
Proceedings, 10th World Congress of Genetics Applied to Livestock Production 
 

Genetic parameters for somatic cell count and clinical mastitis in the first lactation of Iranian Holstein cattle 
 

S. Zakizadeh1, M. Jafari2. 
1 Institute Of Scientific-Applied Higher Education of Jihad-e-Agriculture, Iran,  

2Animal breeding center of North-east, Iran. 
  

 
ABSTRACT: Data comprised records of milk production 
and clinical mastitis (CM) belonged to Holstein cows in 
North-East of Iran. Information included milk production; 
calving and recording dates, somatic cell counts (SCC), 
pedigree, and mastitis. Log2-transformed of SCC was used 
for normalization. Environmental effects were analyzed by 
linear and logistic regressions for SCS and CM, 
respectively. Random regression and logistic bi-variate 
models were used to analyze SCS and CM (co)variance 
components. Model included fixed effects, additive genetic 
effect and common permanent environmental effects as 
random effects with 5-degree of Legendre. SCS or CM was 
increased by increasing of lactation number or higher 
temperature. Heritability of SCS ranged from 0.043 to 
0.136; although heritability of CM was lower (0.037). 
Genetic correlation was positive and high (0.712). 
Regarding to low heritabilities, genetic gain against SCS 
could be slow but it is stable and does not include 
expenditures of treatments.  
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Introduction 
 
Demand of increase in milk production is coupled 

with many reproduction problems. Apart from reproduction 
inefficiency, suboptimal udder health plays an important 
role for involuntary culling on commercial dairy farms 
(Prendiville et al. 2010; Citek et al. 2011). Udder health 
problems lead to economic losses (Heringstad et al. 2000; 
Carlen et al 2004), decreasing the milk quality, and increas-
ing veterinary treatments (Heringstad et al. 2000; Carlen et 
al 2009).  Somatic cell count is a key measure employed by 
processors to determine milk quality. It provides a reflection 
of the health status of the mammary gland and brings to 
light the prevalence of clinical and (sub)/clinical mastitis 
(CM) in dairy herds (Prendiville et al. 2010). On the other 
hand, low heritability is a dramatic limitation for breeding 
mastitis-resistant cattle. Several studies reported the herita-
bility less than 0.14 (Carlen et al. 2004; Bloemhof et al. 
2009; Prendiville et al. 2010).  

 
Breeding for increased resistance to CM can be 

performed in three ways, i.e. by direct selection against CM, 
by indirect selection using indicator traits, or by a combina-
tion of both. As the direct selection only widely established 
in Scandinavia countries, therefore, indirect selection needs 
to be performed using traits that are genetically correlated 

with mastitis (Bloemberg et al. 2009). Somatic cell count 
(SCC) is the trait that is most commonly used for indirect 
selection, because its positive genetic correlation with mas-
titis is moderate to high, ranging 0.2 up to 0.8 (Carlen et al 
2004; Bloemhof et al. 2009; Wolf et al. 2010). The objec-
tive of this study was to estimate genetic parameters of SCS 
and mastitis and their correlation in the first lactation of 
Iranian Holstein in North-east of Iran. 

 
Materials and Methods 

 
Animal and data. Data on SCC were collected 

from 54 Holstein herds between 1999 and 2008. Records of 
mastitis incidence were collected from 6 well-industrial 
farms, which data were conserved in dairy management 
software. The required data for genetic evaluation of SCS 
and CM (herd number, calving date, and lactation number, 
stage of lactation, test-day milk yield and SCC) together 
with a pedigree file were made available from the national 
breeding center database. The number of cows at the first 
lactations in the analyzed SCC dataset after data editing was 
58820 belonged to 17473 animals, as well as 12003 records 
of CM from multiparous 1 to 7. CM was considered as an 
all-or-none trait with values of 0 (no CM case) or 1 (at least 
1 CM case). Only cows that had a lactation length between 
5 and 450 d were included in the analysis. Somatic cell 
count was not analyzed directly but was first transformed to 
SCS by logarithm (log2) transformation.  

 
Statistical Methods. Somatic cell score (SCS) was 

calculated based on natural logarithm of somatic cell count 
(SCS= Ln(SCC/1000). The fixed part of the model included 
the effect of contemporary group of herd-year production, 
season, stage of lactation (months), parity, Holstein gene 
percentage and milk production (as linear and quadratic 
covariables). Orthogonal Legendre polynomial function 
with 5th order was applied to take into account of the stage 
of the lactation and genetic and permanent environmental 
variations of SCS by Wombat (Meyer 2006).The incidence 
of cows exhibiting clinical mastitis was analyzed using the 
LOGISTIC procedure in SAS (clinical mastitis = 1 for cows 
that got mastitis at least once during the study period, oth-
erwise clinical mastitis = 0). Genetic parameters of CM and 
its genetic correlation with SCS were analyzed by a bi-
variate logistic model of ASREML (Gilmour et al., 2002).  

