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Abstract

Background: The aim of this study was to investigate the relationship between CXCL8 
(CXCL8c.105A>G and CXCL8c.210C>T) SNP polymorphism and the clinical mastitis and 
production trait in Polish HF cattle.
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Methods: The trait-associated CXCL8 SNPs polymorphism study was carried out in the 
Polish HF bulls (n = 151) by PCR-RFLP methods as described in the previous issue of 
this journal. The phenotypic records (assessment year 2017) of clinical mastitis, functional 
and fertility trait were collected from the Research Institute of Animal Production, Balice, 
Poland (http://www.izookrakow.pl).

Results: Overall, the trait-associated study revealed no relationship between the 
CXCL8c.210C>T SNP polymorphism and the breeding value of selected clinical mastitis 
and fertility trait of breeding bulls. However, TT genotypes showed low levels of signifi-
cance of differences for the breeding values of somatic cells count (p = 0.27) and stillborn 
calving of heifers (p=0.27). Similarly, the trait-associated study showed no correlation 
between the CXCL8c.105A>G polymorphism and the breeding value of selected clinical 
mastitis and fertility trait of breeding bulls. However, AA genotypes showed low levels 
of significance of differences for the somatic cell count (p = 0.12), ease calving of heifers  
(p = 0.14), the difficulty calving of heifers (p = 0.17), live-born calves of heifers (p = 0.21), 
and AG genotypes showed the low levels of significance of differences for the stillborn 
calving in heifers (p = 0.21).

Conclusions: Study concludes that trait-associated studies of CXCL8 polymorphism did 
not identify highly significant effects on clinical mastitis and fertility trait in the investi-
gated breeding bulls of Polish HF cattle.

Keywords: trait-associated; breeding values; interleukin-8; CXCL8; somatic cell count; 
clinical mastitis; fertility trait; Polish HF.

Introduction

Bovine mastitis is with clinical and subclinical forms remains the most 
common and costly disease of dairy cattle worldwide resulting in signifi-
cant economic losses because of its negative impacts on animal welfare, 
productive, and reproductive performances poor milk quality increased 
workload early culling and high treatment costs [1–4]. In cattle, identi-
fication of candidate genes that underlie complex traits such as suscep-
tibility to clinical mastitis are the major goal of many genetic and bio-
medical studies, which provides mechanistic insights into host resistance 
in addition to improving the diagnosis and treatment of the disease. In 
a recent studies identification of candidate genes for clinical mastitis in 
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Norwegian cattle were reported using the genome-wide association study 
(GWAS) approaches and transcriptome analysis [5–6]. In other trait-as-
sociated studies, candidate genes for clinical mastitis viz., bovine Toll-like 
receptor (TLR) and pro-inflammatory cytokine genes families including 
the chemokine CXCL8 were reported as potentially biomarkers associ-
ated the clinical mastitis in cattle [7–9]. Herein this paper, we investigate 
the relationship between the chemokine CXCL8 (CXCL8c.105A>G and 
CXCL8c.210C>T) SNP polymorphism and the breeding values records of 
clinical mastitis and fertility trait in Polish HF bulls.

Materials and methods

Animals: The study investigated 151 randomly selected Polish HF bulls 
with known breeding values from 57 proven sires. The official results of 
the assessment of breeding values of investigated bulls were obtained from 
the Research Institute of Animal Production, Balice website (http://www.
izookrakow.pl). The data was taken from the year 2017 assessment.

Methodology procedures: The PCR-RFLP of CXCL8 SNPs polymor-
phism was carried out in the Polish HF bulls, according to the method-
ological procedure as described in the previous issue of this journal [10]. 
Based on the assessment of breeding values of bulls in the calendar year 
of 2017, the phenotypic records of clinical mastitis, functional and fertil-
ity trait (Milk trait, longevity, somatic cell content, Dead calves of bull 
daughters, live calves of bull daughters, non-repeatability index of estrus 
for heifers, non-repeatability index of estrus for cows, inter-pregnancy in-
terval, easy births of bull’s daughters, difficult births of bull’s daughters, 
abortion in bull’s daughter, postpartum after birth, udder position, udder 
width, setting of teats, teats length, suspended front replacement, and sus-
pended rear replacement) were collected from the Research Institute of 
Animal Production, Balice, Poland (http://www.izookrakow.pl).

