [15].

Epidemiology and transmission

Transmission is by the faecal-oral route of contam-
inated feed, water and abortion material. Unlike in
cattle, venereal spread does not appear to occur in
sheep. The sources of infection for flocks are not
fully understood, but carrier sheep are thought to be
largely responsible for bringing infection into clean
flocks. Primary outbreaks can occur in closed flocks
and mechanical transfer of infection to susceptible
groups of sheep by farm personnel who have previ-
ously handled infected animals can occur. Mechanical
transmission by carrion-eating birds can also intro-
duce infection.

Outbreaks of Campylobacter abortion appear to be
worse when animals are herded in concentrated areas
of land, e.g. in bad winters in the UK or in high-density
winter grazing in New Zealand.

Treatment, prevention and control

Abortion occurs 7-25 days after infection and spreads
rapidly due to the large numbers of organisms in
aborted material. Isolation of aborting ewes and dis-
posal of abortion material and contaminated bed-
ding is vital to limit the spread of disease. Often,
however, infection has already spread within the
flock and little can be done to reduce the losses. Oral
and parenteral antibiotics have been used in the face
of an outbreak with variable results, and there is little
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indication for their use. As the organism is spread
mainly by ingestion of contaminated feed and water,
susceptible animals should be removed from suspect
areas or the stocking density should be reduced.

Ewes have long-lived immunity following infection
whether they have aborted or not. This can be used
as a method of ‘natural vaccination’ by mixing ewes
that have aborted with non-pregnant replacements.
Experimentally, aborted ewes have been shown to
excrete the organism intermittently in faeces for up
to 42 days post-challenge. However, great care
must be taken to ensure that other agents such as
Chlamydophila abortus are not simultaneously pres-
ent in a flock, as mixing of replacements in this situa-
tion could lead to a chlamydial abortion storm the
following year.

Effective killed adjuvanted vaccines have been
developed and are used widely in North America and
New Zealand [16]. A primary course of two injections,
4 weeks apart pre-mating followed by annual boost-
ers is required to confer protective immunity. Pulse-
field gel electrophoresis (PFGE) typing has revealed
no major genotypic shift in C. fetus subsp. fetus over a
period of 13 years [17].

In the UK, the disease tends to be sporadic,
although some flocks do have outbreaks of abortion
due to Campylobacter spp every 4-5 years. This may
reflect waning immunity of ewes or introduction of
naive replacements to a flock having carrier ewes.
The virulence factors and antigenicity of C. fetus
subsp. fetus are dependent on the surface layer pro-
teins which may be potential vaccine candidates [18].

LISTERIOSIS

As well as septicaemia, encephalitis, abomasitis and
typhlocolitis, listeriosis can also be manifested by
abortion.

Cause

The species of Listeria associated with abortion in
ewes are L. monocytogenes and L. ivanovii. Listeria
spp occur in decaying vegetation and soil, multiplying
at pH greater than 5.5. Outbreaks of abortion due to
Listeria are often associated with feeding of poorly
fermented silage.

Clinical signs

Abortion can occur at any stage of pregnancy and as
soon as 7 days after infection [19]. Ewes are rarely
clinically unwell and overlap of different forms of lis-
teriosis within a flock is relatively rare, perhaps in
part due to different serovars involved.

Pathology

Abortion material shows few lesions and autolysis
sets in quickly. Occasionally, miliary yellow—white
foci of less than 2mm diameter may be seen in the
liver of aborted fetuses. Other occasional findings in
the fetus include circular erosions in the mucosa of
the abomasum and enlargement of mesenteric lymph
nodes [20].

Diagnosis

The organisms (Gram-positive facultative anaerobic
bacilli) can be demonstrated in smears and cultured
from stomach content of aborted fetuses and
placentae.

Epidemiology and transmission

Sporadic cases of Listeria abortion may occur under
any management and feeding system, but larger out-
breaks are usually associated with silage feeding of
housed ewes. Epidemiological studies have shown an
association between outbreaks of abortion due to
L. ivanovii and periods of cold, wet weather in silage-
fed sheep. Spoiled, incompletely fermented or soil-
contaminated grass or maize silage may contain
3000-12000 Listeria organisms per gram. Latent
carrier sheep may also introduce infection as
L. monocytogenes has been found in the faeces of up
to 50 per cent of healthy sheep.

Treatment, prevention and control

Treatment of in-contact animals with a suitable
antibiotic may reduce losses, but the mainstay of
management in the face of an outbreak involves
avoiding feeding contaminated silage, or switching to
an alternative feed.
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Where silage is fed prevention involves use of good
quality, fresh silage and daily removal of uneaten
silage.

COXIELLOSIS (Q FEVER)

This infection, which may occur in several animal
species and in most countries, is mainly of signifi-
cance as a zoonosis. Recently, its possible use in
bioterrorism has been noted [21]. Apparent
‘re-emergence’ of infection in sheep may be due, in
part, to improved diagnostic tests [22]. Acute infec-
tions in small ruminants can lead to outbreaks of
abortion with recurrences over successive years.

Cause

C. burnetii is an aerobic Gram-negative obligate
intracellular rickettsial bacterium. It produces a
small endospore-like form that is resistant to high
temperatures, ultraviolet light and osmotic shock.
The spores survive in dust for 120 days, in tick faeces
for 586 days and in wool for 12-16 months at 4-6°C.
The organism persists in ticks, but unlike most
rickettsias it is not dependent on arthropods for
transmission.

Clinical signs

In sheep, C. burnetii can cause abortion, usually in
the last week of pregnancy, and birth of stillborn and
weak, live lambs. Generally, the abortion rate is low
and may fail to prompt investigation. C. burnetti is
considered to cause infertility in cattle, but this out-
come has never been reported in sheep.

Pathology

Inter-cotyledonary thickening of the placenta with an
exudate resembles that seen in Chlamydophila abortus
abortion. Histopathologically, there is diffuse suppu-
rative inflammation in the chorion without vasculitis,
with many organisms in cytoplasmic vacuoles in the
chorionic epithelial cells.

Diagnosis

Diagnosis depends on the demonstration of the organ-
ism in the placenta and fetus, using staining tech-
niques such as the modified Ziehl-Neelsen (ZN)
procedure. The organisms appear as small red coc-
cobacilli, which lie both intra- and extra-cellularly.
Care must be taken to differentiate these from C.
abortus which, unlike C. burnetii, is not usually pres-
ent in the stomach contents of aborted fetuses.

Owing to the high zoonotic risk culture is not nor-
mally attempted.

Confirmation of ZN smear findings is by serology
or histology. The complement fixation test (CFT) is
the Office International des Epizootiques reference
test and is highly specific, although sensitivity is rela-
tively poor at 78 per cent. Titres of greater than
1/10 are regarded as indicative of infection with
C. burnetii. Other serological tests available are
enzyme-linked immunosorbant assay (ELISA) and
fluorescent antibody test.

Immunohistocytochemistry on formalin-fixed sec-
tions of placenta can demonstrate C. burnetii antigens.

