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BREEDING CATTLE FOR MASTITIS RESISTANCE
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SUMMARY

The development of an immunological assay where cells isolated from blood are stimulated by an Staphylococcus aureus antigen in vitro is described. Variation was observed in the ability of cells isolated from young cattle, cows and bulls to respond in vitro to S. aureus, suggesting that differences in immune responsiveness may be measured by this method. Bull progeny groups were shown to have cells with significantly different abilities to respond in the assay. There was a significant negative correlation between the immune response of bulls and their predicted transmitting ability (PTA) for somatic cell count (SCC). In other words, bulls that were high responders in the immune assay tended to have daughters with lower SCC, while bulls that were low responders in the immune assay tended to have daughters with higher SCC.  The assay, therefore, shows potential for use as an indicator for selection of bulls whose progeny might be relatively resistant to sub-clinical mastitis caused by S. aureus. The approach currently being used to identify genes that may be important in controlling mastitis resistance and some preliminary immunological results relating to mastitis are also described.

INTRODUCTION

Modern breeding programmes for dairy cattle aim to produce more profitable cows. Indices such as PIN (Profit Index) are published to help breeders select bulls whose progeny should be more profitable than average. However, while breeding for increased milk yield and quality is desirable, it is likely that mastitis will continue to increase, although slowly, as these traits are positively correlated with mastitis incidence (1).  Relatively recently, attention has also turned to considering disease resistance or susceptibility in breeding programmes for dairy cattle and this is reflected in the development of indices such as PLI (Profitable Life Index) which include longevity in addition to production traits. Some of the major diseases adversely affecting longevity in the UK are lameness, reproductive disease and mastitis (2).

Selection for cows that are generally more resistant to mastitis occurs routinely on farms when cows that are more susceptible to mastitis are selected for culling, based on a high incidence of clinical mastitis, or a persistently high SCC.  This practice has been encouraged, particularly in recent years, by the Bovine Spongiform Encephalopathy OTMS, where compensation was given for cows culled at over 30 months of age. As farmers used this opportunity to cull problem cows, including those with persistently high SCC, this Scheme potentially resulted in a greater proportion of cows that may be more resistant to mastitis remaining in the herd. It is also possible, however, that low SCC may indicate that cows were not exposed to mastitis pathogens, rather than necessarily being better at responding to infection caused by them.

In some countries, especially in Scandinavia, considerable work has been done on breeding dairy cattle based on records of clinical mastitis. This can result in a reduction in clinical mastitis as the trait is heritable, although heritability is relatively low (3) compared to traits such as milk yield. Milk SCC are an indirect measurement of sub-clinical mastitis and as this trait has a reasonably high heritability it can be used to select for a reduction in the SCC of progeny (4). Breeding for low SCC should result in a reduction in clinical mastitis as SCC and clinical mastitis are positively correlated with estimates of between 0.60-0.80 (5).  Breeding companies have recently published sires PTA for SCC (6,7). The PTA is an estimate of the additive effect of the bulls’ genes on the trait in question (in the present case: SCC).  It is an estimation of the deviation of progeny SCC from the mean population SCC.  These data are based on mean lactation SCC of the bulls’ progeny. S. aureus is one of the major causes of sub-clinical mastitis and causes persistent infections, often of long duration (8). It is likely, therefore, that mean lactation SCC better reflects infection with S. aureus than infection with other pathogens, that are either less prevalent (e.g. Streptococcus agalactiae), or often cause intramammary infections of short duration (e.g. Escherichia coli).

It is recognised that while some cows are able to eliminate mastitis pathogens, including S. aureus, others are unable to and remain persistently infected.  The immune responses primarily involved in successful elimination of S. aureus are yet to be fully elucidated but neutrophil recruitment and phagocytosis, production of antibody and cell cytotoxicity may all be important at both the local mucosal surface and in the mammary gland. T cells play an orchestrating role in immunity as they are involved in providing help to B cells to produce antibody, they kill cells and produce cytokines that attract and activate many types of immune cells. Milk somatic cells include all these immune cell types and may provide protection at the level of the udder. However, as these cells are derived from the systemic circulation, it is relevant to measure responses in cells isolated from blood, in the first instance. 