Statistical procedures: The study results were compiled taking into 
account the frequency of genotypes and alleles. The state of genetic 
equilibrium was assessed using the mathematical formula of the Hardy 

http://www.izookrakow.pl
http://www.izookrakow.pl
http://www.izookrakow.pl
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– Weinberg law. The chi-square test was used to verify the consistency 
of the expected and observed frequency of genotypes. Using statisti-
cal package STATISTICA 12.0, the influence of CXCL8c.105A>G and 
CXCL8c.210C>T SNP polymorphism on the breeding value of bulls was 
estimated by the two-factor and three-factor analysis of variance, accord-
ing to the formula as below:

Yijkl = μ + G1i + G2j + Sk + eijkl

where:
Yijkl – investigated trait,
μ – average mean value of the phenotypic trait,
G1i (I = 1,2,3) – effect of CXCL8c.210C>T SNP genotypes, CC, CT, TT,
G2j (j = 1,2,3) – effect of CXCL8c.105A>G genotypes, AA, AG, GG,
Sk (n = 1.....57) – permanent effect of Kth bull,
eijkl – random error.

The assumptions for the analysis of variance (ANOVA) for the nor-
mality of the distribution were checked by the Shapiro-Wilk test, while 
the homogeneity of variance were checked by the Leven test. The signifi-
cance of differences between the arithmetic means was determined on the 
basis of Duncan’s test.

Results and discussion

In this study, we investigated the bovine CXCL8 candidate gene for 
clinical mastitis in Polish HF cattle. The trait-associated study was per-
formed using the breeding values of Polish HF bulls. Obtained results 
from trait-associated study showed no significant association between the 
CXCL8c.210C>T polymorphism and the breeding values indices of se-
lected clinical mastitis and fertility trait in Polish HF bulls (Table 1). How-
ever, the genetic association with lowest significance of differences were 
observed for the easy calving (p = 0.09) with highest among homozygous 
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TT (66.9) and lowest among heterozygotes CT (60.5) bulls. Moreover, 
similar trends were also observed for the number of somatic cells counts 
(p = 0.27), stillborn calves (p = 0.27), and live calves (p = 0.27) with high-
est significance of differences among TT genotype and the lowest among 
CC genotypes. 

Similarly, no significant association was observed in the trait-associ-
ated study between the CXCL8c.105A>G polymorphism and the breeding 
values indices of selected clinical mastitis and fertility trait in Polish HF 
bulls (Table 2). However, the genetic association with lowest significance 
of differences were observed for the longevity (p = 0.29), somatic cell 
count (p = 0.12), and difficult calving (p = 0.17) with highest among ho-
mozygous AA and lowest among homozygous GG bulls, whereas, in case 
of live calves (p = 0.21) and easy calving (p = 0.14) with highest among ho-
mozygous AA and lowest among heterozygotes AG bulls. Lastly, in case of 
stillborn calves (p = 0.21), the genetic association with lowest significance 
of differences were observed, with highest among heterozygotes AG and 
lowest among homozygous AA bulls.

Several studies were reported the clinical mastitis and fertility relat-
ed trait-associated studies to investigate the candidate genes for mastitis 
resistance such as: mitogen activated protein 4 kinase 4 (MAP4K4) gene 
in Chinse Holstein cattle [11], toll-like receptor (TLR2) and caspase re-
cruitment domain 15 (CARD15) genes in Canadian Holstein cattle [12], 
toll-like receptors (TRL4) gene in Holstein bulls [13], cytokine-activated 
Janus kinase 2 (JAK2) and signal transducer and activator of transcription 
5B (STAT5B) genes in Chinese cattle [14], and osteopontin (SPP1) gene in 
Canadian Holstein cattle [15]. Using PCR RFLP technique, significant as-
sociations between the -79T>G SNP and the 3’UTR +2463 C>T SNP and 
susceptibility to clinical mastitis were identified in the investigated in HF 
cattle [16]. Study further reported that clinical mastitis rates for genotypes 
-79 TT and +2463 TT were much lower in comparison to the homozygous 
genotypes (-79 GG and +2463 CC) and significantly lower than their re-
spective heterozygous genotypes. In our study, we found the clinical mas-
titis and fertility trait indices (somatic cells counts, stillborn calves, live 
calves) for CXCL8c.210C>T SNP maker were higher for the homozygous 
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TT and lower for the heterozygotes CT breeding bulls. Whereas, for the 
CXCL8c.105A>G marker, the clinical mastitis and fertility trait indices 
(longevity, somatic cells count, difficult calving, live calves and easy calv-
ing) were higher for the homozygous AA and lower for the heterozygotes 
GG and AG breeding bulls.

Conclusions: Study concludes that trait-associated studies of CXCL8 
polymorphism did not identify highly significant effects on clinical masti-
tis and fertility trait in the investigated breeding bulls of Polish HF cattle.

