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Presentation

Considered the relevant authority in the dairy sheep and goats sector in the Sardinian economy,
the Experimental Zooprophylactic Institute of Sardinia has historically been involved in the
study of small ruminant diseases.
Mastitis is the main cause of economic losses in small ruminant dairy herds, and for this
reason, the Institute has always paid particular attention to this disease, intensifying its commitment to the assignment of the Ministry of Health at our institute, the Institute of the National Reference Centre for Sheep and Goat Mastitis.
With this manual, we intend to offer technical and scientific support to the operators, in particular
to veterinarians working in the field, and to meet the needs of sheep and goat rearing stakeholders,
with the aim to expand their knowledge regarding mastitis and its impact on milk quality and
to provide effective tools for its prevention and control.
The General Manager
Alberto Laddomada
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Introduction

Mastitis is the most common disease encountered in dairy sheep and goat farming, and it is the main cause of economic losses in this industry owing to the
poor quality of production, the frequent culling, and the associated health costs.
Bacteria are the main causative agents of the disease, representing one of the
main causes of antibiotic use, and determining the risk of the selection and
spread of antimicrobial-resistant microorganisms.
Mastitis can be considered a “management disease,” as the level of knowledge
and awareness of the breeder is the most effective tool for its control.
The aim of this work is to collate and review the available literature on the bacterial aetiology (excluding mycoplasmas), and combine it with the professional
experience of the laboratories of the Experimental Zooprophylactic Institute
of Sardinia, which has been assigned the National Reference Centre for Sheep
and Goat Mastitis (CReNMOC) by the Italian Ministry of Health, in the diagnosis and control of small ruminant mastitis, with the aim of providing valid
tools for its management.
E. Agnese Cannas
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1. What is mastitis?

Mastitis is the most important health problem in dairy small ruminants and represents the main cause of economic losses in this industry owing to the decrease
in milk yield and quality. It may constitute a public health issue both directly,
due to the presence of human pathogens (e.g. enterotoxin-producing Staphylococcus aureus, Bacillus cereus, etc.) and indirectly, due to the use/abuse of antibiotics
with the related risk of residues in milk and the development of bacterial antibiotic resistance (Kunz et al., 2011; Lollai et al., 2008). According to the definition by the Research Committee Report (2012) of the National Mastitis Council
(NMC), which interprets bacteriological culture results to diagnose bovine intramammary infections, the word mastitis refers to the inflammatory process
of a quarter or the whole mammary gland that can be diagnosed by measuring
inflammatory markers [i.e. somatic cell content (SCC) and California Mastitis
Test (CMT)] in milk samples from animals with subclinical mastitis, and by the
clinical examination of the udder and the detection of milk abnormalities in
animals with clinical mastitis. “Mastitis” is often used as a synonym for intramammary infection (IMI), although these terms are non-interchangeable, as
the NMC indicates. In fact, IMI refers to an infection of the mammary gland
that can be diagnosed by bacteriological culture examination of milk samples
collected under aseptic conditions and can be considered as the invasion of the
mammary gland by a pathogenic microorganism. Bacteria enter the udder bypassing the natural defences, colonise, and multiply in secreting tissues, and start
to synthesise toxins responsible for tissue damage. From this moment on, a cascade of events causes the onset of the inflammatory process known as “mastitis”.
Mastitis can be defined as the result of the interaction between individual (i.e.
udder conformation, age, local defences, and feeding) and environmental (i.e.
environmental hygiene, milking routine, and milking machine) predisposing and
triggering factors, mainly represented by bacterial infections. The following clinical types of mastitis can be distinguished based on onset, duration, and symptoms:
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- Acute/hyperacute clinical mastitis.
The disease develops rapidly with
different degrees of udder tissue lesions, involvement of the supramammary lymph nodes and milk
secretion abnormalities (e.g. the
presence of flakes or clots and
bloody or watery appearance). In
addition, it can present with systemic symptoms such as fever,
chills, horripilation, depression, and
anorexia. Sometimes these clinical
forms can result in septicaemia
and/or toxaemia (i.e. gangrenous
mastitis), which causes loss of the udder and finally death. Staphylococcus aureus
and Pseudomonas aeruginosa are the main causative agents of this clinical form
through the production of exotoxins and dermonecrotic/epidermolytic
enzymes.
- Subacute/chronic clinical mastitis.
Characterised by local symptoms
without any systemic symptom.
The main aetiological agents are
Streptococci spp. (i.e. Streptococcus dysgalactiae and Streptococcus uberis); milk
abnormalities frequently occur and
are associated with pain and a mild
udder temperature increase.
- Chronic clinical mastitis.
An inflammatory process that persists for many months even between lactating seasons. Similar to
the subclinical form, alternating with periodic exacerbations and showing
acute/subacute symptoms which regress to the subclinical form.
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- Subclinical mastitis.
Difficult to detect clinically due to the absence of evident clinical alteration
of the udder or macroscopic milk abnormalities; it is characterised by an increase in the somatic cell count (SCC) (especially neutrophilic granulocytes),
pH (due to the passage of chloride and sodium bicarbonate from blood to
milk), presence of enzymes of blood origin (NAGase), and probable bacterial
isolation. Is mainly caused by non-Aureus Staphylococci (NAS) and can persist from one lactation to another. Its development in the clinical form is characterised by mild inflammation symptoms, associated with milk which is
slightly thicker than normal. Animals affected by subclinical mastitis represent microorganism “reservoirs” and can spread infections to healthy animals.
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2. Udder immunity

The defence mechanisms of the mammary gland from infections can be schematically attributed to anatomical, humoral, and cellular factors that are strongly
conditioned by the welfare state of the animals and by environmental and management issues. During milking, the udder is exposed to multiple physical and
mechanical stresses that favour the establishment of infectious processes, especially considering an environmental context in which there are several potentially
pathogenic and contagious microorganisms. This situation explains the frequent
presence of mastitis on farms, the difficulties in controlling it, and the fundamental role played by the immune defences of the udder.

2.1 Anatomical and functional factors
- Teat skin conditions
The teat is covered by the stratum corneum, which prevents water from both
penetrating and escaping the teat. If the water content is excessively reduced,
the teat dehydrates and tends to crack. When this occurs, free fatty acids and
amino acids are removed exposing
the teat to pathogen colonisation. It
is therefore important to preserve
integrity and functionality of the
cornified layer of the teat to prevent the onset of udder infections.
- Closure of the teat canal
Another important defence against
bacterial mastitis is represented by
closure of the teat canal, an active
process mediated by the smooth
musculature of the teat wall (i.e.
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Füstenbërg’s rosette). This muscle, controlled by the sympathetic nervous system, acts as a sphincter by closing the teat canal. The accumulation of milk
during the interval between milkings causes muscle tone to increase while
during milking tone decreases; consequently, the possibility of microorganism
penetration is much higher immediately after milking.
The improper use of the milking machine contributes to a reduction in the
closing capability of the teat canal in the inter-milking period.
- Keratin plug
Under physiological conditions, the teat canal acts as a valve controlling the
input into a cistern. The teat canal is lined with a stratified squamous epithelium, with a stratum granulosum of thickness greater than that of normal
skin. In the inter-milking period, the lumen of the canal is occluded by keratin. The physical characteristics and the bacteriostatic and bactericidal properties of this coating prevent or limit the penetration of pathogens.

