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B Ipoduubitovres mapdayovres kan péOodot e1éyy0v TG paoTitidag fakTnplakic
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Klwvuer; Hopoywyxav Zowv, Tuijua Kinviatpikig, Zyol Emotnudv Yyeiag, Apiototéleio Hovemotiuio Osooalovikng.

ABSTRACT. Bacterial mastitis is a major health problem in dairy sheep worldwide. It is associated with reduced milk
yield and occasionally involuntary culling of affected ewes, as well as insufficient growth and mortality of lambs. In gen-
eral, the incidence of clinical mastitis in ewes during lactation is lower than 5%. However, the prevalence of subclinical
mastitis is variable ranging from 10-30% or more. In clinical cases of bacterial intramammary infections, Staphylococcus
aureus is dominant. In the case of subclinical mastitis the prevailing isolates are Coagulase-Negative Staphylococci
(CNS). Moreover, predisposing factors related to the environment, genetics, udder morphology and nutrition, are likely
to contribute to the occurrence of mastitis. Hence, control of the latter factors and bacteriological contamination during
milking are the main preventive measures. The notion is that detection of the ovine genome regions involved in mastitis
resistance will also facilitate the most effective control of mastitis in flock level. Appropriate genetic selection, together
with the implementation of preventive measures, could reduce the negative consequences of bacterial mastitis.
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ITEPIAHYH. H poctitida sivat évo omd To oUavTIKOTEPO VOGTLATO GTIC EKTPOPEC YOAAKTOTUPAYDY®Y TPOoPd-
TOV, L€ ONUAVTIKES OLKOVOULKEG EMTMTMOCELS, KOODC oyeTileTOL e LELOUEVT YOAOKTOTAPAYMYT KOl TEPIOTUCLOKE, LLE
TPAOIUN OTORAKPVVOT] EVAAIKOV {D®V, HEW@HEVT avATTLEN Katl avénpévn Bvnolpnotnta ota apvid, avtictotyo. H ava-
Aoyl EMMTOONG TOV TEPIGTUTIKOV KMVIKNG HOoTITIO0S eival cuvnBmg yaunAdtepn and 5%, evd 0 ETTOALUGHOC TOV
TEPLOTATIKOV VIOKAMVIKNG pootitidag kopaivetor peta&d 10% kot 30%. Xtig meplocoTEPES TEPIMTOCELG, 1| LOOTITION
givar Baxtnproxng mpoéievons. To anoTeAéoUATO EPEVVAOV GE TEPLOTATIKG KAVIKNG LACTITIONG YAAOKTOTAPAY®YDV
TpoPatev £de1EavV OTL 0 KUPLOTEPOS AUTIOAOYIKOG TapdyovTag elvar o Staphylococcus aureus, eved o1 TNKTAGN-0pVNTIKOL
otapviokokkol (Coagulase-Negative Staphylococci, CNS) givat ot kOplot a1TloA0YKOT TOPAYOVTES TNG VTOKAIVIKNG
paotitdag. Exktoc and to pkpoPloAoyikod artloAoYiKd Tapayovta, onUaviikd pOA0 TNV TpOKANGT TG MAGTITIONG
nailovv mpodabétovieg mapdyovtes, Onwg meptPariovtikol, popPoroyikol, datpopikoi Kot yevetucol. H Aqyn mpo-
ANATIKOV PETPOV GLVIGTATOL Y10 TOV TEPLOPIGHO TOV VOSTIHLATOC. O EVTIOMIGIOG YOVISIOK®MV TEPLOY®V Tov oyetilovrat
pe v avOekTIkdTNTO 6T HOoTITION, B0 HTOPOVGE Vo dMGEL YPNCILES TANPOPOPIES Y10 TOV EAEYYO TNG LACTITIONG GE
eninedo extpoens. H epoproyn Tpoypappidt®y YeVeTIKNG ETIAOYNAG GE GLVOVAGHO UE TA KATOAANAQ TPOANTTTIKG HETPA,
Ba 0dnyovoe GTOV TEPLOPIOUO TOV APVNTIKAOV ETMTOCEDV TOV VO LOTOG.

