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Mastitis is any inflammation of the mammary gland 
or udder regardless of its origin, severity or evolution 
(6). The term mastitis comes from the Greek words: 
mastos (for breast) and itis (for inflammation). Mastitis, 
especially the sub-clinical form, can be a  signficant 
problem in sheep and goat flocks that are managed 
intensively for meat or milk production. Ewes with 
mammary glands with no clinical signs and giving 
apparently normal milk but bacteriologically positive 
and with a somatic cell count (SCC) of ≥ 500 × 103 
cells/ml are considered to have subclinical mastitis 
(18). According to Bergonier and Berthelot (6), mas-
titis is of importance from 3 perspectives: economic 
(reduced growth of lambs and their mortality, as well 
as mortality of ewes, treatment costs, reduced milk 
production, milk prices dependent on cellular quality 
in certain areas); hygienic (risk of infection or intoxica-
tion of consumers by milk bacteria such as Escherichia 
coli, Staphylococcus aureus, Listeria monocytogenes, 
Salmonella spp., etc.) and legal (E.U. Directive 46/92, 
modified by Directive 71/94, defining milk bacteriolog-
ical quality). Coagulase-negative staphylococci (CNS) 
are the most prevalent pathogens of the mammary 

gland in sheep and goats with subclinical mastitis (6, 7, 
9, 12, 19, 24, 25, 28, 45, 46). The reported prevalence 
of CNS in caprine subclinical mastitis ranges between 
60% and 80.7% (9, 17, 28, 45); however, in ovine 
subclinical mastitis CNS were recovered from 45 to 
48% of culture positive milk samples (46). The more 
frequent isolates are Staphylococcus aureus in clinical 
cases in intramammary infections (7, 10). Prevalence 
of clinical mastitis in small ruminants is usually below 
5% (7), while subclinical mastitis ranges from 9 to 
50% (17, 23, 28), and according to other authors this 
prevalence in small ruminants averages 5-30% (10). 
Animals with deep and pendulous udders and with 
high implanted teats are more prone to udder inflam-
mation or mastitis during their stay in the herd (8). 
For this reason the evaluation of the udder condition 
is an important tool for increasing the hygienic status 
of the herd. Subclinical mastitis is a serious economic 
and health problem of the udders in goats (6, 9), and 
ewes (1-3). Sheep milk is an important raw material 
for the production of high-quality cheeses and yogurts 
of the Mediterranean countries (13). Thus, the micro-
biological quality of milk should be high. However, 
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the situation in the dairy sector of sheep and goats 
keeping varies considerably between developed and 
undeveloped countries (38). Hence the difficulties 
arise with the development of a system of payments for 
milk from small ruminants. According to these authors 
only a few countries, especially in Europe, have good 
sanitary conditions for the production of milk and dairy 
products. Both milk yield and milk composition pa-
rameters in dairy ewes showed an impairment starting 
from 300000 cells/ml. Increased SCCs from 300,000 
cells/ml to 1,000,000 cells/ml suggests that such 
a secretion could be regarded as transition milk from 
normal to mastitic milk (3). Similar relationships were 
found between the presence of bacterial pathogens and 
total SCC, contents of total leukocytes and their sub-
populations in goat milk (4). Infected udder halves in 
dairy German Improved Fawn goats had significantly 
higher levels of SCC, lactoferrin and N-acetyl-β-D- 
-glucosaminidase activity when compared with udder 
halves without any infection (5).

The objective of this paper is to review literature 
relating to the etiology of intramammary infection in 
small ruminants, diagnostic tools and control (preven-
tion) strategies in combating mastitis.