2.2 Humoral factors
There are several humoral factors present in milk that act with the innate immune defence mechanisms, and the variation of their concentration in milk is
an indicator of inflammation (Moroni et al., 2001).
- Lactoferrin
Lactoferrin is a glycoprotein with antimicrobial properties due to its iron-sequestering properties that deprive microorganisms of an element needed for
their growth. In healthy animals, the lactoferrin content varies in relation to
the lactation stage; it is present in colostrum, but maximum concentrations
are reached before the dry phase. In goats inoculated with Staphylococcus aureus,
lactoferrin content in milk was found to be significantly higher than that in
non-inoculated controls; for this reason, some authors suggest the possibility
of using lactoferrin as an indicator of mammary gland inflammation (Chen
et al., 2004). Lactoferrin is present in granules of neutrophilic granulocytes
and plays a role in immune defence not only for its ability to subtract iron
from microorganisms, but also through other protective roles such as by modulating neutrophil migration and adhesion.
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- Lysozyme
Lysozyme is a glycoprotein present in various biological fluids of both animals
and humans, abundant in egg whites. Its antibacterial activity is especially relevant against Gram-positive bacteria as it acts on peptidoglycan, a component
of the bacterial cell wall. The ability to lyse Gram-negative microorganisms
has also been demonstrated through its synergistic action with some basic proteins released by neutrophilic granulocytes, as it facilitates their passage
through the bacterial cell wall. Lysozyme also plays an immunomodulatory
role as the products of peptidoglycan destruction have the following immunological properties:
- induce the humoral and cellular immune response;
- activate lymphocytes and macrophages through the release of cytokines;
- increase bactericidal activity by neutrophil granulocytes.
The milk lysozyme concentration increases in the presence of mastitis, particularly in clinical forms.
- Endogenous enzymes
The somatic cells present in milk contain a range of proteolytic and glycolytic
enzymes. Therefore, somatic cell increase promotes their release in large
quantities in milk with consequent alterations of caseins at the expense of
technological milk processing characteristics. The most important endogenous enzymes are NAGase (N-acetyl-β-D-glucosaminidase), plasmin, amyloid A, cathepsin D, and elastase. Because these enzymes tend to increase in
the presence of inflammatory processes of the udder and in the presence of
milk somatic cell increase, they may be considered as potential mastitis
markers (Pyörälä, 2003).
NAGase (N-acetyl-β-D-glucosaminidase) is a lysosomal enzyme released in
the milk by neutrophil granulocytes during the processes of phagocytosis and
cell lysis, and to a lesser extent, by damaged epithelial cells. The content of
NAGase in the mammary gland secretion is closely correlated with the SCC
and with the presence of microorganisms in the milk; in fact, it tends to increase in clinical and subclinical mastitis. The NAGase response in intramammary inflammation is even stronger in small ruminants than in cattle
(Leitner et al. 2004) and therefore it may represent a valid indicator of inflammation.
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- Plasmin system
Plasmin is a proteolytic enzyme present in blood and in mammary secretions
mainly as a plasminogen precursor, which becomes active plasmin following
the action of an activator of leukocyte origin. The plasmin, plasminogen,
and active plasmin activities as a whole are referred to as the “plasmin system”. The activity of plasmin in milk has a role in the digestion of milk,
varies in relation to physiological and environmental factors, increases especially in infected udders, and its content is directly correlated with the content
in somatic cells; for this reason, it might be used in the early diagnosis of
mastitis.
In sheep milk, a moderate increase in the activation of the “plasmin system”
in the presence of mild inflammation induces casein hydrolysis and consequently the production of peptides capable of reducing lactose and other
osmotic components, with a consequent slight reduction in milk volume and
changes in technological characteristics. In severe inflammation, when the
activation of the “plasmin system” is high, there is a more intense reduction
in milk volume (Leitner 2004).
- Amyloid A
It is a protein produced in the acute phase of inflammation. It increases in
the presence of mastitis, and its evaluation in milk could be used as a diagnostic marker of mastitis in ruminants (Winter, 2006; Miglio et al., 2013).
- Cathelicidins
Cathelicidins play an important role in innate immunity. In fact, these proteins possess direct antibacterial activity, chemotactic properties, and pro-inflammatory functions (Zanetti, 2005). Increases in these proteins have been
observed in intramammary infections by Mycoplasma agalactiae and Streptococcus
uberis (Addis et al., 2011, 2013), and their diagnostic potential in intramammary infections by different microorganisms has been demonstrated (Addis
et al., 2016, 2017).
- Cytokines
Cytokines are small proteins produced mainly by immune cells (macrophages
and lymphocytes) in response to antigenic stimulation and play an important
role in modulating the immune response of the udder by regulating general
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immune processes as well as specialised functions such as proliferation, differentiation, and activation of immune cells, and the secretion of antibodies
and mediators of immunity. The content of the different cytokines varies in
relation to the presence of pathogenic microorganisms, the stage of inflammation and the stage of lactation (Mulder et al., 1993; Persson, 1996).
Cytokines are currently being assessed, particularly in cattle, as biomarkers to
determine the immune status of animals in experimental immunotherapies,
in the treatment of mastitis, and as adjuvants in vaccines (Peli et al, 2006).
- Immunoglobulins
Immunoglobulins are soluble proteins responsible for the humoral immune
response and are produced by B-lymphocytes after their differentiation into
plasma cells. Under physiological conditions, the milk immunoglobulins concentration is low (Park et al. 2007) and specific activity towards microorganisms is limited. Immunoglobulins mainly carry out a non-specific activity,
favouring the phagocytic and bactericidal activities of leukocytes, and this
might be related to the difficulties in developing effective vaccines for mastitis
control.
- Complement
The complement system consists of several glycoprotein fractions. It is independent of any immunisation (Poli et al., 2005), and plays a fundamental
role in non-specific defence, favouring phagocytosis and the bactericidal process. It is present in the blood and, to a lesser extent, in milk.

2.3 Cellular factors
The cellular component of milk consists of polymorphonuclear neutrophils or
polymorphonuclear leukocytes (PMN), macrophages, lymphocytes, and epithelial cells. Being involved in udder defence mechanisms, milk cells are considered
an important indicator of mammary gland health by providing information on
farm health, animal production capacity, and the level of farm management
(Schukken et al., 2003; Albenzio et al., 2012)
In sheep and goat mastitis caused by non-aureus staphylococci there is a greater
increase in SCC than as reported for cattle, possibly due to a lower resistance
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and/or a better immune response against these bacteria (Jayarao et al., 2004).
The duration of the SCC increase may also vary depending on the bacterial
species involved; bacteria responsible for acute forms can cause significant cellular increases for a limited time, while other microorganisms responsible for
subclinical or chronic forms determine lower increases, but more protracted
over time.
- Neutrophil granulocytes
Neutrophil granulocytes play a fundamental role in defending the mammary gland
due to their ability to phagocytose and destroy microorganisms, which is why they
represent the largest cell subpopulation in
udder infections. These cells are also responsible for the intense proteolytic activity
observed in milk in the presence of mastitis
Neutrophil granulocyte
(Le Roux et al., 2003).
These cells mature in the bone marrow
and are then released into the circulatory system from where they migrate
into the mammary gland and pass into the milk. The migration of neutrophil
granulocytes in milk is favoured by changes in the permeability of blood vessels due to biochemical mediators produced by leukocytes and epithelial cells
present in the udder. Neutrophil granulocytes remain viable in the mammary
gland for about 1–2 days; once they become senescent, they are thought to
undergo apoptosis (programmed cell death) before being phagocytosed by
macrophages. The ability of neutrophils to originate NETs (Neutrophil extracellular traps) through a cell death process known as NETosis, which is
particularly important in milk, has also been highlighted (Pisanu et al. 2015).
Positive correlations between SCC and the number of neutrophilic granulocytes have been highlighted, as these become the predominant cell type in
sheep milk with > 500,000 cells per ml (Dore, 2011).
Physiological situations such as sucking or milking can also induce a direct
migration of neutrophil granulocytes into the udder tissue; therefore, even
in the absence of pathogenic microorganisms, the mammary gland is constantly supplied.
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- Lymphocytes
Lymphocytes in the mammary gland are
responsible for antigenic stimulation and
antibody production. They also modulate
cellular defences through the release of cytokines.
- Macrophages
Macrophages are cells with a marked
phagocytic activity which can ingest bacteria, cellular debris, and milk fat globules,
and produce chemical mediators that stimulate neutrophil migration. They also secrete several regulatory cytokines (IL-1b,
TNF-α, IL-8, and IL-6I). Macrophages are
thought to be the cells responsible for monitoring the entry of bacteria into the mammary gland (Craven, 1983) and identifying
the presence of pathogens before their
population reaches high numbers or before
they colonise large areas of udder tissue.

Lymphocyte

Macrophage

- Epithelial cells
The epithelial cells present in the milk consist of flaking cells derived from normal
cellular turnover or from damage to the
mammary epithelium. The epithelial cells
lining the mammary alveolus play an important role in the innate immunity of the
gland. They produce inflammatory cyto- Epithelial cell
kines and are able to secrete mediators of
non-specific immune defences in response
to the presence of microorganisms (Gray et al., 2005).
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3. Epidemiology of mastitis

A reliable study on the prevalence and aetiology of a polysymptomatic and multifactorial disease such as mastitis is not easy to determine.
Epidemiological studies have been carried out in northern Jordan in 1998 and
in Norway in 2007 (Lafi et al., 1998; Mørk et al., 2007) although on a limited
number of farms and for a short period.
In 2003, Bergonier and colleagues reviewed the scientific literature on this topic
and reported that NAS are the most prevalent, ranging from 25–93%, before
Staphylococcus aureus (3–37%) mainly isolated from infections that had become
chronic (less severe ones).
Therefore, the main cause of mastitis in sheep and goats are intramammary infections by bacteria of the staphylococcal genus, in particular Staphylococcus aureus
in clinical mastitis and CoNS for subclinical mastitis, among which Staphylococcus
epidermidis and Staphylococcus chromogenes represent the most frequently isolated
species.
Starting from 2014, a national epidemiological surveillance was undertaken by
the CReNMOC in Italy which collects data on all consecutive bacteriological
reports of individual or half-udder sheep and goat milk samples with suspected
mastitis analysed by the Italian Zooprophylactic Institute’s laboratories using
an electronic data collection system. The data is updated annually, and the reports are published on the CReNMOC web page (www.izs-sardegna.it/Crenmoc_index.cfm).
The following are the results of culture tests carried out on 90,153 milk samples
from 5,345 farms for the diagnosis of mastitis between 2013 and 2017. The
study involved 68.870 sheep milk samples from 4,397 farms and 21,283 goat
milk samples from 948 farms distributed throughout the national territory. Differences in sample frequency were observed between regions due to the different
distribution of small ruminant dairy farms in Italy, especially concerning ewes.
Similar to the data reported in scientific literature, the organisms most frequently
isolated in sheep and goat farms were NAS and Staphylococcus aureus. The high
prevalence of IMI by NAS could be related to their difficult detection due to
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absence of clinical symptoms. Environmental bacteria were mainly represented
by Streptococcus uberis and Pseudomonas aeruginosa, followed by Enterobacteriaceae and
Streptococci other than Streptococcus uberis (Leitner et al., 2007). IMI caused by
pathogens belonging to non-fermenting Gram-negatives of the genus Pasteurella
(Mannheimia haemolitica, Pasteurella multocida, and rarely, Moraxella) and the Corineyforms, albeit less prevalent, should also be highlighted.
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4. Aetiology

Mastitis is the consequence of an intramammary infection by several microorganisms including bacteria, mycoplasmas, yeasts, moulds (i.e. Candida spp. and
Criptococcus spp.), algae (i.e. Prototheca zopfii and Prototheca sp.), and viruses (i.e.
Maedi-visna – CAEV). Only bacterial mastitis will be discussed in this manual.

