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Abstract

The aim of the paper was to discuss the factors determining the susceptibility of cows to mastitis,
the most important for breeders, including losses incurred by milk producers due to the disease.
Inflammations of mammary gland are common and the most awkward problem which dairy farm-
ers face around the world. In the case of clinical udder inflammation, it is estimated that the cost
of mastitis is about 200 € per cow with fluctuations from 100 even up to 1000 €. Resistance, i.e. the
susceptibility of cows to mastitis, is conditioned genetically. The possibility of BoLA and lactoferrin
gene polymorphism, using in the selection cows resistant to mastitis, is indicated. Bacteria inhabit-
ing the mammary gland, and the living environment of animals are primarily the main etiological
factor. Moreover, many authors indicate the differences between breeds of cows in resistance to
mastitis. High-productive breeds are generally more susceptible to the udder inflammation, in
comparison to the local breeds. The greatest reduction in milk yield is observed in the case of these
breeds, and especially in Holstein-Friesian breed, in which the decline of daily yield at somatic cell
count (SCC) amounting above 500,000 per ml of milk can reach 25%. The probability of masti-
tis occurrence increases with an age of cows and following lactation, and dry period is a time of
increased risk. Higher incidence of inflammation is also associated with abnormalities in the con-
struction of the udder (unevenly developed quarters, too long or too short teats). In recent years,
a possible relationship between feeding system of cows with their resistance to udder infections has
been reported. It is emphasized that a deficiency of selenium and vitamins A and E in the ration
may contribute to the increase in the number of mastitis incidences. There are, however, unclear
opinions of various authors on the effect of automatic milking system on udder health.

Key words: udder inflammations, cow breed, hygiene and system of milking, losses of milk pro-
ducers

Bovine mastitis is a complex, multi-etiological disease which is closely linked
to the production system and environment in which cows are kept. During inflam-
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mation, pathological changes of a physical, chemical and bacteriological nature take
place in the gland tissue of the udder, as well as in the milk obtained (Hagnestam et
al., 2007). The milk yield of the cows decreases as well, and numerous studies (Khan
and Khan, 2006; Litwinczuk et al., 2011) have shown that highly productive breeds
are more susceptible to inflammation, so that losses in milk production are greater.
The reduced synthetic activity of the infected mammary gland is also manifested
in changes in the content of individual milk components and their relative propor-
tions, leading to a reduction in the nutritional value of the milk and its suitability for
processing. Mastitis induces changes in protein distribution (the percentage of whey
proteins increases and that of casein decreases), a reduction in fat and lactose con-
tent, and changes in the concentration of mineral nutrients, mainly a decrease in cal-
cium (Bartowska et al., 2009; Jones and Bailey, 2009; Krol et al., 2010; Litwinczuk
etal.,2011; Olechnowicz and Jaskowski, 2012). The scope of these changes is varied
and depends on the advancement of the infection (Litwinczuk et al., 2011; Pydréla,
2003). Oviedo-Boyso et al. (2007) point out that mastitis is a multi-factor disease
dependent on exposure of the udder to pathogens, the effectiveness of its defence
mechanisms, the presence of risk factors in the natural environment, and the interac-
tion between these factors. The aim of the paper was to discuss the factors determin-
ing the susceptibility of cows to mastitis, the most important for breeders, including
losses incurred by milk producers due to the disease.

Genetic aspects of mastitis

Susceptibility or resistance to mastitis in dairy cows has a genetic basis. Selection
for increased milk yield has been shown to have a detrimental effect on the health
condition of the mammary gland (Rupp and Boichard, 2003). The disease is thus
a problem mainly in high-production herds raised in intensive farming conditions.
However, direct selection for resistance to mastitis is uncommon due to its low herit-
ability (Table 1). The results of numerous studies (Norberg et al., 2009; Penasa et al.,
2010) indicate that values for the heritability coefficient for somatic cell count (SCC)
or the natural log of the SCC (SCS) do not exceed 0.20. The heritability coefficient
for mastitis is even lower (0.01-0.17) (Bloemhof et al., 2009; Carlen et al., 2004).

Low values for the heritability coefficient for susceptibility of cows to mastitis
do not, however, mean a lack of genetic variability, but environmental factors have
a substantial influence on the phenotypic effect.

