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Abbreviation key: SCC = somatic cell count, CM = clinical mastitis

Abstract

Data on clinical mastitis (CM) incidence collectegtween 1996 and 2003 on five Holstein dairy
farms in the Czech Republic were analyzed. Thevdtig average values were calculated for et
and 3* and subsequent lactations, respectively: 0.3%, & 0.57 for lactational incidence of CM, 0.63,
0.94 and 1.22 for the number of CM cases per cahlab8, 1.00 and 1.27 for the incidence rate of CM
per cow-year at risk. The lactational incidenc€df and the number of CM cases per cow were
calculated from data with complete lactations onlliereas the incidence rate of CM per cow-yeaisht r
was calculated from the full data set.The analg6iSM incidence based on daily records showed the
highest proportion of infected cows during thetfik® days of lactation. The incidence rate of CM pe
day (or per year) at risk was shown to be the ineétator for mastitis susceptibility because it@ants
for the truncated character of the data and foeatgrl outbreaks of mastitis within a lactation.

Introduction

In the last decades of years, attention in animegding has been turned from production to funetion
traits (reproduction, longevity, health). Among tiealth traits, mastitis resistance is the econaltyic
most important trait in dairy cattle. Most of trexent breeding programs have tried to select fatitisa
resistance using SCC as an indicator trait. Themapces from the Scandinavian countries as well as
many simulation studies have shown that the direttision of CM incidence in the total breedingual
increases the genetic gain for mastitis resistéihaedamideen and Pryce, 2001, Heringstad et ad3@0
d, Odegard et al., 2003). Mastitis incidence caepessed in different ways. Mostly, the trairésated
as all-or-non trait ignoring information from reped occurrence of mastitis (e.g. in the Scandimavia
countries). This approach can lead to an underastmof the mastitis susceptibility. In the mostent
studies, the possibility to treat mastitis incidems longitudinal data has been taken into coresider
(Schomaker et al., 2002, Heringstad et al., 20G3agen et al., 2004).

The aim of this study was to establish a survehefdata for CM that exist hitherto on dairy farms
the Czech Republic and to find suitable ways toattarize mastitis resistance of cows.

Material and methods

Data description

The investigation was carried out on five Holstéairy farms. Data from time intervals of three to
seven years were available. A basic descriptidhetollected data is given in Table 1. In all faym
strew was used for bedding and the cows were fiohbed total mixed ratio (twice a day in farms 2, 4
and 5, four times in farms 1 and 3). Farm 2 haddtousing system, the other loose housing with (i
farm 3, 4, 5) or without (farm 1) cow-run. Milkingas done twice a day. All cows were dried with
antibiotics in farms 2 to 5 whereas only cows wddbr mastitis and high producing cows were tietate
farm 1. The following information was available fsch cow: starting date of CM treatment, endirtg da
of CM treatment (end of discarding milk), numbeiaffected quarters, the kind of applied drugs #ed t
frequency of treatments. In farm 5, the amountailycdiscarded milk was known too. Date of calving,
lactation number, calving interval, culling dateddaast-day milk production data were also availdbie
each cow.
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Table 1. Description of the data

Farm
1 2 3 4 5

Average farm size (cows) 1000 800 200 200 170
Average milk production in 8030 6625 6360 5903 8179

1% lactation (kg)
Date of starting survey 1Jan00 23 Dec/98 15Heb @ Feb 99| 30 Jan 96
Date of ending survey 30Jan 03 10 Febj02 19 Noy 08 Jan 03| 16 Jun 03
Number of full lactations in
the period of survey

1% lactation 618 430 46 128 91

2" |actation 405 350 13 74 81

3% and higher lactations| 379 454 45 115 75
Number of full lactation
periods within survey

1% lactation 3489 2145 489 725 479

2" Jactation 2356 1723 256 424 416

3% and higher lactations 2573 2343 548 636 476
Average length of CM case 54 5.8 8.9 7.6 7.1
(days}
SO’ of the length of CM 1.8 2.5 3.6 4.7 6.4
Number of CM cases/

Number of infected

quarters 369/402 | 862/1030| 63/134 86/115 75/91

1% lactation 534/586 | 727/858 63/89 70/88 119/142

2" |actation 921/1024 | 935/1170| 142/201 | 141/193 | 191/243

3% and higher lactations
Days at risk

1% lactation 383155 216246 59617 77496 49136

2" lactation 254623 163341 47131 43832 42941

3% and higher lactations| 270584 209564 74731 66981 48673

Tnumber of days when milk was discard&iandard deviatioriin the whole period of survefgorrected
for the total length of diseases