4.1 Mastitis from contagious bacteria
The source of contagious microorganisms is the infected udder, and generally
the pathogens survive haltingly in the environment. The main contagious bacteria are: Staphylococcus aureus, Streptococcus agalactiae, Mannheimia haemolytica, Pasteurella multocida, Trueperella pyogenes (previously known as Corynebacterium or
Actynomices or Archanobacterium pyogenes), Corynebacterium spp., and Streptococcus zooepidemicus (in goats) (Contreras et al., 2007).
Staphylococcus aureus is the most important causative agent of contagious mastitis
(Bergonier et al., 2003); its primary reservoir
is represented by the infected gland and by
skin lesions of the udder (i.e. mammary pustules). The infection spreads among animals
through the milking machine and/or the
milker’s hands, and it is facilitated by incorrect
milking procedures. Staphylococcus aureus is responsible for several mastitis types:
- Gangrenous mastitis, with the functional loss of the udder (also its detachment Staphylococcus aureus
from the surrounding tissue) together with
systemic symptoms that can cause death of the animal (Vautor et al. 2007).
- Acute parenchymatous mastitis, with various degrees of severity. It
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never heals and can evolve into a chronic form, representing a source of infection for the other animals.
- Mammary pustular dermatitis represents the initial condition for the
development of mammary gland infections.
Staphylococcus aureus produces several toxins involved in the pathogenesis of
mastitis and some strains produce enterotoxins responsible for food poisoning
(Dinges et al., 2000).
Streptococcus agalactiae is responsible for bovine contagious catarrhal
mastitis (James, 2002). Although sheep and goats are sensitive, this organism is
rarely isolated in small ruminant mastitis.
Mannheimia haemolytica is responsible for parenchymatous mastitis whose
clinical-pathological features are similar to the Staphylococcus aureus acute mastitis.
The infection probably occurs through the suction of the milk by lambs that
host the bacteria in the rhino-pharynx as commensals; mastitis can evolve into
a severe and even lethal septicaemic form (Omaleki et al., 2011).
Trueperella pyogenes is responsible for mastitis characterised by a parenchymal volume increase (often unilateral) with nodular abscess tending to fistulae
(Risseti et al., 2017).

Contagious microorganisms responsible for mastitis
1.
2.
3.
4.
5.
6.
7.

Staphylococcus aureus
Streptococcus agalactiae
Mannhemia haemolitica
Pasteurella multocida
Trueperella pyogenes (Arcanobacterium pyogenes)
Corynebacterium spp.
Streptococcus zooepidemicus (in goats).
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4.2 Mastitis from environmental microorganisms
The source of environmental bacterial agents is the external environment.
These microorganisms are ubiquitous, living in the gastro-intestinal tract, soil,
water, and litter. Their presence in the liners of the milking machines can favour
the spread of infections among the animals with different clinical features. The
main environmental bacteria responsible for mastitis in dairy sheep and goats
are Escherichia coli, Klebsiella pneumoniae, Klebsiella oxytoca, Enterobacter spp., Serratia
spp., Pseudomonas aeruginosa, and Proteus spp. Most intramammary infections caused
by environmental bacteria cannot be effectively treated due to their resistance
to many antibiotics (Liciardi, 2008).

Streptococcus uberis

Pseudomonas aeruginosa causes mastitis cases characterised by various clinical symptoms, from mild to severe, which can lead to the death of the animal
(Wright et al., 2015; Bergonier et al., 2003; Sela et al., 2007). Its isolation in milk
is frequently associated with its detection in the water. Infection spread is related
to the use of contaminated water for washing the milking machine. By means
of the contaminated liners, the microorganism is transmitted to the udder
through the teat canal; in turn, infected glands contribute to contamination of
the liners themselves. This bacterium shows a high adaptive ability and survives
in different environments, and it is resistant to antibiotics and some disinfectants
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(i.e. quaternary ammonium salts). Pseudomonas aeruginosa grows especially on wet
surfaces and finds an ideal multiplication site in the wet milking machine pipelines and in the inner surface of the liners. The management of Pseudomonas aeruginosa mastitis must be based on the control of the risk factors that predispose
the onset and the spread of the disease.
Environmental microorganisms responsible
for mastitis
1.
2.
3.
4.
5.
6.
7.
8.
9.

Escherichia coli
Klebsiella pneumoniae, Klebsiella oxytoca
Enterobacter spp
Serratia spp
Pseudomonas aeruginosa
Proteus spp
Streptococcus dysgalactiae
Streptococcus uberis
Bacillus spp (Bacillus cereus).

Pseudomonas aeruginosa

4.3 Mastitis from opportunistic microorganisms
These are microorganisms of the animal skin microbial flora, in particular the
skin of the udder. Identified as minor pathogens by many authors, are the main
cause of subclinical mastitis with negative effects on milk production. Opportunistic microorganisms are mainly represented by NAS; in particular, Staphylococcus epidermidis, Staphylococcus chromogenes, and Staphylococcus haemolyticus with
variable pathogenicity and clinical features (Onni et al., 2010). Some Staphylococcus haemolyticus strains have shown a marked pathogenicity (Coni et al., 1999).
In general, infection does not produce clinical symptoms. The milk is macroscopically normal but with high somatic cell content, (Pengov, 2001) increased
pH, presence of enzymes (NAGase), and often, positivity to bacteriological examination. Subjects with subclinical mastitis represent microorganism reservoirs.
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Staphylococcus chromogenes

Opportunistic microorganisms responsible for mastitis
1.
2.
3.
4.
5.
6.
7.
8.

28

Staphylococcus epidermidis,
Staphylococcus chromogenes
Staphylococcus haemolyticus,
Staphylococcus xylosus
Staphylococcus warneri
Staphylococcus capitis
Staphylococcus caprae
Staphylococcus hominis

5. Risk factors

5.1 Individual risk factors
The udder conformation can represent a risk factor for IMI leading to increased susceptibility to trauma and
contamination. Moreover, mechanical
milking can be conditioned by the
udder morphology, which, when compact, well supported, and with teats
implanted on the bottom of the cistern, allows complete extraction of the
milk. Several authors (Gallego et al.,
1983; Casu et al., 1983) suggested
some criteria for the evaluation of
udder characteristics, (i.e. distance
from the ground, teat positioning, and
depth of the median line); selection Udder with pustular dermatitis
based on these phenotypic characters
might enable genetic improvement of the udder (Casu et al. 2010; Gelasakis et
al. 2012). The retention of milk in the udder cistern and wrong milking procedures can favour the development and persistence of mastitis due to the penetration of microorganisms and the proliferation of pre-existing microorganisms
(Bergonier et al., 2003).
Skin infections following trauma and pustular dermatitis lesions can favour the
onset of infections, particularly by staphylococci.

5.2 Environmental hygiene
Hygiene plays a primary role in reducing the bacterial load in the environment,
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and therefore in preventing mastitis caused by environmental microorganisms
(Enterobacteriaceae, Pseudomonas aeruginosa, and Streptococcus uberis). In rural sheep
and goat dairy farms, the microbiological quality of the water used for washing
the milking machine, as well as good management of the litter play a key role.
Good hygiene management on the farm also affects the hygienic and sanitary
quality of productions. It is necessary to perform a correct cleaning in order to
guarantee the removal of the largest number of microorganisms from the environment, thereby reducing its microbial load (e.g. removal of deposits and incrustations of organic material).

5.3 Milking management (milking routine and milking machine)
The milking routine influences udder health and milk quality. Therefore, milking
must be carried out in a clean environment, and the correct procedures must be
used. During milking, abrupt noises and movements must be avoided as much
as possible, because small ruminants are particularly sensitive to stressful events
(Sevi et al., 2009). It is recommended to check the foremilk (Strip test) with the
aim of evaluating possible milk abnormalities due to clinical mastitis.
The milking machine represents a risk factor for the development and spread of
udder diseases; serving as a conditioning factor in the presence of anomalies, being
able to injure the teat, and as a fomite of infections among animals. The milking
machine is safe and reliable only if installed, used, and managed correctly in terms
of milking techniques, maintenance, and cleaning. Several microorganisms, especially biofilm producers (e.g. Pseudomonas), find an ideal growth environment in
milking machines not subjected to proper washing procedures and tend to multiply, thus transforming the milking equipment into a source of infection.

5.4 Iatrogenic factors
Intramammary infusion of drugs during the dry period or during lactation may
cause trauma to the teat canal, and if not performed with good hygienic procedures it can facilitate the introduction of pathogens through the teat canal, in
particular Pseudomonas and Aspergillus (Las Heras Domínguez et al., 2000, Lopez
et al., 2000).

30

6. Clinical diagnosis

The diagnosis can be performed based on local (i.e. udder) or systemic symptoms. In the case of a systemic disease, a general examination must be carried
out.
Clinical examination of the udder is useful to highlight anomalies of the mammary gland (i.e. texture, volume, temperature, and colour). Indurations and increase in volume of the supramammary lymph nodes can only be detected by
palpation. Clinical mastitis is often associated with physical changes in the milk
secretion.