Table 1. Heritability estimates (h*) for somatic cell count (SCC) and mastitis

h? | Parameter | References
0.11+0.04 SCC Mrode and Swanson, 1996
0.096+0.016 SCC Sender, 2001
0.07-0.11 SCC Dube et al., 2008
0.14-0.15 SCC Norberg et al., 2009
0.07-0.14 SCC Ptak et al., 2009
0.09-0.18 SCC Rzewuska et al., 2011
ca. 0.04 mastitis Mrode and Swanson, 1996
0.02-0.04 clinical mastitis Rupp and Boichard, 2003

0.01-0.17 mastitis Carlen et al., 2004; Bloemhof et al., 2009
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Recently genetic markers determining the susceptibility of cows to mastitis
(MAS — marker-assisted selection) have been sought as well. MAS uses genetic
markers to identify specific regions of chromosomes containing genes that influ-
ence various quantitative characteristics, called QTL (quantitative trait loci), associ-
ated with mammary gland development, the productivity of cows and resistance or
susceptibility to mastitis. Thus far a total of 415 quantitative trait loci, including 71
associated with mastitis, have been submitted to databases (Ogorevc et al., 2009).
This information is used to assess the genetic value of animals, including selec-
tion of individuals that are less susceptible to mastitis. There is a potential for the
use of lactoferrin and class IT BoLA (bovine leukocyte antigen) genes in selection
of mastitis-resistant cows. Lactoferrin, by binding and sequestering iron, exhibits
antibacterial properties against Gram-positive and Gram-negative bacteria, includ-
ing those inducing mastitis (Krol et al., 2010; Pawlik et al., 2014). This effect is
partly due to the protein’s ability to chelate iron (Fe** + ions), thereby removing it
from the growth environment of bacteria. The lactoferrin gene in cattle is located on
chromosome 22 and is composed of 17 exons (Arnould et al., 2009). Many authors
(Arnould et al., 2009; Ashwell et al., 2004; Pawlik et al., 2014) have demonstrated
a relationship between lactoferrin genotype and the percentage content of protein
and fat in milk, as well as the somatic cell count (which is an indicator of the health
of the udder). According to Sender et al. (2006), the BB lactoferrin genotype is the
most favourable in terms of reducing the incidence of mastitis, as the lowest somatic
cell count was noted in this group of animals. Unfortunately, it should be emphasized
that cows with the BB genotype are infrequent in the cattle population. On the other
hand, in a study by Wojdak-Maksymiec et al. (2006) the lowest SCC was noted in
cows with the AA genotype. Both studies confirmed that cows with the AB genotype
were most susceptible to mastitis. Apart from A and B, other alleles of the lactoferrin
gene are also linked to SCC in milk. Kaminski et al. (2006) suggest that the G allele
reduces expression of lactoferrin, which is manifested as a lower somatic cell count,
while the C allele increases expression of lactoferrin, thereby enhancing the immune
response and increasing the somatic cell count in the milk. In another study, the
same authors (Zabolewicz et al., 2012) found that the C allele occurred significantly
more often in cows with a low somatic cell count. A link has also been demonstrated
between class IT BoLA genes and the occurrence of mastitis in cows, with the BoLA
DRB3 gene, located in cattle on chromosome 23, proving the most promising in this
respect (Sender et al., 2006; Sharif et al., 2000; Wojdak-Maksymiec et al., 2010).
Research (Pashmi et al., 2009; Sender et al., 2006) indicates a significant link be-
tween the BoLA DRB3.2*16 allele and the occurrence of udder inflammation. The
significantly lowest somatic cell count was noted in the milk of the group of cows
that were carriers of this allele. Sender et al. (2006), after analysing the effect of the
interaction of lactoferrin and BoLA DRB3 genotypes on SCC, suggest that cows
with the BB lactoferrin genotype that are also carriers of the BoLA DRB3*16 allele
are most resistant to mastitis.