PCR testing of vaginal swabs, milk or faeces will
detect antigen [23]. In addition to diagnosis in the
face of abortion, PCR enables investigation of dur-
ation of shedding of C. burnetti, prevalence of infec-
tion and risks of zoonotic spread. However, the
relationship between serological response and excre-
tion is unclear as sheep seropositive by ELISA may
be negative by PCR, and some detected as excretors
by PCR may be negative by ELISA [24]. A combin-
ation of PCR and ELISA is optimum for diagnosis
and tracking shedding of the organism [25].

Epidemiology and transmission

The organism is shed in vaginal fluids, faeces and
milk, and is present in products of abortion.
Excretion in vaginal fluids occurs at normal parturi-
tions. Infection via the oropharynx is followed by
multiplication in regional lymph nodes and a bacter-
aemia lasting 5-7 days. The organism localizes in the
mammary gland and placenta of pregnant ewes.

C. burnetti spores survive well in the environment
and can be transmitted to new hosts by indirect exposure
via fomites, such as hay, straw, wool and manure [20]
mainly by inhalation. The organism may be airborne
and disseminated on wind for more than a kilometre.
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Excretion of C. burnetti in vaginal fluids peaks at
the time of abortion or lambing and may continue for
up to 2 months in some ewes. The organism is pre-
sent intermittently in milk for 8 days post-lambing.
Vaginal shedding has been detected in subsequent
pregnancies, perhaps due to associated immunosup-
pression [26]. Antibody titres (ELISA) peak 5 weeks
after parturition.

There have been no recent serological surveys of
ovine coxiellosis in the UK. In the 1970s approxi-
mately 28 per cent of sera examined were positive in
the complement-fixation test.

Treatment, prevention and control

In France, vaccine development has been aimed at
preventing shedding by small ruminants. An inacti-
vated vaccine for use pre-mating decreases abortion
and excretion of the organism in milk and vaginal
fluids [27] and is used in infected flocks to reduce the
zoonotic risk.

C. burnetti is readily susceptible to treatment with
oxytetracycline. In the face of an outbreak treatment
does not prevent shedding but may reduce the abor-
tion rate.

LEPTOSPIROSIS

Leptospirosis is a rare cause of sporadic abortion in
sheep in the UK. In Northern Ireland the disease
appears to be associated with intensively managed
lowland flocks and agalactia is also a feature [28].

Several serovars of Leptospira interrogans have been
implicated in ovine clinical diseases, The most impor-
tant are L. pomona, usually associated with acute
haemorrhagic jaundice and mortalities in lambs, and
L. hardjo which is generally associated with abortion in
late pregnancy and agalactia.

Diagnosis is based on demonstration of the organ-
ism in the fetus or placenta by culture, immunofluo-
rescence or the microscopic agglutination test (MAT)
carried out on fetal fluid. Leptospirosis in not included
in routine ovine abortion investigations in the UK.

Serological surveys have indicated L. hardjo as
the most prevalent serovar in sheep. In 1984 6 per

cent of adult sheep in England and Wales were
seropositive [29].

Most infections in sheep are believed to be acquired
from other animals, especially cattle. However, lep-
tospiruria has been detected in sheep not in contact
with cattle, suggesting that sheep may be a main-
tenance host for L. hardjo [30]. Conversely, lep-
tospiruria was not a feature of a flock with evidence of
renal infection and a high percentage of seropositive
individuals [31]. Experimentally, infection can be
transmitted from cattle to sheep and from sheep to
sheep, but the low incidence of field disease suggests
that infection is usually subclinical leading to sero-
conversion without disease.

In an outbreak dihydrostreptomycin can be used
to treat in-contact pregnant ewes. For susceptible
replacements joining a flock with a history of the dis-
ease, administration of a reduced (to one quarter)
dose of a commercial inactivated leptospiral vaccine
can be considered.

VEROTOXIN-PRODUCING
ESCHERICHIA COLI

Escherichia coli is an unusual cause of abortion and,
if cultured from fetal stomach contents or placenta, is
often attributed to contamination or autolysis. How-
ever, toxin-producing E. coli have been implicated in
abortions in an exceptionally well managed flock
over three successive lambing seasons with sup-
purative placental inflammation on histopathology
and no evidence of any other abortifacient agent
(unpublished observations).

Associated clinical signs were 3-10 per cent abor-
tions in the final 2 weeks of pregnancy, pyrexia,
anorexia and a dark vaginal discharge [32]. Half of
the aborting ewes died of metritis and toxaemia
despite treatment with oxytetracycline but survivors
subsequently lambed normally.

In each year, E. coli, cultured in pure profuse
growth from placenta and fetal stomach contents,
was consistently typed as 015:Krve383 with toxin-
producing genes identified by PCR. The original
source of infection was not determined but persist-
ence within the flock was probably due to healthy
carrier sheep. As the E. coli genome is highly
dynamic, commensal organisms may have acquired
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virulence genes by horizontal transfer via mobile
genetic elements such as phage [33].

OTHER CAUSES

Other occasional bacterial causes of ovine abortion
include Fusobacterium necrophorum, Yersinia pseudotu-
berculosis, Arcanobacterium pyogenes and Bacillus
licheniformis. In general, bacterial isolates from stom-
ach contents of fresh, not autolysed fetuses, may be of
pathogenic significance. Mycotic abortion is rare in
sheep compared to cattle.

ZOONOTIC IMPLICATIONS

Most of the conditions considered in this chapter can
cause human illness of varying severity, emphasizing
the need for awareness and precautionary measures
in cases of ovine abortion and in handling affected
placentas and fetuses. The lambing season presents
occupational hazards for handlers working under
conditions in which it is difficult to maintain appro-
priate standards of hygiene and for veterinary sur-
geons and laboratory workers who may be handling
infected animals and diagnostic samples. Pregnant
women should not work with lambing sheep nor han-
dle clothing worn by persons so involved.

While Salmonella abortus ovis is not regarded as
pathogenic for humans, other serotypes of Salmonella
involved in sheep abortion are zoonotic and thus early
identification of the specific serotype involved in out-
breaks of salmonella abortion is necessary to avoid risks
to human health. Diarrhoea, abdominal pain and fever
are common results of infection.

Campylobacter jejuni has a low infective dose and is
capable of causing bouts of diarrhoea, particularly in
young, debilitated or immunocompromised individu-
als. Infection with Listeria monocytogenes is a particular
hazard for pregnant women and the immunocompro-
mised (see also Chapter 37). Both Leptospira hardjo
and L. pomona can cause an influenza-like illness with
fever, headaches, muscle and joint pains.

Human Q (query) fever results from infection with
Coxella burnetti. Acute infection presents as an

influenza-like illness, while chronic infection mani-
fests as hepatitis, endocarditis, osteomyelitis and
lymphadenitis. A post-Q fever fatique syndrome is
also recognized. Zoonotic transmission is mainly by
aerosol but can also occur by drinking raw milk or
dairy products. The infective dose is low and sea-
sonal outbreaks coinciding with lambing time are
noted.
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G. Castrucci

Brucella melitensis is the only species of the genus
Brucella that ordinarily infects sheep and goats. In
sheep, sporadic infections by Brucella abortus are
also observed. An epidemiological investigation of
550 strains of Brucella from all over the world has
shown that the brucellae predominantly affect one
species: B. abortus for cattle, B. melitensis for sheep
and goats, and B. suis for pigs [1]. However, the
specificity is not absolute, and cattle, sheep and goats
may be infected with B. abortus or B. melitensis.