Clinical examination of the udder
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7. Microbiological diagnosis

Knowing the microorganism responsible for an IMI is a prerequisite for establishing disease control strategies, monitoring animal health, assessing antimicrobial susceptibility of the causative pathogen, verifying effectiveness of treatment
measures, and producing autovaccines.
Sampling is crucial for a reliable bacterial culture test. The sample must be collected under aseptic conditions to avoid accidental bacterial contamination that
might “mask” the causative pathogen growth. The aim of a successful bacteriological test is to reproduce in culture the microbial content of the original sample
without any alterations. A microbial contamination resulting from a wrong sampling could mislead the correct interpretation of the result.
In case of contaminated plates, microbiologists must suspect contamination due
to incorrect sampling; a diagnosis of “aspecific microbial flora” should be issued
suggesting a more accurate sampling technique in order not to mislead the veterinarian’s diagnosis, and to reduce cost and intervention time.
Moreover, milk samples must be kept at refrigerated temperature immediately
after collection and sent to the laboratory as soon as possible. In the laboratory,
the samples must be examined within 24 h of collection or frozen until examination in order to preserve the microbial composition unaltered (NMC, 1999;
Carter, 2012).

7.1 Sampling procedures for microbiological examination
- Animal selection criteria:
- Symptoms (clinical mastitis)
- Somatic cell content/California Mastitis Test result in half-udder milk
- Decrease in milk production
- Imported animals
The sample size determination should consider the concurrence of multiple ae-
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tiological agents, which could be inconstantly eliminated with milk or be present
in numbers lower than the microbiological determination threshold.
- Types of sample
- Half-udder sample is characterised by greater accuracy and lower probability of contamination. It can be considered the gold standard; however, it
is more expensive due to the longer work time.
- Individual sample is obtained from the collection of milk from the two
half-udders; due to the dilution effect, it shows a lower sensitivity and specificity than the half-udder sample, but it is faster to collect.
- Group or “pool” sample is obtained from ≥ two animals. It can be more
exposed to contamination and could be performed as a screening test.
- Bulk tank milk sample should be performed only to search for contagious
pathogens. It cannot be considered reliable for the detection of other environmental microorganisms, as they are indistinguishable from the contaminating bacterial flora.

Milk sampling equipment for cultural examination
1.
2.
3.
4.
5.

Sterile containers preferably with hermetically sealed
cap, at least 10 ml in size and capacity
Labels for sample identification
Racks
Disinfectant (chlorhexidine) and paper towels
Disposable gloves

- How to sample
Sampling must be performed carefully to avoid contamination of the milk with
microorganisms from skin, udder, or teat. A contaminated sample can make the
laboratory’s work useless and require a repeated sampling, which adds organisational problems, delays diagnosis, and increases cost. Disposable gloves should
be worn for sample collection.
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Before sampling:
- Carefully clean and disinfect the teat with paper towels and disinfectant (e.g.
chlorhexidine based products, etc.)
- Eliminate the first jets of milk in a container. Microorganisms not involved
in IMI can contaminate milk from the teat canal.
During sampling:
- Handle the test tube well and pay attention to avoid contamination from the
sampler’s hands or the udder.
- Keep the tube tilted, almost horizontal to reduce the risk of contamination.
- Fill the tube to about 2/3 and close it immediately.
After sampling:
- Store the sample immediately at refrigerated temperature and deliver it to
the laboratory as soon as possible. It is possible to freeze the sample exceptionally, always informing the laboratory.

Milk sampling procedure
1.
2.
3.
4.
5.
6.
7.
8.

Identification of the animal
Registration of the individual identification code
Identification of the test tube specifying the type:
half-udder sample (right or left), individual, or group.
Teat cleaning and disinfection with paper towels and
disinfectant
Elimination of the foremilk in a container
Collection of milk in a sterile tube
Storage of the sample at a refrigerated temperature
Use of disposable gloves for the sampling operations

- Sample traceability
The sample must be correctly identified to guarantee its traceability and reliability of results. Therefore, it is necessary to carefully identify the animal before
sampling, verifying its correctness with a targeted check. The individual identi-
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fication number of the rumen electronic bolus or the ear tag should be reported
both on the test tube and on the form, together with the sampling date and the
farm identification data; the half-udder identification (right or left) can be useful
in order to evaluate the isolation of opportunistic and environmental bacteria
from asymptomatic mastitis through the evaluation of the SCC or CMT results.
In case of individual or “pool” milk, it must be indicated.

Milk samples from clinical mastitis

- Sample information for the laboratory
Information on the breeder, identification of the farm, anamnestic data, signature, and contact details of the veterinarian must be reported in the accompanying form.
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When it is necessary to carry out the milk culture test
1.
2.
3.
4.
5.
6.
7.
8.

Clinical mastitis
High SCC
CMT positive
Health monitoring
Control/eradication programmes
Verification of therapy effectiveness
Assessing antibiotic susceptibility (Antibiogram)
Autovaccines/herd specific vaccines preparation

7.2 Microbiological test
No complex equipment is required for the bacteriological culture of milk in suspected small ruminant mastitis, at least an incubator at a temperature of 35–37
°C for culture incubation, a refrigerator for sample storage, reagents, and a microscope with oil immersion objective. An autoclave for instrument and reagent
sterilisation, a technical balance, a vortex mixer, a water distiller, a CO2 incubator (which can be replaced by jars and bags capable of generating this gas),
a system of anaerobic atmosphere production, a thermostatic water bath, and
a centrifuge can also be needful.
Laboratory consumables include sterile swabs, culture media, test tubes, multiple
biochemical tests for bacterial identification, pipettes, kits for oxidase and coagulase tests, hydrogen peroxide for catalase tests, and Gram dyes.
The main growth medium for culturing pathogens responsible for mastitis is
the sheep blood agar. The blood used for its preparation must be aseptically collected from healthy animals because presence of antibodies from previous infections in the serum could hinder the development and detection of pathogens.
In particular, the blood must be free of staphylococcal anti-haemolysin antibodies, which could inhibit the appearance of haemolysis around the bacterial
colonies in vitro, masking their detection (i.e. in Staphylococcus aureus culture)
(NMC, 1999; Carter, 2012).
Culture media must be checked for quality controls with certified reference
strains, such as microbial strains from accredited collections before use. There-
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fore, the laboratory should hold a basic bacterial collection managed through
validated and standardised procedures (e.g. ISO 11133; CLSI M22-A3).
During microbiological culture, the milk sample is inoculated in the appropriate
media in order to enable the growth and detection of microorganisms as observable colonies. For this purpose, the use of solid culture media disposed in a
plate is preferable, while liquid media can favour the growth of contaminating
bacteria and therefore complicate the diagnosis.
The culture media should guarantee the detection of the largest number of microorganisms; therefore, blood agar is recommended to highlight the most important mastitis bacteria from milk culture. Following the most common
procedures, 10 μl of milk are seeded by isolation using an inoculation loop on a
5% sheep blood agar plate. The plate is then incubated at 37 °C in an aerobic
atmosphere and examined after 24–48 hours (NMC, 1999; Carter, 2012; Watts
et al., 1994). However, several bacterial strains need media and more targeted
incubation conditions for their growth. For example, anaerobic bacteria require
incubation without oxygen and Campylobacter requires blood media supplemented
with specific antibiotic, as well as incubation in microaerophilic conditions (NMC,
1999; Carter 2012, Cremonesi 2009). After incubation, the bacterial growth is
visually evaluated using a light and a magnifying glass if necessary.
The presence of several morphologically different colonies and their characteristics (shape, colour, and size) can be evaluated through this first examination.
However, it must be considered that no more than two different bacterial species
can be significantly relevant in milk from an animal with suspected mastitis
(Gentilini et al., 2002).
In order to increase the sensitivity of culture test, specific modifications could
be implemented to the described procedure (NMC, 1999, Carter, 2012; Frey et
al., 2013), such as:
- Plate inoculation of a greater quantity of milk sample (e.g. 100 μl instead of
10 μl)
- Centrifugation and seeding of the pellets on the solid medium. A 590-RPM
centrifugation for 10 min is suggested to detect staphylococci in milk samples.
- Preliminary inoculation in liquid nutrient medium before the solid medium
seeding.
- Incubation of the milk sample as it is for 24 h at 37 °C in order to favour the
growth of low-density bacteria.
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However, enrichment culture techniques expose to the risk of increasing nonspecific results, highlighting contaminating microorganisms present in low concentration and usually not detected in conventional culture.
Once the significance of the plate culture is established, the focus must be targeted on specific characteristics of the colonies. Particular attention should be
paid to the presence of haemolysis as a pathogenicity index already detectable
by macroscopic observation of the culture. After that, the microscopic examination of the colonies after Gram staining could be carried out. This represents a
critical decision point and from here on the identification of the microorganism
evolves according to a dichotomous decision-making process that involves a series
of tests taking different routes depending on the results (See attached insert).

Staphylococcus aureus - Gram staining

7.3 Identification of microorganisms
The different microscopic appearance of Gram-positive cocci (i.e. absorbing
Gram stain) should direct towards staphylococci, streptococci, or enterococci.
Subsequently, the catalase (a bacterial enzyme belonging to the oxide-reductase
class) tests is then carried out; a catalase positive reaction is associated with staphylococci while streptococci and enterococci are causative of a negative or weak
reaction. Therefore, suspected staphylococci can be tested by further classical
microbiology analysis, such as growth and fermentation in MSA medium (mannitol salt agar). Gram-positive cocci, irregular clusters, opaque and often pigmented colonies, producers of catalase, able to grow on MSA must be classified
as Staphylococcus genus. The coagulase test, a pathogenesis-related enzyme, di-
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vides staphylococci into two main groups: coagulase producers, (including Staphylococcus aureus) and coagulase-negative staphylococci.