AEEEIG-KAEIONA: YALOKTOTOPAYWYES TPOPATIVES, YEVETIKN EMIAOYY, EVOOUAOTIKEG HOADVOELS, naoTitioa, Tpooladétovies

TOPAYOVTES

INTRODUCTION

vine mastitis can be specified as the inflammation
Oof the ewe’s udder (Schalm et al., 1971). Two forms
of mastitis have been recognized according to its clinical
features; clinical and subclinical mastitis. Clinical
mastitis may be followed both by clinical findings
(swelling, heat, redness, hardness or pain in the udder)
and by abnormalities in milk (watery appearance, flakes,
clots, or pus in the milk) (Bergonier and Berthelot, 2003;
Olechnowicz and Jaskowski, 2014). On the contrary,
in subclinical mastitis there are no obvious clinical
findings, but, quantitative and qualitative changes in
milk composition are usually observed (Bergonier and
Berthelot, 2003; Fragkou et al., 2014).

Various causative factors are involved in
the pathogenesis of ovine mastitis, with the most
common being bacterial and viral agents. Among
them, Staphylococci, Mannheimia haemolytica,
Streptococci and Lentiviruses seem to be the most
prevalent pathogens associated with the occurrence
of mastitis (Bergonier and Berthelot, 2003; Turin
et al., 2005; Contreras et al., 2007), whereas, less
often, several other pathogens have been found to
be associated with intramammary infections. The
aforementioned pathogens can be broadly classified
as contagious and environmental based on their viru-

lence and origin. In any case and irrespectively of the
causative pathogen, many environmental and genetic
factors have been found to predispose to mastitis in
sheep (Larsgard and Vaabenoe, 1993).

Controlling for the risk factors and eliminating
the causative agents of mastitis is crucial for modern
dairy sheep farms, both for maintaining a high health
and welfare status of dairy sheep and for the elimina-
tion of economic losses due to mastitis (Radostits et
al., 2000; Barillet et al., 2001; Conington et al., 2008).
Therefore, the last decades, ovine mastitis has been
recognized as an issue of major concern for dairy
sheep industry, which has resulted in an increas-
ing body of research (Contreras et al., 2007). For
example, recently, a project funded by the European
Comission has been focused on the research of sus-
tainable management on small ruminants’ health
problems, including mastitis and under the acronym
3SR-Sustainable Solutions for Small Ruminants.

However, extrapolating data from bovine
mastitis is still the most common practice when
approaching ovine mastitis and its control.
Considering the noticeable differences between
the two species, a more species-specific approach
needs to be adopted. In the case of dairy ewes, cur-
rent breeding programs focus almost exclusively on
selection for high milk yield potential, which, com-
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bined with the implemented intensive management
schemes has lead to an increased incidence risk of
intramammary infections and mastitis. Hence, the
objective of this paper was to review the knowledge
regarding risk factors and control measures against
bacterial mastitis in dairy sheep.

ETIOLOGY

According to the available literature,
Staphylococci are the major etiological agents
of mastitis in dairy sheep flocks. Particularly,
coagulase-negative staphylococci (CNS) and
Staphylococcus aureus are the most commonly iso-
lated bacteria in cases of subclinical and clinical
mastitis, respectively (Bergonier et al., 2003; Leitner
et al., 2004; Contreras et al., 2007). On the other
hand, in meat and wool producing breeds of sheep,
Mannheimia haemolytica is the most commonly iso-
lated bacterium from mastitis cases (Mavrogianni
et al., 2007, Omaleki et al., 2010). In a descend-
ing order, Streptococcus spp. (Marogna et al.,
2010), Corynebacterium spp. (Spanu et al., 2011),

Enterobacteriaceae (Fthenakis et al., 2004; Mork et
al., 2007), Listeria monocytogenes (Brugere-Picoux,
2008) and other bacteria have been found to be relat-
ed with mastitis in dairy ewes (Table 1).

EPIDEMIOLOGY

The annual incidence of clinical mastitis is gener-
ally lower than 5% (Bergonier et al., 2003; Contreras
et al., 2007). However, some authors have reported
outbreaks where the incidence of clinical mastitis
ranged from 30% to 50% (Lafi et al., 1998; Calavas
et al., 1998), with an increased incidence of clin-
ical mastitis being observed in the early lactation
until weaning (Mork et al., 2007; Arsenault et al.,
2008; Gougoulis et al., 2008). In the case of sub-
clinical mastitis, a prevalence ranging from 5% to
30% has been found (Bergonier and Berthelot, 2003;
Contreras et al., 2003; Berthelot et al., 2006). Bulk
milk SCC (bSCC) has been used as an efficient and
cost effective tool, in order to determine the epidemi-
ology of subclinical mastitis at flock level (Lagriffoul
et al. 1999; Bergonier et al., 2003).

