DOI: 10.21005/AAPZ2017.42.2.02

FOLIA POMERANAE UNIVERSITATIS TECHNOLOGIAE STETINENSIS
Folia Pomer. Univ. Technol. Stetin., Agric., Aliment., Pisc., Zootech. 2017, 334(42)2, 21–28

Review article

Ewa CZERNIAWSKA-PIĄTKOWSKA, Joanna LUKOMSKA, Paweł BORTACKI11

THE USE OF GENETIC MARKERS IN THE FIGHT AGAINST MASTITIS
WYKORZYSTANIE MARKERÓW GENETYCZNYCH W ZWALCZANIU
ZAPALENIA WYMIENIA
Department of Ruminant Science, West Pomeranian University of Technology, Szczecin, Poland
1Sano-Modern Animal Nutrition Limited Company, Sękowo, Poland

Streszczenie. Celem pracy było scharakteryzowanie choroby zapalenia wymienia,
przedstawienie różnych metod leczenia i zapobiegania powstania mastits. Do tradycyjnych
sposobów zalicza się zachowanie higieny podczas udoju i po nim, czystości w oborze,
stosowanie szczepionek oraz antybiotykoterapię. Metody tradycyjne okazały się zbyt
czasochłonne i kosztowne, więc rozpoczęto badania nad genami, które mogą być odpowiedzialne za zapalenie wymienia. Metoda MAS wykorzystuje markery genetyczne w celu
wyselekcjonowania osobników z większą odpornością na mastitis. Technika ta ma na celu nie
tylko poprawę zdrowia u krów, ale również zwiększenie produktywności mlecznej, która jest
istotna ze względów hodowlanych. Laktoferyna oraz gen BoLA zostały przedstawione jako
geny, które mogą być markerami genetycznymi przeciwko mastitis dzięki swoim bakteriostatycznym właściwościom.
Słowa kluczowe: markery genetyczne, zapalenie wymienia.
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INTRODUCTION
The development of biotechnology sciences, especially genetic engineering made it
possible to get to know the genotypes of animals. Thanks to this information, the scientists
can identify specific genes responsible for resistance to certain diseases, production traits or
other aspects of importance in animal husbandry. Thanks to the tools of molecular genetics,
such as PCR-RFLP technique, DNA isolation, one discovered genetic markers that have
a positive effect on the progress of husbandry, resulting in economic advantages.
Mastitis is a common disease in dairy cows. Veterinary methods are not sufficient to
prevent the incidence of mastitis. Researchers found in their studies that the disease is
genetic. Using modern molecular techniques, it is possible to identify the genes responsible
for mastitis (Sender et al. 2006).
The aim of the study was to evaluate the use of selected genetic markers in mastitis in
dairy cows.
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MASTITIS
Mastitis is one of the most difficult in treatment diseases of dairy cattle. This disease
entails huge financial costs (Plewik and Jażdże-Maszkowska 2016) and causes huge losses
in cattle husbandry (Sender 2001), e.g. lower milk yield of animals, deterioration in the
composition and quality of milk (Bogucki and Sawa 2002), increased costs of treatment,
which ultimately leads to unprofitable milk production (Gnyp et al. 2006).
CAUSES OF DISEASE
Mastitis is a hardly treatable disease because of the presence of many pathogens. The
etiological agents are bacteria, viruses, fungi and protozoa. Depending on the characteristics
of the etiologic agent, they can be divided into infectious or environmental. Among the
infectious bacteria we distinguish among others S. auerus, S. agalactiae and M. bovis
(Rossito et al. 2002). The place of occurrence of the above-mentioned pathogens is the
mammary gland of infected animals. These bacteria cause long-term subclinical infection,
but in a sick herd one can observe an increased number of somatic cells (Niewitecki 2014).
Mastitis caused by environmental microorganisms is a cause of formation of clinical disease
(Bednarski et al. 2014.) They are in the immediate vicinity of the cow, for example in litter,
manure and soil. The bacteria included in the group are: S. dysgalactiae, S. uberis,
Enterococcus spp. and E. coli, Klebsiella and Enterobacter. Apart from them, the environmental
pathogens are also fungi and algae (Costa et al. 1998). Infection with bacteria of the
Enterobacteriaceae group (including E. coli) causes severe inflammation in particular at high
yielding cows (Malinowski 1997).
PREVENTION AND TREATMENT
The common element in the treatment and prevention of mastitis is antibiotic therapy,
which is important in controlling the disease by reducing the level of infection in the breeding
of cows and preventing the newly established (Unakal and Kaliwal 2012). The strategy to
combat mastitis in a herd of dairy cows is based on the classification of the main pathogen to
one of the groups of etiological factors (Niewitecki 2014). Another important step is the
proper preparation of udders before milking, care about the cleanliness of the udders of cows
and ensuring hygiene of the place of their existence. According to research of Malinowski
(2011) it was found that the percentage of clinical form of mastitis was correlated with the
type of lining used for rooms for cows (Malinowski et al. 2011). An important indicator for the
identification of diseases of the mammary gland is the level of somatic cells (SCC) in milk.
Excessive volumes can cause inflammation of the udder (Harmon 1994), so one should
regularly monitor their number (Sender et al. 2005; Kupczyński 2009).
GENETIC MARKERS
The costs and difficulties in the treatment of mastitis has forced the dairy cattle breeders
to use different selection methods. Sender and Reklewski (2002) demonstrated scientifically
that the mastitis may also have a genetic basis and is dependent on the number of genes. In