CAUSE

The genus Brucella consists of six species: B. meliten-
sis, B. abortus, B. suis, B. neotomae, B. ovis and B.
canis. The first three are further subdivided into
three, eight and five biovars, respectively.

From an investigation conducted on the genomes of
51 strains of B. melitensis, all the strains appeared to be
very similar, so that it seems justifiable to consider
them as a single species, which, for priority reasons,
could be called B. melitensis.

The members of the genus are pleomorphic, often of
cocco-bacillary shape. They grow in media contain-
ing trypticase-soy, are non-motile, produce catalase
and do not ferment glucose or lactose or liquefy gel-
atin. The identification of the brucellae can be con-
firmed by phage typing and oxidative metabolism.

Recently, a method has been described which
allows a rapid identification of Brucella spp [2]. The
method is based on nucleic acid amplification, a real-
time polymerase chain reaction (PCR) assay in a
multiplex format that will permit the confirmation of
bacterial isolates as Brucella spp, or B. abortus, or
B. melitensis within 2-3 hours.

CLINICAL SIGNS

The main route of entry of the bacteria is the
nasopharynx. However, the cutaneous route must
not be excluded. The bacterium spreads via the lym-
phatics and is arrested in the lymph nodes. In animals
resistant to infection, the brucellae are killed by
macrophages, the active cells of the immune system,
with the intervention of the antibodies and lympho-
cytes. In susceptible animals, on the other hand, the
bacterium survives phagocytosis and replicates inside
cells. Following lysis of the phagocytic cell, the
brucellac are liberated and infect other cells.
Bacteraemia may eventually develop. In fully suscep-
tible pregnant and non-pregnant animals, B. melitensis
cells are present in blood for 3045 days after infec-
tion. In virgin females, from endemically infected
areas, bacteraemia is rare and seen only in a small
number of animals.

In pregnant animals, the bacterium enters the
uterus, where it reproduces in the placenta and fetal
tissues, inducing an infective state not necessarily fol-
lowed by abortion. The percentage of aborting ani-
mals varies according to circumstances.

In non-pregnant animals, Brucella can cause a
chronic infection, which is of epidemiological import-
ance because, after an initial serological reaction in
the animal, the infection becomes non-apparent thus
creating problems in diagnosis. In non-pregnant ewes,
B. melitensis is not excreted from the vagina. However,
in pregnant animals, excretion starts at the time of
delivery or abortion and may last for months.

Following infection with B. melitensis, the mam-
mary gland is often colonized, and infection of the
udder interferes with the production of milk, thus
reducing or arresting milk output. Brucellae are not
always excreted during lactation, although it is
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believed that infection of the udder is the means
by which infection persists to the following pregnan-
cies. Excretion of the bacteria may last for as long as
180 days after delivery or abortion.

DIAGNOSIS

Abortion of an infective nature may be suspected on
the basis of history and clinical examination, espe-
cially when several ewes are involved. However, only
bacteriological and serological tests may confirm the
presence of B. melitensis.

Bacteriological methods

Microscopic examination can be used for materials in
which large numbers of brucellae are suspected, such
as, for example, the placenta, stomach content of the
fetus as well as its lungs and liver and the vaginal dis-
charge in the case of abortion.

When smears are stained by the methods of
Machiavello, Stamp or Késter, the brucellae are
coloured red. Immunospecific staining with IgG con-
jugated with fluorochrome may also be used.

Isolation of the bacterium in culture requires the
selection of samples, especially those from abortions,
integrating them with those from lymph nodes,
udder, uterus, seminal vesicles, accessory glands,
testicle, epididymis and other organs that have
macroscopic lesions. Blood is collected in a 2 per
cent w/v sodium citrate solution. Freezing and
thawing of blood samples helps release intracellular
brucellae.

Blood samples and tissue homogenates are added
to agar-serum glucosate. If low numbers of bacteria
are foreseen, or if antibiotics have been added, it is
advisable to enrich the culture with agar-blood or
agar Border—-Gengou. If contaminating bacteria are
present in the sample, the use of selective media is
advisable.

When the Rev-1 vaccine is being used, it will be
necessary to distinguish the vaccinal strain from the
virulent B. melitensis. The Rev-1 has a low virulence
for the guinea-pig, which, if inoculated subcuta-
neously with a 10° dose of Brucella organisms, gives
negative cultures from the spleen 3-5 months after

inoculation, whereas virulent B. melitensis induce an
infection lasting 6-12 months.

Serological procedures

Standard agglutination test (SAT)

This test, which is widely employed for sheep and
goats, is limited by the possibility of negative or sus-
picious results in chronic brucellosis. The SAT may
be influenced by Rev-1 and other antigens, and the
response can be variable even in the same animal.
For these reasons, the SAT must be used only as a
screening test and, in cases in which a low titre is
found, additional methods are necessary.

Rose Bengal test

This test uses stained buffered antigen. It is a cheap
and convenient test, but its dependability can vary
according to the different sensitivities of the antigens
used. With a 10 per cent antigen concentration, a
higher specificity is obtained, although with a lower
sensitivity compared with SAT. If a concentration of
5 per cent is used, a large number of infected animals
is detected.

On the other hand, it has been proved that an
increase in the volume of sera to be tested also
improves significantly the sensitivity of the test [3].

Complement fixation

This is the method of choice in chronic infections and
for the differentiation of serological reactions between
vaccinated and infected animals. Its employment is
also suggested for the control of blood samples of ani-
mals belonging to infected flocks, for which the SAT
has given negative or dubious results.

Other serological tests

Several procedures have been suggested to supple-
ment or possibly replace the above tests. They are
the mercaptoethanol test, indirect haemolysin test,
Coomb’s antiglobulin test, radioimmunoassay, enzyme-
linked immunosorbent assay (ELISA) and gel diffu-
sion test.

In the last few years, several attempts have been
made to standardize a test that eventually could clearly
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differentiate an antibody response of infected sheep
from Rev-1-vaccinated sheep. Apparently, the goal
has been reached by testing sheep sera in an ELISA
with partially purified Brucella-cytosoluble 20-kDa
protein, which seems to have the potential for detect-
ing B. melitensis-infected ewes and their differentia-
tion from B. melitensis Rev-1-vaccinated ones [4].

Cross-reactions

All the methods mentioned previously may be influ-
enced by heterospecific antibodies in serum.

Cross-reactions have been demonstrated between
Brucella strains in the ‘S’ phase and bacteria belong-
ing to other genera, viz. Francisella tularensis,
some serotypes of Escherichia coli (0:116-0:157),
Pseudomonas maltophila, serotypes of Salmonella,
and, above all, serogroups 0:9 and 0:16 of Yersinia
enterocolitica. Investigations have shown that Y. ente-
rocolitica may infect sheep. Cross-reactions may thus
create problems in those areas in which an eradica-
tion programme is being applied.

Allergic reactions

Many substances for the allergic diagnosis of brucel-
losis have been produced through the years. Among
these, the ‘Mirri’ allergen has been widely employed
in Italy. INRA allergen is extensively used nowadays
[5]- Tt is a product rich in proteins, lacking in
lipopolysaccharides, prepared from a strain of
B. melitensis (B 115 in rough phase). This allergen
induces neither local nor generalized reactions in
non-sensitized animals, but gives cutaneous reac-
tions in animals sensitized either by infection or vac-
cination with members of the genus Brucella. The
INRA allergen neither sensitizes nor induces an
increase in the titre of antibodies, and thus will not
interfere with allergic or serological tests.

