
Chapter 18
Understanding Mastitis in Goats (I):
Etiopathophysiological Particularities

Hélder Quintas, Gisele Margatho, Vicente Rodríguez-Estévez
and João Simões

Abstract Mastitis represents one major constraint in dairy goat farms implicating
adverse effects on milk yield and composition and, in some cases, public health
constraints. Intramammary infection, the principal cause of mastitis, can reach high
prevalence in dairy goat herds, commonly more than 30%. Coagulase-negative
staphylococci and coagulase-positive staphylococci, with emphasis for
Staphylococcus aureus, are the major bacterial species related with in intramam-
mary infection. Milk pathogens overtake anatomical, physiological, and immuno-
logical local defenses of the mammary glands. However, some enzootic systemic
disease, such as contagious agalaxia, among others, with systemic tropism for the
mammary gland, can have a significant impact on the milk production and quality.
At immune level, neutrophils play a major role in the healthy and infected mam-
mary gland representing 45–75% of total leucocyte counts in milk. Apparently, the
threshold for significant neutrophils increase is 700,000 cells/ml. Moreover, the
continuous renewal of epithelial cells from apocrine glands, which have phago-
cytosis cytokine production properties, improves significantly the somatic cells in
milk. All these topics are discussed in the present chapter providing key points to
improve the udder health status in goats.
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18.1 Introduction

Mastitis is the inflammation of the mammary gland, a multifactorial disease char-
acterized by physiological, chemical, and bacteriological changes in milk, along
with pathological modifications in the glandular tissue (Contreras et al. 1997a;
Matthews 2009). Normally, it is the response to an infection and aims to eliminate
the pathogen involved, restoring the integrity of affected tissue, and functionality of
the mammary gland (Contreras et al. 1997b).

To understand the significance of mastitis, the first concept that is important to
interiorize is that the milk secretion, since correctly collected, should be sterile
(Poutrel 1983; Leitner et al. 2012), even milk microbiota concept has recently been
also reported in goats (McInnis et al. 2015; Li et al. 2017). Therefore, the milk flora
that has so much interest in the cheese industry is formed by environmental agents,
including commensal bacteria from skin teats (Tormo et al. 2007), which are
incorporated into milk after leaving the udder (Contreras et al. 1997b). This flora is
usually conveyed by the teats and air at the time of milking, or through the milking
machine itself (Tormo et al. 2006), such as the total mesophilic aerobic flora
(Muehlherr et al. 2003), or even psychrotrophic bacteria, apparently associated with
problems in milk cooling or long periods of storage (Contreras et al. 1997a, 2003),
among others microorganisms, including milk pathogens.

With the presence of a pathogen, usually bacterial, an intramammary infection
(IMI) take place into the mammary gland with associated inflammatory processes
which negatively modify the milk yield and composition (Merin et al. 2004; Leitner
et al. 2007; Le Maréchal et al. 2011; Gelasakis et al. 2016). Each pathogen induces
a specific modification in milk during mastitis (Le Maréchal et al. 2011). The milk
from clinical mastitis (IMI with milk and udder macroscopic changes) is immedi-
ately rejected for human and animal consummation. Inversely, untreated goats
presenting subclinical mastitis also contribute with their milk for the bulk milk tank
or direct consummation. However, several aspects must be taken into account with
emphasis for IMI diagnosis, mastitis control and prevention management, total
bacterial count in milk, milk pasteurization, and cheese ripening, among others.

The milk of subclinical mastitis is pasteurized, which kills bacteria, and man-
ufactured or directly used for raw milk cheese (with more than 60 days of ripening).
However, the high prevalence of infected goats can pose some constraints pro-
moting, production and manufacture losses. For example, Staphylococcus aureus,
one of the most prevalent milk pathogen, can be present in a significant proportion
of bulk tanks milk, such as the recently reported by Cortimiglia et al. (2015) in Italy
(43.1%) and by Merz et al. (2016) in Switzerland (46%). On the other hand, milk
raw and unpasteurized dairy products contaminated by S. aureus can cause food
poisoning (Oliver et al. 2009) in human and animals due to several (exo) entero-
toxins (Dinges et al. 2000; Le Loir et al. 2003; Johler et al. 2015; Jans et al. 2017).
Enteropathogenic and Shiga toxin-producing Escherichia coli are other significant
endotoxins related with dairy products and potential adverse impact on public
health (Álvarez-Suárez et al. 2015). Besides, subclinical mastitis is difficult to
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detect, is of long duration and usually precedes the clinical form. This chapter aims
to describe the particularities of mastitis in goats regarding their etiophys-
iopathology, and consequently a better understanding of the health concepts for a
more profit milk production.