Table 1. Bacterial causative agents of inframammary infections in dairy ewes.

Isolation

. Family Genus Species Rate (%) References .
Staphylococcaceae  Staphylococous CNS (8 epidermidis, 5. xplosus, Gonezalo et al. (2002), Kanellos and Burriel (2002),
& chromogenes, 5. simulans, 8. 10.0-67.0 Bergonier et al. (2003), Contreras et al. (2003),
haemolyticus, Fthenakis et al. (2004}, Leitner et al. (2004),
S. flewretti, 8. sciuri) 2.5-8.0 Contreras et al. (2007), Kiossis et al. (2007), Ceccuru
CPS (8 qureus, 8. hyicus, 5. imtermedius) etal (2011)
Pasteurellaceae Mannheimia M hoemolytica, M. glucosida, 0.5-2.0 Mavrogianni et al. (2007),
M. ruminalis Omaleki et al., (2010}
Enterobacteriaceas Escherichia Ecoli, Klebsiella 0.5-6.5 Fihenakis et al. {2004), Mork et al. (2007),
Mycoplasmataceae Mycoplasma M. agalactiae, M. ovipneumoniae, Nicholas et al. (2008),
M. conjunctivae 0.0-60.0 Olechnowicz and Jaskowski (2014)
Streplococcaceae Streptococcus 5 agalactiae, Srreptococcus spp. 0.0-75.0 Zdragas et al. (2005),
Contreras and Rodriguez, (2011)
Corynebacteriaceae  Corymebacterium Corynebacterium spp. 35-11.0 Spanu et al. (2011)
Pseudomonadaceas  Prewdomonas P. aeruginosa 0.0- 20.0 Leitner and Krifucks (2007),
Contreras and Rodriguez (2011)
Bacillaceae Bacillus Bacillus spp. 3.0-6.5 Arsenault et et al. (2008), Spanu et al. (2011)
Burkholderiaceae Burkholderia B. cepacia 50-17.0 Berriatua et al. (2001)
Clostridiscese Clostridium C. perfringens 2.0-15.0 Meork et al. (2007), Fotow et al. (2011)
Enteracoccaceae Enterococous E. durans, E. faecalis, E. faecium 0.5-10.0 Marogna et al. (2010)
Mycobacteriaccae  Mypcobacterium M. avium 0.0-45.0 Nebbia et zl. (2006)
MNocardiaceas Nocardia N. farnicina 0.0-15.0 Maldona et al. (2004)
Listeriaceae Listeria L. monacytogenes 0.0-5.0 Winter et al. (2004), Brugére-Picous] (2008)
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RISK FACTORS

Flock management

Housing

Incorrect housing conditions may lead to clinical
and subclinical mastitis. Substandard shed hygiene
due to inappropriate stocking density, straw bed-
ding and ventilation, increases the incidence risk
of intramammary infections (Caroprese, 2008).
Additionally, insufficient disinfection programs can
promote the multiplication of environmental patho-
gens, which increases the risk of mastitis (Bergonier
et al., 2003). In any case, housing conditions are
strongly related to the overall management scheme,
with permanently housed, intensively reared ewes,
being more exposed to environmental pathogens in
the sheep shed, when compared to semi-intensively
or semi-extensively reared ewes(Gelasakis et al.,
2010).

Milking procedure

Inappropriate milking practices may have a nega-
tive impact on the sanitary status of the ewe’s udder.
According to Bergonier and Berthelot (2003), the
odds of new intramammary infections were higher
when the personnel had received no training on the
standard milking procedures. In these cases, inap-
propriate handling may result either in over-milking
or in milk retention in the gland cistern, with both
of them being associated with higher intramammary
infection risk. In cases of hand-milking, the hands of
milkers can be sources of pathogens, predisposing to
mastitis (Mavrogianni et al., 2006). Moreover, incor-
rect milking machine function parameters (vacuum
level, vacuum reserve per milking unit, pulsation
rate and ratio) may decrease hygiene status of the
udder by favoring bacterial colonization, leading
to intramammary infections (Albenzio et al., 2003;
Contreras et al., 2007). Cluster removal without pre-
vious cutting off the vacuum may also predispose to
intramammary infections. Additionally, degraded
water quality used for the cleaning and disinfection
of milking parlors’ pipes and clusters can facilitate
the colonization of pathogens. The latter, may also be
facilitated by old and eroded clusters (Bergonier et
al., 2003).

