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The objective of this study was to develop a method for calculating economic values of clinical mastitis (CM) and somatic cell score
(SCS) for inclusion in a dairy cattle breeding goal in the context of a country where farm production and economic data are scarce.
In order to calculate the costs and derive economic values for SCS, a new model, ‘milk collection method’, has been developed and was
compared with the Meijering model with individual and average SCS distributions. For the population, estimated economic values using
the milk collection method were 1.3 and 2.4 times higher than those of Meijering method with average and individual SCS, respectively.
The milk collection method needs no assumptions about normality of the distribution of SCS and because of a lack of normality in
Iranian data for SCS, the Meijering method resulted in economic values that were biased downwards. Failing to account for the fact that
milk price penalties for SCS are applied at milk collection rather than individual cow level resulted in a further large downward bias in
the economic value of SCS. When the distribution of data is unknown or difficult to approximate or when a transformation to normality
is not straightforward, the milk collection method would be preferable. Inclusion of SCS and CM in the breeding goal for Iranian dairy
cattle is justified based on these results. The model to calculate mastitis costs proposed here could be used to estimate economic values
for CM in other developing countries where farm production and economic data are generally poor.
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Implications

Mastitis and somatic cell score economic value have been
estimated to be approximately US$80.09 and US$86.17 per
cow per year, respectively. Farmers can reduce mastitis inci-
dence and increase dairy farm profitability if these traits are
incorporated in a national selection index.

Introduction

Mastitis is an inflammatory disease of the mammary gland
generally caused by intramammary infections. Mastitis is the
most common and the most costly disease of dairy cattle. In
addition to the cost of veterinary treatments, decrease in milk
yield and quality, reduced lactation persistency, early culling,
increased labor and replacement costs, mastitis causes cows
to suffer (Seegers et al., 2003). Milk from infected or treated
cows can cause problems in the milk processing industry, for
example, in cheese manufacturing. Subclinical mastitis can only

be detected by measuring inflammatory response (leukocytes
or white blood cells) and pathogens in the milk. Several
methods for the large-scale detection of subclinical mastitis
have been suggested (Kitchen, 1981). The most common is to
monitor the somatic cell count (SCC), which is widely recorded
in many countries as part of the milk recording routine in dairy
herd improvement programs.

As an indicator of both clinical mastitis (CM) and subclinical
mastitis, SCC has several desirable attributes. Somatic cells are
objectively measured on a continuous scale and become nor-
mally distributed following log-transformation. The heritability
of SCC is higher than that of CM (Emanuelson et al., 1988),
and the genetic correlation between mastitis and SCC has
been shown to be reasonably high, 0.6 to 0.8 (Coffey et al.,
1986; Emanuelson et al., 1988). Although the nature of the
relationship between SCC and CM needs to be further eluci-
dated, considerable interest has been directed towards the
use of SCC for selection purposes due to the advantages
mentioned above (Weller et al., 1992). SCCs are typically log-
transformed to normalize their distribution before statistical- E-mail: sadeghism@ut.ac.ir
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analysis (Ali and Shook, 1980). The log-transformed SCC, or
somatic cell scores (SCSs; Raubertas and Shook, 1982), has
regularly been used for management purposes. Experiences
from Scandinavian countries as well as many simulation
studies have shown that the inclusion of CM incidence in the
aggregate breeding value will increase genetic gain for mas-
titis resistance (Kadarmideen and Pryce, 2001; Heringstad
et al., 2003). SCS also has an economic value in their own right
in industries where there are milk price penalties for milk
supplied for processing with very high counts (Stott et al.,
2005; Wolfova et al., 2006; Cole and VanRaden, 2010).

In Iran, only one national genetic index is currently avail-
able for dairy farmers and breeding organizations to use.
This Lifetime Net income Index (LNI) includes milk produc-
tion traits and longevity as a national selection objective
(Sadeghi-Sefidmazgi et al., 2009). No health attributes are
directly included because they are too difficult or expensive
to collect. Although longevity is correlated to health or dis-
ease traits in dairy cattle (Pryce and Brotherstone, 1999), an
extra-economic benefit is expected by including CM and SCS
measures directly in the breeding goal.

In Iran, recording of production data for individual cows
goes back to the early 1980s. SCC was added to the recording
scheme in 2003. But, no data for CM have yet been recorded in
the central milk recording database and no detailed evaluation
of costs associated with CM and SCS has been conducted.
Although farmers consider mastitis as one of the most impor-
tant problems in their production system, the economic impor-
tance of CM and SCS has not previously been studied in Iran.