18.2 Clinical and Subclinical Mastitis Occurrence

Clinical mastitis causes visible variable changes, ranging from a small change in the
macroscopic characteristics of milk secretion, with or without local inflammatory
changes, to manifestations of systemic disease (e.g., gangrenous mastitis)
(Contreras et al. 1997b). In addition to the decrease in milk production, often the
first sign detected, is the appearance of hungry kids or the increased mortality rate
of suckling kids (Smith and Sherman 2009). Due to its faster evolution and the
more intense severity of clinical symptoms, different categories have been proposed
to classify clinical mastitis: hyperacute, acute, subacute, and chronic (Figs. 18.1
and 18.2).

In subclinical mastitis, which causes the greatest impact on dairy farms; the
subsequent inflammation is not visible but changes in milk quality as well as, a
decrease in production occur. In addition to these poorly perceptible but constant
losses, the infected animals contaminate the milking teats and/or the milker hands,

Fig. 18.1 Chronic mastitis in a primiparous goat with atrophy of the left mammary gland
(provided courtesy of C. Gutiérrez)
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Fig. 18.2 Sagittal cut of unilateral udders with serosanguinous exudate (a) and purulent abscesses
(b) in unilateral udder with mastitis (provided courtesy of R. Jiménez-Granado and A. Méndez,
respectively)
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spreading the infection. Many of the agents involved in IMI, such as
coagulase-negative Staphylococci (CNS), are able to persist in the mammary gland
throughout lactation and even during the drying period. Thus, kidding goats with
IMI will present subclinical mastitis during the new lactation period (Poutrel 1984;
Contreras et al. 1997a; Bergonier et al. 2003). Although persistent, this subclinical
mastitis does not alter the macroscopic appearance of the milk but can be detected
through bacteriological isolation or associated cell recruitment, (i.e., somatic cells
count (SCC) at the laboratory or Californian mastitis test at the farm) (Plummer and
Plummer 2012).

In an appropriate sanitary context, the prevalence of clinical mastitis should not
exceed 5% of the flock (Bergonier et al. 1997; Contreras et al. 2007) but this
incidence can become greater sporadically. The presence of mycoplasmas in the
herds may alter the relative proportions of the other bacteriological agents causing
clinical mastitis. In endemic areas for contagious agalactia, the prevalence of
clinical cases is generally low, but may increase drastically, especially in newly
infected herds (Bergonier and Berthelot 2008). In Spain, the analysis of 820 milk
samples from clinical mastitis allowed to identify 78.6% of IMI caused by (other)
bacterial agents, 16.5% by mycoplasmas, and 4.9% caused simultaneously by
mycoplasmas and other bacteria (Amores et al. 2012a, b). In these studies,
staphylococci were the most prevalent bacteria (75.5%, of which 19% were
Staphylococcus aureus) followed by Gram-negative bacilli (11.7%), streptococci
(7.7%) and other bacteria (5.1%). The most frequently identified mycoplasmas were
Mycoplasma agalactiae (91.4%), M. mycoides subsp. capri (5.7%) and M. putre-
faciens (3%).