Etiology of intramammary infections  
in small ruminants

Basic definitions. Mastitis is a bacterial disease that 
occurs in several different forms. In general, mastitis 
is divided into clinical, sub-clinical, and chronic in 
scientific literature (6, 7, 10, 12, 13). Clinical mastitis 
is the term used for bacterial infections of the mam-
mary gland that are present with obvious symptoms. 
Visible indications of clinical mastitis include swelling, 
redness or necrosis of one or more half udders and ab-
normal discharge of milk (presence of clots or serum), 
as well as other symptoms such as anorexia, fever or 
agalactia. Usually the consequence of clinical mastitis 
is toxaemia and gangrenous necrosis of the udder (31). 
The rate of new clinical cases in lactation is usually 
below 5% for both milk and meat flocks (6). Clinical 
mastitis can lead to mortality or culling of up to 90% 
of mastitic ewes in the flock. Several pathogens can 
cause mastitis, but Staphylococcus spp. are the most 
frequently diagnosed causal microorganisms of intra-
mammary infections (IMI) in goats and sheep (6, 10). 
Clinical incidence is generally lower in ewes than in 
cows. Subclinical mastitis is characterized by inflam-
mation of the udder detected by enumeration of inflam-
matory cells in milk (48). Ewes with mammary glands 
having no clinical abnormalities and giving apparently 
normal milk, which is bacteriologically positive and 
with a SCC of ≥ 500 × 103 cells/ml, are considered to 
have subclinical mastitis (18). Chronic mastitis can 
be clinical or subclinical, but it is characterized as an 
inflammation of the udder that continues over a long 
period of time (7). Other definitions are available for 
the classification of clinical mastits as hyperacute, 

acute, and subacute. Hyperacute mastitis is character-
ized by severe udder inflammation accompanied by an 
evident systemic reaction; acute mastitis is character-
ized also by severe inflammation, but without systemic 
symptoms, whereas subacute mastitis is clinically less 
evident compared to acute mastitis (6, 7).

Classic etiology of mastitis. Several pathogens 
can cause mastitis, but Staphylococcus spp. are the 
most frequently diagnosed causal microorganisms of 
IMI in small ruminants (10). Other pathogens such as 
Streptococcus spp., Enterobacteriaceae, Pseudomonas 
aeruginosa, Mannheimia haemolytica, Corynebacteria 
and fungi can produce IMI in small ruminants, but oc-
currence rates are lower (6, 7, 10). In addition, severe 
cases of mastitis related to incorrect preventative strate-
gies have been attributed to the pathogens Aspergillus 
fumigatus, Serratia marcescens, P. aeruginosa or 
Burkholdelia cepacia (6, 10).

Contagious agalactia syndrome. The main my-
coplasmal diseases of sheep and goats include con-
tagious agalactia, caused by Mycoplasma agalactiae; 
atypical pneumonia, caused by M. ovipneumoniae; and 
infectious keratoconjunctivitis (“pink-eye”), caused 
by M.  conjunctivae: all are important diseases, but 
rarely life-threatening in their own right (29). Studies 
on ewes and goats have shown that the prevalence of 
contagious pathogens is reduced as a result of the ef-
fective application of control and prevention strategies, 
while environmental pathogens are becoming a major 
problem in well-managed flocks (10). The “milk-drop 
syndrome of ewes” is defined as a pathological entity 
at the flock level and a  syndrome characterized by 
a reduced milk yield of lactating ewes, with no clinical 
signs specific to a disease. Subclinical mastitis (in the 
majority of cases, caused by CNS) was one of reasons 
of the syndrome in 11 flocks, together with other dis-
orders in another three flocks. Contagious agalactia 
(caused by Mycoplasma agalactiae) was recorded in 
three flocks as sole cause of the syndrome, as well as 
co-existing with other disorders in another flock (14). 
The bacteria causing mastitis are often classified as 
“contagious” if it is believed that the source of infection 
of milk is an infected mammary gland with subclinical 
mastitis pathogens, or “environmental” if the bacteria 
are considered to be opportunistic pathogens that nor-
mally reside in the environment of the animals (42). 
However, such a description is not as clear for small 
ruminants as it is for dairy cattle. During the milking of 
ewes the likely source of CNS is the skin on the teats, 
along with skin on the inner side of legs; thus many 
CNS infections become long-term chronic infections. 
CNS may leak out to the milk from the infected udder 
and then spread via the milking equipment to other 
ewes. Thus, the source of mastitis pathogens in small 
ruminants should not be assumed based simply on the 
behavior of these pathogens in dairy cows.