The use of genetic markers…

23

order to reduce the susceptibility to the disease, one began to use a selection method in
order to select bulls with lower level of transmission of the disease. Some of these procedures
included examination of the number of somatic cell count (SCC) in milk, observation of
clinical signs of daughters of tested bulls. This disease has low heritability (Sender 2001) and
the selection based on the genes method can take too long. Another selection method is the
use of genetic markers, the so-called MAS selection. This technique uses markers to detect
specific sites on chromosomes where genes are located, and they may affect the incidence
of mastitis (Sender et al. 2003). MAS selection theory has been assessed positively. This
suggests that its use in husbandry can increase the efficiency of selection, reduce the gaps
between selected generations and minimize the cost (Bishop et al. 2002).
LACTOFERRIN GENE POLYMORPHISM
Lactoferrin (Lf, LTF) is a glycoprotein with a mass of 80kD. It is present in the secretions
of the epithelial cells, e.g. milk, saliva, tears. This protein belongs to the transferrin group and
has a high affinity for iron (Fe3 +). Lactoferrin, capturing and binding free iron in the body,
reduces the availability of this element for the microorganisms and slows their growth. This
mechanism of action affects among others the bacteriostatic activity of lactoferrin (Gajda-Morszewski and Singer 2015). The concentration of lactoferrin in cows' milk is variable
depending on various factors. Hagiwara et al. (2003) in order to determine the concentration
of lactoferrin in the milk took into account factors determining changes in the concentration of age
(2–6 years), stage of lactation (early, middle, late), the number of somatic cells (SSC0-SCC7),
the kind of bacteria (S. aureus, S. agalaciate, coagulase – negative staphylococci, other
streptococci, C. bovis).
Using laboratory tests and statistical data, they determined that the concentration of lactoferrin
in the milk of cows suffering from mastitis is much higher (2.70 µg/ml ) than for normal milk
(2.23 µg/ml. This was due to the presence of bacteria and thus more somatic cells. The
greatest concentration of Lf was found for the following bacteria: S. aureus – 2.83 µg/ml
and S. agalactiae – 2.90 µg/ml. The lowest concentration was determined for the bacteria
C. bovis – 2.37 µg/ml.
A healthy cow's milk obtained significantly lower scores, Hagiwara et al. (2003) found that
age and stage of lactation had an impact on the increase or decrease in the concentration of
globule protein. The highest score was obtained for young cows ranging in age from two to
three years – 2.4 – 2.30 µg/ml. The lowest – the oldest cows – 2.02 µg/ml. The step of
lactation also is important. In the latest stage, the concentration of lactoferrin was 2.30 µg/ml,
and in the early one only 2.06 µg/ml. Kamiński et al. (2006) analyzed the mutated fragment
of lactoferrin in +32 (C/G) position. For the study they used blood samples from 358 cows of
Holstein-Friesian variety being in first lactation. With the techniques of molecular biology, one
identified three genotypes GG, GC, CC of the following frequencies: 0.628, 0.313 and 0.059.
The authors concluded that the CC genotype had the highest milk yield and was
characterized by a smallest number of somatic cells, but these differences were not
statistically significant. C allele had a significant impact on the amount of protein and its
percentage content in the milk, but it was not significant for a number of somatic cells. Similar
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studies in search of a genetic marker in the form of lactoferrin was conducted by Sender et
al. (2012). For this purpose, blood was taken from 698 cows of Holstein-Friesian black –
white variety. The average milk yield in 305 days of lactation was 9662 kg (fat – 367 kg (3.85%),
protein – 323 kg (3.36%). The average number of somatic cells in milk was 531 thous/ml. In
the analyzed herd one separated three genotypes of the following frequencies AA – 0.54,
AB – 0.38, BB – 0.08. Sender et al. (2012) found that more than 50% of the tested herd had
the AA genotype, while the BB genotype was the least frequent (8%). A similar BB genotype
frequency was stated in other works (Sender et al. 2006; Wojdak-Maksymiec et al. 2006).
Based on the performed studies, it was determined that the frequency of allele B occurrence
is about 3.81 times smaller than for the A allele. Previous studies (Sender et al. 2006;
Sender et al. 2007) have shown that dairy cows with the BB genotype are less prone to