Collection of data from which PTAs for SCC are calculated is both time-consuming and expensive. There is considerable potential for a predictive assay that may allow bulls to be selected for mastitis resistance in their progeny at an early stage in the bulls’ life, or conversely, to be culled if mastitis susceptibility could be expected in their progeny.

The aim of this project was to investigate if it was possible to measure immune responses, stimulated by S. aureus and measured in vitro in bulls, to predict the ability of cows to resist mastitis, measured by sires’ PTA for SCC. If a correlation between immune response in bulls and sire PTA for SCC were identified, this could potentially be used as a selection criterion for future breeding programmes. Bulls could be pre-selected before entering progeny testing, based on the result of an immunological test, suggesting increased resistance to S. aureus mastitis in their progeny.

METHODS

Blood samples were collected from healthy Holstein Friesian cows kept on commercial farms, or from bulls owned by Genus Ltd.  Mononuclear cells (monocytes and lymphocytes) were isolated from blood by density centrifugation and were cultured in vitro, in specially developed media, in the presence of formalin-killed, whole, S. aureus bacteria. The S. aureus bacteria were originally isolated from a case of sub-clinical mastitis and the strain identified using a DNA fingerprinting technique.  The cells were cultured with S. aureus bacteria for up to 10 days in vitro and cell proliferation stimulated by the bacteria was quantified by the incorporation of a radioactive nucleotide.  The results are expressed either as counts per minute (cpm) as measured in a (-counter or as a stimulation index (SI) (cpm in the presence of S. aureus divided by cpm in the absence of S. aureus).

The sire PTA for SCC were kindly provided by the Animal Data Centre.  In the case of PTA for SCC, bulls with high PTA values should have progeny with high SCC and are, therefore, undesirable, whereas bulls with low values of PTA should have progeny with low SCC and are, therefore, desirable. In the present study, bulls owned by Genus Ltd. were selected on the basis of extreme PTA for SCC; five bulls with the highest PTA (mean 13.71+/- 3.45) and five bulls with the lowest PTA  (-9.33+/- 3.06).  The cell proliferation assay induced by S. aureus was carried out on cells isolated from these bulls.  It was anticipated that choosing these samples of bulls would provide the greatest chance of detecting differences in S. aureus-induced cell proliferation.

The cell proliferation assay induced by S. aureus was also performed on cells isolated from approximately 60 calves of both sexes, aged approximately 6-9 months. This was to investigate if the immune response could be measured in young animals. As breeding records were available, this allowed investigation of a potential effect of sire on the response measured. 

The data were analysed using general linear and mixed models (SAS, Cary, North Carolina). Stimulation indices were logged prior to analysis due to their having a non-normal distribution.

RESULTS

Cows

Cell proliferation induced by S. aureus could be measured from day 5 of culture in vitro. The proliferation did not occur in the absence of antigen (Figure 1). Peak cell proliferation occurred on day 9 when antigen was used at a concentration of 0.5x106/ml, after which the response declined gradually. The cells proliferating were shown to be T cells, including all the major cell subsets. The peak proliferative response varied among cows, and cows which were either high or low responders in the assay tended to remain either high or low when the assay was repeated (Figure 2). 

Figure 1.   
Time course of the immune response in cultured cells from a single Holstein-Friesian cow to S. aureus and in the absence of antigen
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Figure 2.  
Variation in immune response in cell culture of five Holstein Friesian dairy cows to S. aureus 
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The assay was then performed on two progeny groups, each group consisting of 5 cows, and each group sired by a different Holstein Friesian bull. The response induced by S. aureus were shown to be significantly different between the two progeny groups (p< 0.05) on day 9 of culture in vitro and the assay was shown to have a repeatability of 73% (Figure 3). This result suggested that genetic control may be playing an important role in explaining the variation in the immune response being measured.