In contrast to dairy cattle, in dairy ewes
post-milking teat disinfection is not commonly prac-
ticed. Inappropriate sanitary status of teat dip solu-

tion may predispose to intramammary infections
(Tzora and Fthenakis, 1998), especially when recir-
culating teat dip cups are used.

Feeding

Improper feeding may lead to clinical and sub-
clinical mastitis. According to Koutsoumpas et al.
(2013), lack of vitamin A may predispose to both
clinical and subclinical mastitis. Similarly, vitamin E
deficiency during the dry period, as well as increased
gossypol consumption have been reported to contrib-
ute to occurrence of clinical mastitis (Fthenakis et
al., 2004; Giadinis et al., 2011).

Preventive medicine-health problems

Among preventive medicine practices, the use
of intramammary infusions of antibiotics, during
dry period when implemented inappropriately, may
facilitate the colonization of the teat duct canal with
pathogens (bacteria, fungi), resulting in ascending
intramammary infections (Las Heras et al., 2000;
Bergonier and Berthelot, 2003). In any case, inad-
equate health status of the ewe plays a crucial role
towards mastitis manifestation, affecting both ani-
mals’ overall hygiene condition and their immune
system function (Sordillo, 2005). Based on the
results of recent studies by Mavrogianni et al., (2012,
2014) it can be assumed that trematodes and nem-
atodes infections during dry period and lactation,
respectively, may increase the incidence of mastitis.
Also, teat lesion due to Orf virus infection forms
a significant predisposing factor of intramammary
infections resulted from local immunity relaxation
(Mavrogianni et al., 2007).

Physiological factors

According to Waage and Vatn (2008), prolifica-
cy may have a significant impact on the incidence
of mastitis in meat ewes. Similarly, in dairy ewes,
increased incidence risk of intramammary infec-
tions has been reported for ewes suckling two or
more lambs (Arsenault et al., 2008; Koop et al.,
2010); this could be due to teat lesions caused by teat
bites during the frequent suckling events of lambs
(Fragkou et al., 2007).

The stage of lactation is associated with the
occurrence of intramammary infections. For exam-
ple, Bergonier et al. (2003) indicated higher inci-
dence of clinical mastitis, caused by S. aureus, at the
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first weeks of lactation. Also, Kirk and Glenn (1996)
and Leitner et al. (2001) observed a high prevalence
of subclinical mastitis at the early stages of lacta-
tion. On the contrary, new intramammary infections
during drying-off period are rarely observed, with
the exception of sporadic cases (Las Heras et al.,
2000, Leitner et al., 2001).

A relationship between the number of lactation
and the sanitary status of the mammary gland has
been documented by Leitner et al. (2001), who found
a significantly positive correlation between parity
number and intramammary infections incidence. On
the contrary, Sevi et al. (2000) reported that mastitis
infections were set in progressively earlier as parity
decreased. A possible explanation could be the fact
that natural defense mechanisms are less efficient in
younger ewes.

Genetic factors

In dairy sheep breeds, the correlations between
udder morphological traits, milkability and SCC
have been found to be significant, indicating a rela-
tionship between udder conformation and its hygiene
(Marie et al., 1999). According to Casu et al. (2010),
SardaxLacaune backcross ewes with deep and pen-
dulous udder and high implanted teats are more sus-
ceptible to overmiliking which predisposes to intra-
mammary infections. In another study, Gelasakis
et al. (2012) reported that in Chios breed ewes, the
combination of small size and horizontally placed
teats coupled with inappropriate udder conformation
can predispose to mastitis. Poor machine milkability
results either in overmilking or retained milk in the
udder cistern with negative effects on the mammary
glands’ sanitary status (Gelasakis et al., 2012).

