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Summary. The article provides an overview of data about genetics of cattle and susceptibility to infectious diseases 
by the example of clinical mastitis. The problems of the genetic markers associated with mastitis susceptibility  
of cattle  in studies of scientists from different countries are analyzed.

Clinical mastitis (CM) is an inflammation of the mammary gland associated with elevated somatic cell count 
(SCC) and is one of the biggest problems affecting commercial milk production. In the world literature the problems 
of mastitis etiology  were discussed and it was noted that many factors promote the development of mastitis, including 
the genetic background and feeding environment. The unfavorable genetic correlations between milk production 
and clinical mastitis are well known. The complexity of mastitis infection suggests a polygenic and multi-factorial 
immune response comprising many different proteins. Most studies focused on polygenic variation of the trait and 
genetic correlation among phenotypic traits related to mastitis such as somatic cell counts and clinical cases. 

At the present time, the role of Major Histocompatibility Complex (MHC genes) in the susceptibility or resistance 
to intrammamary infection is well studied. Researchers have shown that investigation of genetic markers associated 
with mastitis susceptibility, provide initial evidence for a phenotypic association between a single nucleotide 
polymorphisms of CXCR2, CD18, MBL1, TLR1, TLR2, CARD15, HMGB1, ATP1A1, BoLADQA1  genes and  
somatic cell counts and clinical  manifestations  in dairy cows, as well as potential insight into specific mechanisms 
affected in cows more susceptible to mastitis.

According  researchers  currently identified differences between breeds. Dairy breeds originating from eastern 
France (Montbéliarde, Abondance) or central Europe (Simmental, Brown Swiss) have lower SCC and clinical mastitis 
frequency than Holstein. Within breed, genetic variability is also quite large. Because the disease susceptibility may 
be genetically dependent, in which case disease resistance could be improved by animal selection through breeding 
programmes.

The most economical method of reducing SCC in Ukraine, based on the experience of other countries, including 
in our opinion, is testing monthly milk samples from each cow after the selection of genes for mastitis resistance. 
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Clinical mastitis (CM) is an inflammation of the 
mammary gland associated with elevated somatic cell 
count (SCC) caused by microorganisms and is one  
of the most frequent infectious diseases in dairy 
cattle with important economic losses (Heringstad 
et al., 2006). At the present time, mastitis is one of the 
biggest problems affecting commercial milk production 
(Hinrichs et al., 2011).

In accordance with the data presented by Looper 
(2012), in the United States, federal law allows milk 
to be sold only if the bulk tank has an SCC of fewer 
than 750,000 cells/cm3. The primary reason for dairy 
producers to reduce SCC is because it relates to milk 
losses due to mastitis. The author notes that lowering 
somatic cell count from 600,000 to 300,000 increases 
milk sales by $50 per cow per year, which is a small 
fraction of the total benefit. If they can reduce their SCC 
from 600,000 to 200,000 cells/cm3, they can decrease 
milk production losses by 600 pounds per cow per year. 
In a 100‑cow herd, these losses amount to $7,500/year  
if milk is valued at $12.50/cwt.

The requirements in Norway and England  
determine 150 cells/cm3 of SCC as the upper limit, 
in Denmark — 200 cells/cm3, in most European 
countries — 400 cells/cm3 (Kantsevich, Rusko and 
Baksheiev, 2014).

Ukrainian companies in the dairy industry must  
meet the high requirements for the European market. 
Ukraine produces more milk than eastern European 
countries — Romania, Czech Republic, Hungary, 
Bulgaria, but the proportion of raw milk that goes 
to industrial processing, less 41–46% in the Ukraine 
compare to Poland, the Czech Republic and Hungary 
(74–87%). The reason is the low quality of raw milk 
produced in the households of the population in Ukraine 
(> 75% of raw milk in Ukraine).

In 2011–2015 in the eastern Ukrainian farms 
clinical serous form of mastitis had detected in 18.3% 
of the cows, subclinical form — at 81.7%. In 35.7% 
of clinically healthy cows, SSC in milk samples is 
higher than 400,000 cells/ml (DSTU 3662–97) and 
is within 404,000–7,178,000 cells/cm3 (Levchenko, 
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2015; DSU, 1997). The most numerous breed in this 
region is a Ukrainian Dairy Black and White breed, 
created on the basis of Holstein (Ruban and Fedota, 
2013).