Coagulase test positive (left) and negative control (right)

Other Gram-positive cocci, such as streptococci and enterococci, are identified
by performing multiple biochemical tests and with the identification of the
Lancefield serological group, or the antigenic properties of the polysaccharide
C component of the peptidoglycan wall.
After the oxidase (enzyme of the respiratory chain with discriminatory ability)
determination, Gram-negative bacteria should be tested with multiple biochemical strips (NMC, 1999; Carter, 2012; Watts et al., 1994; Holt et al., 1966).

Catalase test

There are many commercial identification systems based on miniaturised carbohydrate fermentation reactions and their ability to detect “target” bacterial
enzymes. Microbial identification in a standard laboratory can be performed
using phenotypic rather than genetic and biomolecular tests, in terms of practicality, accessibility, and cost. Biomolecular tests such as the DNA polymerase
chain reaction (PCR) are important for diagnostic confirmation; however, it
should be considered that molecular methods identify living and dead pathogens
without any distinction.
More recently, MALDI-TOF mass spectrometry (matrix-assisted laser desorp-
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tion/ionization) has been successfully applied to bacteria identification, both for
research purposes and for routine diagnosis. It is an adaptation of mass spectrometry based on the different ionization and fragmentation induced by laser
light which enables characterisation of organic macromolecules such as proteins,
sugars, and DNA. The MALDI-TOF system allows a more accurate analysis
of microorganisms through the analysis of expressed macromolecules and represents a reliable alternative to the conventional identification methods (phenotypic or genetic) (Seng et al., 2010).

7.4 Limitations of microbiological culture
The culture test has the undoubted advantage of identifying the causative agent,
but like all laboratory tests it is also affected by several limitations, such as false
positives and false negatives, and the growth of non-specific bacterial flora.
A false positive result occurs when a pathogen is detected in a sample from an
uninfected udder. This finding could be attributable to a contamination by microorganisms present on the animal skin, operator hands or the environment
during sampling.
A false positive can occur with all pathogens including Staphylococcus aureus; however, the isolation of a contagious microorganism, even in the absence of
mammary inflammation symptoms, constitutes a health risk and must be carefully evaluated. The number of false positives caused by environmental bacteria
(e.g. Streptococcus uberis, but also Staphylococci) increases in contaminated samples
(NMC, 1999).
A false negative occurs when the result of the culture test is negative even though
the udder is infected. This may be due to the following conditions:
a) microbial count in the milk sample below the detection limit of the culture
method;
b) infection caused by microorganisms with specific growth conditions;
c) animal treated with antibiotics;
d) sample mishandled during storage.
The attempt to reduce the number of false negatives by increasing the sensitivity
of the method with the techniques described above does not increase the effectiveness of the method and should be avoided due to the contraindications already discussed.
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8. Biomolecular diagnosis

Biomolecular diagnostic techniques including the polymerase chain reaction
(PCR) and Real Time PCR can be applied to the diagnosis of mastitis and are
generally more sensitive and rapid than culture methods.
PCR is based on the amplification of small segments of targeted DNA
sequences belonging to mastitis pathogens directly in the milk sample. The diagnostic kits based on this technique, designed mainly for species affecting dairy
cows, are able to identify different causative microorganisms including Staphylococcus aureus, Streptococcus agalactiae, and Mycoplasma bovis. Alternatively, it is possible to set up dedicated PCR tests for specific sheep mastitis pathogens by using
primers (DNA amplification initiators capable of distinguishing specific
sequences) available in the scientific literature, as well as home-made primers.
However, it is often difficult to effectively distinguish clusters of similar bacterial
species; for example, the NAS. The advantages of biomolecular methods (PCR)
include: a response time of less than 24 h, the possibility to analyse milk samples
from treated animals or milk containing bacteriostatic substances added to increase their shelf life, and the possibility to analyse milk samples contaminated
with ubiquitous microorganisms; for example those present on the skin of the
udder or in the teat canal (Yasser et al., 2014), which are responsible for false
positive results in conventional culture. However, among the disadvantages it
must be emphasised that the PCR method is “targeted”, allowing the identification of only the pathogen for which the test was designed; in addition, the
bacterium DNA is detected without any information about its viability, with the
associated risk of a false positive interpretation (i.e. DNA from bacteria that are
no longer viable after an antibiotic treatment, but which persists and remains
detectable in the sample). Moreover, in cases of subclinical mastitis it may be
useful to associate the determination of inflammation parameters, such as the
milk SCC, to the biomolecular diagnosis (Rovai et al. 2014).
Biomolecular tests, therefore, should be limited to cases in which it is important
to confirm or exclude aetiological agents already known in the herd (i.e. when
monitoring an eradication plan or for confirming an aetiological agent).
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Compared to molecular methods, conventional bacteriological culture provide
other advantages, including the ability to visually “count” the prevalence of different bacteria, to establish positivity through a cut off value, to identify the coexistence of multiple colonies that represent an indicator of contamination and
wrong sampling, etc. Finally, the isolation of viable microorganisms enables to
perform antibiotic sensitivity tests and to prepare autovaccines. Molecular tests,
however, can usefully integrate traditional culture methods especially during the
identification phase.
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9. Antibiotic susceptibility test

Adding to the aetiological agent identification, a significant advantage of culture
methods is the opportunity to evaluate its susceptibility/resistance to antimicrobials (Watts et al., 1994).
The technique, known as antibiogram, is commonly performed with the agar
diffusion (Bauer, 1966) and the disk diffusion tests and must be carried out according to specific criteria for a correct result interpretation (Matuschek et al.
2014, CLSI, 2018).

Antimicrobial susceptibility test
(Antibiogram)
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10. Indirect diagnosis of mastitis

Mastitis leads to changes in mammary secretions, and the severity of symptoms
depends on the inflammatory response of the udder tissue and on its extension,
as well as on the pathogenicity of the mastitis-causing microorganism.
The main changes are represented by:
- passage of ions, proteins, and enzymes from the blood to the mammary secretion due to increased vascular permeability;
- invasion of phagocytic cells in glandular tissue and galactophore ducts;
- reduction in the synthesis capacity of the gland with an associated decrease
in the concentration of some milk constituents.
Moreover, the half-udder affected by the infectious process can produce inflammation-related substances. Some changes in the composition of mammary secretions are more pronounced than others and can be used as potential mastitis
markers (Burriel et al., 1997; Pyorala, 2003; Leitner et al., 2004; Addis et al.,
2016).

10.1 Determination of milk SCC
The milk SCC increases in the presence of mastitis and it is generally used
as a health parameter in mastitis monitoring control programmes and to improve milk quality standards.
The milk SCC is determined using the
fluoro-opto-electronic method with
automated equipment according to the
(ﬂuoro-opto-electronic)
UNI EN ISO 13366-2: 2007 (Milk — Automatic
determination of milk SCC
Enumeration of somatic cells — Part
2: Guidance on the operation of fluoro-opto-electronic counters), and it is expressed as number of cells per millilitre of milk.
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- Enumeration of somatic cells; sampling criteria
Based on the disease control strategy and the available resources, the milk SCC
can be determined in the following
samples:
- Half-udder milk
- Individual milk (from both half-udders)
- Group milk (from milk obtained by
milking several animals)
- Bulk tank milk (from herd total
milk production)
Milk sample must be ≥40 ml and the
vial must be sterile, hermetically
sealed, with a flat bottom, and with a
diameter of 3 cm and a height of 8–
11 cm. The sample must not be frozen
but cooled immediately after its collection and kept at refrigeration temperature until the analysis. The addition of
bacteriostatic agents (i.e. Bronopol, sodium azide) can extend the storage
time of the sample.
Bulk tank milk sampling
- Bulk tank milk SCC
The SCC from bulk tank milk indicates the prevalence of infected half-udders
within the farm, and it is considered the easiest parameter for assessing animal
health and its evolution over time. It also provides useful information on the
management skills of the livestock operators. This parameter can vary considerably over time, even from one day to another, in relation to the inflammatory
state and the number of infected udders. Several authors have reported the ability to use bulk tank milk SCC to estimate the prevalence of mastitis in the farm
(Lagriffoul et al., 1999). The European Community Regulations on food safety
(Regulation No. 853/2004) point out that raw milk should meet the limit criteria
of 400,000 cells/ml in bulk tank milk, as rolling geometric average over a threemonth period, with at least one sample per month, but only for bovine species;
no specific criteria are reported for sheep and goat milk.
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- Individual or half-udder milk SCC
The SCC from individual or half-udder milk is the indicator of the health and
production status of the individual animal, and provides information on the inflammatory process. The SCC value in the individual animals allows targeting
of the bacteriological examination, thereby increasing the probability of microorganism isolation. In order to identify the threshold value to discriminate
healthy from infected animals, two different criteria can be followed:
a) single threshold value: to discriminate healthy/infected;
b) different threshold values: to classify animals into three classes healthy/doubtful/infected.
The second approach makes it possible to evaluate SCC variations due to noninfectious factors and to the dynamics of infection. The choice of the cut-off
value is conditioned by the aim of the diagnosis (i.e. animal culling, dry treatments, etc.). Most authors indicate threshold values ranging between 250,000
and 500,000 cells/ml (Gonzalez-Rodriguez, 1995; Romeo, 1998; Bergonier,
1996; Pengov, 2001; Rosati et al., 2005; Berthelot, 2006).
The SCC is particularly important in the diagnosis of subclinical mastitis, where
there are no clinical signs of udder damage and/or milk abnormalities. An increase in SCC associated with pH increase and lactose decrease is one of the
most widely used indicators for diagnosing subclinical mastitis.
- SCC conditioning factors
The SCC, although conditioned by individual and environmental factors, varies
significantly in the presence of inflammatory processes affecting the udder.
The main influencing factors are:
- Health status of the mammary gland: SCC increases in clinical and
sub-clinical mastitis in relation to the frequency of mammary infections inside
the herd.
- Lactation stage: a slight SCC increase could also be observed in non-infected
animals, in particular at the end of the lactation period before the drying-off.
- Milking: the milk from the evening milking has a higher SCC than the milk
from the morning milking, and the first jets of milk have higher SCC than
the milk from the whole milking.
- Age: older animals often have higher SCC than younger ones.
- Stressors: climatic changes, nutritional imbalances, shearing, transport,
etc. can cause a temporary SCC increase.
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- Farm management: poor environmental hygiene, wrong feeding, inappropriate milking machine maintenance and milking routine, and lack of
prophylaxis and control programmes against the most common infectious
diseases can affect the animal welfare and the udder health status thereby
causing increases in SCC (De Vries et al., 2012).