In sheep, 0.5ml of INRA allergen is inoculated
intradermally in the lower eyelid. Reading is done
after 48 hours from the front of the animal, in order
to have the untreated eye as a control. The method is
suggested for screening a large number of animals,
thus eliminating the time-consuming collection of
blood samples. An increment in capillary permeability
of the product is obtained by adding hyaluronidase to
the allergen. This causes a quicker and more intense

reaction, allowing a reduction in the allergic response
in those sheep with a doubtful positive reaction [6].

EPIDEMIOLOGY AND
TRANSMISSION

Geographical distribution

B. melitensis infection in sheep and goats is prevalent in
Mediterranean and Middle Eastern countries, particu-
larly Iran, and tends to spread eastwards to southern
regions of the former USSR, Mongolia and northern
China. It is present in different countries in Africa, in
southern India and in parts of Latin America. In
Europe, the infection is absent north of the 45th paral-
lel. It is absent as well from USA, South-east Asia,
Australia, New Zealand and the Pacific Islands.

Transmission

Brucellosis of small ruminants affects sexually
mature individuals with abortion, most important in
the later stages of pregnancy. Sexually immature
animals are resistant. The receptivity of ewes to
B. melitensis varies according to the breed. Maltese
sheep are resistant, while the Awassi breed of the
Middle East is quite susceptible.

The spread of an infection from country to country
or within the same country generally follows the trans-
fer of infected animals. After the Second World War, a
vast movement of sheep and goats took place in
Europe, contributing to the spread of the infection.
Brucellosis is also transmitted from farm to farm
through wild animals and dogs responsible for carrying
around aborted fetuses. Mixing herds at pasture and
keeping the animals in shelters during the night, partic-
ularly if in such areas parturition takes place, represent
major factors for transmission of the infection. Cattle
can also be infected from sheep. Dogs and rodents in
contact with infected animals may acquire infection,
but this mode of transmission is of little importance
from an epidemiological point of view. In the transmis-
sion cycle, insects and ticks may also be involved.

The phenomenon of latency, so common in cattle,
has been confirmed also in B. melitensis-infected
sheep [7], even if it seems that the latently infected
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ewes rarely transmit the infection to their lambs.
However, in spite of the low frequency of transmis-
sion, the existence of such latent infections greatly
increases the difficulty of eradicating brucellosis.

Material from an abortion represents the main
source of transmission, with the excretion of enormous
numbers of bacteria; the placenta, the fetuses and the
fetal fluids are highly infective. After delivery or abor-
tion, the excretion of brucellae in the vaginal discharge
continues for about 3 weeks but may last up to 2
months. Therefore the soil where deliveries take place
becomes massively contaminated. The number of bru-
cellae excreted in milk is generally not relevant for
sheep-to-sheep transmission, but is important for the
transmission of the infection to humans.

The nature of the material that is contaminated by
the brucellae is of some importance. Sand and straw
used for bedding may absorb a considerable number
of bacteria. Impervious material, such as concrete,
keep bacteria on the surface and animals may there-
fore become infected through inhaling the contami-
nating micro-organisms.

It is a general belief that the male does not play an
important role in the epidemiology of brucellosis. It
is possible, however, that it may transmit the infec-
tion through mechanical means. In males, the infec-
tion may affect the reproductive organs and, quite
often, orchitis develops.

The resistance of Brucella in the environment is
not easily determined because the conditions in
which the bacteria may be found are very variable.
The organism can survive in dust from 3 to 44 days,
on sterile surfaces for 20 days and in tap water for
30 days. Resistance in wooden houses and on the floor
of shelters is about 4 months. In pastures exposed to
the sun, survival is up to 15 days, while in the shade it
is 35 days. B. melitensis is killed by pasteurization, and
it is sensitive to common disinfectants.

TREATMENT, PREVENTION AND
CONTROL

The widespread distribution of the bacteria in the
body and their ability to survive inside cells render
chemotherapy ineffective.

To date, little has been accomplished with the con-
trol and eradication of brucellosis in small ruminants.

The best scheme to follow is the identification and

culling of infected animals. Prophylactic campaigns

aimed at eradicating the disease have been successful

in the most advanced European countries but have

fallen short of this aim in developing countries.
Three strategies are available:*

® Vaccination as a preliminary intervention.

® Vaccination associated with culling of infected
animals.

® Identification and culling of infected animals with
no vaccination.

Where the level of infection is not known, a trial
investigation is necessary before selecting the most
appropriate prophylactic method. However, the fol-
lowing general sanitary measures are considered to be
of some beneficial effect in controlling the disease:

® Introduction of new sheep or goats to the herd
should be rigorously controlled, and mating
should also be with animals from non-infected
herds.

e Strict isolation is necessary on the introduction of
animals susceptible to brucellosis.

® The mixing at markets or at pasture of healthy
animals with infected animals or those of
unknown status must be avoided.

® Periodic clinical and serological examination of
rams selected for mating is necessary.

® Precautions should be taken during transit of
sheep to avoid infection.

The main concern of the authorities must be to curb
transmission through the elimination of all sources of
infection, employing mandatory identification of the
infection sites and enforcement of all measures aim-
ing at maintaining the health status of the area. Cases
of abortion must be reported and confirmed by sero-
logical and allergic tests. Infected animals must be
culled, and their owners compensated by the compe-
tent authority. It should be emphasized that any meas-
ure taken toward reducing the incidence of abortion
and uterine infection contributes by reducing the num-
ber of B. melitensis cases available for transmission.

If possible, lambing should take place in isolation.
Destruction of infected materials, i.e. by incineration,

* Vaccination is not allowed in Member States or regions of
the European Union in which official brucellosis-free status
(B. melitensis) has been achieved or is being sought.
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as well as disinfection of the areas where deliveries take
place, is necessary. Attendants must disinfect hands
after handling infected material. It is also important
that milking be performed with the maximum hygiene.

The use of vaccine is useful only as an addition to
the rules mentioned, as the immunizing level given
by the vaccine is never complete. The persistence of
virulent brucellae in vaccinated sheep may cause a
chronic infection that goes undetected, but con-
tributes to the dissemination of infection.

In sheep, two vaccines are generally used: the Rev-
1 strain of B. melitensis-attenuated vaccine [8]; and
the H-38 B. melitensis-inactivated vaccine [9].

Rev-1 vaccine

Rev-1 is a non-dependent inverse mutant of a
streptomycin-dependent strain of B. melitensis. Even
though it is used as an attenuated vaccine, it retains a
residual pathogenicity that may cause abortion if
inoculated into pregnant ewes, as well as excretion of
the organisms in milk if inoculated during lactation.
Apart from these inconveniences, Rev-1 has advan-
tages, as it is stable, is not transmissible to other sheep
and provides long immunity. Vaccinated animals pro-
duce antibodies that can be demonstrated by sero-
logical tests. Complement-fixing antibodies disappear
6-8 weeks after vaccination, in most cases. For this
reason, Rev-1 is employed only in young animals
before they reach their reproductive age. However,
in some instances, the vaccine is also administered to
adult ewes, in which, in order to reduce the likeli-
hood of abortions and excretion in the milk, a reduced
dose of the vaccine and subconjunctival administra-
tion have been used. Considering the fact that sub-
cutaneous administration confers a longer persistence
of antibodies and the obvious difficulty in performing
two separate vaccinations, it has been suggested that
the animals should be vaccinated only once, intra-
conjunctivally, with a 10° dose of vaccine [10].