The prevalence of subclinical mastitis varies on average from 5 to 30%
(Contreras et al. 2007), although some herds present higher values (Contreras et al.
1999; Rovai et al. 2014), reaching up to 70% in certain herds (Vega et al. 2004;
Bazan et al. 2009). In this sense, according to Andrews et al. (1983).
Kalogridou-Vassiliadou (1991) considers an animal as infected by a pathogen when
the same microorganism is isolated in two of three consecutive examinations, and
he found 65% of goats infected with pathogenic microorganisms with no clinical
signs of mastitis in Greece. CNS are the main agents isolated from goats milk with
subclinical mastitis, with a total average between 25 and 95% of isolates, followed
by S. aureus (5–35%), streptococci (5–15%) and Enterobacteriaceae (2–12%)
(Contreras et al. 2007). Nineteen staphylococcal species have been identified from
subclinical intramammary infections in goats (Contreras et al. 2007). In Greece,
even in low-input dairy goat farms, CNS reached 50.2% of isolates followed by
coagulase-positive Staphylococci (e.g., S. aureus and S. intermedius) with 34.5%
(Gelasakis et al. 2016). Similar high values (59.5%) of SCN prevalence were
reported in China in dairy goats (Zhao et al. 2015).
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18.3 Etiology

Caprine mastitis may be due to mechanical, traumatic (e.g., footprints, wounds,
blows, etc.) or caused by bacterial toxins (Stehling et al. 1986), but in the over-
whelming majority are due to bacterial infections, without excluding lentiviruses
and fungi (Bergonier et al. 1997, 2003). Vega et al. (2004) isolated 86 different
microorganisms in 166 goats from 16 goat herds. Most of these pathogens are
reported in Table 18.1, according to each biological group. In most of the milk
samples, only one of the microorganisms is isolated, but some samples contained
two or more kinds of microorganisms.

The pathogens responsible for caprine mastitis can also be divided into two
groups according to their virulence: major pathogens and minor pathogens (White
et al. 2001; Bagnicka et al. 2011). Major pathogens induce more intense immune
responses and consequently result in higher SCC and are often associated with
clinical mastitis. As an example, IMI caused by S. aureus show higher SCC than
those caused by CNS or other bacteria (Persson et al. 2015). In this, major
pathogens class are included bacteria, such as S. aureus, M. agalactiae, M.
mycoides subsp. capri, M. capricolum subsp. capricolum, M. putrefaciens,
Corynebacterium pseudotuberculosis, Trueperella pyogenes, Streptococcus
spp. (Strep. agalactiae, Strep. dysgalactiae, Strep. uberis, and Strep. bovis),
Brucella spp., Pasteurella spp./Mannheimia spp., Aspergillus fumigatus, Nocardia
asteroides, E. coli, Klebsiella spp., Pseudomonas aeruginosa, Enterococcus fae-
cium, Enterococcus faecalis and CNS novobiocin-sensitive.

Minor pathogens would cause subclinical mastitis with low SCC. The inclusion
of CNS as a minor pathogen is not consensual. Classically, due to their classifi-
cation in cattle, they were considered as “minor” agents, but their importance in
caprine mastitis led some authors to consider this as a non-proper classification
(Maisi and Riipinen 1991; Contreras et al. 1995, 2003; Bergonier et al. 1997, 2003).
In other words, subclinical mastitis caused by some CNS can cause, in goats, high
SCC, considerable lesions in the mammary tissue, and significant economic losses
due to production decrease and altered milk quality (Bergonier et al. 2003;
Contreras et al. 2007; Le Maréchal et al. 2011). Thus, it is thought that the indi-
vidual classification of the different CNS species (Sánchez et al. 1998; Bergonier
et al. 2003), as proposed in sheep, consider the in vitro susceptibility to novobiocin
as classification criterion in goats, since it seems to be associated with the virulence
of CNS in this species (Sánchez et al. 1998).

The CNS resistant to novobiocin, i.e., S. xylosus, S. saprophyticus, S. lentus,
S. sciuri and S. arlettae, behave as minor pathogens inducing small changes in SCC
and a slightly reduction in milk production. Nevertheless, the
novobiocin-susceptible CNS, i.e., S. epidermidis, S. simulans, S. chromogenes, S.
warneri, and S. lugdunensis, are considered major pathogens inducing important
changes in SCC and considerable breaks in milk production (Gonzalo et al. 1998;
Sánchez et al. 1998). S. epidermidis and S. simulans would be the responsible for
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Table 18.1 Milk pathogens in goats

Group Genus Species

Gram-positive
bacteria

Staphylococus
spp.