Staphylococcus aureus. Several pathogens can 
cause mastitis, but Staphylococcus spp. are the most 
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frequently diagnosed causal microorganisms of IMI 
in goats and sheep. Intramammary infections caused 
by these pathogens need to be treated with particular 
caution, because this bacterium is responsible for 
both acute clinical mastitis (gangrenous mastitis) and 
subclinical mastitis (10, 44). In both forms of mas-
titis there is a qualitative and quantitative decline in 
milk production (6, 7). The results of many studies 
of clinical mastitis indicate the high prevalence of 
Staphylococcus aureus: 17 to 57% isolated bacteria at 
the mean of approximately 36% (6). It should however 
be stressed here that this prevalence is only found in 
sporadic cases for sheep and goats, as the incidence 
is usually below 5% per year (7, 10). Staphylococcus 
aureus must be considered a “major pathogen” in goats 
and it is responsible for a considerable increase in SCC 
(9). Staphylococcus aureus secretes several toxins con-
tributing to the pathogenesis of mastitis and also plays 
a  role in foodborne diseases; even with pasteurized 
milk because of the thermostable enterotoxins (10). 
The latest data compares the S. aureus seroproteome 
in the colonization versus mastitis context in ruminants 
(44). These results are opening up new possibilities 
in the understanding of the balance between infection 
and commensal lifestyle; additionally, they provide 
preventive new strategies against this opportunist 
pathogen.

Coagulase-negative staphylococci. The many 
studies of subclinical mastitis in ewes showed that 
the CNS are the most prevalent, ranging from 25 to 
93%, at a  mean of approximately 62%, whereas in 
meat ewes CNS are less frequent (12-34%) (6, 7, 32, 
45). In ewes the most often isolated pathogens among 
the CNS were S. epidermidisthen, S. xylosus, S. chro-
mogenes and S. simulans. In goats the most prevalent 
species is S. caprae. In both sheep and goats, among 
the CNS S. epidermidis is generally associated with the 
highest average values of SCC (7). Out of 2198 Sarda 
dairy sheep examined in a study by Marogna et al. (27) 
at least one clinical sign of mastitis was detected in 
1666 sheep (75%). Positive results in bacteriological 
examination of milk samples from 1093 ewes were re-
corded 49.7%. Among the entire population of isolated 
pathogens, three species caused 55.3% of all mastitis 
cases: Streptococcus uberis (25.6% of positives and 
12.7% of total), Staphylococcus epidermidis (16.2% of 
positives and 8% of total), and Staphylococcus aureus 
(13.5% of positives and 6.7% of total). The opportu-
nistic nature of the CNS results in their prevalence 
increasing together with deficiencies in the machine 
milking system or in milking hygiene. The main CNS 
species causing intramammary infection reside on the 
skin of the udders and teats in small ruminants (9). The 
dynamics of intramammary infection and somatic cell 
counts differ in sheep and goats (28). The results of 
some studies confirm an increasing need to standard-
ize a genotypic method for the identification of CNS 
isolated from caprine udders (32).

Impact of mastitis on milk yield, quality and 
composition in small ruminants

The reduction of milk yield (MY) in ewes can be 
caused by various diseases and disorders. The lowered 
milk production resulting from these diseases is defined 
as the “milk-drop syndrome of ewes” (14). Among the 
various diseases subclinical mastitis is considered the 
most important cause of reduced milk yield (21, 22, 24, 
25, 30, 40). In a study by Koop et. al. (21) on goats, ud-
der infection by major pathogens caused losses in milk 
production of 0.13 kg/d, but such a reduction was not 
statistically significant; yet when the infection status 
in the first month of lactation was taken into account 
as a predictor for the production in the remainder of 
the lactation, the estimated MY loss was higher (0.29 
kg/d). The authors are of an opinion that IMI caused 
an increase of SCC. The effect of infections in goat ud-
ders on MY varies for various groups of pathogens (20, 
21). Infections by major pathogens are associated with 
a small reduction of MY, while infections by CNS was 
not associated with any significant change in MY. In 
contrast, infections by C. bovis have been reported to be 
associated with a significantly higher MY (20). There 
are 2 explanations for such trends: either high pro-
ducting animals are at a greater risk of infection with 
minor pathogens, or infection with these pathogens has 
a beneficial effect on milk production. Gougoulis et 
al. (16) demonstrated that subclinical mastitis (SCM) 
caused not only a reduction of milk yield from the af-
fected mammary gland, but it also caused a preference 
for lambs to suck from the unaffected gland. It did not 
affect the growth of lambs. Those authors stressed that 
it would be valuable to investigate the behavioural ef-
fect of SCM in ewes rearing twins. One of the factors 
predisposing to intramammary infection is connected 
with the transfer of bacteria such as S. aureus and 
Mannheimia species by suckling lambs (31). A method 
to reduce such infections is connected with early wean-
ing of lambs by removing lambs carrying the bacteria 
in their nasopharynx.