The objective of this study was to develop methods for
calculating economic values of SCS and CM incidence for a
situation in which recording of SCC and CM is not common.
The methods are shown using data gathered from five
Holstein dairy farms in Iran.

Material and methods

Data and model descriptions
A total of 2 214 325 test-day SCC records were obtained from
the Animal Breeding Center of Iran from lactations of Holstein
cows that were initiated from April 2003 to November 2009.
Editing of SCC records was according to Ødegard et al. (2003);
SCC records outside the range of 5000 to 6 400 000 cells/ml
were discarded (1.44%) resulting in a data set of 2 182 366
test-day observations from 929 herds. SCCs have a lognormal
distribution (Schukken et al., 1992) and are typically log-
transformed to make the trait more normally distributed before
statistical analysis. The SCS was calculated from the SCC, which
was defined as the average number of somatic cells per milliliter
of milk (Ali and Shook, 1980):

SCS ¼ log2

SCC

100 000

� �
þ 3: ð1Þ

Costs directly associated with the level of SCS results from
the penalty applied to the milk price paid to Iranian farmers
are based on daily bulk tank SCC levels. The actual payment

system provides a discontinuous penalty to the price of milk
for four classes of SCC level. Table 1 gives frequencies for
each SCS class and the associated price penalties.

Three methods were used to calculate costs of SCS and
to derive economic values for SCS: the Meijering method
with individual SCS distribution; the Meijering method with
average SCS distribution; and a new method (milk collection
method) that models the observed incidences of average
SCS across milk collections and predicts the financial impact
of a change in these incidences.

The Meijering method is a threshold model as described
by Meijering (1986) to derive economic values of dystocia.
This method has been applied to SCS assuming price
penalties applied to individual cows (Charfeddine, et al.,
1996; Wolfova et al., 2007); costs of SCS were defined as the
sum of the frequency of each SCS class multiplied by its
penalty. SCS economic values were defined by determining
the effect of an increase in the SCS herd level on the pro-
portion of cows producing milk in each SCS class.

Let pi be the penalty associated with an SCS in class i and
ti be the threshold that separates SCS class i from class i 1 1.
Let m and s be the average and s.d. of SCS. Using these
definitions and parameters and under the assumption of a
normal distribution for SCS, average costs of SCS (CSCS) were
calculated as:

Cscs ¼ F
t1�m
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where F(z) is the normal cumulative distribution function
and shows the probability of the variable (SCS) has a value
less than threshold value (zi) and is expressed as:

FðzÞ ¼ PrðZozÞ ¼

Z z

�1

1ffiffiffiffiffi
2p
p e�z2=2dz; ð3Þ

Table 1 Milk price penalties and frequency counts of individual cow
SCS and herd test-day average SCS before (ASCS1) and after (ASCS2) a
shift in individual cow SCS by 1 unit by SCC ranges

Frequency
Penalty

SCC range SCS class SCS ASCS1* ASCS2** (US$/kg)

,300 000 ,4.59 68.7 40.6 14.6 0.000
300 000–500 000 4.59–5.32 12.3 33.6 16.8 0.010
500 000–1 000 000 5.32–6.32 9.5 20.1 42.8 0.025
.1 000 000 .6.32 9.6 5.7 25.8 0.040

SCS 5 somatic cell scores; SCC 5 somatic cell count.
*ASCS1 5 ASCS calculated from average somatic cell count (ASCC), which is
the average raw SCC across all cows in a single herd on a single test day.
**ASCS2 5 ASCS calculated by transforming average SCC2 5 1 00 000 3
2(SCS2–3), where SCS2 5 SCS 1 1, where SCS1 is the current individual SCS.
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zi ¼
ti�m
s is the distance between mean liability and

threshold ti in units of the standard normal SCS scale. The
penalty of each class of SCS (US$/kg) is denoted pi.

The incidence of categories (proportion of animals in each
class) is given by F ti �m

s

� �
�F ti�1 �m

s

� �
, which is equal to the

area between thresholds ti and ti 2 1 under the standard
normal density function.

The economic value of SCS can be computed by partial
differentiation of the cost function with respect to the
population mean for the liability (SCS) scale following
Meijering (1986):

ascs ¼ �
1

s
j

t1� m
s

� �
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where j(z) is the probability density function of the normal
distribution and shows vertical height on the normal dis-
tribution and can be expressed as:

jðzÞ ¼
@F ðzÞ
@z
¼

1ffiffiffiffiffi
2p
p e�z2=2 ð5Þ

The Meijering method with average SCS distribution is
similar to the above-mentioned method with the exception
that the mean and s.d. of averages of SCS for all cows in
a herd on a given test day were used instead of the mean
and s.d. for individual cows. Because there was a nonlinear
relationship between SCC and SCS, an average SCS was
calculated by first calculating average SCC (ASCC) and then
using the standard transformation to convert ASCC into
average SCS.