Staphylococus coagulase-positive (S. aureus, S.
intermedius)
Staphylococus coagulase negative (S. capitis, S.
haemolyticus, S. xylosis, S. simulans, S. caprae,
S. epidermidis, S. warneii, S. sciuri, S. hominis,
S. auricularis)

Micrococcus spp.

Streptococcus
spp.

St. agalactia; St. uberis; St. dysgalactia

Corynebacterium
spp.

C. bovis; C. pseudotuberculosis

Trueperella spp. T. pyogenes

Bacillus spp. B. cereus

Clostridium spp. C. perfringens

Nocardia spp. N. asteroides; N. farcinica; N.brasiliensis;
N. brevicatena; N.transvalensis

Gram-negative
bacteria

Escherichia spp. E. coli

Enterobacteriaceae Klebsiella spp. K. pneumoniae; K. oxytoca

Enterobacter spp.

Proteus spp.

Serratia spp.
Citrobacter spp.
Pantoea spp.

S. marcescens; Outras serratias
Citrobacter koseri

Non-
enterobacteriaceae

Pseudomonas
spp.

P. fluorescens; P. aeruginosa

Mannheimia spp. M. haemolytica

Pasteurella spp. P. multocida

Micoplasma Mycoplasma spp. M. agalactiae; M. mycoides
subsp. Capri; M. capricolum
subsp. Capricolum; M. putrefaciens

Fungi Acholeplasmas
spp.

A. laidlawwii; A. modicum

Candida spp. C. albicans; C. lusitaniae; C. parapsilosis;
C. glabrata,

Cryptococcus
spp.

C. neoformans

Aspergillus spp. A. fumigatus

Virus Caprine arthritis encephalitis virus

Source Corrales et al. (1997), Wahba et al. (2011), Persson et al. (2015), Scaccabarozzi et al.
(2015), Doğruer et al. (2016), Dore et al. (2016), Gelasakis et al. (2016), Göçmen et al. (2016),
İlhan et al. (2016), Koltas and Ilhan (2016), Tariba et al. (2017)
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the higher SCC. However, these considerations should always be carefully analyzed
due to the variations among isolation frequencies in different herds and from dif-
ferent studies, as well as the variations in the invasiveness and virulence of the
numerous bacterial strains (Sánchez et al. 1998).

These pathogenic microorganisms can still be divided into (1) Contagious
(Gelasakis et al. 2016): their main habitat is the mammary gland in such a way that
infection occurs normally during milking operations. This group includes
Strep. agalactiae and Mycoplasma spp., although its main habitat is not the internal
udder, but the internal and external teat epithelium. This group also includes S.
aureus, a major pathogens. Merz et al. (2016), which studied the S. aureus-specific
staphylococcal protein A and clonal complexes, suggested that S. aureus isolated
from milk samples of goats and ewes in Swiss farms are sufficiently genetically
close to form distinct population from dairy cattle; (2) Environmental (Gelasakis
et al. 2016): infections do not occur during milking but rather with the contact of
animals with contaminated materials (e.g., soil, bed, water, manure, food, among
others). In this group Streptococcus spp., excluding Strep. agalactiae, are included,
and some bacillus species and Gram-negative bacteria in general; and,
(3) Opportunists: their natural habitat is the animal and human skin, mainly the
Staphylococcus genus, and they compose the principal cause of subclinical mastitis
in caprine herds: CNS (Corrales et al. 1997; Chu et al. 2012).

18.4 Pathogeny

Pathogens enter into the mammary gland through teats canal or by hematogenous
dissemination, being the first the main route of entry to the main milk pathogens
reported above. Other biological agents such as those belonging to the complex
Mycobacterium tuberculosis, Brucella melitensis, Listeria monocytogenes,
mycoplasmas, and lentivirus cause systemic infection and have tropism for the
mammary gland (Contreras et al. 1995, 1997b). Therefore, IMI occurs when a
pathogen can overcome anatomical defenses, multiply in the gland cistern and reach
the alveoli. The inflammatory phenomena (i.e., mastitis) accompanying the infec-
tion may be visible or not (Radostits et al. 2007).