Following Rev-1 vaccination, the bacteria are dis-
seminated widely, followed by their localization in
the prescapular lymph nodes on the side of inocula-
tion, with a possible spread to the cranial lymph
nodes. In most cases, the organism disappears after
3 months [11]. Rev-1 induces a very efficient immu-
nity, lasting more than 2'/; years.

A deletion mutant of strain Rev-1 was recently
obtained which, according to the results of tests

conducted in mice, would allow serological differen-
tiation between infected and vaccinated sheep [12].
The deleted gene codes for the periplasmic protein
BP26, the immunodominant antigen in the serologi-
cal response of B. melitensis in sheep. The authors
suggest, if proven safe and effective in the target
species (sheep), the use of this Rev-1 bp26 deletion
mutant as a vaccine for the eradication of B. meliten-
sis infection in sheep. Several other prospective can-
didate vaccines are also under investigation [13].

H-38 vaccine

H-38 vaccine is produced by a virulent strain of B.
melitensis biotype 1, inactivated with formaldehyde
and suspended in adjuvant oil (Arlacel A). One dose
containing 3 X 10! bacteria induces good protection
which lasts 15 months. As it is an inactivated vaccine,
it may be used in pregnant and lactating animals.
Unfortunately, two disadvantages have been
reported: the antibody response develops more
slowly compared with Rev-1, and H-38 frequently
causes a local reaction at the inoculation site, which
can be severe. Moreover, as the characteristics of the
vaccine may change from one batch to the other, the
use of H-38 has been limited.

ZOONOTIC IMPLICATIONS

Brucellosis in humans is characterized by fever,
chills, night sweats and great weakness. Most of the
infections caused by B. melitensis are contracted from
the drinking of raw, infected milk or from eating
dairy produce such as certain cheeses made from
sheep milk. Infections are also derived from direct
contact with infected secretions and excretions of
sheep and goats. Infection in humans is sometimes
referred to as Malta fever.

B. melitensis is particularly infective to man and,
since milk-producing ewes are more receptive than
sheep raised for slaughter, milk sheep provide a
higher risk for human infection.

The possible pathogenicity of Rev-1 for man has to
be considered. Experimental inoculation of Rev-1
in human volunteers has produced clinical signs.
Veterinarians may infect themselves while vaccinating
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with Rev-1. However, at the beginning of vaccination
campaigns, the personnel involved have a distinct
chance of being exposed to infected animals. Also, par-
ticular caution must be taken by laboratory technicians
producing the bacterium for the vaccine.
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Ulcerative balanitis and vulvitis

A. Greig

Ulcerative conditions of the external genitalia of
sheep have been described in a number of countries
since the early 1900s. Four different entities are
recognized, namely venereal orf, caused by a Para-
poxvirus, enzootic posthitis caused by a diphtheroid
bacterium [1], a mycoplasma-associated vulvovagini-
tis [2] and an ulcerative balanitis and vulvitis condi-
tion seen in Australia [3] and the UK [4] for which no
consistent agent has yet been identified. The isola-
tion from one of three ewes with vulvovaginitis of a
human mycoplasma, M. fermentans, together with
recovery from all three ewes of Histophilus ovis and
Arcanobacterium pyogenes, both previously associ-
ated with ovine reproductive disease, is a novel find-
ing of uncertain significance [5].

VENEREAL ORF

Cause

The Parapoxvirus of orf or contagious pustular derma-
titis may infect the skin in many areas, including the
genitalia of ewes and rams (see Chapter 42).

Clinical signs and diagnosis

The disease is manifest by ulcerative lesions on the
prepuce, penis and vulva. Generally, orf lesions are
present on the skin of other areas, and are usually
proliferative and pustular. Diagnosis is based on clin-
ical signs with confirmation by electron microscopy,
by immunodiffusion or by recovery of virus in cell
culture.

ENZOOTIC POSTHITIS

Synonyms: pizzle rot, sheath rot, balanoposthitis.

This condition principally affects castrated male
sheep with the greatest recorded prevalence being in
Australia [1], where up to 40 per cent of the group
may be affected, although a small outbreak of posthi-
tis has been seen in wethers [6] and ram lambs in
the UK.

Cause

Corynebacterium renale or a related urease-producing
diphtheroid is considered to be the microbial
pathogen involved, but several dietary factors, viz.
high protein diets, oestrogens in the feed or alkaline
drinking water, are considered essential for the
severe condition to develop. Ulceration is thought to
be caused by the release of ammonia following
hydrolysis of urinary urea by the organism.

Clinical signs and diagnosis

Initial lesions are small, ill-defined areas of superficial
necrosis affecting the skin of the preputial ring, which
subsequently may extend internally to affect the lining
of the prepuce and the penis. As the internal condi-
tion worsens, the prepuce swells and becomes more
pendulous and the animal becomes anorectic and lies
down frequently.

Without treatment, stenosis of the preputial ori-
fice can occur. Similar ulcerative lesions affect the
ewe’s vulva and posterior vagina, and resolution may
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lead to distortion of the genitalia. Diagnosis is based
on clinical signs and the recovery of urease-produc-
ing Corynebacterium spp from the lesions.

Treatment

Topical treatment with antiseptics coupled with sys-
temic antibiotic therapy and removal of, or from, the
dietary factors associated with this condition lead to
resolution.

MYCOPLASMA-ASSOCIATED
VULVOVAGINITIS

The primary report of the vesicular form of this con-
dition was in ewes in late pregnancy in Australia [2].
Subsequent reports are generally of mycoplasma-
associated granular vulvitis.

Cause

A mycoplasma closely related to Mycoplasma
mycoides subspecies mycoides, subsequently called
Mpycoplasma spp 2D, was isolated but failed to repro-
duce the condition in experimental transmission
studies. Subsequently, a ureaplasma was implicated
in an outbreak of vulvitis in Northern Ireland, and vulvitis
and vaginitis with ulceration of the vestibule was evident
in some cases following experimental transmission [7].

Clinical signs and diagnosis

Congestion and oedema of the vulva with scabs on
the lower commissure and small vesicles and plaques
on the posterior floor of the vagina are seen. Initially,
ewes in late pregnancy were affected, but the condi-
tion persisted in the Australian flock for 6 months.

Clinical appearance and microbiological examin-
ation are the basis of diagnosis. However, recovery of
mycoplasmas or ureaplasmas from the lesion cannot,
by itself, be regarded as confirming the condition,
since these agents are considered commensals of the
lower reproductive tract. Further investigation and
classification of these agents into pathogenic and
non-pathogenic strains or serotypes will be needed
before lesions can be attributed to an isolate.

Treatment

Long-acting tetracycline, which successfully eliminated
ureaplasmas from 84 per cent of ewes [8], would prob-
ably be equally effective against Mycoplasma spp.

