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INTRODUCTION 
Dairy cattle breeding programs have increased their efforts to select for improved disease 
resistance over the past several years.  A renewed awareness for the importance of selection for 
disease resistance has occurred because of (1) the successful increase in yield traits which has 
increased disease problems (Kadarmideen et al., 2000; Kelm et al., 2000), (2) the recognition 
that genetic variation exists for disease traits (Emanuelson, 1988; Uribe et al., 1995), (3) the 
recognition of the economic importance of disease traits, (4) the concern for animal welfare in 
modern societies and (5) the need to reduce the use of antibiotics in animal populations.  
Scandinavian countries were first to aggressively pursue selection for disease resistance and 
should be given credit for increasing the awareness of the importance and feasibility for 
improving disease resistance by selection.  Other developed countries now have procedures in 
place to improve disease resistance or reduce the undesirable response that occurs with intense 
selection for yield traits (Interbull Bulletin No. 13, 1996). 
 
Selection for increased disease resistance is more difficult than selection for yield traits 
because disease resistance has a lower heritability (Emanuelson, 1988; Heringstad et al., 2000; 
Lin et al., 1989; Uribe et al., 1995) and diseases are not recorded in many dairy cattle 
populations (Interbull Bulletin No. 13, 1996). As a consequence, many countries rely on 
indirect selection to improve disease resistance.  Indirect selection can be successful if the 
measured trait has a moderate heritability, can be consistently recorded at a low cost and has a 
moderate to high genetic correlation with the disease trait.   The primary focus of this paper is 
to discuss the relationship among disease traits and measures that might be utilized for indirect 
selection. 
 
IMPORTANCE OF GENETIC VARIABILITY FOR DISEASES 
All the prominent diseases in dairy cattle are under some genetic control (Berger, 1994; 
Emanuelson, 1988; Heringstad et al., 2000; Lin et al., 1989; Lyons et al., 1991; Nielsen et al., 
1997; Philipsson, 1996; Tveit et al., 1991; Tveit et al., 1992; Uribe et al., 1995).  Heritabilities 
are low to moderate for diseases but the economic value of the genetic variability justifies the 
inclusion of disease traits in the breeding goal (Rogers, 1994; Meyer et al., 2001).  Heritability 
estimates for reproductive diseases tend to be lower than heritability estimates for most other 
diseases.  Conservative estimates of economic values for many disease traits are in Table 1.  
Net economic values in Table 1 do not include the cost due to lower milk yield because yield is 
usually included separately in the breeding goal.  Also, the net economic values do not include 
any welfare costs or social costs because they are difficult to estimate.  Mastitis is likely the most 
important disease to be considered in selection, but the other diseases are critical as well.  If one 
considers all the metabolic-related diseases as a group, they are likely more important than 
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mastitis.  Lameness is also important and, like some of the other diseases, could be relatively 
more important in some environments.  Reproductive diseases may be less understood than some 
of the other diseases but they are important to consider in a breeding goal.  Susceptibility to 
Johne’s disease (Mycobacterium paratuberculosis) appears to be influenced by the genetic 
make-up of the host (Koets et al., 2000). 
 
Table 1.  Genetic standard deviations on a lactation basis and approximate net economic 
values (US$) under US circumstances for selected diseases. 
           
   Genetic  Net Economic   Value 
   Standard  Value (NEV)   Relative 
Trait   Deviation (GSD) Per Unit1 ($) GSD*NEV($) To Yield 
           
Milk yield (mature) 650 kg         .14     91.00  1.00 
Clinical mastitis  .15 (0,1 trait)  150.00 or more    22.50   .25 
Ketosis   .07 (0,1 trait)  100.00 or more     7.00   .08 
Milk fever  .08 (0,1 trait)  100.00 or more     8.00   .09 
Displaced abomasums .04 (0,1 trait)  200.00 or more     8.00   .09 
Lameness  .08 (0,1 trait)  150.00 or more    12.00   .13 
Retained placenta  .06 (0,1 trait)    50.00 or more     3.00   .03 
Metritis   .07 (0,1 trait)    50.00 or more     3.50   .04 
Cystic ovarian disease .09 (0,1 trait)    50.00 or more     4.50   .05 
Calving ease (direct) .09 (0,1 trait)    50.00 or more     4.50   .05 
Calving ease (maternal) .07 (0,1 trait)    50.00 or more     3.50   .04 
Stillbirths (direct)  .06 (0,1 trait)  125.00 or more     7.50   .08 
Stillbirths (maternal) .04 (0,1 trait)  125.00 or more     5.00   .05 
Johne’s disease  .05 (0,1 trait)  100.00 or more     5.00   .05 
            
 

1  The unit for milk yield is kg.  The unit for the binomial traits is 0 for no occurrence and 1 for 
one or more occurrences of the disease in a lactation cycle. 
 