In the milk collection method, arithmetic means of raw
SCC were calculated and used to determine penalties
applied to the farm gate milk price using the average of test-
day records to define a base level of genetic merit for SCS. An
average of raw SCC across all cows in a single herd on a
single test day was calculated, and the price–cost penalty
per kg of milk obtained from this collection was based on
the average raw SCC for the milk collection relative to SCC
price penalty thresholds. The arithmetic mean of price–cost
penalties across all milk collections was then used to derive
the average price–cost penalty at the base level of genetic
merit.

A 1-unit increase in SCS over and above the base level of
genetic merit was then simulated by calculating; SCS2 5

SCS1 1 1, where SCS1 is the current individual SCS. The raw
SCC2 were obtained by back transforming from SCS for
individual cows using SCC2 5 100 000 3 2(SCS2–3). The same
steps as described above for the base level of genetic merit
were then applied to obtain a new price–cost penalty per kg
of milk for each milk collection. The difference between
arithmetic means of average price–cost penalties at the base
level of genetic merit and when SCS for all cows is assumed
to increase by 1 unit is then taken as the economic value
estimate for SCS. Shifts in average SCS1 frequency to aver-
age SCS2 for the whole population are shown in Table 1.
Descriptive statistics and characteristics of the data for
the five herds individually and whole population of Iranian
Holstein are summarized in Table 2.

Calculation of the costs due to CM and the economic
value for incidence of CM
A model to calculate mastitis costs and derive an economic
value for CM was developed. Calculation of the costs due to

Table 2 Descriptive statistics and characteristics of the data for the five herds individually and for the whole population of Iranian Holstein

Farms
Population (including

Items 1 2 3 4 5 Five-farm-group 929 herds)

Date collected May 2006 to
July 2009

June 2006 to
July 2009

May 2006 to
August 2009

December 2005
to July 2009

October 2006
to July 2009

December 2005 to
August 2009

April 2003 November
2009

Individual SCS
n 55 349 15 586 11 579 32 908 11 579 133 535 2 182 366
Mean 2.55 3.62 3.28 2.68 3.28 2.81 3.41
s.d. 1.87 2.18 2.05 2.21 2.05 2.06 2.11
Skewness 0.58 0.28 0.31 0.48 0.31 0.49 0.21
Kurtosis 20.06 20.94 20.55 20.62 20.55 20.43 20.66

Average SCS milk collection
n* 34 26 32 34 32 161 16 182
Mean 3.91 5.22 5.02 4.38 5.02 4.58 4.62
s.d. 0.46 0.69 0.69 0.96 0.69 0.83 1.32
Skewness 22.90 0.44 0.95 20.34 0.95 0.08 21.25
Kurtosis 14.20 20.87 1.61 2.84 1.61 1.88 3.26
305 milk yield (kg) 10 080 9389 9702 9055 9000 9445 7750
CI (days) 438.8 436.9 410.7 399 426.6 422.4 395

SCS 5 somatic cell scores; CI 5 calving interval.
*Number of observation for average SCS.
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CM and the economic value for incidence of CM was as
follows:

Mastitis costs ð$ per cow per yearÞ ¼ the losses of

revenues for discarded milk during illness of cows

ð$ per cow per yearÞ þ the cost for

drugs and veterinary service ð$ per cow per yearÞ þ

the labor cost forherdsman0s time dealing with CM

ð$ per cow per yearÞþ other costs connected

with CM ð$ per cow per yearÞ: ð6Þ

The loss of revenue for discarded milk during illness of cows
($ per cow per year) was calculated as Discmilk multiplied by
the milk price ($/kg).

The amount of discarded milk (Discmilk, kg per cow per
year) was estimated as follows:

Average daily milk yield ðADMY; kg per cowÞ� illness

period duringwhich milk is discarded ðIP; dayÞ�

the averageincidence of clinical mastitis cases

ðYMI; clinical mastitis cases per cow per yearÞ: ð7Þ

The average incidence of CM cases (YMI) was defined as:

YMI ¼
number of CM occurences in a herd per year

total number of cows

The cost for drugs and veterinary service ($ per cow per
year) was calculated as:

ðDrug costs þ the time of veterinary service ðh=clinical

mastitis caseÞ � the price of veterinary service ð$=hÞÞ�

the average incidence of clinical mastitis cases

ðYMI; clinical mastitis cases per cow per yearÞ: ð8Þ

The labor cost for herdsman’s time dealing with CM ($ per
cow per year) was estimated as:

The herdsman’s time for dealing with clinical mastitis

ðh=clinical mastitis caseÞ � the price of herdsman’s

time ð$=hÞ � YMI: ð9Þ

Other costs including the depreciation cost for extra
milking machines and antibiotic costs for dry cows were
calculated as:

The depreciation cost for extra milking machine

ð$ per cow per yearÞ � YMI þ the price of antibiotics

for drying cows ð$Þ � the proportion of cows needing

antibiotics at the completion of lactation per cow

per year: ð10Þ

Data sources were used for deriving input parameters
gathered from five Holstein dairy farms in 2008. A summary
of the data is given in Table 3. The farms were of different
sizes, animals were housed differently across the farms
and each had their own specific feeding and management
policies. All cows have been raised in intensive production
systems, free stall barns in farms 1 to 4 and an open shed in
farm 5. In all farms, the cows were fed a balanced total
mixed ration. Lactating cows were milked three times per
day except farm 4 where milking was four times per day. All
cows were treated with antibiotics at the time of drying off.
No special mastitis control program was applied on the
farms. Starting date of CM treatment, ending date of CM,
kind of drugs administered and frequency of treatments,
lactation number, test-day and 305-day milk production and
SCCs were recorded on all farms. On farm 4, number of
affected quarters and days in milk were also available for
each cow.

As all cows with CM were treated with antibiotics, milk
obtained during the illness of a cow was assumed to be
discarded and not fed to calves because of risks of antibiotic
residuals and pathogen contamination.

Table 3 Production and economic parameters needed for the calculation of financial losses caused by CM for the five farms and the mean values
across the five farms

Farms

Variables 1 2 3 4 5 Mean

Total number of cows 2725 1023 912 2485 613 1552
ADMY (kg/cow) 34.6 37.1 35.2 35.5 32.9 35.1
Average milk price ($/kg) 0.467 0.480 0.461 0.460 0.453 0.464
Number of CM occurrences per herd per year 1586 307 532 1830 655 1005
YMI* (CM cases per cow per year) 0.58 0.30 0.58 0.74 1.07 0.65
Average IP (day) 4 3 4 4.5 3 3.7
Discmilk

# 80.3 33.4 81.7 118.2 105.6 84.8

CM 5 clinical mastitis; ADMY 5average daily milk yield; YMI 5 average incidence of CM; IP 5 infection period; Discmilk 5 average amount of discarded milk.
*YMI 5 Number of CM occurrence in a herd per year divided by total number of cows.
#Discmilk 5 ADMY 3 IP in which milk discarded 3 YMI.
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Reductions in milk price due to high SCC, the economic
consequences of increased culling rate and occurrence of
other diseases, lost income caused by permanently reduced
yield following mastitis in the rest of the lactation and in
coming lactations (as reported by Schepers and Dijkhuizen,
1991 and Houben et al., 1993) were explicitly excluded from
the estimation of mastitis costs (US$ per cow per year), in
order to avoid double counting. This is because SCS, pro-
ductive life and milk production, are already included in the
breeding goal as traits in their own right.

The input parameters used for the calculation of financial
losses caused by CM are listed in Table 3. The costs for drugs
were calculated for three farms based on the average type and
number of medications per case of CM and an average value
for all farms was used. Price of antibiotics for drying cows,
price and time of veterinary service, herdsman’s time and price
of herdsman’s time were also calculated for the same three
farms that were used to obtain the costs for drugs. The price
per dose of all drugs corresponded approximately to the prices
of veterinary drugs in Iran in 2008. Parameters that were
assumed to be equal for all farms included time of veterinary
service (h per CM case), price of veterinary service (US$/h),
herdsman’s time (h per CM case), price of herdsman’s time
(US$/h), drug costs (US$ per CM case), price of antibiotics for
drying cows (US$ per cow), and proportion of cows dried with
antibiotics and their values were 0.08, 6.67, 0.67, 3.33, 17.06,
1.09 and 1, respectively. The depreciation cost for extra milking
machines was set to zero because in the five farms investi-
gated, cows with CM are milked at the end of the milking
period with the same machines as healthy cows and then the
machines are disinfected.

The economic value of CM (aYMI) is calculated as the first
partial derivative of the mastitis costs with respect to the aver-
aged incidence of CM cases (YMI, CM cases per cow per year):

aYMI ¼
@Mastits costs

@YMI
: ð11Þ

The economic value calculated in this way gives the
change in the direct financial losses per cow per year, which
is equal to the negative change in profit per cow per year
when increasing the average number of CM cases per cow
per year by one case.