10.2 Differential somatic cell count
The aim of the differential somatic cell count is to evaluate the change in the
cell subpopulations ratio in relation to the udder health status (Cuccuru et al.,
1997; Pilla et al., 2013). The number and the proportion of the different cell
types vary greatly depending on the physiological or pathological conditions of
the animals. The udder cellular subpopulations consist of epithelial cells, resulting from the disruption of mammary gland epithelium, and of immune system
cells represented by macrophages, lymphocytes, and PMN of blood origin. During udder infection, SCC increase is mainly due to the rise in PMN cells.

10.3 California Mastitis Test
The California Mastitis Test (CMT) is an indirect method aimed at estimating
the milk SCC (Barnum, 1961) of individual animals; it is commonly used in cattle
and sheep and can be carried out directly on the farm by the breeder. The CMT
is considered a reliable indicator of the degree of inflammation of the mammary
gland (Maisi et al., 1987; Randy, 2003). It is a farm-side screening test with a high
sensitivity enabling to identify the highest number of animals with IMI; however,
the result could be influenced by the reader’s ability to interpret the test results.
The CMT represents a reliable tool for the identification of animals (cattle, sheep,
and goats) with high SCC even without clinical symptoms (i.e. subclinical mastitis). The ease and speed of execution allow its use directly in the field by personnel
without any specific technical skills but supported by adequate training, and the
availability of a diagnostic tool that can be managed directly by the breeder plays
an important role in the self-checking system of the farm (Dore et al., 2008). The
systematic use of this test can help the farmer to monitor the health status of the
livestock and to carry out a targeted sampling from positive udders, optimising

47

MASTITIS IN SMALL RUMINANTS

laboratory activity as well as saving
time and resources (Bhutto et al.,
2012).
For CMT execution, foremilk is discarded, 2–3 ml of the milk is drawn
into separate cups of a four-cup plastic
paddle, and then an equal amount of
the test reagent (3% alkyl lauryl sulphate, 1.5% sodium hydrate, and possible pH indicator) is added to the
milk. The paddle is then rotated to
mix the components; the mixture
changes in colour with gel formation
(i.e. viscous) within 10–15 s after mixing and can be evaluated. The reagent
lyses cell membranes resulting in the On-farm CMT execution
release of DNA; when the number of
cells is high, the leaked nuclear matrix coagulates forming a gelatinous or mucous-like material. If pH indicator is present, a colour intensity variation in relation to SCC can be observed.
The test is scored as follows:
- Negative (0) if the mixture is fluid
without precipitate;
- Doubtful (1+) with slight precipitate, which tends to disappear with
paddle movement;
- Weakly positive (2+) with distinct precipitate, but without gel formation with the paddle movement;
- Clearly positive (3+) with a dis- CMT reading
tinct gelatinous mass formation;
- Strongly positive (4+) with strong gel formation that tends to adhere to
the paddle, with a central peak above the mass.
CMT results can vary in relation to the lactation period (i.e. colostral phase and
close to drying-off), and to the subjective interpretation of the operator (Maisi
et al., 1987).
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10.4 Electrical Conductivity/Electrical Impedance of the milk
The damage of the blood-milk barrier caused by inflammation allows the passage of serum electrolytes (mainly sodium and chlorine) into the milk with a
consequent increase in conductivity and reduction of electrical impedance. The
same cause is also associated with changes in milk pH and fat concentration
(McDougall et al., 2001; Woolford et al., 1998). A high SCC and a high total
bacterial count lead to an increase in milk conductivity, while an increase in the
lactose content determines its decrease related to the osmotic recall in the udder
as a function of the salt concentration (Marcolini, 2009). The degree of milk
impedance or conductivity can be determined using commercially available instruments.

10.5 Milk cathelicidin
The determination of cathelicidin in milk by ELISA is an effective tool to identify inflammatory states of the mammary gland, and its application for diagnosing subclinical mastitis has been reported (Addis et al., 2016).

10.6 Milk amyloid A
Amyloid A is a protein found in milk following mammary gland inflammation,
and it has been suggested as a biomarker for diagnosing mastitis (Winter, 2006;
Miglio et al., 2013).

10.7 N-acetyl-β-D-glucosaminidase (NAGase)
The concentration of NAGase, a lysosomal enzyme, increases in milk in the
presence of inflammatory processes of the mammary gland, and its activity can
provide an indication of mastitis (Leitner, 2004, 2003).
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11. Mastitis prevention and control

Due to lack of the available tools (i.e. few specific drugs for sheep/goats and the
risk of antimicrobial bacterial resistance development), prevention plays a crucial
role in the control of mastitis. The aim of the prevention is to avoid a mastitis
outbreak during the lactation stage, when the chances of intervention are limited,
through the systematic application of preventive actions. Preventing and controlling mastitis means knowing and acting on the risk factors that favour the
onset and spread of udder diseases (De Vliegher, 2012). Poor animal welfare conditions (i.e. freedom from hunger and thirst, thermal and physical discomfort,
pain and illness, stress and fear) affect their defence ability. Therefore, preventing
mastitis means ensuring proper farming conditions and respecting the animal
needs; in particular, hygiene and health procedures associated with the application of biosecurity measures represent the necessary tools to prevent mastitis and
its spread, and reducing the use of antibiotics. In case of a mastitis outbreak, it
is important to quickly identify and isolate the infected animals or those with
high SCC and create separate groups. Infected animals represent a disease reservoir inside the farm; therefore, it is advisable to cull animals with chronic or
antibiotic-resistant mastitis. Milking is a critical phase for the onset and spread
of mastitis; therefore, it is necessary to focus attention on the milking routine and
on the management of the milking machine and the milking parlour.

11.1 Milking routine
The milking routine influences udder health and milk quality. It must be performed in a clean environment. Noises and sudden movements must be avoided
as much as possible, as small ruminants are particularly sensitive to stressful
events. It is necessary to check the first milk jets (Strip-test) in order to assess any
milk abnormalities (indicators of clinical mastitis). In case of a mastitis outbreak,
it is recommended to modify the milking entry order by giving priority to the
healthy animals or to perform manual milking of the infected animals.
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- Post milking teat disinfection (Post-dipping)
It is the teat disinfection operation performed after each milking aimed at keeping the teat bacterial contamination under control. The reduction of the
number of bacteria on the teat skin is crucial both for preventing udder infections, thereby limiting the risk of the onset and spread of mastitis, as well as for
its direct impact on milk quality.
Disinfection must be carried out immediately after the milking unit is detached,
because in this period the disinfectant inhibits bacterial contamination from the
skin flora and/or the milking machine. Owing to the short time of disinfectant
activity, it is important that the post-milking areas are clean and dry in order to
reduce the risk of teat contamination.
Post-dipping is an economic tool for mastitis prevention through bacterial elimination; it avoids penetration into the mammary gland before the sphincter closure and keratin plug formation, respecting the environment and ensuring food
safety.
Different techniques of disinfectant application are available, from teat immersion to sprinkling. Immersion ensures complete disinfection of the teat but increases the risk of contamination, requiring the replacement of the disinfectant
when this occurs. Teat spraying, although less accurate, is faster and reduces the risk of contamination.
Disinfectant products applied to the
teat skin must be authorised according
to the EU Regulation on biocides (n.
528/2012), which replaces the Biocidal Directive 98/8/EC concerning
the commercial availability and the
use of biocides.
The ideal disinfectant must have the
following characteristics: a wide spectrum activity, non-irritating and aggressive to the skin, and applied with
emollients (i.e. lanolin) and moisturisers
(i.e. glycerine). Furthermore, the disinfectant must be stable and persistent
without leaving any residues in milk.
Teat disinfection (Dipping)
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Main disinfectants used in post-dipping
1. Iodine-based products: Broad spectrum, strong and fast antibacterial activity. To be
used with emollients and moisturisers due to their irritation properties.
2. Chlorhexidine-based products: Fast germicidal action against Gram-positive and
Gram-negative bacteria; non-irritating to the skin; high residual activity; narrower spectrum activity than iodine-based products; poorly effective against Pseudomonas spp.
3. Hydrogen-peroxide-based products: Recently on the market, high efficacy reported
from few scientific studies.