Mammary gland protection involves the innate and adaptive immune response
(Leitner et al. 2000), which work together. The innate immune response consists of
passive defense mechanisms, such as the physical barriers of the teat canal, and
active, formed by the resident cells in the mammary gland (i.e., cellular component)
and some factors soluble (i.e., humorous component) (Sordillo and Streicher 2002;
Rainard and Riollet 2006; Sladek and Rysanek 2010).

The teat canal is the main barrier against bacterial infections (Zecconi et al.
2000; Sudhan and Sharma 2010; Ezzat Alnakip et al. 2014). The teat sphincter,
consisting of smooth and elastic muscle cells, ensures the closure of the teat canal
among milking, constituting an anatomical barrier to the entry of pathogens.
Similarly, in the proximal part of the teat canal (Fasulkov et al. 2014; Vesterinen
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et al. 2015), the folds in the mucosa of the Fürstenberg rosette also play the same
protective role similar to the reported in cows (Hibbitt et al. 1996; Ezzat Alnakip
et al. 2014). The elimination of foreign agents is further favored by the downward
flow of milk during milking and by the shedding of keratinized epithelial cells from
the canal.

Keratin has the ability to bind to bacteria and is composed of substances with
bacteriostatic properties that prevent bacterial multiplication (Capuco et al. 1992;
Paape and Capuco 1997). Its constant renewal at each milking allows the elimi-
nation of the bacteria that keratin agglutinates. Similarly, continuous renewal of
epithelial cells may also play an important role in defense against invading agents
(Leitner et al. 2012).

Cellular defense is ensured by leukocytes, which vary according to the SCC
apparently with the threshold at 700,000 cells/ml (Albenzio et al. 2015), and
epithelial cells of the mammary gland (Table 18.2). Leukocytes include not only
polymorphonuclear leukocytes (mainly neutrophils in goat milk, but also some
eosinophils and basophils), monocytes/macrophages, natural killer (NK) cells, and
dendritic cells (Paape and Capuco 1997; Oviedo-Boyso et al. 2006; Sladek and
Rysanek 2010). In the mammary gland, recognition of foreign agents is performed
by resident macrophages and epithelial cells, due to the presence of lipopolysac-
charides, peptidoglycans, or lipoteichoic acid in the bacterial cell wall, for which
these cells have receptors (Oviedo-Boyso et al. 2006).

The epithelial cells of the mammary gland have the ability to phagocyte and
produce cytokines, behaving like macrophages (Monks et al. 2002; Atabai et al.
2007; Monks and Henson 2009) playing a central role in the proinflammatory

Table 18.2 Milk somatic cell count and cell type distribution in different animal species, in the
absence of intramammary infection

Species Cells type

SCC (106

cells/ml)
Cytoplasmic
particles
(103/ml)

Epithelial
cellsa (%)

PMNL
(%)

Lymphocytes
(%)

Macrophages
(%)

Human 0.009 90 50–90 6 5–9 8

Cattle 0.075 Not observed Very
low*

5–20 20–30 61

Sheep 0.11 15 Very
low*

22 10–25 70

Goats 1.1 128 10–20 45–75 3–10 10–35

Swine 1 — 60–90 5–10 15–25 5–10

Source Paape et al. (2000), Boutinaud and Jammes (2002)
SCC Somatic cells count; PMNL Polymorphonuclear leucocytes (neutrofils, eosinofils, and
basofils)
*Currently, with the use of monoclonal antibodies, the % obtained today is significantly different
(Leitner et al. 2012): Cattle and goats *50% and Sheep *80%
aPercentage of total cells
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response by secreting chemotactic factors (e.g., IL-8) and several acute phase
proteins, such as serum amyloid A3 (SAA3), pentraxin 3 (PTX3), and antipro-
teinase alpha-1 (SERPINA1) (Brenaut et al. 2014). Thus, after coming into contact
with the pathogens, epithelial cells, and macrophages produce proinflammatory
cytokines (i.e., IL-8 signaling pathway) that promote the mobilization of neu-
trophils from the bloodstream to the mammary gland (Leitner et al. 2000; Sladek
and Rysanek 2010; Brenaut et al. 2014) through the activation of intercellular and
vascular adhesion molecules of the endothelial cells. These adhesion molecules
promote neutrophil extravasation and migration (i.e., diapedesis) through the vas-
cular endothelium to the mammary gland (Paape et al. 2002; Oviedo-Boyso et al.
2006). After that, the receptors present on neutrophils recognize the molecular
pattern associated with the pathogen and begin the process of phagocytosis (Blagitz
et al. 2011). Neutrophils (Fig. 18.3) contribute to contain bacterial invasion by
phagocytizing the pathogens and by releasing compounds with high oxidative
capacity (e.g., reactive oxygen species: ROS) (Paape et al. 2003; Rinaldi et al.
2007). The phagocytic and bactericidal properties of neutrophils are the main
infection control element in the mammary gland (Fetherson et al. 2001).