RELATIONSHIPS AMONG YIELD TRAITS AND DISEASES 
The preferential partitioning of energy and other nutrients to the production of milk and its 
components appears to stress other systems.  Several studies (Kadarmideen et al., 2000; Kelm et 
al., 2000; Mantysaari et al., 1991; Nielsen et al., 1997; Rogers et al., 1999; Simianer et al., 1991; 
Tveit et al., 1991) have examined the relationships among various disease traits and milk, fat and 
protein yield.  Unfortunately, yield traits have antagonistic genetic relationships with virtually all 
the disease traits.  Genetic correlations among yield traits and various diseases range from 0.20 to 
0.50.  Selection for increased yield will reduce disease resistance unless accompanied by 
simultaneous selection for improved disease resistance. 
 
RELATIONSHIP BETWEEN MEASURES OF LONGEVITY AND DISEASES 
A recent workshop on longevity (Interbull Bulletin No. 21, 1999) summarized the recent 
literature on the use of longevity in breeding programs.  The various measures of longevity 
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(including productive life, survival to specific ages and longevity adjusted for production) appear 
to be genetically related to disease incidence.  Higher genetic merit for longevity, especially 
longevity adjusted for production (functional longevity), is associated with lower disease 
incidence.  Dairy producers are more likely to cull diseased cows from their herd when compared 
with disease free cows.  Measures of longevity could be useful for making selection decisions 
especially in those populations where accurate genetic evaluations are unavailable for the 
important traits that cause premature culling (Rogers, 1994).  For those populations where genetic 
evaluations are available for health and reproductive traits, measures of longevity are likely to 
have limited value in making selection decisions.  Measures of longevity may provide similar 
information to health and reproductive traits but longevity information is not as timely. 
 
Longevity and mastitis.  Mastitis is one of most frequently cited reasons for culling.  Several 
researchers have documented the risk of culling for mastitis (Interbull Bulletin No. 21, 1999).  
Genetic correlations among mastitis and measures of longevity are moderately unfavorable with 
some researchers reporting unfavorable correlations as high as 0.75 (Interbull Bulletin No. 21, 
1999). 
Genetic variation in mastitis resistance accounts for a significant portion of the genetic variation 
in survival.  Several countries including the US, Canada, United Kingdom and the Netherlands 
include somatic cell counts (SCC) in the indirect prediction of genetic values for longevity traits.  
In these countries SCC are among the best early predictors of genetic merit for longevity. 
 
Longevity and digestive or metabolic diseases.  Digestive and metabolic diseases are important 
components of the complex relationship among production, reproduction, health and longevity.  
Digestive and metabolic diseases are major risk factors for other diseases, reproductive 
malfunction and reduced milk yield.  In addition, diseases such as milk fever, ketosis, liver 
disorders and displaced abomasums can lead to cow death. 
 
Estimates of genetic correlations among digestive and metabolic diseases and measures of 
longevity are available mainly from Scandinavian data.  Rogers et al. (1999) found genetic 
correlations between productive life in the US and digestive and metabolic diseases in Denmark 
between 0.17 and 0.24.  Correlations were 0.36 and 0.41 when adjusted for milk yield.  Higher 
productive life was associated with reduced disease frequency.  Danish workers (Interbull 
Bulletin No. 21, 1999) found antagonistic genetic correlations between digestive and metabolic 
diseases and survival through two lactations that ranged from 0.17 to 0.37.  Genes that predispose 
cows to digestive and metabolic diseases are also associated with reduced survival.  Populations 
that do not routinely record digestive and metabolic diseases may especially benefit from intense 
selection on longevity or on another survival measure.  Correlations between longevity and 
Johne’s disease incidence are unknown. 
 
Longevity and reproductive diseases.  In many dairy cattle populations poor reproductive 
performance is the most frequently cited reason for culling and reproductive diseases 
characteristically impact reproductive performance.  Genetic correlations between US productive 
life and reproductive diseases in Denmark ranged from 0.08 to 0.12 (Rogers et al., 1999) and 
indicate that higher productive life is associated with reduced reproductive diseases.  These 
genetic correlations were 0.29 to 0.37 when productive life was adjusted for milk yield.  Genetic 
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correlations between reproductive diseases and survival through second lactation from Danish 
data (Interbull Bulletin No. 21, 1999) were small and inconsistent in direction.  The genetic 
relationships among reproductive diseases and measures of longevity appear to be small.  
Correlations among measures of longevity and reproductive performance are likely more 
substantial (Interbull Bulletin No. 21, 1999) than the correlations between longevity and 
reproductive diseases.  Unpublished research by the author involving US and Scandinavian data 
indicates that longevity may be favorably genetically correlated with maternal calving ease. 
 