ULCERATIVE BALANITIS AND
VULVITIS OF UNKNOWN
AETIOLOGY

Cause

Despite exhaustive examinations for viruses and bac-
teria, no infectious agent has been consistently isol-
ated, and transmission studies with scab material
have failed to reproduce the condition [3].

Clinical signs

Frequently, the first sign is the presence of blood on
or around the vulva of a number of ewes from around
18-20 days after the start of mating. Swelling of the
vulva with ulceration confined to the skin of the vulva
can affect up to 30 per cent of the ewes (see Figure
21.1 in the colour plate section). In rams, the primary
lesion is a sharp-edged, deep ulcer on the glans penis
(Figure 21.2), which can involve the whole glans,

Figure 21.2: Ulceration of the glans penis; cause
unknown.
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including the vermiform appendix. In the acute
stage, a blood clot fills the ulcer, which, if removed,
causes copious haemorrhage. This is the likely source
of the blood on the wool around the vulva of ewes.
Surprisingly, libido is largely unaffected. In a few
cases, the preputial orifice is also affected with scabs,
while others show a diffuse inflammation of the pre-
puce with profound oedema. Generally, the whole
working ram stud is affected in an outbreak.

Treatment

Affected rams should be removed from the ewes,
rested and treated with local and parenteral antibi-
otics until the penile lesions heal, when they can be
returned to the ewe flock. Despite the severity of
lesions in both the ewes and the rams, the subsequent
lambings are seldom disrupted to any degree.
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Diseases of the oral cavity

A.L. Ridler and D.M. West

Oral lesions are present in many systemic diseases of
sheep, including foot-and-mouth, bluetongue, orf,
ulcerative dermatosis and sheep pox. However, clinical
examination of these cases usually reveals other gener-
alized signs. This chapter covers only those conditions
in which the lesions are limited to the oral cavity [1].

Diseases of the teeth and their supporting soft tis-
sues are common and, in many parts of the world, are
the main reason for culling otherwise healthy breeding
ewes before the end of their natural reproductive life,
with consequent increased flock-replacement costs.

Dental conditions include developmental and com-
position abnormalities, diseases resulting in premature
incisor or cheek-tooth loss, excessive and/or irregular
tooth wear, deformities of the mandible and prob-
lems of occlusion or bite.

INCISOR LOSS

Synonyms: broken mouth, periodontal disease, para-
dontal disease

Premature incisor loss is recognized as a significant
dental problem throughout the world. Abattoir sur-
veys in Britain have found incisor loosening or loss in
60-70 per cent of cull ewes [2]. However, broken
mouth is not evident in all flocks; some are completely
free of the disease while in others it may appear in ani-
mals at any age between 3 and 8 years, the prevalence
within the flock varying from 5 to 70 per cent. There
are no precise figures for the proportion of flocks
affected in Britain, although epidemiological returns
and flock-recording schemes suggest that it may be
over 50 per cent. Incisor loss is also a common prob-
lem in many areas of Australia and New Zealand.

The economic importance of incisor loss depends
on its incidence, flock management and farm type. On
hill and upland farms where grazing is poor, broken-
mouthed ewes are culled at a young age because they
may be unable to maintain body condition. The conse-
quent high replacement costs are compounded by the
low sale value of broken-mouthed ewes (up to 30 per
cent less than age-matched sound-mouthed animals).
On lowground farms, pasture conditions often allow
maintenance of body condition and production despite
incisor loss. In New Zealand, broken-mouthed ewes
have been shown to be capable of live-weight per-
formances identical to sound-mouthed ewes, provided
their herbage allowances are some 30 per cent higher
and they do not have to compete for it [2].

Clinical signs

When tooth loosening and loss have occurred, the
diagnosis of broken mouth is straightforward, but
early signs can be identified by careful examination
of permanent incisors and their gingivae.

Gingivitis, characterized by gingival oedema, patchy
reddening of the gingival margin and capillary fragility
is evident in all sheep. In animals that remain free of
broken mouth, this may persist throughout life but
remain slight and difficult to see. In flocks in which
broken mouth develops, the gingivitis worsens soon
after incisor eruption. The severity of this chronic
gingivitis fluctuates with time, periods of quiescence
being interspersed with episodes of acute inflamma-
tion, when pus may be expressed from the gingival
sulcus and the whole gingival margin is affected [3].
Repeated bouts of acute gingivitis lead to fibrosis of
the gingival margin, which becomes thickened and
irregular. On occasion, outbreaks of acute necrotic
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Figure 22.1: Typical broken mouth. Note a central incisor
has been lost and gaps have formed between the teeth,
which appear long and the gingiva around the teeth is
swollen (arrow).

gingivitis and traumatic damage to the gingiva are
recognized in flocks developing broken mouth, but
are not consistent findings and are considered to be
separate aggravating conditions. Gingivitis is also
recognized around deciduous teeth, and it has been
suggested that this is more severe in flocks with a
high incidence of broken mouth.

As a result of the gingivitis, recession of the gin-
gival margin occurs, which may make the tooth crowns
seem very long (Figure 22.1). Irregular incisor crown
wear, progressing to peg-like teeth, is a common
adjunct to gingivitis, especially late in the condition,
but it should be noted that neither long crowns nor
irregular wear are necessary precursors to tooth loss.
Grass impaction around long incisors is a further
common finding and is considered an aggravating
factor. The time from the appearance of severe gin-
givitis to tooth loss may span as little as a year in
some flocks, but may extend over 3—4 years in others.

Pathogenesis

A complex microbial population develops within the
gingival sulcus as soon as each tooth erupts into the
oral cavity, which becomes associated with a localized
inflammatory response in the sulcal wall and associ-
ated lamina propria. On farms free of broken mouth,

the amount of subgingival plaque is small and the
inflammatory response localized, but, where broken
mouth occurs, the amount of plaque and its morpho-
logical complexity increases and the local inflamma-
tory response intensifies. Up to 18 months prior to
tooth loss, gingivitis progresses to periodontitis,
which may involve all the supporting periodontal liga-
ment and even alveolar bone.

The morphology of the periodontal ligament and
surrounding alveolar bone are designed to accept the
normal mechanical grazing forces applied to the inci-
sors. Episodes of gingivitis and periodontitis are
associated with deepening of the sulcus around the
tooth to form pockets [4] and the destruction of
collagen within the periodontal ligament. In time,
this destroys the functional integrity of the periodon-
tium, particularly on the lingual aspect of the inci-
sors, and makes the tooth liable to loss from normal
grazing/feeding forces [5].

Similarities are recognized between the pathogen-
esis of broken mouth and periodontal disease in
man. Immune responses to subgingival plaque anti-
gen components appear to be of primary importance
to man and sheep, although no specific plaque anti-
gen or single bacterial species has been implicated.
Bacteroides spp and Fusobacterium spp isolated from
sheep with periodontitis are similar to those impli-
cated in human periodontal disease. The current
understanding is that one or more of a number of
periodontopathic micro-organisms are associated
with the induction of a range of host responses
resulting in tissue destruction.