References 

[1] Kumar N, Manimaran A, Kumaresan A, Jeyakumar S, Sreela L, Mooventhan 
P, et al. Mastitis effects on reproductive performance in dairy cattle: a review. 
Trop Anim Health Prod. 2017;49:663–73. 

[2] Peters MD, Silveira ID, Fischer V. Impact of subclinical and clinical mastitis 
on sensitivity to pain of dairy cows. Animal,. 2015;9:2024–8. 

[3] Heikkila AM, Nousiainen JI, Pyorala S. Costs of clinical mastitis with special 
reference to premature culling. J Dairy Sci. 2012;95:139–50. 

[4] Ahmadzadeh A, Frago F, Shafii B, Dalton JC, Price WJ, McGuire MA. Effect of 
clinical mastitis and other diseases on reproductive performance of Holstein 
cows. Anim Reprod Sci. 2009;112:273–82. 

[5] Kirsanova E, Heringstad B, Lewandowska-Sabat A, Olsaker I. Identification 
of candidate genes affecting chronic subclinical mastitis in Norwegian Red 
cattle: combining genome-wide association study, topologically associated 
domains and pathway enrichment analysis. Anim Genet. 2020;51:22–31.

[6] Kirsanova E, Boysen P, Johansen GM, Heringstad B, Lewandowska-Sabat A, 
Olsaker I. Expression analysis of candidate genes for chronic subclinical ma-
stitis in Norwegian Red cattle. J Dairy Sci. 2020;103:9142–9149.

[7] Christopher D Russell, Stephanie Widdison, James A Leigh, Tracey J Coffey 
Identification of single nucleotide polymorphisms in the bovine Toll-like re-
ceptor 1 gene and association with health traits in cattle, Vet Res. 2012;43:17.

[8] Farhat K, Sauter KS, Brcic M, Frey J, Ulmer AJ, Jungi TW The response of 
HEK293 cells transfected with bovine TLR2 to established pathogen-associa-
ted molecular patterns and to bacteria causing mastitis in cattle. Vet Immunol 
Immunopathol. 2008;125:326–36.



17

Association of bovine CXCL8 polymorphism

Translational Research  
in Veterinary Science

Vol 3, No 2, 2020

[9] Lee JW, Bannerman DD, Paape MJ, Huang MK, Zhao X Characterization of 
cytokine expression in milk somatic cells during intramammary infections 
with Escherichia coli or Staphylococcus aureus by real-time PCR. Vet Res. 
2006;37:219–29.

[10] Czarnik U, Kreft K, Sachajko M, Herudzińska M, Żukowski K, Pareek CS. 
Identification of CXCL8c.105A>G and CXCL8c.210C>T polymorphism in 
Polish HF cattle. Transl. Res Vet Sci. 2020;3:32–39.

[11] Bhattarai D, Chen X, Ur Rehman Z, Hao X, Ullah F, Dad R, Talpur HS, Ka-
dariya I, Cui L, Fan M, Zhang S. Association of MAP4K4 gene single nucle-
otide polymorphism with mastitis and milk traits in Chinese Holstein cattle. 
J Dairy Res. 2017;84:76–79. 

[12] Pant SD, Schenkel FS, Leyva-Baca I, Sharma BS, Karrow NA. Identification 
of single nucleotide polymorphisms in bovine CARD15 and their associa-
tions with health and production traits in Canadian Holsteins. BMC Geno-
mics. 2007;8:421. 

[13] Sharma BS, Leyva I, Schenkel F, Karrow NA. Association of toll-like receptor 
4 polymorphisms with somatic cell score and lactation persistency in Hol-
stein bulls. J Dairy Sci. 2006;89:3626–35.

[14] Usman T, Wang Y, Liu C, Wang X, Zhang Y, Yu Y. Association study of single 
nucleotide polymorphisms in JAK2 and STAT5B genes and their differen-
tial mRNA expression with mastitis susceptibility in Chinese Holstein cattle. 
Anim Genet. 2015;46:371–80. 

[15] Alain K, Karrow NA, Thibault C, St-Pierre J, Lessard M, Bissonnette N. Oste-
opontin: an early innate immune marker of Escherichia coli mastitis harbors 
genetic polymorphisms with possible links with resistance to mastitis. BMC 
Genomics. 2009;10:444. 

[16] Russell CD, Widdison S, Leigh JA, Coffey TJ. Identification of single nucle-
otide polymorphisms in the bovine Toll-like receptor 1 gene and association 
with health traits in cattle. Vet Res. 2012;43:17.