The last decade, there has been an increased inter-
est in studying the genetic basis of mastitis. In France,
genetic analyses for mastitis resistance reported genetic
predisposition to mastitis (Barillet et al., 2001; Rupp et
al., 2006; Barillet, 2007). Recently, Bramis et al. (2014)
investigated the genetic predisposition of mastitis in
purebred Chios dairy ewes in Greece, using genomic
analyses with a customized 960 SNP DNA array earlier
developed as a part of the 3SR Project funded by the
European Commission (Rupp et al., 2013; Sechi et al.,
2013). Several polymorphisms were identified that affect-
ed mastitis related traits, as described in the next chapter.

CONTROL OF MASTITIS

Controlling mastitis is a challenging task for
dairy sheep flocks, both in terms of sustainable pro-
duction and for maintaining high health and welfare
standards. A holistic approach should be considered
for the most effective control of the possible risk fac-
tors, which are underlying intramammary infections.
Within this approach the parameters needed to be
implemented are listed below.

Treatment of mastitis during lactation

There are two operating axes for the effective
treatment of mastitis (Mavrogianni et al., 2011);
a) the immediate initiation of therapy and b) the
intramammary antibiotherapy combined with sub-
cutaneous or intravenous administration, in cases
where generalized signs coexist. There are a large
number of formulations which contain a wide spec-
trum or combination of narrow range antibiotics.
Given that very few of them have special approval
for dairy ewes, products with approval for cattle can
be used as extra label use, taking into consideration
the peculiarities on the withdraw period needed to
be kept, for the milk produced for human consump-
tion. Nowadays, beta-lactamines and macrolides are
widely used under field conditions (Bergonier et al.,
2003). Also, Bergonier and Berthelot, (2003) men-
tioned the necessity of complementary treatment by
the parenteral administration of anti-inflammatory
drugs. In addition, Kiossis et al. (2007) reported a
program which led to limitation of subclinical mas-
titis during lactation using a 3-day intramuscular
treatment with Penethamate hydroiodide in affected
animals. In the same study, the results showed that
the health status of udders entering the dry period
was better.

General husbandry measures

In order to avoid intramammary infections due to
environmental pathogens, general husbandry mea-
sures and high hygiene standards must be applied.
Appropriate stocking density (2.0 to 2.5 m2 depend-
ing on the floor type) bedding material (the quantity
is determined by the type of material used) and ven-
tilation (47 to 66 m3/hour) are crucial factors for the
determination of the hygiene status inside the barn
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(Caroprese, 2008). Additionally, frequent removal of
litter and disinfection of the shed is recommended
(Caroprese, 2008).

Well established weaning strategies may facilitate
the prevention of intramammary infections. Hence,
in intensive dairy sheep flocks, early weaning of
lambs and/or implementation of artificial rearing are
suggested.

Cessation of lactation can be done either pro-
gressively or abruptly. Recently, Petridis et al. (2013)
found no significant differences between two meth-
ods regarding the incidence of mastitis for the subse-
quent lactation.

The replacement of the affected ewes (Saratsis et
al., 1998) is considered as one of the main measures
for the elimination of intramammary infections.
Ewes affected by clinical mastitis should be separat-
ed and isolated from the rest of the flock until cull-
ing. Similarly, ewes with udder abnormalities and
signs of chronic subclinical mastitis should be sepa-
rated from the rest of the flock and milked at the end
of milking. Such animals should be culled as soon
as possible and definitely before the initiation of the
following milking period (Bergonier and Berthelot,
2003).

Routine implementation of California Mastitis
Test (CMT), in combination with microbiologi-
cal tests and assessment of SCC, in milk samples
obtained from randomly selected ewes, can offer
useful information for control of ovine mastitis
at flock level (Bramis et al., 2012). For this rea-
son, monthly use of CMT, at least for the four first
months of lactation period, is suggested (Bramis et
al., 2012), as a part of a surveillance program against
intramammary infections.