Lower milk production efficiency and changes in its 
composition begin from 300,000 cells/ml (3). In ewe 
milk, SCCs between 300,000 cells/ml and 1,000,000 
cells/ml cause changes in milk composition and plas-
min (PL) activity, which suggest that milk secretion 
is in the period of transition from normal to mastitic 
milk. Numerous studies (22, 30) have reported on the 
impact of an increased SCC on milk and subsequent 
changes in most parameters related to biochemical 
aspects and cheese processing. These modifications in 
milk composition have a variable impact on the qual-
ity of dairy products. In general, an increase in SCC 
has a negative influence on cheese processing and in 
pasteurized milk grading during storage. Cheeses made 
from milk with a high bulk tank SCC (BTSCC) have 
a reduced fat content and increased pH and fat acidity. 
In yoghurt, high BTSCC was associated with a higher 
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protein content and the highest level of syneresis (30). 
Both in goats and sheep infection by CNS decreased 
curd yield and increased milk-clotting time, and these 
changes were reflected in increased casein degradation, 
increased content of CN degradation products and de-
creased calcium activity. The results suggest that the 
plasmin system functions at a lower rate in goats than 
in sheep and that its response to external factors, such 
as infection, that augment its activity in other species 
is more attenuated in goats (24).

Diagnostic tools for mastitis in small ruminants
Bacteriological detection. A standard tool in the 

diagnosis of mastitis in small ruminants is provided by 
bacterial culture (10). For two reasons, economic and 
practical, only one sample of milk is taken to diagnose 
IMI. It was found that a positive diagnosis in isolating 
the same pathogen from the half of the udder in the fol-
lowing samples of milk shows high sensitivity (96.2%) 
and specificity (96.1%) (9). Intramammary infection 
(IMI) by coagulase-negative staphylococci (CNS) is 
one of important factors affecting IMI of the flock, and 
as such it reduces profits from small ruminants (25, 28, 
33, 45). The mean prevalence of subclinical mastitis 
in three herds of goats in a study by Hall and Rycroft 
(17) ranged from 33 to 42%. Among the pathogens 
isolated from infected udder halves CNS ranked first 
(47%), followed by Corynebacterium species (31%), 
Staphylococcus aureus (13%), and α-haemolytic 
streptococci (6%). Of the total number of 1388 goats 
from 31 farms analysed by Marogna et. al. (26) IMI 
infections were detected in 22.7% of all goats. In 
infected samples Staphylococcus spp., Streptococcus 
spp., and Mycoplasma spp. were detected in 73.5%, 
9.7%, and 4.7% of positive milk cultures, respectively. 
The results presented by Onni et al. (32) confirm and 
stress the need of applying genotypic methods for the 
identification of CNS isolated from goat udders. The 
genotypic identification method can be a good tool for 
the suitable identification of CNS isolated from caprine 
udders. Pastures shared by horses and goats are the 
most likely factor causing an outbreak of Streptococcus 
equi ssp. zooepidemicus (SEZ) mastitis; however, an 
epidemiological relationship could not be confirmed 
with molecular methods (39). In milk samples col-
lected from 2198 udders of the Sarda sheep breed 
half (49.7%) gave positive results (27). The most fre-
quently detected bacterial genus was Staphylococcus. 
Staphylococcus spp. were present in 20.7% of samples. 
Streptococcus spp. and Enterococcus spp. represented 
33.3% of all isolates and were present in 16.6% of 
samples. Knowledge concerning the etiology of infec-
tion in a flock can be a useful tool in reducing economic 
losses due to decreased milk yields and the deteriora-
tion of its quality (25).