In some European countries, i.e. Finland, Norway or Sweden, SCC and clinical
mastitis have been included in breeding index (Hogeveen, 2005).
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Type of purpose and breed of cows

Mastitis is a common problem and the most onerous one facing milk produc-
ers all over the world. It can appear at any time in any dairy herd, even in the most
organized ones, so every herd is potentially at risk (Elbably et al., 2013; Sudhan and
Sharma, 2010). It should be emphasized that there are differences between breeds
in resistance of cows to mastitis. Rupp and Boichard (2003) report that in French
breeds (Montbéliarde and Abondance) and central European breeds (Simmental and
Brown Swiss) clinical forms of mastitis are less common, and their milk contains
fewer somatic cells than that of Holsteins. This has been confirmed by Golgbiewski
and Brzozowski (2007), who found that the Montbéliarde breed is more resistant to
mastitis than the Holstein-Friesian breed, as indicated by a 23—-38% lower somatic
cell count in the milk.

Highly productive breeds are generally more susceptible to various types of dis-
ease, including mastitis (Walsh et al., 2007). According to Compton et al. (2007), the
risk of the clinical form of mastitis is greater in Friesian cows than in Jerseys and
Ayrshires, and local breeds also show greater resistance to inflammatory states. In
a study by Krol et al. (2013), irrespective of age and the stage of lactation the milk
of cows of local breeds (Polish Red and White-Backed) had a significantly lower so-
matic cell count than that of Holstein-Friesians. Walsh et al. (2007) analysed somatic
cell count in cows of four breeds (Holstein-Friesian, Normande, Norwegian Red and
Montbéliarde) and found the lowest values in the milk of the Norwegian Red and
Montbéliarde cows. A study by Litwinczuk et al. (2011) evaluating the milk of cows
of four breeds — Polish Black-and-White Holstein-Friesian, Polish Red-and-White
Holstein-Friesian, Simmental and Jersey — found significant interactions (P<0.05)
between the breed of cow and SCC for BSA content, which according to the authors
may suggest varied susceptibility in these breeds to increased somatic cell count.
This is also confirmed to some extent by the varied correlation coefficients between
SCC and BSA content in the milk (r=0.711 — Holstein-Friesian; r=0.577 — Simmen-
tal and r=0.472 — Jersey). Hence it may be presumed that in Simmental and Jersey
cows with increased SCC serum albumin does not pass from the blood to the milk as
intensively as in Holstein-Friesians. This would indicate greater resistance of these
breeds, i.e. Simmental and Jersey, to mammary gland infections.

The mammary gland in beef cows serves to produce the milk necessary to feed
their young. The udder of nursing cows is naturally emptied by the calves several
times or even more than a dozen times a day, and as a rule no mechanical damage to
the teats or acute infections are observed. For this reason the occurrence of mastitis
is not as carefully monitored in beef cow herds. However, research (Lents et al.,
2008) shows that the problem of mastitis in beef cows exists and is taking on increas-
ing importance. Waller et al. (2014) showed that both subclinical mastitis and acute
inflammatory states are common among beef cows in Sweden, affecting 50% and
40% of animals, respectively. The authors indicate Staphylococcus aureus as the
main etiological agent responsible for inducing inflammatory states. Paape et al.
(2000) detected infections in 66.1% of cows in 31.7% of quarters during weaning of
calves. Lents et al. (2008) noted considerably fewer infected cows (27%) in a beef
herd.
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Udder structure

Research conducted in Poland in the 1980s and 1990s (Borkowska and
Litwinczuk, 1989; Gulinski et al., 1996; Litwinczuk et al., 1990) demonstrated that
improvement of domestic Holstein-Friesian cattle led to a more favourable udder
structure and greater suitability of cows for mechanical milking. The possibility of
improving characteristics of udder structure by means of selection is indicated by
the estimated heritability coefficients (h?), which according to Gulinski et al. (1996)
range from 0.19 (teat placement) to 0.39 (central ligament).

Udders with unequally developed quarters are most susceptible to infections.
More frequent occurrence of inflammation is also associated with the presence of
long teats, which are at greater risk of damage (Awale et al., 2012). Waller et al.
(2014) report that cows with a pendulous udder after calving or an udder with long,
funnel-shaped teats or inactive quarters are at a high risk of subclinical mastitis.
Cows with mastitis have been observed to have smaller teats and shorter teat canals,
with a larger teat base and diameter (Hussain et al., 2012). The disease is also linked
to the cross-sectional area of the teat canal (Awale et al., 2012; Hussain et al., 2012).
The larger the cross-sectional area, the less elastic are the muscles closing it, so that
it remains open longer after milking and the susceptibility to infection increases.