mastitis. On the other hand, this genotype is not preferred from the viewpoint of breeding.
The cows with BB genotype are characterized by a low milk yield, often causing a slow elimination
of allele B in order to improve productivity. The results obtained by Sender et al. (2012) were
compared with research of Wojdak-Maksymiec et al. (2006). They found a diverse number of
somatic cells for specific genotypes, but the results obtained by them overlap with the work
of Sender et al. (2012). The lowest number of LKS was stated for animals with AA lactoferrin
genotype, and the highest with AB genotype. The authors reported that the best in terms of
production were cows with AB and BB genotypes because they were characterized by a low
number of somatic cells, however, the BB genotype occurred very rarely.
BoLA-DRB3 GENE
BoLA gene belongs to the major histocompatibility complex (MHC), which is responsible
for immunological mechanisms and morbidity. These genes are located on chromosome 23
and are divided into classes I and II. Depending on the classification, they occur on other
cells (Sender et al. 2005). In the case of class II BoLA genes, the most thoroughly researched
and known gene is DRB3. It is characterized by high polymorphism, there are over 90
different alleles (Van Eijk et al. 1992). The research found that some allelic association may
have an impact on the incidence of mastitis in cattle. In order to find the connection of BoLA
genes with the incidence of mastitis, the research teams around the world have begun
a detailed study of the components of the MHC.
Due to the multifunctonality of the lactoferrin protein, and in particular its role in combating
bacterial infections, Sender et al. (2006) in their studies decided to determine the effect of Ltf
polymorphism and BoLA-DRB3 gene on the number of somatic cells in cow's milk. The
sample was constituted of 125 Holstein cows from which the milk samples were taken to
determine the number of somatic cells, and blood to study BoLA-DRB3 gene and lactoferrin
polymorphism. By PCR-RFLP method, they found that there are two alleles of A and B
lactoferrin in the following order: 80% and 20%. Most of the works confirmed the received
frequency. One of the purposes of the study was to determine the effect of polymorphism of
lactoferrin on the amount of SCC. The lowest number was found in individuals with BB
genotype (5.47) and the highest for AB (6.03). The authors Sender et al. (2012) obtained
similar results for the BB genotype, which was marked by the lowest number of somatic cells,
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but the turnout and the number of individuals with the genotype was too small to statistically
confirm this. In other studies, Sender et al. (2005) conducted research on BoLA-DRB3 gene
polymorphism and its impact on the incidence of mastitis. To this end, they studied a total of
130 Holstein cows from which samples of milk were taken to help determine the amount of
somatic cells. BoLA-DRB3 gene polymorphism was examined on the basis of blood samples.
One separated two alleles of this gene, 16 and 23 with the following turnout 14.2% and 10%.
A similar share of alleles was observed in research on Holstein cows (Kelm et al. 1997). In
terms of research, they obtained different results. This could be due to the fact that research
of Sender et al. (2005) covered a small research pool and in other studies the sample
accounted for even more than 1,000 cows. Individuals with BoLA-DRB3 gene *16 allele were
characterized by the lowest number of somatic cells in milk (5.59), while in the case of two
alleles – 16 and 23 at the same time, the result has increased and was characterized by the
highest number of SCC (6.41).
Pashmi et al. (2009) have examined the polymorphism of BoLA-DRB3 gene and the
connection of alleles with increased number of somatic cells as well as the milk yield. For this
purpose, they acquired blood samples from 262 Iranian cows of Holstein breed. After the
procedures, the mean milk yield values obtained were – 28.64 kg, fat – 3.45 kg protein –
3.13 kg. 25% of the total number of somatic cells was more than 300 000 thous/ml. They
identified 28 alleles of BoLA-DRB3 gene, including a new, previously unrecognized allele
* 40 with the turnout of 0.38%. The most common alleles were * 8, * 11, * 16, * 22, * 23, * 24
and * 51 in the frequency of 75.38% of the total study population, among them *24 allele was
characterized by the highest turnout – 17.94.
In studies of Kelm et al. (1997) and Nassiry et al. (2005) on the BoLA-DRB3 gene there