Important recommendations on the use of disinfectants:
- Use the dilutions indicated by the manufacturer’s instructions; a reduced concentration leads to the survival of some bacterial species and favours the selection of resistant bacteria, while a higher concentration does not improve
efficacy but increases cost, the risk of residues in milk, and skin lesions;
- Alternate the type of disinfectant to avoid the selection of resistant bacteria.
- Keep the product in closed containers;
- Clean the dispensers after each milking or during, if necessary;
- Observe the expiry date indicated on the label.
Bacterial cross-resistance due to antibiotics and disinfectants (Chapman, 2003;
Moore, 2008) and the use of plant substances or physical systems as antimicrobials have been reported; for instance, a natural product based on essential oils
of Melaleuca alternifolia has been shown to have a non-inferior efficacy to the conventional chlorhexidine-based disinfectant (Cannas, 2010) when used in postdipping.

11.2 Milking machine management
If not correctly installed and managed, the milking machine can represent the
main risk factor for the development and spread of udder diseases, causing teat
injuries and/or conveying infections among the animals. Milking machines are
safe and reliable only if installed, used, and managed correctly, in terms of milking techniques, maintenance and cleaning (Pazzona, 1999).
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Several microorganisms, especially biofilm producers (i.e. Pseudomonas spp.), find
the ideal growing environment inside incorrectly washed milking machine pipelines (i.e. using contaminated water).

Milking machine claw

MIlking machine shell (left) and liner (right)
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Milk cluster unit

Short pulse tube and milk tube

- Milking machine hygiene
The milking machine and equipment must be washed immediately after each
milking following the cleaning procedure indicated by the supplying company.
The milking machine consists of components of different materials (e.g. glass,
plastic, rubber, and steel); therefore, the washing products must have the ability
to clean and disinfect without causing damage. Several factors could affect the
cleaning operations, including:
- The chemical-physical characteristics of the washing water (i.e. water hardness affects detergent action). Water also exerts mechanical and transport actions on detergents and removed residues;
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- The concentration and the type of detergent used;
- The temperature of the water influences the dissolution and emulsification
of the various materials from deposits.
These different factors interact with each other so that, when a parameter
changes, the others must also vary accordingly (i.e. the reduction of detergent
concentration must be associated with temperature increase in order to have
the same cleaning efficacy).
During the washing cycle, it is important to check water temperature and the
absence of abnormal odours, residues, and water in the pipeline; it is also advisable to control the cleanliness of the milk receiver and the milking units.
The absence of deposits/incrustations and the cleanliness of the filters and gaskets must be evaluated monthly through visual inspections. Presence of fat films,
organic or mineral deposits of milk or water origin mean that water temperature
or detergent concentration are inadequate. A black deposit in the liners indicates
that these components must be replaced.
When high SCC and/or high total bacterial count is detected in bulk milk, the
effectiveness of cleaning procedures should be checked through the microbiological analysis of the water used for washing, of the rinsing liquid, and of the
swabs sampled from milking machine components (i.e. liners, claws, jetter cups,
and milk receiver).
- Water for zootechnical use and water treatment
The water used for cleaning the equipment that comes into contact with milk
(milking machine and refrigeration system) must have the drinking water parameters.
The Regulation 852/2004 EC emphasises the importance of water quality for
zootechnical use in the primary production; using the definitions of drinking
water (water meeting the minimum requirements set in directive 98/83 / EC Legislative Decree No. 31/2001), and clean water (clean sea water or fresh water
that does not contain microorganisms, harmful substances in quantities such as
to directly or indirectly affect the health quality of food) without specifying the
precise parameters of the clean water, leaves the assessment and choice of the
type of water to use with the food business operator. Obviously, clean water can
only be used for cleaning rooms/areas or equipment as long as they do not come
into contact with milk. For cleaning operations, it is important to know the
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chemical characteristics of the water to appropriately dose the detergents.
The isolation of Pseudomonas aeruginosa in water represent an indicator of a poor
purification treatment efficacy, as it is characterised by a high resistance to disinfectants and a remarkable ability to survive.
- Water purification treatment
The main goal of the purification treatment is to remove or to reduce to an appropriate level the microorganisms from water. The most commonly used potable
water treatment systems on small ruminant dairy farms are based on the use of
chlorine or ultraviolet rays or their combination, often integrated with filtration
systems. The simplest, cheapest, and most commonly used systems are based on
sodium hypochlorite or other chlorine compounds (disinfectant with wide spectrum and prolonged activity) in addition to water. Disinfectant dosage can be
performed manually or with automatically controlled dosing pumps in order to
ensure the right proportion between disinfectant and quantity of water delivered.
These hypochlorite-dosing systems, if not properly maintained, can cause overor under-dosage of the disinfectant. To evaluate the effectiveness of the disinfectant activity, the free residual chlorine level could be checked. The ultraviolet
ray system is based on the natural disinfecting power of the light fraction emitted
by the sun (ultraviolet ray’s C band). UV-C rays destroy pathogens in few seconds,
preventing their multiplication. The action of UV-C rays is effective against bacteria, viruses, spores, yeasts, moulds, algae, and nematode eggs.
If drinking water is not available, it is advisable to carry out bacteriological and
chemical-physical analysis of the water before using the milking machine (i.e.
the start of the lactation season). The presence of Pseudomonas aeruginosa in the
water used for washing the milking machine can contaminate the components
and, consequently, infect the udders.
From a survey carried out in Sardinia (Italy), Pseudomonas aeruginosa was isolated
from the water and/or swabs of milking machine components (liners, milking
claw, wash cups, terminal jar) of 79% of 450 sheep farms tested (Cannas, 2010).
- Milking machine maintenance
Milking machine efficiency affects udder health. It is therefore important to
promptly apply the maintenance programme indicated by the manufacturer.
Following the main actions of milking machines, this standard maintenance
programme is recommended:
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Before
milking

Vacuum
measurement

Vacuum regulator
and pulsators
operation check

After
milking

Check the
absence
of milk in the
hygienic
separator

Check absence
of milk from the
drain valves

Once
a week

Check the
vacuum-pump
oil consumption

Clean the
interceptor and
he vacuum
regulator filters

Once
a month

Check the
condition
and tension
of the
motor-pump
unit belts

Disassemble
and clean the
vacuum regulator,
the pulsators,
and the drain
valves

Twice
a year

Check the
operating
parameters:
vacuum
pump capacity
and regularity
of pulsation

Once
a year

Clean the
interceptor
float valve and
the vacuum
valves

Check and
replace the
vacuum regulator
seal if necessary

Once
a year with
appropriate
instrumentation

Check the
vacuum
pump flow

Check the
Check the
reading
regularity
accuracy of the
of the pulsation
vacuum indicator

Disassemble
and clean the
milking claw

Check the
condition
and tightness
of the pipes

Check and if
Check the wear
necessary replace and tear
the liners,
of the pipes
gaskets,
short tubes
and milking claw
Check the
operation
of the regulator

Check for any air
inlets in the
vacuum and
milk circuit

(specialized
equipment
operators)

Milking system maintenance programme
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11.3 Environmental hygiene
Hygiene plays a crucial role in the reduction of environmental bacterial load
and consequently in the prevention of intramammary infections, especially by
environmental microorganisms. A correct hygiene management of the farm
also affects the hygienic and sanitary quality of productions.
The implementation of correct cleaning procedures ensures the removal of a
larger quantity of microorganisms thus reducing the environmental bacterial
load (i.e. organic deposits and incrustations) (Delgado-Pertiñez, 2003).

Pre-milking area
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12. Vaccines

There are no vaccines that can provide total protection against bacterial mastitis;
moreover, due to the limited duration of the mammary gland immunity, booster
doses are needed over time.
Vaccination must be included in a broader mastitis prevention programme (Erskine, 2012).
In the absence of specific vaccines approved for marketing or in case of lack of
documentation that authorises their use (Note of the Italian Ministry of Health
of 08 August 2015), autovaccines prepared with pathogenic microorganisms
and/or antigens isolated from the infected animals present in the “breeding
stock” can be used.
“The production of autovaccines is subject to the issuance of a specific authorisation by the
Italian Ministry of Health and can only be carried out by the Italian Experimental Zooprophilactic Institutes in the framework of their specific skills in diagnostic and zootechnical assistance for farms or animals of any species” (Art. 3 DM 287/1994)
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13. Mastitis Therapy

Mastitis is the main disease of milk-producing animals associated with antimicrobial use. Drugs are available for systemic treatments (generally administered in clinical cases) and for local therapy (through intramammary
administration) during the drying-off period. It is important to know the antibiotic sensitivity of the microorganisms responsible for mastitis (Mavrogianni et
al., 2011) because the treatment of resistant strains is ineffective. Therapy effectiveness is conditioned by a correct microbiological diagnosis and by the
choice of the antibiotic molecule based on an antibiogram result. The overuse
and misuse of antibiotics can promote the development of antibiotic-resistant
animal pathogens and their possible transmission through the food chain representing a potential public health threat. In order to limit the risk of spreading
antimicrobial-resistant pathogens, the “Guidelines for the prudent use of antimicrobials in veterinary medicine (2015/C 299/04)” has emphasised the need
to use antibiotics appropriately and to reduce their use, thereby promoting disease prevention with targeted biosecurity systems, good farming/hygiene practices, and specific control/prophylaxis programmes.