Somatic cell count. There are substantial differ-
ences between sheep and goats in terms of diagnosis 
of mastitis based on milk SCC. These differences result 
mainly from the fact that in uninfected halves of goat 

udders there is a higher apocrine component of goat 
milk secretion and a larger number of non-infectious 
factors that can increase SCC in milk (35). However, 
on account of apocrine milk secretion in goats, com-
pared to merocrine secretion in cows, SCC for goats 
is naturally higher than SCC for cows (34). An as-
sociation between SCC and pathogenic bacteria can 
contribute to a better understanding of the pathogenesis 
of subclinical mastitis in small ruminants (2). SCC of 
milking ewes can be used to define subclinical mastitis 
and a threshold of about 200,000 to 400,000 cells/ml 
will accurately identify most infected ewes (42). In ewe 
milk samples with SCC > 1,000,000 cells/ml there are 
differences in leukocyte production and also in their 
counts between infected glands and healthy glands. 
Numerous studies have shown a  close relationship 
between the presence of bacteria in ewe and goat milk 
and SCC (4, 5, 21); however, some studies indicate an 
ambiguous relationship between subclinical mastitis 
and an increased SCC in goat milk samples (24, 26, 
35). More recent data indicate that often scientific lit-
erature sources reported subclinical mastitis in small 
ruminants after diagnosis with the California Mastitis 
Test (CMT) and SCC, without reference to the meth-
odology, strategy or details of clinical examinations 
(26). The increased SCC in milk (MSCC) of cows and 
sheep due to the stage of lactation and parity is mainly 
caused by IMI. However, when intramammary infec-
tions in goats increase MSCC, other non-infections 
factors such as estrus, season of milking, milk yield 
and stage of lactation also cause an increase in MSCC 
(35, 40). According to those authors non-infections 
factors cause difficulties for the dairyman to maintain 
a level of 1,000,000 cells/ml in goat milk. Moreover, 
this threshold MSCC is not a legal limit for goat milk 
in the European Union. These non-infectious factors 
should be taken into account when determining the 
legal limit for MSCC in milk goats. In ewe milk the 
determination of SCC is a good tool for the detection 
of subclinical mastitis in Pirlak sheep with a threshold 
level of 374 × 103 cells/ml (33).

Control and prevention strategies
Vaccination. In the 1990’s a  staphylococcal vac-

cine was tested on the Latxa ewes. Two injections 
were administered, a month before and a month after 
lambing (6). The prevalence of IMI did not differ sig-
nificantly between the vaccinated and control groups 
of ewes; nevertheless, the frequency of clinical mas-
titis was reduced. Vaccination with the proper killed 
vaccine can reduce the frequency of new infections 
by Pseudomonas aeruginosa, although the outbreaks 
were caused by multiple strains with varied virulence 
(23). Today, however, the vaccine does not seem to be 
a tool to prevent subclinical mastitis on a wide scale (7).

Milking procedures and teat dip disinfection. 
During milking of small ruminants usually there is 
a  transmission of Gram-positive bacteria, mainly 
Staphylococci. The control of mastitis in small ru-
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minants should take into account the optimal routine 
milking and milking hygiene (6). Prophylaxis to pre-
vent infection of the udder is the key to the control of 
mastitis. Good animal welfare and hygienic practice 
of milking minimize the impact of these diseases on 
the health and quality of milk (42). CNS are normally 
present on the skin of the teat of ewes; however, the 
use of a 0.5% iodine solution in pre-milking teat dips 
for ewes did not influence IMI incidence in sheep, in 
contrast to cows (46).