Longevity and locomotive diseases.  Locomotion is associated with the risk of culling and 
several other important aspects of dairy cattle health and performance (Distl et al., 1990).  
Diseases of the feet and legs hinder locomotion.  A decreased frequency of diseases of the feet 
and legs is genetically associated with increased productive life in the US (Rogers et al., 1999).  
Genetic correlations among various measures of longevity and diseases of the feet and legs 
ranged from 0.18 to 0.43 (Interbull Bulletin No. 21, 1999; Rogers et al., 1999).  Intense selection 
for increased longevity will likely reduce locomotive diseases. 
 
RELATIONSHIP BETWEEN TYPE TRAITS AND DISEASES 
Type traits and mastitis.  Several countries now use udder-related type traits to select for 
reduced mastitis.  Udder depth or clearance of the udder has been shown to be genetically 
associated with mastitis (Boettcher et al., 1998a; Nash et al., 2000; Rogers et al., 1998; Rupp and 
Boichard, 1999; Seykora and McDaniel, 1986).  Fore udder attachment is also genetically related 
to mastitis.  Udder depth and fore udder attachment are highly correlated and probably impact the 
likelihood of mastitis because higher udders are less likely to be injured and have reduced teat 
end exposure to pathogenic bacteria.  Selection for higher and more tightly attached udders will 
improve resistance to mastitis.  Teat placement, udder cleft and teat length appear to have small 
genetic correlations with mastitis in some populations.  Front teats that are closer together and 
shorter teats tend to be favorable in most Holstein populations.  These small relationships may be 
due to the likelihood of injury or due to a mismatch of milking machine design and teat 
dimensions.  Other routinely measured udder traits have little genetic relationship with mastitis.   
 
Although milking speed is not usually considered a type trait, it is related to mastitis and is 
considered along with udder type traits in many breeding programs (Boettcher et al., 1998a).  
Phenotypic relationships indicate that both very slow milking and very fast milking cows are 
more prone to mastitis.  The genetic correlation between milking speed and mastitis tends to be 
positive in most populations so intense selection for increased milking speed has not been 
practiced in most populations despite the impact of milking speed on labor costs. 
 
Type traits and diseases other than mastitis.  Most type traits appear to have little genetic 
relationship with diseases other than mastitis.  However, some body characteristics and diseases 
other than mastitis are related.  Also, some feet and leg traits are related to lameness (Boettcher et 
al., 1998b; Rogers et al., 1999).  In a study involving type traits recorded in the US and diseases 
recorded on related animals in Scandinavia, Rogers et al. (1999) found that dairy form was 
genetically correlated with a group of diseases other than mastitis (included reproductive, 
digestive, metabolic and feet and leg diseases).  Genetic correlations between US dairy form and 
this group of diseases other than mastitis in Denmark or Sweden ranged from 0.46 to 0.73.  
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Genetic correlations between dairy form and this group of diseases other than mastitis ranged 
from 0.33 to 0.53 after adjusting for the influence of milk yield.  Higher dairy form scores 
(indicating more angularity) were associated with increased frequency of this group of diseases.  
Dairy form reflects external fat storage to some extent and may be an indirect indicator of 
metabolic stress.  Selection for lower dairy form scores or higher body condition scores may 
reduce most important diseases other than mastitis. 
 
In the same study by Rogers et al. (1999), genetic correlations between US dairy form and a 
grouping of digestive and metabolic diseases in Denmark were from 0.34 to 0.55; genetic 
correlations between US dairy form and a grouping of reproductive diseases in Denmark were 
from 0.61 to 0.64.  Higher dairy form scores were associated with increased frequency of 
reproductive diseases and with an increased frequency of digestive and metabolic diseases.  Type 
traits other than dairy form had small genetic correlations with reproductive diseases and with 
digestive and metabolic diseases. 
 
The relationships between several type traits and feet and leg diseases have been explored 
extensively (Boettcher et al., 1998b; Distl et al., 1990; Rogers et al., 1999; Van Dorp et al., 
1998).  Most studies have found a small to moderate genetic relationship among foot angle, rear 
legs rear view, feet and legs composite score and various measures of feet and leg diseases.  
Steeper foot angle, straighter legs from the rear and higher composite scores are associated with 
fewer feet and leg diseases and less lameness.  Boettcher et al. (1998b) found especially large 
genetic correlations between lameness and foot angle and between lameness and rears legs rear 
view.  Selection for steeper foot angles, straighter legs from the rear and improved composite or 
locomotion scores will likely reduce feet and leg diseases. 
 