Over the last 10 years the study of mastitis  
and prevention are held in many countries for cattle  
of different breeds, for example, in Spanish Holstein 
(Pérez-Cabal et al., 2009) and Czech Holstein cows  
(Wolf, Wolfová and Štípková, 2010), in Austrian 
Fleckvieh cows (Koeck et al., 2010), in Dutch Holstein 
(Bloemhof, Dejong and Dehaas, 2009) and Norwegian 
Red cattle (Opsal et al., 2008), in US Holsteins (Vazquez 
et al., 2009) and Holstein cattle from Argentina (Baltian 
et al., 2012), in Holstein × Zebu (Duangjinda et al., 
2008).

It was currently identified differences between 
breeds. According to Rupp and Boichard (2003), these 
genetic differences could be estimated in herds with 
different breeds. Dairy breeds originating from eastern 
France (Montbéliarde, Abondance) or central Europe 
(Simmental, Brown Swiss) have lower SCC and clinical 
mastitis frequency than Holstein. Genetic variability 
is also quite large within a breed. The genetic standard 
deviation of clinical mastitis frequency reaches about 
5%. This means that in an environment with 20% average 
frequency of clinical mastitis, the frequencies observed 
for extreme genotypes range from 10% to 30%.

The authors note that many factors promote 
the development of mastitis, including the genetic 
background and feeding environment (Takeshima et al., 
2008). It is known (Park et al., 2004) that such factors 
as environment, pathogen, and host affect susceptibility 
or resistance of an individual cow to bovine mastitis. 
According to Sæbø and Frigessi (2004), the pathogens 
causing mastitis are various species of bacteria, but  
a cow’s susceptibility to the disease also depends on 
many other factors. It is also important to maintain the  
animal welfare such as sanitation, climate change 
and the value of the stock, among other things,  
as an environmental factor.

Due to the fact that the disease susceptibility  
may be genetically dependent, it could be improved  
by animal selection through breeding programs (Sæbø 
and Frigessi, 2004).

Breeding for mastitis resistance is becoming 
increasingly important because of its effect on farm 
economy and animal welfare. At the present time, 
the unfavorable genetic correlations between milk 
production and clinical mastitis (CM) are well known 
(Heringstad, Klemetsdal and Ruane, 2000; Oltenacu 
and Broom, 2010). Most of the countries that perform 
genetic evaluations for mastitis resistance lack records 
of CM because disease recording systems are not well 
developed. Thus, most commonly SCC is used as an 

indirect measure (Koeck et al., 2010). Wherein mastitis 
data recording should be carried out in early lactation 
because these mastitis cases are more related to the 
genetics of the cow than cases in late lactation, which 
are more affected by the environment (Hinrichs et al., 
2011).

According to Baltian et al. (2012), mastitis is a complex 
disease that involves three major environment factors: 
the microorganisms as the causative agent, the cow as 
host, and the environment which can influence both 
the cow and the microorganisms. Among the major 
microorganisms responsible for the development  
of mastitis can be mentioned Streptococcus agalactiae, 
Staphylococcus aureus and Streptococcus dysgalactiae 
(Baltian et al., 2012). According to Ukrainian authors 
(Levchenko, 2015), cows with clinical and subclinical 
mastitis serous isolated culture Staphylococcus aureus 
(60% and 33%) Streptococcus agalactiae (26.6% and 
20.1%), Escherichia coli (13.4% and 13.3%). These 
bacteria produce toxins that injure the milk-secreting 
tissues and various ducts throughout the mammary 
gland (Takeshima et al., 2008).

Because high SCC in milk is a response to  
a presence of microbes in the mammary gland,  
SCC can be used both as an indicator of mastitis 
and as a measure of response to infection. In many 
countries, SCС (treated homogeneously) is used as 
an indirect selection criterion for improving mastitis 
resistance and as characteristic of genotypes for 
the genes of resistance to mastitis (Detilleux, 2009; 
Heringstad et al., 2006).

Resistance to mastitis is a complex function 
involving various biological pathways, molecules and 
cells. Therefore numerous functional candidate genes 
could be involved in the determinism of the function 
as reported by Detilleux (2009). Genetic selection for 
increasing antibody responsiveness seems to be possible, 
but it should be pointed out that trends in association 
with clinical mastitis occurrence were not straight 
forward and those further investigations are needed  
to address genetics of immunology in mastitis (Rupp 
and Boichard, 2003).