Other management measures. Measurements of 
electrical conductivity (EC) are used successfully 
in dairy cows; moreover in recent years this method  
of preventing subclinical mastitis has been adapted 
to small ruminants, particularly goats (11, 41, 47). 
The concentration of Na+ and Cl− increases in milk of 
infected glands; however, similarly as in cows, EC in 
milk of small ruminants may also depend on such fac-
tors as the number and lactation stage, fraction of milk, 
and milk composition. Díaz et al. (11) reported that EC 
(mS/cm) significantly increased in infected halves of 
the Murciano-Granadina goats, especially in bilaterally 
infected glands (11). This system for the detection of 
subclinical mastitis based on daily measurements of 
EC, however, should be improved for measurement 
of other variables (e.g. SCC). In addition, mastitis 
detection requires on-line and quick measurements 
of temperature to provide proper EC data (41). Also 
some technical EC applications should be adapted to 
the conditions of machine milking. A number of studies 
indicated that EC is not a good tool for the detection 
of subclinical mastitis in goats, although it could be 
used in monitoring of udder health in dairy goats (47). 
A positive correlation was found in goats between 
lactoperoxidase (LP) activity and SCC in a study by 
Seifu et al. (43). Those authors suggested that the 
enzyme lactoperoxidase could be used as a  useful 
screening test to diagnose subclinical mastitis in goats. 
The results obtained by Persson and Olofsson (37) in-
dicated that SCC measurement by CMT or a deLaval 
cell counter (DCC) can predict IMI in goats. In dairy 
sheep selenium deficiency and reduced serum vitamin 
A concentration may be risk factors for subclinical 
mastitis (15). An epithelium weakened due to vitamin 
A deficiency may lead to increased bacterial entry into 
the mammary gland and thus increase risk of disease.

Antibiotic dry-off treatment. Antibiotics used in 
the dry period in small ruminants significantly reduce 
the incidence of IMI (12, 18, 36, 46). The antibiotic 
treatment of animals should be carried out under vet-
erinary supervision and ensuring hygienic administra-
tion (10). The best treatment results were obtained by 
intramammarian applications of ampicillin dicloxa-
cillin. The combination of intramuscular amoxycillin 
clavulonic acid was also successful. Intramuscular in-
jections as the sole treatment using clavulonic acid and 
amoxycillin were not as effective as intramammarian 
treatment (12). Kiossis et al. (18) in the treatment of 
infected mammary glands in Chios ewes administered 

2,000,000 iu Penethamate hydroiodide daily for three 
consecutive days. The authors were of the opinion 
that with the combination of such a  program and 
other managerial practices such as milking routine and 
housing hygiene, the udder health status could remain 
high during lactation. In the antibiotic treatment of 
dairy sheep the frequently applied procedure usually 
is used to treat the grace bovine mammary gland (36). 
However, inter-species differences prevent the use of 
the same procedures in sheep as in cows. Residues of 
antibiotics in milk sheep are still found 192 h after 
the last infusion and this period is significantly longer 
than in cows.

Conclusion
Staphylococcus spp. and especially Staphylococcus 

aureus are common sources of intramammary infec-
tions in small ruminants that can cause clinical and sub-
clinical mastitis. Coagulase-negative staphylococci are 
the most prevalent pathogens of the mammary gland 
in sheep and goats with subclinical mastitis. Among 
small ruminants the prevalence of subclinical mastitis 
ranges from 9 to 50%, while clinical mastitis is usually 
below 5%. Intramammary infections in ewes and goats 
cause milk yield losses and a deterioration of its quality, 
mainly due to increased somatic cell counts. In ewe 
milk somatic cell counts between 300,000 cells/ml and 
1,000,000 cells/ml cause changes in milk composition, 
with milk in this range of somatic cell contents being 
produced in the period of transition from normal to 
mastitic milk. In goat milk it is quite difficult to main-
tain the level of 1,000,000 cells/ml and non-infectious 
factors should be taken into account when determining 
the legal limit of somatic cell counts in bulk tank milk. 
A standard tool in the diagnosis of mastitis in small 
ruminants is provided by bacterial culture and somatic 
cell counts. Prevention of mastitis should be focused 
on the optimisation of the milking routine and hygiene. 
In particularly justified cases and the large prevalence 
of disease antibiotic treatment should be administered 
in the dry-period.
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