Causes and epidemiology

Although the basic pathogenesis of broken mouth is
recognized, the reasons for the variable incidence of
periodontal disease between flocks remains unclear.
Over the years, several suggestions have been made,
but the evidence for any one is, at best, inconclusive.
An imbalance in the nutritional ratio of calcium to
phosphorus, or lack of calcium and an effect on the
bony tooth supports, once the commonest hypoth-
esis, has been discounted [6]. Improved pasture man-
agement (reseeding and liming), tough diets (root
crops), excess wear on cheek teeth, faulty occlusion,
high levels of oestrogen in the diet and problems in
hogg nutrition (overwintering on root crops) are fur-
ther unsubstantiated proposals. Good protein and
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trace element nutrition may also influence the health
of the periodontium, its repair, nutrition and defences.
Broken mouth is a multi-factorial problem that may
be unique to each farm and, while no evidence is
available to link any of the above factors to its patho-
genesis, the possible association between broken
mouth and management should be kept in mind in
any investigation.

Treatment and control

There is no treatment or control for broken mouth.
Control through management changes has been sin-
gularly unsuccessful. A number of dental surgical
procedures have been tried, including metal splints
to aid tooth support and crown bite correction by the
use of an industrial grinder. Neither procedure has
been able to prove its economic worth or long-term
efficacy, and the latter technique has been banned on
welfare grounds in the UK and New Zealand.

Advice on the control or prevention of broken
mouth must be empirical and with little guarantee of
success. In the first instance, the real rather than per-
ceived importance of tooth loss to the flock should be
assessed in the light of current concepts of dental
adaptability to different pasture conditions. Changes
in farm policy to allow casting to a separate flock
maintained under slightly better conditions, although
leading to higher management costs, may allow the
production of two or more extra crops of lambs while
reducing replacement costs and minimizing the losses
from poor sale prices. Practical management alterna-
tives for any factor that may aggravate tissue damage
around teeth, such as root feeding, should be exam-
ined and changes initiated on a trial basis to assess
their significance [4].

INCISOR WEAR

In New Zealand and Australia, excess incisor wear, in
which the incisors are worn down to gum level before
34 years of age, is common, affecting up to 30 per cent
of flocks in some districts [7]. This has a significant
impact on farm profitability owing to the proportion of
replacements required. The rapid wear of permanent
incisors is also reflected in the temporary incisors of

Figure 22.2: Excessive wear: the temporary teeth are
worn to gum level and the recently erupted permanent cen-
tral incisors show signs of early wear.

young sheep on the same properties (Figure 22.2).
In Britain, what little information is available sug-
gests that incisor wear is only significant in some
localized areas where sheep are grazed on marginal
sandy pasture.

Many contributing aetiologies have been sug-
gested for excessive incisor wear, but abrasion due to
soil ingestion at the time of prehension generally has
been accepted as the most important. However, the
clinical picture of wear is not always typical of short-
ening due to abrasion at the occlusal surfaces. Incisor
teeth do not simply shorten, but also dissolve and
wear from the sides, so that the incisors are eventu-
ally reduced to ‘pebbles’. It has been proposed that
acids in soils may dissolve teeth, and studies in vitro
have demonstrated that sheep dentine demineralizes
in buffered sodium lactate solutions containing cal-
cium and phosphate ions at pH levels within the
range commonly reported for herbage and soils [8].
This solubilization hypothesis has yet to be fully
tested in vivo but, in conjunction with physical abra-
sion, could account for the excessive rates of incisor
teeth wear observed in many flocks.

DEFECTIVE ENAMEL FORMATION

Developmental defects of enamel in the permanent
incisors of sheep result from some disturbance to the
activity of ameloblasts during tooth development.
These defects include enamel hypoplasia seen as
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Figure 22.3: Enamel hypoplasia shown as two horizontal
lines of enamel pitting on the central permanent incisor teeth.

small, shallow pits, no larger than 1-2mm across
(Figure 22.3) and enamel opacities in which there is a
change in translucency of the enamel. Enamel defects
are seen most often in recently erupted central per-
manent incisors, which develop in the jaw of growing
lambs between 5 and 14 months of age and are fully
formed before eruption at 15-18 months. Enamel
defects of human permanent teeth are common and
many factors which interfere with normal amelogene-
sis have been described. In sheep, defective enamel
formation has been associated with feeding young
sheep grain diets high in phosphorus and low in
calcium, parasitism, undernutrition resulting from
drought conditions and excessive fluorine ingestion.
Infecting lambs with worm burdens, especially
Trichostrongylus spp nematodes, has reproduced
enamel defects similar to those observed on farms [9].
The disappearance of enamel hypoplasia after appro-
priate nematode parasite control programmes have
been implemented suggests this may be an important
cause of enamel defects in grazing sheep.

On its own, enamel hypoplasia is of little concern
unless excessive incisor tooth wear is also present in
sheep on the same farm.

CARIES

Caries result from bacterial action on the incisor
enamel and are characterized by the development
of deep holes, most frequently at the neck of the
deciduous incisors at gum level (Figure 22.4). The
incidence within a flock is high, but few outbreaks are

™

Figure 22.4: Dental caries on an incisor tooth (arrow).
Brown staining may surround the pit in the enamel.

reported because malnutrition, the only significant
consequence of caries, occurs only under specific
conditions of management. Crowns, weakened by
caries, snap off at gum level, leaving a ragged stump;
hoggs fed on root crops during winter are unable to
bite into hard roots, and body condition deteriorates
as a result. Histologically, the condition in lambs
resembles that of man and, like that condition, is prob-
ably associated with diets high in soluble carbohy-
drate (e.g. concentrate feeding and some strains of
root crops). Caries in adult teeth have been reported
but are unlikely to be of clinical significance. The
effects of caries are readily reduced by the addition
of hay to the affected lambs’ diet [10].

FLUOROSIS

Dental fluorosis is often the only visible evidence of
fluoride intoxication since skeletal lesions may remain
inapparent. Fluoride interferes with the normal depo-
sition of mineral in developing teeth, and its effects
therefore depend on the age of the animal and dur-
ation of exposure. The clinical signs appear long after
fluoride intoxication. Pitting of the enamel may be
extensive, and the enamel discoloured and chalky,
with affected teeth wearing much faster than normal.
Where exposure is brief, the resulting dental lesions
may be limited to an irregular groove around a single
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pair of teeth, which, in time, may be mistaken for cari-
ous pitting of enamel.

Fluorine toxicosis may follow industrial contamin-
ation or the application of certain rock phosphate fer-
tilizers to pasture (Chapter 57). The diagnosis depends
on a history of access to contaminated pasture and the
analysis of feedstuffs and water. Blood levels of fluor-
ine may rise above the normal level of 0.2mg/dl and
fluorine in urine may also be elevated above 6 ppm, but
these are not consistent features. There is no treatment
apart from removing the flock from the contamination
so as to prevent further lesions from developing.

TOOTH DISCOLORATION

Discoloration of the tooth crown is a regular condition
in sheep. Brown pigmentation of the incisor surface,
most pronounced at the gum margin and disappearing
towards the incisive edge, is quite normal and is due to
colouring of the porous cementum that covers the
complete incisor crown at eruption. A thicker miner-
alized deposit over enamel, calculus, is seen occasion-
ally, but is more common round cheek teeth, where it
may be brown or black and occasionally have a metal-
lic sheen. In large quantities, it may aggravate local
gingivitis but otherwise has no clinical significance.