Age of cows and stage of lactation

Both the age of cows and the stage of lactation are important factors associ-
ated with the occurrence of mastitis. Elbably et al. (2013) found highly significant
(P<0.01) relationships between occurrence of mastitis and the number and stage of
lactation. Van den Borne et al. (2010) evaluated herds of dairy cows in the Nether-
lands and noted the occurrence of mastitis in 12.8% of primiparous cows and 27.1%
of multiparous cows. Abrahmsén et al. (2014) diagnosed the subclinical form of
mastitis in 79.2% of primiparous cows and 88.4% of multiparous cows. Shittu et
al. (2012) report a significantly (P<0.001) lower risk of subclinical mastitis among
primiparous cows, which can be linked to the fact that the teat canal in older animals
is wider due to frequent milking over several years, or it may permanently remain
partly open.

The age of cows may also affect the permeability of the mammary epithelium,
which can be linked to damage caused by previous inflammatory states leading to
increased permeability even after successful treatment (Krol et al., 2013). According
to Parker et al. (2007), in heifers with an infected udder before parturition the risk of
clinical mastitis after calving is as much as 4 times greater than in uninfected cows.
The problem of clinical mastitis in pregnant heifers and primiparous cows during
calving time has also been discussed by other authors (Borm et al., 2006; Malinow-
ski and Smulski, 2007).

Mastitis cases are particularly frequent immediately after parturition, in early
lactation and during the first 2-3 weeks of the dry period (Sudhan and Sharma, 2010;
Tiwari et al., 2013). This is probably due to increasing oxidative stress and lower
efficiency of antioxidant defence mechanisms at the start of lactation. Berry and
Meaney (2005) state that given data on lactation number and the month of calving,
it is possible to predict the probability that clinical mastitis will occur in subsequent
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stages of lactation. Salamonczyk and Gulinski (2013) point out the effect of pro-
longed lactation (from day 306 to the end of lactation) on somatic cell count in the
milk, i.e. after 305 days SCC increased significantly (542,000/ml) in comparison
with standard lactation (409,000/ml). However, they found a significant (P<0.01)
negative correlation between daily milk yield during prolonged lactation and somatic
cell count (r=-0.23), which indicates that cows with lower milk yield in prolonged
lactation are more susceptible to mastitis.

Milking system and hygiene

Observing hygiene during milking is particularly important in counteracting and
combating infectious mastitis in the herd. Shittu et al. (2012) noted that in cows kept
in herds in which milking is conducted in a traditional manner and hand-washing
before milking is a frequent practice, the risk of development of subclinical mastitis
was lower than in cows in herds in which hand-washing was not observed. Abrahm-
sén et al. (2014) confirmed a statistical (P<0.003) relationship between udder hy-
giene and occurrence of subclinical mastitis. In Holstein-Friesian cows with a good
level of udder hygiene 1.63 quarters were affected by inflammation, while in cows
whose udders were inadequately cared for (poor hygiene) infections were noted in
2.72 quarters. Of 140 cows with poor udder hygiene as many as 123 (87.9%) were
infected with subclinical mastitis. Dohmen et al. (2009) found positive correlations
between SCC in the milk of cows milked by robots and cleanliness of the animals’
udders and limbs, and one of the causes they suggested was failure to recognize
various types of soiling of the udder by the milking device. According to Smith et
al. (2002), the prevalence of mastitis in cows is also affected by the frequency of
milking. A significantly lower somatic cell count was observed in the milk of cows
milked three times than in that of cows milked twice. Studies conducted in Finland
(Hovinen et al., 2009) and the Netherlands (Dohmen et al., 2009) show that the in-
troduction of an automatic milking system led to a deterioration of the health condi-
tion of the mammary gland. An increase in bulk milk SCC is also caused by failure
to separate cows with mastitis (Hovinen et al., 2009). Sudhan and Sharma (2010)
and Tiwarii et al. (2013) demonstrated that automatic milking, in comparison with
conventional milking, affected the health condition of the mammary gland, increas-
ing the occurrence of inflammation. Voorst van der and Hogeveen (2000), evaluating
the effect of automatic milking on farms in the Netherlands, observed an increase
in the amount of milk with an elevated total bacterial count, which in their opinion
may have resulted from improper milking management. This might seem to be con-
firmed by a study by Zecconi et al. (2003) which showed that in the case of proper
herd management the use of milking robots can even reduce somatic cell count in
the milk.