Type traits and calving ease.  Some type traits have a significant relationship with direct calving 
ease (calving ease as a trait of the calf).  Larger calves are associated with decreased direct 
calving ease and body traits that reflect calf size are related to direct calving ease.  Unpublished 
data by the author using US type data and Scandinavian calving ease data indicate that deeper 
bodies and wider rumps are genetically associated with decreased direct calving ease.  Bulls that 
produce daughters with deeper bodies and wider rumps tend to produce calves that increase the 
frequency of difficult births.  Also, bulls that produce daughters with deeper bodies produced 
daughters with reduced maternal calving ease (calving ease as a trait of the dam).  The reason for 
the relationship between body depth and maternal calving ease is unknown.  In addition, results 
from this study indicate that genetically more slope to the rump (steeper angle from hooks to 
pins) is associated with increased maternal calving ease.  
 
RELATIONSHIP BETWEEN CHARACTERISTICS OF MILK AND DISEASES 
Somatic cell counts and mastitis.  Several studies have examined the relationship between SCC 
and mastitis (Emanuelson et al., 1988; Nash et al., 2000; Nash et al., 2002; Nielsen et al., 1997; 
Rogers et al., 1998; Rupp and Boichard, 1999; Shook, 1989; Weller et al., 1992).  Somatic cell 
counts are used in many countries to improve mastitis resistance (Mark et al., 2000; Heringstad et 
al., 2000; Kadarmideen and Pryce, 2001).  The genetic correlation between SCC and clinical 
mastitis is from 0.65 to 0.70 in most populations and the heritability of SCC tends to be higher 
than the heritability for clinical mastitis.  Some immunologists, geneticists and epidemiologists 
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have raised concerns over selection for lower SCC because somatic cells are critical in response 
to invading pathogenic bacteria. Studies by Nash et al. (2000) and Philipsson et al. (1995), 
however, revealed that sires with the lowest daughter SCC also had daughters with the lowest 
frequency of clinical mastitis.  This relationship held in herds with primarily environmental 
mastitis as well.  Nash et al. (2002) also showed that sires with the lowest daughter SCC had 
daughters with the lowest frequency of intramammary infections at first calving.  Variation in 
SCC among uninfected cows is very small when compared to the variation among infected and 
uninfected cows.  As a consequence, variation in SCC primarily reflects infection status.  
 
Electrical conductivity of milk and mastitis.  Milk from cows with infected mammary glands 
has a higher electrical conductivity potential than milk from uninfected glands.  Robotic milking 
systems measure and use electrical conductivity as a primary indicator of milk quality.  The 
increase in electrical conductivity results because ions leak from the blood into the milk during an 
infection.  New technological developments allow real time measurement and recording of 
electrical conductivity of milk for use in management and possibly for use in selection to reduce 
mastitis.  Preliminary results (Goodling et al., 2001) utilizing electrical conductivity data and 
clinical mastitis data from eight large herds in the US indicate that the heritability of electrical 
conductivity is moderate to high (estimates ranged from 0.22 to 0.40).  In addition the genetic 
correlation between the mean of electrical conductivity in first lactation and clinical mastitis in 
first lactation was 0.65 and the genetic correlation between the mean of electrical conductivity in 
second lactation and clinical mastitis in second lactation was 0.83.  Electrical conductivity of milk 
has tremendous potential as a tool to select for improved resistance to mastitis.  
 
Milk components and metabolic diseases.  Ketone bodies, milk urea nitrogen and other milk 
components may be useful for selection to reduce metabolic diseases (Enjalbert et al., 2001).  
New automated technologies may allow efficient collection of data on several milk components 
in the near future.  However, genetic parameters for these milk components and genetic 
relationships among these milk components and metabolic diseases are unknown. 
 
CONCLUSIONS 
Breeding programs should consider selection to improve disease resistance.  Selection for 
increased longevity will reduce disease incidence and may be especially useful in those 
populations without disease recording.  Improved udder conformation, reduced SCC and 
increased longevity will reduce the frequency of mastitis.  Selection based on electrical 
conductivity of milk has the potential to reduce mastitis.  Selection for cows that can maintain 
sufficient energy reserves will reduce the frequency of many diseases.  Improvement in feet and 
legs will moderately reduce the frequency of locomotive diseases.  Complete, consistent and 
accurate data recording for many diseases (Kelton et al., 1998) in selected populations may be the 
most effective means to select for disease resistance. 
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