Milking procedure

The sanitary status of the udder may be signifi-
cantly influenced by milking practices. Gonzalo et al.
(2005) observed an improvement on the udder’s health
by optimizing milking machine’s operating param-
eters. This requires a periodical revision of milking
routines and detailed checking of milking equipment
in order to ensure correct milking variables (vacuum
level, vacuum reserve per milking unit, pulsation rate
and ratio) (Contreras et al., 2007). In general, operat-
ing optimization need to be combined with the effi-

cient use of milking machine by the staff; this further
requires the training of the staff on standard milking
and general operating procedures. Following proce-
dures similar to the ones applied by dairy cattle farm-
ers, with species-oriented adaptations, warrants effec-
tive and hygienic milking, but, peculiarities of the
farm (i.e. flock size), the staff and the animals should
be always taken into consideration (Bergonier and
Berthelot, 2003). For dairy ewes, Gonzalo and Marco,
(1999) proposed the following operating parameters
for the milking machine: 36 kPa vacuum level, 180
pulsations per min and 50% pulsation ratio.

For the cleaning of pipes and clusters the use of
drinking water is suggested. In any other case, the
bacteriological status of the water used should be
periodically determined, in order to avoid intrama-
mmary infection outbreaks (Las Heras et al., 1999,
Bergonier et al., 2003).

Prevention of new intramammary infections can
be facilitated by using post-milking teat dipping.
Several studies have revealed the effectiveness of the
method, particularly, in highly infected flocks (Paape
et al., 2001; Bergonier and Berthelot, 2003; Contreras
et al., 2003). Different disinfectants have been pro-
posed for teat disinfection with chlorexidine, dodecyl
benzene sulfonic acid, glycerol monolaurate, hydro-
gen peroxide and iodophors being some of the most
commonly used (Nickerson, 2001). As resistance of
bacteria against some of the aforementioned disin-
fectants has been reported, special attention needs
to be paid on the appropriate implementation of teat
dipping and the effectiveness of the disinfectant
itself.

Nutrition

Oral administration of vitamins A and E and sele-
nium during the last month of gestation and lactation
has a positive impact both on performance and on
immunological status of ewes and their lambs (Rock
et al., 2001; Rooke et al., 2004; Koutsoumpas et al.,
2013). In general, appropriate feeding and balanced
nutrition are significant for the assurance of a high
health status of the mammary gland.

Drying-off treatment
The aim of drying-off treatment is to eliminate
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bacteriological agents of infected mammary glands
and prevent new infections at the beginning of the
subsequent lactation period (Gonzalo et al., 2004;
Schwimmer et al., 2008). Thus, drying-off treatment
has been found to significantly reduce the incidence
of clinical mastitis in dairy ewes (Gonzalo et al.,
2004; McDougall and Anniss, 2005). According
to Fthenakis et al. (2012), intramammary adminis-
tration of antibiotics at the beginning of drying-off
period should be part of health management pro-
grams during pregnancy. In such programs there is a
debate whether generalized dry-off antibiotic therapy
is preferable than selective treatment (Bergonier et
al., 2003) as a spontaneous cure rate at parturition
can be high for dairy ewes (about 20—60%) (Paape
et al., 2001; Contreras et al., 2003; Bergonier and
Berthelot, 2003). At the end of lactation, the lack of
SCC threshold, as a selection criterion for ewes with
subclinical mastitis, renders the selective intramam-
mary treatment rather difficult to be established at
flock level. This temporarily supports the general-
ized approach, in which case the overall cure rate of
treated ewes may range from 65 to 95% (Ahmad et
al., 1992; Chaffer et al., 2003).

Vaccination

Although there is no evidence that vaccines avail-
able on market are effective, they are widely used
in cases of high incidence of gangrenous mastitis
(Bergonier and Berthelot, 2003; Bergonier et al.,
2003). Only a few studies have reported a remarkable
effectiveness of vaccination against mastitis caused
by S. aureus in dairy ewes (Amorena et al., 1994,
Tollersrud et al., 2002). According to Melero (1994),
a reduced prevalence of clinical mastitis but not of
subclinical infections was observed, when a vaccine
against S. aureus and S. Simulans was used. In some
cases the use of autovaccines may be proposed, with
unspecified results, though. Based on these observa-
tions, vaccination against mastitis related pathogens
does not seem to be an effective tool for the preven-
tion of intramammary infections in dairy ewes.