In addition, due to several inflammatory mediators (Le Maréchal et al. 2011), the
intervention of T and B lymphocytes and macrophages occurs, but neutrophils are
always maintained as the most representative cell line. Macrophages, in addition to
their phagocytic capacity, play a key role in IMI, through the secretion of a wide
range of cytokines, such as interleukins (IL) 1b, IL-6, IL-8, tumor necrosis factor a
(TNFa), and interferon c (IFNc), which induce the acute phase response and will

Fig. 18.3 Neutrophils (polymorphonuclear) content in goat milk into two plates (�1000). Milk
sample (1.5 � 106 cell/ml) centrifuged at �1000 rpm for 5 min. The somatic cell counts includes
macrophages, neutrophils, lymphocytes and epithelial cells. Quick diff staining (provided by G.
Margatho)
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successively attract more neutrophils into the mammary gland until resolution of the
infection (Oviedo-Boyso et al. 2006; Rainard and Riollet 2006).

Neutrophils become 50–70% of the SCC in normal goat milk, in contrast to only
5–20% of the SCC in normal cow milk (Dulin et al. 1983; Poutrel and Lerondelle
1983). However, the number of neutrophils migrating to the healthy mammary
glands is small compared to those that migrate in the case of an IMI (Paape et al.
2002, 2003). The massive recruitment of neutrophils in the udder leads to a marked
increase in somatic cells in milk (Kehrli and Shuster 1994; Table 18.3) which
support the use of this method for the diagnosis of subclinical mastitis in ruminants
(Kehrli and Shuster 1994; Bergonier et al. 2003).

Therefore, IMI changes the number of leukocytes in milk. However, the
response is not uniform: the bacterial species involved and the duration of infection
play an important role in defining the percentage in which leukocytes are present in
milk during mastitis (Leitner et al. 2012). The localization of the leukocyte popu-
lations is variable; the neutrophils are in a greater quantity in the milk, and the
lymphocytes and macrophages in the tissues (Leitner et al. 2003). The vascular
changes seen in this process are responsible for the cardinal signs of inflammation:
increased vascular permeability, vasodilatation, and increased vascular flow (i.e.,
pain, heat, redness, and edema) and decreased milk synthesis capacity of the
mammary gland (i.e., loss of function); this latter due to the combined action of
bacterial toxins and inflammatory mediators that damage milk-producing acini cells
(Oviedo-Boyso et al. 2006).

An effective innate immune response can quickly eliminate invading pathogens
without major quantitative and qualitative changes in milk (Sordillo and Streicher
2002; Baumert et al. 2009). After removing pathogens, neutrophils undergo
apoptosis and are phagocytized by macrophages, leading to resolution of the
inflammatory process (Baumert et al. 2009; Sladek and Rysanek 2010). However,
the significant increase of neutrophils in the mammary gland due to the infection
can result in a large amount of neutrophils in apoptosis and exceed the phagocytic
capacity of macrophages, leading to increased lysis, and necrosis of resident

Table 18.3 Inflammatory cell populations from milk samples with different levels of somatic
cells count (SCC) in goats (adapted from Albenzio et al. 2015)

Inflammatory cells L-SCC
(n = 525)

M-SCC
(n = 560)

H-SCC
(n = 515)

±S.E.M.