 
 
 
 



Results and Discussion 
 
Environmental factors. Analysis of variance 

showed the significant effect of herd×year of records, month 
of record, milk production, and stage of lactations factors on 
SCS. The frequency of cows getting a high SCC was high-
est in May, March and April, respectively, which was in 
consistent with other study (Olde Riekerink et al 2007). It 
seems that quantity of milk and stage of lactation has a dif-
ferent effect on SCS in the first lactation of cow (Calus et al 
2006; Wu et al 2007). Somatic cell score decreased until the 
2nd month of lactation afterwards increased to the end of 
lactation (Fig. 1). These results are reported by other stud-
ies, as well (Robert-Graniéa et al 2004; Prendiville et al 
2010), in which SCS was lowest from week 9 to 16 of lacta-
tion and increased until the end of lactation.  Older and late-
lactation cows were more likely to develop or maintain a 
high SCC (Olde Riekerink et al 2007).  

 

 
Fig 1: SCS changes during the stage of lactation 

 
 
Analysis of variance showed the significant effect 

of herd, year and month of calving, stage and number of 
lactation, and SCS (P<0.01). Although the general manage-
ment of herds differs from each other, decreasing trend of 
mastitis during studies years (ODD ration from 16.2 to 3.7) 
suggested the better quality of health management. The fo-
cus of mastitis prevention and control programs should dif-
fer between regions and should be tailored to farms based 
on housing type and BMSCC (Olde Riekerink et al. 2008). 
Regardless to type of pathogens, the incidence rate of clini-
cal mastitis was highest in July to September (Fig. 2). It was 
reported that incidence rate of clinical mastitis was highest 
in December to January, except for Streptococcus uberis 
and E.coli, which was highest in summer. Distinguishing 
between pathogens related mastitis is essential, because 
each of them has a unique epidemiology, either to be associ-
ated with being on pasture, or housing-related (Olde Riek-
erink et al 2007). Twelve percent of cows suffered mastitis 
at least one during lactation, with a high frequency across 
between 3th to 6th months after calving. Prendiville et al 
(2010) reported the highest frequency of mastitis (43% of 
total) in weeks 1 to 5  of lactation, 19% in week 6-13 of 
lactation, lowest during mid-lactation (10 and 8% in 14-21 
and 22-29 weeks, respectively), and 20% in late lactation 
(30-44 week). Frequency of mastitis incidence decreased 

from heifers to the 4th calving; afterwards it showed an up-
ward slope. Incidence of CM was lower in primiparous than 
in multiparous cows (Urioste et al 2010). SCS had signifi-
cant effect on the incidence of mastitis. In the case of sub-
clinical mastitis, pathogens do not cause enough disruption 
in the alveolar tissue to be seen in the milk, but infection can 
be detected by an increase in the somatic cell count (SCC) 
per ml of milk. 
 

 
Fig 2: Rate of mastitis incidence in different months  

 
 

Genetic parameters. This study showed estimated 
heritability (h2) from random regression animal model were 
low (0.04) at the beginning of the lactation and higher 
(0.136) at the end. Haile-mariam et al. (2001) reported SCS 
heritability 0.04 to 0.05 at the first half-period and 0.11 to 
0.13 at the second-half of lactation. Heritability estimates of 
SCS were in the range of reported estimates from other 
studies using linear models in the range of 0.03 to 0.14 (He-
ringstad et al 2000; Carlen et al. 2004; Norberg et al. 2009; 
Bloemhof et al. 2009). Heritability estimated for CM 
(0.037±0.008) was lower than SCS heritability; in consist-
ence with other reports, which stated 0.012-0.030 (Carlen et 
al, 2004; Bloemhof et al 2009). Although the genetic corre-
lations between CM in consecutive lactations is high (0.9) 
(Bloemhof et al 2009), CM is not genetically the same trait 
throughout lactation (Carlen et al 2009). It is reported that 
the highest heritability (2.1%) was obtained at the beginning 
of lactation, and declined thereafter with time down to 0.1% 
around day 210. Thereafter there was a small increase in the 
heritability (Carlen et al 2009). The genetic correlation be-
tween CM and SCS was high (0.70) in this study and imply-
ing that selection for low SCS would reduce the incidence 
of mastitis (Carlen et al 2004; Bloemhof et al 2009). 
 

Conclusion 
 

In general, heritability of somatic cell score and 
clinical mastitis were found to be lower than 14% over the 
course of the lactation period. It is implied that most of phe-
notypic diversity among the animals are due to environmen-
tal diversity. Improving the health condition and quality the 
housing type of cattle is recommended to breed low produc-
er SCC cows, consider animal welfare and achieve better 



quality of milk, although they are not heritable. Consequent-
ly, regarding to genetic correlation between SCS and CM, 
selecting the cows, which produce lower SCS could result in 
genetic-resistant against mastitis.   
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