Genetic resistance

Breeding for resistance to mastitis in dairy cat-
tle has been the subject of research over the last

decades (Herringstad et al., 2003; Odegard et al.,
2005; Morris, 2007). The most sustainable method
for mastitis control via genetic resistance is selec-
tive breeding; it requires a suitable selection trait or
a molecular genetic marker, with adequate additive
genetic variation of this trait (Chang et al., 2004;
Odegard et al., 2005). Because of the high and pos-
itive genetic correlation between SCC and mastitis,
selection for reduced SCC can be used as an indirect
selection trait for the control of mastitis. Nowadays,
there is significant evidence that there are adverse
genetic correlations between resistance to mastitis
and milk production traits in dairy cattle (Philipsson
and Lindhe, 2003), but not in dairy sheep, yet. For
this reason, 12 countries have included bovine masti-
tis in their breeding programs in order to control the
increased genetic susceptibility to it resulted from
the selection for increased milk yield (Mark et al.,
2002).

A few years ago, Barillet et al. (2001) carried out
for first time a genetic analysis for mastitis resistance
in the French Lacaune breed. The goal of this study
was to define a breeding strategy for improved udder
health in dairy sheep using SCC as an indirect trait.
In other studies, it was revealed a strong negative
genetic relationship between SCC and milk yield
during the first lactation (Rupp et al., 2006; Barillet,
2007). Moreover, researchers have found a genetic
relationship between udder morphology traits and
udder health in dairy sheep (Legarra and Ugarte,
2005; Sechi et al., 2007; Casu et al., 2010). In Greece,
Gelasakis et al. (2012) reported that improvement of
milkability, in Chios dairy ewes, can be achieved by
genetic selection programs using udder traits associ-
ated with udder morphology, teat size and placement
which is expected to further improve the sanitary
status of the mammary gland. Significant differences
regarding mastitis susceptibility, among different
sheep breeds have, also, been observed. For example,
Fragkou et al. (2007) reported a higher resistance
against Mannheimia haemolytica for Karagouniko
comparing with Frizarta ewes, due to a lack of lym-
phoid nodules in Frizarta ewes’ teats. Although,
these results need to be taken into consideration for
genetic selection against mastitis, further analyses
are necessary to validate their repeatability at popu-
lation level in order to be used for breeding schemes
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in specific breeds.

The detection of the ovine genome regions
involved in mastitis resistance began with the first
results of a Quantitative Trait Loci (QTL) detection
program (Barillet, 2007). According to the results,
QTLs for SCC were detected on chromosomes 6 and
16, allowing locating the genes that control resis-
tance to mastitis. Swiderek et al. (2006) described
a possible correlation between Toll-like receptor
(TLR)-gene mutations and the susceptibility of the
mammary gland to bacterial infections. This study
also showed the associate breed-dependent aspects
of SCC, bacterial infection and TLR-gene mutations
in sheep and its data may serve as a benchmark for
further study of TLR-gene mutation, facilitating the
identification of one of the markers of natural resis-
tance against sheep mastitis.

Within a European Commission funded research
project (“3SR”), putative polymorphisms for ovine
mastitis resistance have been found for Lacaune,
Sarda and Churra sheep breeds (Rupp et al., 2013;
Sechi et al., 2013). Based on these polymorphisms a
960 Single Nucleotide Polymorphisms DNA array
was used for the validation of the effects of the
selected markers on the mastitis resistance for Chios
dairy ewes (Psifidi et al., 2014). These markers were
found to be suitable for genetic selection against
mastitis programs without compromising productivi-
ty potential of Chios dairy ewes (Psifidi et al., 2014).
As a result of the same project, recently, Bramis et
al. (2014) found that other than SCC mastitis-related

traits (total viable counts and CMT score) were her-
itable and thus suggested that they could be used as
indirect selection traits when selecting for mastitis
resistance in Chios dairy ewes.

CONCLUDING REMARKS

Bacterial mastitis is an important and highly mul-
tivariable disease of dairy sheep presenting varying
degrees of clinical manifestation and consequences.
The characteristics of the intramammary infections
leading to mastitis in conjunction with breeding and
management particularities of dairy sheep emerge the
need to establish specific mastitis control programs.
Hence, a holistic approach including appropriate man-
agement practices (housing, feeding and nutrition,
milking routine, preventive health) and targeted genet-
ic selection should be considered for the most effective
control of intramammary infections and mastitis. In
particular, selective breeding for resistance against
mastitis should be assessed as a tool for the most
effective control of mastitis. Towards this target, sev-
eral aspects need to be taken into consideration and
further investigations are needed in order to reveal
possible negative effects of selecting against mastitis
on productive potential of dairy ewes.
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