Lymphocytes (%) 51.0a 37.1b 33.1b 2.4

Macrophages (%) 4.7a 5.7b 7.3b 0.5

PMNL (%) 42.0a 58.1ab 60.3b 2.4

Nonviable PMNL
(%)

18.7a 9.2b 5.6c 1.4

L-SCC Low SCC (<0.7 � 106 cells/ml); M-SCC medium SCC (from 0.7 � 106 to
1.5 � 106 cells/ml); H-SCC high SCC (>1.5 � 106 cells/ml)
PMNL Polymorphonuclear leucocytes (neutrofils, eosinofils, and basofils)
a–cMeans within a row with different superscripts differ (P < 0.05)
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neutrophils (Paape and Capuco 1997; Kobayashi et al. 2003; Albenzio and
Caroprese 2011). This may lead to the release of cytotoxic granules and oxygen free
radicals that will damage the surrounding tissue and convert the matrix proteins into
chemotactic factors that amplify the inflammatory process, attracting more cells
(Paape and Capuco 1997; Paape et al. 2002; Kobayashi et al. 2003; Sladek and
Rysanek 2006). The importance of this phenomenon is based on several factors:
(a) the type of apocrine secretion, and the physiologically high SCC; (b) the fact
that neutrophils are the most common cell population in goats’ milk (Paape and
Capuco 1997; Paape et al. 2001; Bergonier et al. 2003; Tian et al. 2005; Gomes
et al. 2006; Madureira and Gomes 2010); and, (c) the 30% of milk neutrophils that
undergo apoptosis or necrosis in milk with low SCC (<300 � 103 cells/ml) (Tian
et al. 2005).

Nevertheless, the ejection of milk during milking contributes to a constant
supply of neutrophils to the gland and allows the removal of dead neutrophils,
avoiding the release of toxic substances in the mammary parenchyma. In addition,
frequent milking during clinical mastitis seems to favor the proper functioning of
the immune system (Paape and Capuco 1997). The efficacy of neutrophils and
macrophages in milk is decreased by ingestion of fat globules and casein particles
(Paape and Wergin 1977; Cooray 1996; Amorena and Perez 1998; Tian et al. 2005).
This fact, together with specific evasion mechanisms of some bacteria, can justify
the persistence of some mastitis outbreaks.

Finally, the presence of caprine arthritis encephalitis virus in farms should be
taken into account. According to Kaba et al. (2012), goats infected by this lentivirus
only show a small decrease in total protein (0.05%), fat (0.15%), and lactose
(0.05%), without significant yield milk variation. A decrease of 4.6 g per 1 kg milk
from infected goats was observed after manufacturing fresh cheese (Nowicka et al.
2015) in accordance with the previous study.

There are some evidence that caprine arthritis encephalitis virus improves the
SCC (Ryan et al. 1993; Nord and Adnøy 1997; Sánchez et al. 2001; Turin et al.
2005) but this response is not consensual (Leitner et al. 2010; Kaba et al. 2012) or
can interact with other milk pathogens (Sánchez et al. 1998, 2001; Martínez 2000).
The virus replication takes place in macrophages, at the low number in milk during
the normal lactation, which increases in infected goats (Lerondelle et al. 1995).
However, the SCC increase appears to be similar to an IMI caused by SCN (Ryan
et al. 1993; Paape et al. 2007) and apparently nonadditive effects are observed
(Sánchez et al. 1998, 2001).

18.5 Concluding Remarks

A “normal” milk flora mainly constituted by nonpathogenic environmental agents
and commensal bacteria from the skin is essential for a goat udder health and for the
cheese industry. For a correct cheese processing, the milk should be originated from
goat farms with low IMI prevalence. Especial attention should be given to milk
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pathogens provoking a high inflammatory response as well as potential toxins
production (e.g., S. aureus and E. coli.). Moreover, systemic pathogens with
tropism for mammary gland, normally in endemic diseases, also can play a sig-
nificant role.

Polymorphonuclear leukocytes (neutrophils) represents the major part of total
leucocytes, even in noninfected mammary glands; and assume a great importance in
cellular response to milk pathogens. However, little information about the key role
of these cells in the caprine mastitis has been found. In consequence, further
researches about leucocyte distribution and their relation with other inflammatory
mediators are needed for a better understanding of the response to IMI in goats.
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