Several chromosomal regions have large effects  
on mastitis resistance. The multitude of results reflects,  
to some extent, the fact that mastitis resistance is a complex 
function that involves many molecules and pathways 
that can be regulated by many different genes (Rupp and 
Boichard, 2003).

The complexity of mastitis infection suggests 
a polygenic and multifactorial immune response 
comprising many different proteins (Russel et al., 2012). 
Effective elimination of bacterial infections, such as 
mastitis in dairy cattle, requires four basic steps: bacterial 
recognition, inflammatory mediator release, leukocyte 
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recruitment from the bloodstream, and bacteria removal 
(Riollet, Rainard and Poutrel, 2000). Researchers have 
shown (Rambeaud and Pighetti, 2005) that investigation 
of genetic markers associated with mastitis susceptibility, 
provide initial evidence for a phenotypic association 
between a single nucleotide polymorphism of CXCR2 
gene and neutrophil function in dairy cows, as well as 
potential insight into specific mechanisms affected in 
cows more susceptible to mastitis. Cows with the CC 
or GC genotype at CXCR2 +777 showed significantly 
lower neutrophil migration to recombinant human 
interleukin‑8 (rhIL‑8) than cows with the GG genotype. 
Cows with the CC genotype at CXCR2 +777 also showed 
decreased neutrophil migrations to zymosan-activated 
serum compared to these same cows. According to 
the authors, polymorphisms in bovine CXCR2 may 
potentially be used to select cows that are more resistant 
to disease. Of the sixteen polymorphisms in seven 
immune genes genotyped, presented by Beecher et al. 
(2010) just CXCR1–777 tended to associate with SCS, 
albeit only in the on-farm study (Beecher et al., 2010).

Several authors (Rupp and Boichard, 2003) focused 
on a mutation in the CD18 gene (BTA1) associated with 
bovine leukocyte adhesion deficiency (BLAD) in Holstein 
cattle. Cattle that are homozygous for the deleterious 
allele exhibit impaired diapedesis of leucocytes,  
extreme sensitivity in any infection and premature  
death. However, no difference in susceptibility  
to intramammary infections has been found in 
heterozygous carriers at the CD18 gene.

Wang et al. (2011) described three novel single-
nucleotide polymorphisms of MBL1 gene in Chinese 
native cattle and their associations with milk performance 
traits. Among the Chinese Holstein cattle, eight different 
haplotypes and 19 genotype combinations were detected. 
Statistical analyses revealed no correlation between 
either g.855 G>A or g.2686 T>C and somatic cell score 
(SCS) however, a significant association was found 
between g.2651 G>A and SCS, suggesting a possible 
role of this SNP in the host response against mastitis. 
The combined genotypes of GGC/AAC with the lowest 
SCS, AAT/AAT with the highest protein content and 
AGC/AGC with the highest 305‑days milk yield were 
favorable combinations for mastitis resistance and milk 
production traits. According to researchers, GGC/
AAC, AAT/AAT and AGC/AGC can be used as possible 
candidates for marker-assisted selection in the dairy 
cattle breeding program.

Toll-like receptors (TLR) are important cell-surface 
molecules mediating immune response (Opsal et al., 
2008). Investigations of whether SNPs within the bovine 
TLR1 gene (boTLR1) are associated with clinical mastitis 
(CM) were presented by Russell et al. (2012). Selected 
boTLR1 SNPs were analyzed within a Holstein Friesian 

herd. Significant associations were found for the tagging 
SNP –79 T>G and the 3’UTR SNP +2463 C>T. Animals 
with the GG genotype (from the tag SNP -79 T>G) 
had significantly lower boTLR1 expression in milk 
somatic cells when compared with TT or TG animals. 
In addition, stimulation of leucocytes from GG animals 
with the TLR1‑ligand Pam3 csk4 resulted in significantly 
lower levels of CXCL8 mRNA and protein. The authors 
concluded, that rapid immune response, conferred by 
the favorable boTLR1 SNP -79 TT variant, could reduce 
detrimental clinical manifestations of diseases via  
an efficient yet controlled influx of inflammatory cells  
to neutralise pathogens and control infection.