has also been the same allele at a similar frequency. The fat content in milk was influenced
by allele * 11 and * 22, protein by* 22 and *24, and * 51 and * 8 showed no binding to the
characteristics of milk production. * 22 allele had a visible impact on improving the performance
characteristics of milk, but also had the highest number of SCC (7.65) which meant less
resistance to mastitis. A similar trend was observed for allele * 8 (5.80) and * 51 (7.24). The
level of SCC in milk of BoLA-DRB gene *22 allele is dependent on the lactation period. The
increased level was observed in the first and third lactation (Starkenburg et al. 1997), but it
lowered in the second period (Dietz et al., 1997). The breed cows also had an impact on the
number of somatic cells in milk.
Studies of Rupp et al. (2007) showed that individuals of Norwegian and Canadian
varieties of Red Holstein suffered from subclinical mastitis and had elevated SCC. It has
been found that the * 8 allele causes increase of LKS, lack of resistance to mastitis and
more frequent incidence of mastitis (Dietz et al. 1997; Rupp et al. 2007). Nassiry et al. (2005)
were the first researchers who studied the polymorphism of BoLA-DRB3 gene on the example
of Holstein cows. In the studied flock, this gene is highly polymorphic, since they identified 26
alleles. 67% of the alleles detected were four most common alleles * 8, * 24, * 11 and * 16,
one allele *8 had a higher incidence than the other and it was 26.6%. Other alleles appeared
in the incidence of less than 1%. * 22, * 2 and * 16 alleles had influence on the health of
cows and their reproductive system, caused less risk of cysts on the ovaries. Alleles
associated with the incidence of mastitis infection and leukemia – * 11 and * 23 occurred with
the following turnout: 10.4% and 4.4%.
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BoLA-DRB3 gene affects many aspects of the health of cows, their milk productivity.
Depending on the population studied, breed, lactation period, the material collected, the
alleles can have a positive or negative effect and result in increased somatic cell count,
resulting in the occurrence of mastitis. Scientists are still conducting research to discover
even more polymorphisms and their significance for cattle.
CONCLUSIONS
Mastitis disease is very common among dairy cows. Treating it is time consuming,
expensive and often difficult. The reason for this is the presence of large amounts of the
determinants of the disease. Environmental factors and hygiene in the barn have an impact
on the health of the cows, but later it turned out that genetic differences are also important.
The conducted studies using MAS selection show an improvement in the health of cattle,
increased milk yield and reduced expenses. In comparison with other methods of treating
mastitis, selection using genetic markers should be appropriate for diseases of low
heritability and heal the cows quicker. Understanding the molecular basis of genetic disease,
particularly those for which several genes are responsible is difficult. Research work on the
ideal candidate for genetic marker against mastitis is still in progress, since it is important to
use all the data about gene in the body. Lactoferrin is a protein very well understood and
tested for use in the fight against mastitis. Most of the studies of polymorphism confirm the
effectiveness of lactoferrin on the reduction of incidence of this disease, thanks to
bacteriostatic characteristics. BoLA gene belongs to the major histocompatibility complex
(MHC), which functions in regulating the immune response, so it recognizes the foreign
proteins. Based on the performed analyses of BoLA-DRB3 gene, polymorphism in exon 2 of
this gene is associated with the mastitis disease.
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Abstract. The purpose of the paper was to characterize mastitis, present different methods of
treatment and prevention of emergence of mastits. Conventional methods include hygiene
during milking and after it, the cleanliness in the barn, the use of vaccines and antibiotic
therapy. Traditional methods have proven to be too time consuming and costly, therefore, one
has started research on genes that may be responsible for mastitis. The MAS method uses
genetic markers to select animals with higher resistance to mastitis. This technique is designed
not only to improve the health of cows, but also to increase productivity of milk, which is
important for the breeding aspects. Lactoferrin and BoLA gene were presented as candidate
genes for genetic markers against mastitis, due to their bacteriostatic properties.