ANTERIOR SWELLING OF THE
MANDIBLE

Localized unilateral swelling of the anterior portion of
the horizontal ramus of the mandible below the inci-
sors in 2—4-year-old ewes occasionally may become a
flock problem. Clinically, the swellings are bony and
involve the incisor supports, one or more incisors
always being displaced or missing. Histologically, the
swellings are sterile, fluid-filled spaces lined with strati-
fied epithelium, lying within a thin shell of alveolar
bone (Figure 22.5). In most cases one, or more, per-
manent incisors is found in close apposition to, or
within, the cyst wall. The term ‘dentigerous’ cyst, mean-
ing ‘containing a tooth’, is commonly used to describe
these swellings, but ‘odontogenic’ cyst has been sug-
gested as more scientifically correct, as the cysts arise
from epithelium associated with the formation of
teeth. The cause of these so-called dentigerous cysts

Figure 22.5: Radiograph of anterior mandible showing an
odontogenic cyst.

is unknown. Their sporadic occurrence within a flock,
especially flocks with excessive wear of temporary
teeth, suggests that they may be an extreme form of
malpositioning and maleruption. It has been proposed
that they arise as a result of abscessation of periodon-
tal tissues during the development and eruption of
permanent incisors, followed by partial recovery and
cyst formation from displaced epithelial fragments,
but this suggestion requires confirmation [11].

DISEASES OF THE CHEEK TEETH

Diseases of the molar and premolar teeth have
received little attention owing to the difficulty of clin-
ical examination. However, abattoir surveys have
shown that dental diseases of the cheek teeth are com-
mon in ewes and, on occasion, may become severe
flock problems.

Clinical signs

Diseases of the cheek teeth may become apparent
only when ewes develop excessive weight loss or preg-
nancy toxaemia. Otherwise, a picture is seen of slow
deterioration in condition of a few ewes, swelling over
the cheeks, occasional halitosis and some dribbling of
rumen liquor during cudding. External palpation of
the mandible may show hard bony swellings in the
region of the cheek teeth of some ewes, occasional fis-
tulae to the ventral aspect of the mandible and the
smoothing out of cheek-tooth outlines in others due
to impaction of grass between the teeth. Actual loss of
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mandibular or maxillary cheek teeth may also be pal-
pated through the cheeks.

Causes and pathogenesis

It is probable that chronic gingivitis and periodontitis
are aggravated to more acute forms by farm-specific
environmental factors. These factors have yet to be
examined but, from evidence in other species, are likely
to include fodder consistency, anatomical features pre-
cipitating grass impaction, and soil/herbage conditions
that lead to trauma of the gums, gingiva and sulci.
Similarly, many other syndromes appear to be second-
ary complications of an acute periodontitis. Thus, if the
alveolar bone is sufficiently rarefied by alveolitis, then
abscessation and fistulation to the ventral aspect of the
jaw can ensue. In other cases, all the ligamentous sup-
port to a molar tooth may be destroyed but, because of
its length, the tooth is not shed. Such teeth are likely to
wear unevenly and rapidly, giving an irregular grinding
table and shorter tooth. However, worn short teeth
may be lost, leading to overgrowth of the opposing
tooth into the empty socket and ulceration and lacer-
ations of the tongue, gums and cheek. The first and
second premolars have relatively short roots and are
often lost as a result of chronic periodontitis, without
need for excess wear. Packing of food material into
pockets and sockets gives a severe halitosis and will
exacerbate any infection still present.

There is no known cause for these conditions. A
pathogenesis similar to broken mouth may be a pos-
sibility in many cases, but secondary acute bacterial
infections are probably required to induce periostitis
and fistulation. Once molar disease becomes severe
enough to induce clinical disease, the condition is
irreversible and affected ewes usually are destroyed.

MALOCCLUSION

Correct occlusion, the meeting of the incisors within
1-3mm of the front of the upper pad, is considered
important in the selection and breeding of rams and
ewes. Severe overshot or undershot jaws, in which
there is greater than 5Smm discrepancy between the
incisors and the front of the upper pad, are considered
to be inherited, but there is no evidence that occlu-
sion within these extremes is controlled genetically

or has a marked effect on broken mouth or other
dental disease. Occlusion is a complex measurement
involving the relative lengths of maxilla and mandible,
anatomy of the temporomandibular joint, angle of
the incisor in the jaw, length of incisor and, most
importantly, ligamentous damage resulting from peri-
odontitis. The last three are acquired traits, which
change through life, thus the heritability of malocclu-
sion is likely to be low.

An undershot jaw later associated with an inability
to close the mouth occasionally develops in hoggs.
This is a rachitic syndrome, which is rare now owing
to improved sheep nutrition (Chapter 53).

SOFT TISSUE LESIONS OF THE
ORAL CAVITY

Vesicles and erosions on the dental pad, gums, lips
and tongue may occur in foot-and-mouth disease
(FMD). Lip and gum lesions have also been
described in sheep from the UK and New Zealand
that did not have foot-and-mouth disease [12-14].
Typically, these lesions presented as discrete fresh or
healing ulcers on the gums, usually located in the
midline ventral to the incisor teeth. The ulcers had a
raised edge, giving them a crater-like appearance. In
a New Zealand abattoir survey, 3—4 per cent of the
nearly 8000 adult ewes examined had oral lesions
[14]. Following eradication of foot-and-mouth dis-
ease from the UK in 2001, a survey of 20000 sheep
heads found a 1 per cent prevalence of idiopathic
oral lesions variously affecting the lower and upper
gums, dental pad, hard palate and tongue. A well-
illustrated review of the lesions and their differenti-
ation from those of foot-and-mouth disease is
available [15]. The lesions have been postulated to be
associated with trauma, or with grazing sparse, rough
or short pasture, the provision of feed or salt blocks,
and the use of feeding troughs with sharp edges.

Damage to the soft tissues at the back of the oral
cavity, and subsequent abscess formation, can occur
following drenching gun injuries, penetration of
foreign material such as grass seeds into the cheeks
or tonsillar fossae, or external penetrating wounds.
Typical signs include inappetance, dribbling of rumen
liquor around the lips during cudding (cud-staining)
and loss of body condition.
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BACTERIAL INFECTIONS OF THE
ORAL CAVITY

Orf lesions in lambs can become contaminated with
secondary bacterial invaders, especially Fusobacterium
necrophorum, giving a necrotic stomatitis, which can be
fatal. In fact, necrotic stomatitis can be a sequel to any
lesion that disrupts the integrity of the oral mucosa.
Flock outbreaks of actinobacillosis due to
Actinobacillus lignieresi occur sporadically. Lesions
consist of multiple fibrotic nodules in the subcutaneous
tissues of the cheek, lips, nose and throat. These nod-
ules progress to fibrous sinuses that fistulate to the oral
cavity or outside, often releasing thick, odourless,
adherent, green-yellow pus. Similar granulomatous
lesions can occur also with Arcanobacterium (Actino-
myces) pyogenes, although with pus that is foul-
smelling, more fluid and yellow. Specific diagnosis
depends on the isolation or demonstration of the
causal organism. The conditions can be treated with
streptomycin intramuscularly but are best prevented by
limiting the occurrence of oral lacerations and wounds.

T