Sensitivity analysis
To study the effect of altering production and marketing
circumstances on the costs and economic values for CM, a
sensitivity analysis was carried out. To test the sensitivity of
the model, YMI, veterinary costs, ADMY and milk payment
were varied by 620%.

Results

Costs and economic values for SCS
Tables 4 and 5 give estimates of the costs and economic values
of SCS for three methods for the five herds individually and for
the whole population of Iranian Holsteins, respectively. The
costs and economic values for SCS were expressed in three
ways. The first was per score per kg of milk yield, the second
was per cow per lactation defined as the average 305-day milk
yield for the specific herd or for the whole population multiplied
by corresponding values expressed per kg of milk yield and the
third was per cow per year defined as 365/calving interval
multiplied by corresponding values per lactation.

The SCS costs obtained using the Meijering method with an
individual SCS distribution varied from US$11.46 to US$38.26
across the five farms and for the whole Iranian population based
on all SCS milk recording records it was US$28.49 per cow per
year. The economic values obtained using the Meijering method
with individual SCS distributions varied from US$239.22 to
US$224.42 in the five investigated farms and the value for the
whole population was 235.81 per cow per year.

The respective values of SCS costs obtained using the
Meijering method with an average SCS distribution were

Table 4 SCS costs using three methods for the five herds individually and for the whole population of milk recorded Iranian Holsteins

Farms

Methods (SCS costs, US$) 1 2 3 4 5 Five-farm group Population*

The Meijering with individual SCS distribution
Per score per kg of milk 0.001 0.005 0.003 0.002 0.003 0.002 0.004
Per cow per lactation 13.77 45.80 33.20 22.36 30.79 23.52 30.83
Per cow per year 11.46 38.26 29.50 20.45 26.35 20.32 28.49

The Meijering with average SCS distribution
Per score per kg of milk 0.000 0.007 0.005 0.003 0.005 0.003 0.006
Per cow per lactation 0.15 69.74 52.30 25.15 48.52 28.99 46.10
Per cow per year 0.13 58.26 46.48 23.01 41.51 25.05 42.60

Average SCS ‘milk collection’
Per score per kg of milk 0.000 0.016 0.012 0.006 0.012 0.007 0.011
Per cow per lactation 2.72 150.22 116.42 54.33 108.00 66.12 85.25
Per cow per year 2.27 125.50 103.47 49.7 92.41 57.13 78.78

SCS 5 somatic cell score.
*Calculated based on parameters listed in Table 2 for whole population including 929 herds.
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between US$0.13 and US$58.26 per cow per year in the
five investigated farms. For the whole Iranian Holstein
population, it was found to be US$42.60 per cow per year.
The respective SCS economic values using the Meijering
method with an average SCS distribution were between
US$225.15 and US$2117.66 per cow per year in the five
investigated farms. For the whole population, economic
value were found to be US$264.45 per cow per year.

Using the milk collection method, SCS costs varied from
US$2.27 to US$125.50 across the five farms and for the
whole population they were US$78.78 per cow per year.
Economic values were calculated to be between US$278.65
and US$2208.48 per cow per year across the five farms and
to be US$286.17 per cow per year for the whole population.

For the population, estimated economic values using the
milk collection method were 1.3 and 2.4 times higher than
those using the Meijering method with average and individual
SCS, respectively. The Meijering method based on average SCS
resulted in economic values that were 1.8 times higher than
when a distribution of individual SCS was modelled.

Direct losses due to CM and economic value of CM incidence
The data used for calculating the individual components of
mastitis costs are given in Table 6. Losses of revenues for

discarded milk during illness of cows and cost for drugs and
veterinary service per cow per year differed among farms.
This is because of differences in the frequency of mastitis
occurrences and also the average length of illness. The
incidence of CM cases per cow per year was 0.65 on average
and varied from 0.30 to 1.07. The duration of clinical infec-
tion within farms varied from 3 to 4.5 days with an average
of 3.7 days.

Differences among farms in CM incidence, the length of
treatment and daily milk yield level resulted in a large varia-
tion in revenue losses for discarded milk. Milk losses
accounted for 68% to 78% of the total costs. Veterinary
expenses were the next most important cost, accounting for
19% to 27% of total costs. Among the individual farms,
mastitis costs ranged from $23.06 to 70.15 with a mean of
$53.15 per cow per year. The economic values of increasing
the average CM incidence by one case per cow per year varied
between farms from US$264.55 to US$293.32 per cow per
year with an average of US$280.09.