The results of association research of toll-like 
receptor 2 gene (TLR2) polymorphisms with somatic 
cell score in Xinjiang Brown cattle showed (Bai et al., 
2012) that the SCS of AB genotype was lower than AA, 
the SCS of cattle with Hap5 was lower than Hap3. This 
suggests that Hap5 might play an important role in sub-
mastitis resistance in Xinjiang Brown cattle.

Results of the study associations between CARD15 
and TLR2 gene polymorphisms and milk somatic cell 
score in Canadian Holsteins were introduced (Pant et al., 
2008). According to the authors, Toll-like receptor‑2 
(TLR2) and caspase recruitment domain 15 (CARD15) 
are important pattern recognition receptors that play  
a role in the initiation of the inflammatory and subsequent 
immune response. The hap21 (TA) in CARD15 was 
significantly associated with increased SCS EBV 
(estimated breeding values) and SNP c.3020 A>T was 
associated with SCS EBVs and might play a role in the 
host response against mastitis. In a study of Opsal et al. 
(2008) presented, that dense linkage maps comprising 
single nucleotide polymorphisms (SNPs) have been 
constructed for the chromosomal regions harboring 
TLR2 and TLR4 on bovine chromosome 17 and 8.

The most likely marker orders for both regions were 
compared with the corresponding human map positions 
and used to reorder bovine scaffolds available from the 
bovine genome sequence assembly (Heringstad et al., 
2006). Haplotype analysis of TLR4 gene and its effects 
on milk somatic cell score in Chinese commercial cattle 
had been carried out in Chinese commercial dairy cattle 
including Chinese Holstein, Sanhe cattle and Chinese 
Simmental breeds by Wang et al. (2014). Results showed 
that Hap1 (30.5%) and Hap2 (30.4%) were the most 
common haplotypes. Hap2, Hap4 and Hap12 might 
negatively effect on milk SCS whereas Hap13 might 
positively effect on milk SCS.

Li et al. (2012) mentioned that one SNP in the  
3’-UTR of HMGB1 gene affects the binding of target 
bta-miR‑223 and is involved in mastitis in dairy cattle. 
According to the authors, high-mobility group box 
protein 1 (HMGB1) gene has a universal sentinel 
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function for nucleic-acid-mediated innate immune 
responses and acts as a pathogenic mediator in the 
inflammatory disease. They showed that the relative 
expression of HMGB1 mRNA in cows with the 
genotype GG is significantly higher than those in cows 
with the genotype AA. One novel SNP (g. +2776 A>G) 
in the HMGB1 3’‑UTR, altering the binding of HMGB1 
and bta-miR‑223, was found to be associated with 
somatic count scores in cows. The g. +2776 A>G-GG 
was an advantageous genotype which can be used as 
a candidate functional marker for mastitis resistance 
breeding program.

Due to the fact that mastitis affects the concentrations 
of potassium and sodium in milk, presumed that 
polymorphism of the ATP1 A1 gene, which encodes the 
bovine Na+, K+-ATPase α1 subunit could be associated 
with mastitis (Liu et al., 2012). The authors showed that 
the cows with genotype CC in ATP1 A1 had significantly 
lower somatic cell scores and 305‑day milk yields than 
those with genotype CA. The Na+, K+-ATPase activity 
was significantly higher in dairy cows with genotype CC 
compared to the other two genotypes, and the Na+, K+-
ATPase activity of the resistant group was significantly 
higher than that of the susceptible group in dairy cows.  
In this regard, researchers conclude that this 
polymorphism has potential as a marker for mastitis 
resistance in dairy cattle.

Sugimoto, Uchiza and Kuniyuki (2013) have reported 
that the forebrain embryonic zinc finger-like (FEZL) 
gene promotes immune responses that are associated 
with mastitis resistance. According to Takeshima et al. 
(2008), it is preferable to genotype all known candidate 
genes simultaneously for estimating the susceptibility 
or resistance of animals to multifactorial diseases like 
mastitis. However, it remains difficult to genotype MHC 
alleles, although most candidate genes, once identified, 
can be readily genotyped using a method for detecting 
single nucleotide polymorphisms.

It is now known, that several host genes have been 
suggested to promote resistance or susceptibility to 
clinical mastitis, particularly major histocompatibility 
complex (MHC) genes (Takeshima et al., 2008).