13.1 Drying-off therapy
Mastitis is a disease of multifactorial aetiology; therefore, drying-off therapy
alone is unable to prevent mastitis. Moreover, it should be considered that there
are few antimicrobial molecules authorised for intramammary treatment in
small ruminants, and there is no scientific evidence on the effectiveness of the
off-label use of other drugs (i.e. antibiotics authorised for cow treatment). A
comprehensive epidemiological evaluation must precede the choice of blanket
or selective treatment based on the results of the CMT/SCC and/or the microbiological analysis of milk samples. Drying-off therapy must be carried out
observing the hygienic rules in order to avoid iatrogenic mastitis through the
contaminated syringe (e.g., Pseudomonas aeruginosa, Candida albicans).
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14. Mastitis and milk quality

Inflammation of the mammary gland determines a modification of the milk’s
qualitative parameters, mainly represented by an increase in SCC, chlorides, sodium, and pH, and a reduction in the lactose content. Decrease in lactose content
causes a modification of the osmotic pressure of the milk, resulting in a lower
flow of water to the mammary cells, and consequently, a lower milk yield. With
less lactose available to lactic acid bacteria, a basic substrate is missing for the development of the lactic acid flora involved in the cheese-making processes. Therefore, the modification of this parameter can diagnose the presence of a subclinical
mastitis, and simultaneously, provide indications about milk alterations (Fruganti
et al., 1985a; Leitner et al., 2004). An increase in fat and protein content is mainly
due to an increase in milk concentration caused by a decrease in the quantity of
secreted milk. Furthermore, increase in protein content must be associated with
increase in serum proteins (coming from blood, and ineffective for the cheesemaking process), and a decrease in caseins, conditioning the coagulation properties and cheese yield. Infected udders show a lower casein/total protein ratio and
a higher serum protein/total protein ratio (Leitner et al., 2004).
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Milk urea nitrogen concentration is mainly conditioned by feeding management
and lactation phase; it is considered a marker for the metabolic status evaluation
and indirectly, for diet assessment. Together with SCC increase, the mineral
content is also modified, mainly represented by an increase in chlorides and sodium due to loss of the blood-milk barrier integrity, and the reduction of potassium.
The ionized calcium concentration does not differ in healthy animals, while the
activity of Ca2+ ion is significantly lower in the mammary secretion from infected
udders.
The determination of Ca2+ seems to be a valid and promising method to monitor the severity of casein lysis under different pathological conditions (Leitner
et al., 2004).
Lower values of titratable acidity are also observed in high SCC milk, with a
negative effect on the milk coagulation process (Silanikove et al., 2014).
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15. Costs of mastitis

The costs incurred in the control of mastitis vary in relation to the aetiology
and symptomatology, as the control strategies are different.
In addition, mastitis is the main cause of economic losses to the farmer due to
reduction in the quantity and quality of milk production, disposal of milk from
treated/diseased animals, reduction of lifetime productivity of animals, culling,
treatment and veterinary work, diagnostic tests, and the overtime work of the
farmer (Watson et al., 1984; Hogeveen et al., 2011).
The quantification of economic damages is used by some authors as an indicator of the evaluation of the health status of the farm. Although these costs
significantly affect the business economy, they are not all perceived in the same
way. In fact, there are “visible costs” (e.g. milk removal, animals culled, antibiotics, veterinary treatments, etc.) and “invisible costs” (e.g. decrease in milk quality).
Subclinical mastitis is a limited health problem, but represents a significant threat
to the farm economy, due to its direct negative effects on quantity and quality
of milk productions.
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16. Zoonoses and mastitis

Zoonoses transmitted through the milk are mainly of bacterial nature due to
systemic (i.e. brucellosis) or local infections. Some strains of Staphylococcus aureus
produce an enterotoxin responsible for food poisoning; even Bacillus cereus, which
causes sporadic cases of mastitis, may be responsible for food poisoning. Listeria
monocytogenes and Streptococcus equi subsp. zooepidemicus (only in goats) can cause infections in humans (Pisoni et al., 2009). Moreover, unpasteurised sheep milk can
transmit other zoonotic agents, such as Brucella sp. and Nocardia farcinica (Winter
et al., 2004; Las Heras A et al., 2002; Maldonado et al., 2004). Finally, Coxiella
burnetii, responsible for Q fever, can be eliminated through milk (Angelakis et
al., 2010).
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ISOLATION AND IDENTIFICATION OF MASTITIS CAUSING BACTERIA IN MILK
Individual/half-udder milk sample
Mycoplasma
identification
Streak 10μL of milk onto
sheep-blood agar and/or
Hayflick agar base plates

If necessary:
•Seed in nutritive broth and incubation at 37 °C per 1824h
•Seed of a greater volume of sample(100 l)
•Freezing-defrost cycle before seeding
•Incubation at 37 °C per 18-24h before the seeding

Microaerophile incubation at
37 °C (7 gg)
(evaluate growth after 48h) or
in CO2 5% Thermostat

Cultural examination

Pseudomonas identification

Streak 10μL of milk onto 5% sheep-blood agar plate

Incubation of milk sample at 37 °C (24h)

Negative

Positive

Sample with SCC>1.000.000
cell/ml, clinical or suspected
mastitis

Sample with SCC<1.000.000
cell/ml

Positive

(no growth)

No growth

Examination of the bacterial growth

(no growth)

Negative

Streak 10μL of milk onto cetrimide-agar plate at 37 °C
(18-24h)

Aerobic incubation of the plates at 37 °C (1824-48 h)

≥ 1 colony primary suspected
pathogen (es. Staph.aureus)

RESULT:
NEGATIVE

Growth of colonies with or without
haemolisys, metallic or pearly colored,
wrinkly, mucoid, pigmented with a
specific odor (concord grapes)
Slide with Gram’s stain
Gram- bacteria

≥ 2colonies other than
primary pathogens

≥ 5 colonies of coagulase
negative staphylococci

Oxidase test
RESULT: NEGATIVE
Mycoplasma spp

Possible
antibiotic residue
test
(DELVO TEST)
Resampling
milk after
withdrawal
period

Identification of the strain (PCR)

Isolation in pure culture
After the 2°
seed

RESULT:
NEGATIVE

Examination of bacterial colonies
•Macroscopic (aspect, odor, color)
•Microscopic (Gram’s staining and Optical
Microscope 100X)

Growth of indistinguishable
microbial flora
RESULT:
Non-specific Microbial
Flora

Staphylococci

Catalase test

Streptococci

Enterococci

Small colonies(1-3
mm), moist, convex,
dense centrally and
traslucent.
Possible a, b and g
hemolysis.

Small colonies(1-3
mm), moist, convex,
dense centrally and
traslucent.
Possible a, b and g
hemolysis.

Yeast
Seed on two Sabouraud Agar plates at
environment T° and 37 °C (5-7 days).
Evaluate the growth every 24 h

Bacillus
spp

Identification with

API Coryne

Seed on MSA
at 37 °C (1824 h)

-

Stahylococc
us aureus

slow growth, complete
hemolysis on blood agar

Enterobacter
ia

Not
enterobacteria

Positive

Staphyla
se
test

+

Coagulase test
at 37 °C (18-24
h)

-

+

-

Negative
(Streptococci)

Weak reaction
(Enterococci)

Subculture of a colony
on MYP and Blood
Agar

Identificazione con API Strep
Aerobic incubation
at 30 °C (24h)

High probability of

Positive

Positive

+

Trueperella pyogenes:

Negativ
e
Catalase test

Catalase test
Positive
Corynebacterium
spp

Identification
with API 20NE

Gram negative bacteria

Catalase test
Negative

RESULT:
NEGATIVE

RESULT:
POSITIVE

Oxidase test

Large colonies ( 2-8
mm),
smooth and pigmented
(white-cream, yelloworange).
alpha and beta hemolysis

Positive

Re-sampling the milk

Gram positive bacteria

Coryneifor
ms

Negativ
e

Other
staphylococc
i

Pink
colonies
on MYP

Identification with API Staph

Hemol
ysis on
blood
agar

UNCERTAIN
Bacillus cereus
Camp-Esculin-Bile test
Lancefield’s groups identification

No growth

Growth

RESULT:
NEGATIVE

RESULT:
POSITIVE

Seed on Mac Conkey n.3
at 37 °C (18-24h)

Lactose
Fermentation

Lactose
Nonfermentation

Identification with API 20E

Identification with API 20C AUX

Identification with API 20NE

Diagnosis of mastitis in sheep and goat dairy farming
Data analysis
(indicators of the udder health)

Epidemiological assessmnent

(Anamnesis)

Farm size
Number of diseased
animals

Livestock

Bulk milk

Mastitis incidence
Reduction in yield
Symptoms

Disease onset time

Previous diseases

Prophylaxis and
treatments

Discared milk

General clinical
examination
Clinical examination of
the udder
Asymmetries (increase in volume,
deformations, atrophy)

Supramammary lymph nodes
(hot, painful, swallen)

Reduction in
quality

Parenchymal abnormalities (edema,
nodules, fibrosis, skin lesions)

Cells/ml > 1.000.000

Milk abnormalities (watery,
flocculation, clots, hemorrhagic)

Post-dipping

Vaccination

Animal

Unproduced milk

Reduction of lactose content

Antibiotic therapy

Risk factors analysis

Individual/half-udder
milk analysis

Increase in pH
Cells/ml > 500.000
CMT positive
Increase in chlorides

Bacteriological examination

Environmental hygiene
•
•
•
•

Water
Bedding
Milking parlour
Pre- and post-milking areas

Milking machine
• Hygiene
• ordinary and extraordinary
maintenance
• Microbiological analysis

Animal welfare
• Training of operators
• Facilities and shelters
• Feeding

Biosecurity
• Movement of vehicles and
personnel
• Disease outbreak
• Health management