Sensitivity analysis
Estimated impacts of changes in the main influencing factors
(YMI, veterinary costs, ADMY and milk payment) on the
costs and economic values for mastitis are shown in Table 7.

Table 5 SCS economic values using three methods for the five herds individually and for the whole population of milk recorded Iranian Holstein

Farms

Methods (economic value, US$) 1 2 3 4 5 Five-farm group Population*

The Meijering with individual SCS distribution
Per score per kg of milk 20.003 20.005 20.004 20.003 20.004 20.003 20.005
Per cow per lactation 230.24 246.95 238.81 227.17 236.00 228.34 238.75
Per cow per year 225.15 239.22 234.49 224.85 230.8 224.49 235.81

The Meijering with average SCS distribution
Per score per kg of milk 20.003 20.015 20.014 20.009 20.014 20.010 20.009
Per cow per lactation 230.24 2140.84 2135.83 281.50 2126.00 294.45 269.75
Per cow per year 225.15 2117.66 2120.72 274.56 2107.81 281.62 264.45

Average SCS ‘milk collection’
Per score per kg of milk 20.010 20.015 20.016 20.014 20.027 20.016 20.012
Per cow per lactation 293.89 2140.84 2155.23 2126.77 2243.00 2151.12 293.00
Per cow per year 278.65 2117.98 2138.33 2116.29 2208.48 2130.94 286.17

SCS 5 somatic cell score.
*Calculated based on parameters listed in Table 2 for whole population that included 929 herds.

Table 6 Cost components applied in the model for the calculation of financial losses due to CM and the economic value of CM per cow per year

Farms

Variables 1 2 3 4 5 Mean

Losses of revenues for discarded milk during treatment of cows (US$ per cow per year) 37.49 16.03 37.65 54.38 47.84 39.17
Cost for drugs and veterinary service (US$ per cow per year) 10.22 5.28 10.22 13.03 18.85 11.45
Labor cost for herdsman’s time dealing with CM (US$ per cow per year) 1.29 0.67 1.29 1.64 2.38 1.44
Other costs connected with CM (US$ per cow per year) 1.09 1.09 1.09 1.09 1.09 1.09
Mastitis costs (US$ per cow per year) 50.08 23.06 50.24 70.14 70.15 53.15
Economic value of CM (US$ per cow per year) 284.47 273.26 284.74 293.32 264.55 280.09

CM 5 clinical mastitis.
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Increasing the mastitis incidence by 20% raised the mastitis
costs by 20% to US$63.56 while decreasing the base level
of CM incidence by 20% caused a decrease in mastitis costs
by 20% to US$42.73. However, the economic value of CM
incidence remained the same for each assumed level of base
CM incidence. Changes in average incidence of CM in the
herd have no impact on the economic value because the
average incidence term YMI drops out of the economic value
calculation once the derivative is taken off the overall cost
function. Changing the base level of ADMY and milk price by
620% caused a change in mastitis costs and the economic
value of CM by 615%, whereas 620% changes in veter-
inary costs altered mastitis costs and the economic value
of CM by only 4%. Thus, milk production level and price
were the factors with the largest impact on the costs and
economic value for mastitis.

Discussion

General
This study has demonstrated new methods for estimating
the economic value of SCS and CM that can be applied in
countries and situations where detailed information on herd
health management and costs is limited to a small subset of
farms. The objective was to establish economic values of CM
and SCS so that these health traits can enhance the current
Iranian total economic merit index (LNI). It is expected that
broadening the breeding goal to encompass as many traits
affecting profitability as possible will lead to an increase in
profit not by increasing output but by reducing health costs
associated with production. Reducing health costs will
improve the welfare of the cow and so a broader breeding
goal should increase the welfare of the cow as well as farmer
profit (Stott et al., 2005). The economic values derived here
provide useful information to determine breeding strategies
in Iran. However, it is not just the economic values in the
breeding objective that will determine the rate and direction
of genetic change. For material benefits to accrue from this
study, recording systems for CM will need to be developed
and genetic evaluation procedures for both CM and SCS
need to be implemented.

Representativeness of the selected herds
This study was conducted based on samples from five farms
for CM incidence and SCS records. An attempt was made
to include farms that were typical of the Iranian Holstein
farms in the level of milk production, reproduction, culling
and productive lifetime of cows. There were 15 426 cows
across the five farms representing approximately 2% of the
national Holstein population of approximately 700 000 cows.
The farms utilized a management, feeding and housing
system commonly applied in the majority of dairy herds.
Average results should therefore allow inferences for the
national dairy cattle population in Iran. Given the substantial
differences in CM incidences and costs among the farms, we
recommend that similar studies of this kind should obtain
records from at least five farms in order to reduce the risk of
non-representative information being obtained.