According to Baltian et al. (2012), in bovine MHC 
(named bovine lymphocyte antigen, BoLA) some 
polymorphisms were associated with resistance to 
infectious diseases such as mastitis, enzootic bovine 
leukemia and others diseases. The general structure 
of BoLA is similar to the MHC of others mammalian 
species and is made up of three regions: Class I, Class 
II and Class III, which fulfill different roles. The class 
II genes encode proteins that presented processed 
peptides derived from extracellular antigens to CD4 
cells, like DRA, DRB, DQA and DQB. In the bovine 
DR subregion, there are at least three BoLA-DRB loci 

but only the BoLA-DBR3 gene in functional. This gene  
is the highly polymorphic since more than 103 alleles 
have been reported thus far.

Many reports have documented the association  
of BoLADRB3 alleles with the progression of mastitis. 
They have also detected disease-associated BoLADRB3 
alleles. These results showed that while the existence 
of particular BoLADRB3 alleles is important for the 
progression of mastitis (Baltian et al., 2012; Duangjinda 
et al., 2008; Sharif, Mallard and Sargeant, 2000; Takeshima 
et al., 2008). In the works of Takeshima et al. (2008)  
it was shown that heterozygosity of the BoLADQA1 gene 
is associated with resistance to mastitis progression.

Park et al. (2004) have presented that susceptibility 
to mastitis was associated with major histocompatibility 
complex (MHC) haplotypes that have only a single set 
of DQ genes. The study also revealed that susceptible 
cows had CD4:CD8 ratios of less than one in both their 
mammary gland secretions and peripheral blood. These 
results raise the possibility that the number of DQ genes 
that a cow has and/or a cow’s CD4:CD8 ratio could be 
used as indicators of susceptibility to bovine mastitis.

According to Takeshima et al. (2008), the MHC genes 
are a classic example of where heterozygote advantage 
may apply because heterozygosity at MHC loci may 
enhance resistance to infectious diseases as it increases 
the diversity of the antigens presented to T cells, thereby 
generating a more diverse T-cell repertoire. Such 
heterozygote-favoring selection is one of the mechanisms 
that maintain genetic polymorphism.

Potential relationships between amino acid motifs 
in the antigen binding groove of various alleles of 
the bovine major histocompatibility complex DR  
(BoLA-DR) molecule and occurrence of clinical  
mastitis caused by Staphylococcus species (non-
Staphylococcus aureus) were presented by Sharif, 
Mallard and Sargeant (2000). A significant association 
was detected between the presence of glutamic acid 
at position beta 74 in BoLA-DRB3.2*22, *23 and *24  
alleles and occurrence of mastitis caused by 
Staphylococcus spp. with a relative risk of 11. These 
positions (beta 13, beta 71 and beta 74) form 
pocket 4 of the antigen binding groove, which 
plays an instrumental role in antigen binding and 
recognition by T-lymphocytes. The authors concluded, 
pocket 4 of the BoLA-DR molecule is involved  
in conferring susceptibility to clinical mastitis caused  
by Staphylococcus spp.

The association of the polymorphism of bovine 
leukocyte antigen (BoLA-DRB3) genes with resistance 
and susceptibility to mastitis caused by Streptococci, 
coagulase-negative Staphylococci, Escherichia coli and 
Staphylococcus aureus was investigated by Yoshida 
et al. (2012). The researchers concluded that in the case 



26 www.jvmbbs.kharkov.ua

Part 1. Biotechnology and genetics

of Escherichia coli mastitis, amino acid substitutions 
at the 9, 11, 13, and 30 positions had little effect, but 
rather substitutions at the 47, 67 positions of pocket 7, 
and at the 71, 74 positions of pocket 4, Tyr (47), 
Ile (67), Ala (71), and Ala (74), were associated with 
resistance and this motif was present in DRB3*1201. 
In 2012 the authors provided data (33), that DRB3.2*8 
(DRB3*1201) and DRB3.2*16(DRB3*1501) alleles 
were found to be associated with susceptibility, while 
DRB3.2*22(DRB3*1101), DRB3.2*23(DRB3*2703), 
and DRB3.2*24(DRB3*0101) alleles were found to be 
associated with resistance.

According to de Haas et al. (2008), genetic selection 
on lowering the log-transformed lactation-average 
SCC may, therefore, be more effective in decreasing 
mastitis incidence than genetic selection on lowering 
the lactation-average of log-transformed SCC.
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