Figure 3.    Immune response in cell culture of two groups of five Holstein Friesian 
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Bulls

The kinetics of the responses induced by S. aureus in bulls were similar and as variable as those of cows.  The results of the proliferative assay performed on the two bull groups chosen on extremes in PTA for SCC is shown in Figure 4. The bulls with high PTA for SCC tended to be low responders (i.e. they had low SI in the assay) while bulls with low PTA for SCC tended to be high responders (i.e. they had high SI in the assay). The responses of the two bull groups were dichotomous and overlapping. Statistical analysis showed a highly significant negative correlation between PTA for SCC and logSI (r = –0.7).

Figure 4.   Immune response in cell culture of ten Holstein-Friesian bulls to S. aureus
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Calves

The results of the proliferation induced by S. aureus, performed on the male and female calves, are shown in Figure 5. The day of peak proliferation was day 5 when antigen was added at a concentration of 2.5x106/ml. The cattle showed considerable variation in the ability of their cells to respond to S. aureus in the assay. Statistical analysis showed there was a highly significant effect of sire (p<0.001), again indicating the importance of genetic control of the proliferation induced by S. aureus,  in male and female cattle. 
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Figure 5.   Immune response in cell culture of six Holstein-Charolais calves to S.  aureus 

DISCUSSION

Future breeding programmes for dairy cattle should ideally include selection for resistance to disease in addition to selection for production and economic traits. Measurement of disease, however, is not easy and difficulties are encountered in ensuring accurate records of incidence and prevalence of diseases on farms. This is particularly so with diseases of long duration and where there is often no exact day of onset, exemplified by many types of lameness. However, measurement of sub-clinical mastitis occurs routinely on many dairy farms through routine recording of individual cow SCC. The usefulness of these data is limited by the lack of knowledge of the bacteriological cause of the sub-clinical mastitis but in the UK, it is considered that SCC generally reflects infection with contagious pathogens, particularly S. aureus. The recent publication of sire PTA for SCC has allowed selection of bulls for reduced sub-clinical mastitis in their progeny and it is likely that PTAs for SCC will be combined into an index with economic traits in future. 

Collection of data from which PTAs for SCC are calculated is both time-consuming and expensive. There is considerable potential for a predictive assay that may allow bulls to be selected for mastitis resistance in their progeny at an early stage in the bulls’ life, or conversely, to be culled if mastitis susceptibility could be expected in their progeny.

The results show that genetic control appears to play an important role in the proliferative response to S. aureus. Cows sired by different bulls had different responses and bulls of extreme PTA values for SCC were significantly different from each other. Bulls with the most desirable PTA for SCC were the best responders in the assay, suggesting that the cellular response measured in vitro may reflect the ability of bovine cells to respond to and kill S. aureus. This, in turn, suggests that it is possible that bulls may pass on superior immunity to their progeny, resulting in cows that are able to successfully eliminate S. aureus infection from their udder, or even prevent establishment of infection in the first place. The immune mechanisms whereby this might be achieved are yet to be established, but work is ongoing in this area.

The results also showed variation in the proliferative response to S. aureus in both male and female calves. A highly significant sire effect was identified on statistical analysis of the calves’ responses, again indicating the important role of genetics in the response measured.

This project has indicated that it may be possible to use an immune response of bulls, measured in vitro, to predict immunity to S. aureus in their progeny. By using a combination of immunogenetic and epidemiological approaches, it is hoped that gene loci may be identified that control resistance and susceptibility to S. aureus mastitis, and that these may be exploited to reduce mastitis in future, thus increasing economic efficiency of dairy farming and improving dairy cow welfare.

CONCLUSIONS

· Cell proliferation induced by S. aureus can be measured in vitro in calves, cows and bulls, potentially allowing this assay to be used as a measure of immunity to S. aureus 

· Variation in cell proliferation was shown in calves, cows and bulls

· Bull progeny groups varied in the ability of their cells to proliferate in the presence of S. aureus, suggesting that genetic control of the immune response may be important

· Sire PTA for SCC were negatively correlated with the ability of their cells to proliferate in the presence of S. aureus in vitro: bulls with the most desirable PTA for SCC had the highest responses to S. aureus; bulls with the least desirable PTA for SCC had the poorest responses to S. aureus
· This work indicates that there is the potential to use the in vitro immune assay in bulls to predict sub-clinical mastitis caused by S. aureus in their progeny
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