Dry period

The dry period is considered to be one of the most important periods influencing
the health condition of the udder in cows, and is also a time of increased risk of mas-
titis (Madouasse et al., 2012). During this period dynamic changes take place in the
physiological, metabolic and hormonal status of the cow, primarily regeneration of



Factors determining the susceptibility of cows to mastitis 825

the gland tissue of the udder. The optimal length of the dry period for a 305 day lac-
tation period is considered to be 40—60 days. Studies by many authors (Kuhn et al.,
2007; Sawa et al., 2015; Weglarzy, 2009) have shown that elimination or shortening
of the dry period reduces resistance of the udder to inflammatory states, leading to
an increase in somatic cell count in the milk in the subsequent lactation. Kuhn et al.
(2007) observed that SCC increased relatively by 10% over the average when the dry
period lasted up to 20 days and by 4.6% in the case of dry periods lasting 21-30 days.
Weglarzy (2009) reports that for Holstein-Friesian cows the dry period should opti-
mally last 60-90 days. In cows dried out for less than 30 days a decrease (on average
by 4.82%) was noted in the percentage of milk samples with SCC below 400,000/ml.
According to Sawa et al. (2015), the optimal dry period for Polish Holstein-Friesians
is 61-80 days. Irrespective of the age of the cows, both shortening and prolonging of
the dry period increase the risk of clinical changes in the udder, and the percentage
of milk samples indicating clinical mastitis increased when the dry period was exces-
sively prolonged (>100 days), particularly in multiparous cows.

In a study analysing 196 cows of the beef breed Angus and Angus x Hereford
crossbreds raised in the USA, Lents et al. (2008) found that treatment of dry cows
(following separation from calves) significantly (P=0.005) reduced the number of in-
fected animals after calving. Administration of antibiotics to dry beef cows reduced
the number of udder infections at the next calving, which in turn had a positive effect
on weight gains in the calves during rearing. Laven et al. (2014) found no effect of
the length of the dry period on the risk of clinical mastitis in dairy cows and no sig-
nificant interactions in combination with treatment.

Feeding system and season

Certain studies conducted in recent years (Abrahmsén et al., 2014; Sudhan and
Sharma, 2010) indicate a connection between the feeding system for dairy cows
and their resistance to udder infections. Abrahmsén et al. (2014) reported that cows
that were not pastured were more susceptible to the subclinical stage of mastitis, as
among 23 cows in the group analysed inflammatory states were found in as many as
22 (95.7%). According to Smith et al. (1997), vitamins E and A are particularly sig-
nificant dietary components, as are f-carotene, selenium, copper and zinc. Vitamin
E and selenium influence phagocytosis taking place in cells, so that a greater risk
of mastitis is observed in cows whose diet is deficient in these components, par-
ticularly mastitis induced by Streptococcus spp. Sharma and Maiti (2005) state that
the health-promoting effect of vitamin E and selenium is particularly manifest after
calving and in early lactation. According to Sudhan and Sharma (2010), vitamin A
and f-carotene deficiencies also lead to an increase in the number of cases of mastitis
observed in cows.

In general, cattle feeding systems closely linked to the season of the year pre-
dominate worldwide. Harouna et al. (2009) observed that during the rainy season
55.2% of cows exhibited symptoms of subclinical mastitis, which was twice as many
as during the drier period — 27.1% (P<0.05). Tiwarii et al. (2013) also report more
frequent occurrence of mastitis in the rainy summer months.
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Losses incurred by milk producers