Comparison estimates of economic values for SCS by
three methods
In Iran, as in most other countries with centralized milk
processing on an industrial scale, milk quality payment is
influenced by bulk tank SCC that contains milk mixed from
all cows on the farm. Previous studies (Charfeddine, et al.,
1996; Wolfova et al., 2007) that apply the Meijering method
to obtain economic values for SCS implicitly assume that
milk is collected and penalized based on SCS counts at the
level of individual cows. There is a further assumption that
the distribution of SCS takes normal Gaussian form. The
results from this study indicate that both of these implicit
assumptions can be violated and when they are, the impacts
on the magnitude of economic values of SCS are substantial.

Figure 1 shows the reasons behind these large differences
in SCS economic values with the different methods. Figure 1a
shows a histogram of individual cows’ SCS observations with
two normal curves superimposed on top. The solid normal
curve reflects the means and s.d. of the observations shown,
while the dotted normal curve indicates the implied shift in
the distribution that might occur with a genetic increase in
the population mean for SCS. The change in areas under the
normal curve between thresholds, which determine milk
price penalties, change with genetic improvement and the

Table 7 Sensitivity analysis for costs and economic value (US$ per cow per year) for incidence of CM by 620% varying in levels of input parameters
in the mean values across the five farms

Variables
Change (% of base

level)
Mastitis cost (US$ per cow

per year; change in %)
Economic value (US$ per case

per cow per year; change in %)

Base level of all variables 0 53.15 (0) 280.09 (0)
YMI 120 63.56 (120) 280.09 (0)

220 42.73 (220) 280.09 (0)
Veterinary costs (drugs and veterinary service) 120 55.44 (14) 283.62 (24)

220 50.86 (24) 276.57 (14)
ADMY 120 60.98 (115) 292.15 (215)

220 45.31 (215) 268.04 (115)
Milk price 120 60.98 (115) 292.15 (215)

220 45.31 (215) 268.04 (115)

CM 5 clinical mastitis; YMI 5 averaged incidence of CM; ADMY 5average daily milk yield.
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size of the change is a direct function of the height of the
normal density at the point at which it is truncated by each
threshold.

Figure 1b shows a histogram of milk collection average
SCSs, again with a normal curve superimposed for the cur-
rent mean and s.d. of milk collection averages (solid line)
and a dotted curve implying a genetic shift in the mean.
The milk collection average distribution has a much higher
and tighter spread of values than the histogram for indivi-
dual cow observations, at least partly as a consequence of
the central limit theorem. Furthermore, the high peak of the
distribution of milk collection averages falls close to the
thresholds and so the points where the thresholds truncate
the normal curve are much higher than the curves plotted for
individual cow observations. This in turn results in notably
higher economic values as observed in this study when
comparing individual cow and milk collection average eco-
nomic values calculated using the Meijering method.

Further examination of Figure 1b reveals that the milk
collection average histogram plot is both skewed and shows
positive kurtosis. As a consequence, the normal curve
underestimates the height of the observed distribution,
particularly at thresholds 1 and 2. This explains the further
increase in economic values with the milk collection method
as compared with the Meijering method based on milk
collection averages.

Thus, the milk collection method is a more robust method
to derive economic values for SCS than methods that assume
normality. Non-normal distribution causes an error in calcu-
lation of trait level frequencies as a result of skewness and
kurtosis, which cause deviation in the vertical height on the

standard normal distribution (j(z)). When the distribution of
data is unknown or difficult to approximate or when a
transformation to normality is not straightforward, the milk
collection method would be preferable.

The increase in SCS by one could cause a problem with
calculating economic values for SCS because of a nonlinear
relationship between profit and the trait level of interest if
responses due to selection are likely to be much smaller or in
the opposite direction. Smaller simulated changes in the SCS
distribution run the risk of biases created by frequency spikes
near threshold points in observed data. In this study, minimal
differences in SCS economic values were found when the
milk collection method simulated 0.1 v. 1-unit increases in
SCS (results not shown).

Absolute figures on derived economic values depend
strongly on price parameters and methodology so that direct
comparison of economic values among different countries
is very difficult (Groen et al., 1997; Wolfova et al., 2006).
However, some general statements about economic values
can be derived from the literature and from this study.