Mastitis is one of the most costly diseases in dairy cattle and one of the most
difficult to control using veterinary methods. It causes economic losses and poses
a serious threat to the stability of dairy cow population size, as apart from sterility
and disorders of the limbs (lameness) it is the most frequent cause of culling of cows
from the herd and reduces production efficiency (Awale et al., 2012). Huijps et al.
(2008) report that mastitis accounts for about 70% of all economic losses incurred
on dairy farms. According to Schroeder (2012), mastitis-related costs incurred by
farmers are mainly the result of losses associated with reduced milk production
(about 70%), unsuitability of milk for consumption and processing (13.5%), lim-
ited possibility of restoring the size of the herd (8.0%), reduced sales value (5%)
and treatment costs (6%), as well as increased labour expenditures (1-2%). The re-
duction in milk yield also depends on the breed and age of the cows. A study by
Litwinczuk et al. (2011) showed that as SCC increased, daily milk yield in cows
successively decreased. The greatest difference in daily milk yield between group 4
(over 500,000/ml SCC) and group 1 (up to 100,000/ml SCC) was noted in the
Polish Holstein-Friesians (about 25%), and the lowest in the Jersey cows (about
13%). Schroeder (2012) reports that losses in milk production are nearly twice
as high in older cows as in cows in their first lactation. Similar results were obtained
by Halasa et al. (2009), who analysed productivity losses in 39,512 cows kept in
400 herds in the Netherlands. Where the somatic cell count was 200,000/ml, primi-
parous cows produced 0.31 kg less milk, while the decrease in multiparous cows
was 0.58 kg.

Mastitis also negatively affects reproductive indicators in dairy cows, including
day of first service, conception rate, and in consequence, the calving-to-conception
interval (Gunay and Gunay, 2008). Barker et al. (1998) found that mastitis occurring
during early lactation significantly affected the reproduction capacity of Jersey cows.
They determined that cows with subclinical mastitis were first inseminated substan-
tially later (day 93.6+5.6 of lactation) than healthy cows (day 71.0+£2.2). However,
they found no correlation between reproductive indicators and the type of pathogen
inducing the mastitis. Yang et al. (2012) report that in cows with diagnosed mastitis
the first service after parturition was performed on average on day 73.84, which was
nearly 20 days later than in healthy cows (day 54.73). Moreover, they found that
cows with mastitis conceived on average after 1.88 procedures, with a conception
rate of 38%, in comparison with healthy cows, in which the corresponding indicators
were 1.53% and 54.9%. Cows with newly diagnosed mastitis, i.e. when it did not
occur until after the first service, conceived on average after 2.19 procedures, with
a conception rate of only 27.8%. Nava-Trujillo et al. (2010) observed that in cows
with clinical mastitis the first service was performed on average on day 136.31 of
lactation, compared to day 98.53 in healthy cows. This had a decisive influence on
the length of the calving-to-conception interval, which was 187.21 and 143.95 days,
respectively, the number of services — 2.35 and 2.21, and the conception rate after
the first service —49.72% and 56.10%. Negative correlations between mastitis during
early lactation in cows were also obtained by Gunay and Gunay (2008). McDougall
et al. (2005) pointed out the greater risk of loss of pregnancy (1.57 times higher) in
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cows in which mastitis occurred during this period in comparison with cows with no
inflammation.

It is estimated that milk producers in Poland lose over 5 million PLN annually
due to mastitis, which is associated with a reduction in milk production of about
20%. In the case of clinical mastitis, the total cost is estimated at about 200 €/cow,
but this value is variable (Heikkild et al., 2012; Steeneveld et al., 2011). In Finland
the average cost of treating clinical mastitis in Ayrshire cows was 485 €/cow (from
112 to 1,006 €/cow), and 458 € in Holstein-Friesian cows (209 to 946 €/cow) (Heik-
kild et al., 2012). In an American study (Steeneveld et al., 2011), the average cost
of treating clinical mastitis was estimated at 252 USD/cow. Losses incurred due to
subclinical mastitis are even greater. This is mainly due to the long-term decrease in
milk production, as many cows produce considerably less milk than their potential.
It is worth mentioning that mastitis causes reduced milk production not only during
the inflammation, but in the remainder of the lactation period as well (Hagnestam et
al., 2007).

To sum up, systematic monitoring of the health condition of the udder is currently
the most important problem for dairy cow farmers. Resistance, or rather susceptibil-
ity of cows to mastitis has a genetic basis, so researchers are seeking genetic markers
determining this trait. Apart from the etiological agent, factors associated with farm-
ing practice are significant as well, such as the breed and age of the cows and the
stage of lactation, particularly the dry period. Opinions differ regarding the effect of
automatic milking systems on the health condition of the udder.
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