In the United States, the value of predicted transmitting
ability (PTA) SCS per lactation was set at US$262, which
includes a lost premium of $44 1 $18 for labor, drugs, dis-
carded milk and milk shipments lost due to antibiotic residue
(Cole and VanRaden, 2010). For the Iranian Holstein, this
value was found to be US$290/cow per lactation using the
preferred milk collection method. This difference is not sur-
prising because of differences in model, trait definition and
assumptions about management system. The SCS economic
values derived in this study using the Meijering method with
individual SCS distribution varied from US$20.005 to
US$20.003 per score per kg of milk yield in five investigated
farms, while the value for the whole population was
US$20.005. In the Spanish population, economic values of
SCS estimated to be US$20.004 per score per kg of milk in a
base situation for free market using the Meijering method
(Charfeddine, et al., 1996).

Miglior et al., (2005) reported the relative emphasis on
traits in selection indices from 15 countries. In most indices
(the United States, Great Britain, New Zealand, Germany,
France, Australia, Israel, Ireland, Japan, Switzerland, Spain
and Italy), SCS, as an indicator trait for mastitis resistance,
was the only trait contributing to udder health. The Canadian
udder health index was based on SCS (60%), udder depth
(230%), and milking speed (10%). The Dutch udder health
index was a combination of SCS, udder depth, fore udder
attachment, teat length, and milking speed. The Danish
udder health index was based on CM, SCS, udder depth,
udder support and dairy form, with a combined emphasis of
14% on the Danish S-Index.

Direct losses due to CM and economic value of CM incidence
In this study, milk losses constituted from 68% to 78% of the
total economic losses caused by CM. Drugs and veterinary
service were the second major sources of loss and accounted
for 19% to 27% of the total costs. Comparisons of milk
losses v. treatment costs as a proportion of total losses per
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Figure 1 Distribution of individual somatic cell score, normal distribution
before (solid line) and after (broken line) genetic improvement relative to
histogram plots for individual cows (a) and for milk collection averages (b).
Ti 5 threshold i indicating a change in milk price.
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CM case in different countries are summarized in Table 8.
In this study and in those of some others, milk revenue losses
accounted for a higher proportion of total mastitis costs
than veterinary expenses (Kossaibati and Esslemont, 1997;
Wolfova et al., 2006; Bar et al., 2008; Pérez-Cabal et al.,
2009). In contrast, veterinary costs made up a higher pro-
portion of mastitis costs than milk losses in Denmark, India,
Sweden and The Netherlands dairy herds (Nielsen 1994;
Sasidhar et al., 2002; Wolfova et al., 2006; Svensson and
Hultgren, 2008; Huijps et al., 2008). These differences are
because of different production systems, estimation meth-
ods and perhaps most importantly, due to different purposes
of research, that is, the development of a breeding objective
or quantifying all costs.

The economic losses from CM in the present and pre-
viously described studies are not directly comparable to
those in analyses that were designed for different purposes.
The effect of mastitis on future milk yield of a cow, milk
quality (fat and protein content, SCC), reproductive traits
and length of productive life have to be added to the direct
CM losses, for example, when comparing costs for mastitis
control programs with the financial benefits of decreasing
CM incidence (Yalcin and Stott, 2000; Seegers et al., 2003).
The objective of the present study was to estimate the eco-
nomic value of mastitis incidence in line with the breeding
goal or the aggregate genotype. To avoid double counting of
effects, the impact of mastitis on the level of other traits
commonly included in the aggregate genotype (milk pro-
duction traits, reproductive traits, cow survival, SCC) were
not considered when calculating financial losses from CM.

The economic values for increasing the average CM
incidence by one case per cow per year varied between
farms from US$264.55 to US$293.32 with an average of
US$280.09 per cow per year. It was found to be US$291.40
per CM case per cow per year in the Czech Republic (Wolfova
et al., 2006). In the United Kingdom, the economic value of
mastitis was estimated at US$1.35 per percent incidence,
giving an index weight for SCC PTA of US$0.33 (Stott et al.,
2005). Assuming a genetic s.d. of CM incidence of 0.08, the
standardized economic value for CM incidence in this study

would be (US$80.09 3 0.085) US$6.41, which was lower
than the appropriate values published by Toivakka et al.
(2005) for Finnish Holsteins (US$230.30) or by Boettcher
et al. (1998) for Canadian conditions (US$223. 46).

Conclusion

Results obtained in this study provide important information
about economic values of SCS and CM that can be con-
sidered for incorporation in a breeding goal for Holstein dairy
cattle in Iran. The suggested model to calculate mastitis
costs can be used to estimate CM costs and economic values
in other countries where farm production and economic
data are generally poor. The model outlined in this study for
estimating an economic value for SCS (milk collection
method) does not assume that SCS is normally distributed
and would be an alternative to calculate economic value for
SCS with more accuracy.
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