Data analysis

Three data sets were created for analyzing climgtitis:Data set 1 was formed only from records
with complete lactations. For formirtgta set 2, the lactations were divided into four periodsd@00
days of lactation, 101 to 200 days, 201 to 300 daye next calving, 301 to 400 days or to nexvice));
records from cows not staying the whole periochamherd were not included into the calculation of
mastitis incidence for this perioData set 3 was made up from daily records for CM incidenady(o
cows being investigated on a certain day of laatatvere used for the estimation of CM incidence per
day of lactation).

All analyses were done within lactations 1, 2 gfhler than 2 and within each farm as well as jointly
for all farms. A new case of CM for the same covswadicated when the period between the end of the
previous case and the next outbreak was at ledesys

The following characteristics were used for theregpion of mastitis susceptibility:

L actational incidence of CM (LICM):
LICM = Number of lactations with at least orese of Cv

Total number of lactations at risk
LICM is defined for data set 1 only and is not corm@éte the length of lactation.
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Average number of CM cases per cow and lactation (NLICM):
NLICM = Total number of cases of CM within latitans during the investigated peri

Total number of lactations at risk
where a lactation covers the whole calving inte&lIMC is defined for data set 1 only.

Relative frequency of recurrence of CM (RFCM):
RECM = Numberof cowstreatednorethanoneswithin alactation

Numberof cows treatetatleastone: within a lactatior

Incidence of CM in a given period of lactation (PICM):

Number of lactation periods with at I¢@se case of CI
Total number of lactation periods at risk

PIMC =

This parameter is defined for data set 2 only.

Average number of cases of CM per cow and lactation period (NPICM):

Total number of cases of CM within a giveattation periot
Total number of these lactation periods at risk

NPIMC =

This parameter is defined for data set 2 only.

Incidencerate of CM per cow-year at risk (IRCMy):

Number of cases of CM during the investigated tpewod N
Number of cow-days during this time period - Totainber of days the cows were ill This

IRCMy=

parameter is defined for data set 3 only.
Incidencerate of quarterswith CM per cow-year at risk (IRQy):

Number of quarters treated for CM during the investigatee period .

IRQy=
R Number of cow-days during this time period - Total number @fsthe cows were ill This

parameter is defined for data set 3 only.
Incidencerate of CM on day i of lactation (IRD;):

IRD = Number of affected cows at day of lactatic
' Number of cows in the herd at day of lactat
This parameter is defined for data set 3 only.

Results

Table 2 summarizes the values of the above givarackeristics for the occurrence of CM for the
investigated farms and totally for all farms togethThe values are for the first lactation. Datatlfe
comparison of lactational incidence of CMCM) and the incidence rate of CM per cow-year at risk
(IRCMy) between different lactations are presented iné€rab
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Table 2. Characteristics of mastitis occurrencélst lactation

Variable Farm

1 2 3 4 5 Total
LICM 0.24 0.61 0.48 0.25 0.33 0.35
NLICM 0.35 1.23 0.83 0.44 0.51 0.63
PICM (days)
0-100 0.090 0.382 0.196 0.120 0.149 0.188
101-200 0.083 0.276 0.187 0.054 0.097 0.140
201-300 0.064 0.249 0.088 0.091 0.150 0.123
>300 0.081 0.146 0.149 0.039 0.064 0.080
NPICM (days)
0-100 0.12 0.56 0.25 0.16 0.19 0.27
101-200 0.10 0.41 0.23 0.07 0.15 0.19
201-300 0.11 0.33 0.14 0.12 0.17 0.16
>300 0.07 0.19 0.17 0.05 0.10 0.10
IRCMy 0.35 1.45 0.39 0.41 0.56 0.68
IRQyY 0.38 1.74 0.82 0.54 0.68 0.82
RFCM 0.30 0.54 0.45 0.48 0.30 0.44

Table 3. Lactational incidence of CMICM) and incidence rate of CM per cow-year at ris«GMy) in
individual lactations and farms and summarized d&ens

LICM IRCMy

Farm/Lactation 1 2 >2 1 2 >2

1 0.24 0.39 0.54 0.35 0.77 1.24
2 0.61 0.61 0.65 1.45 1.62 1.63
3 0.48 0.54 0.56 0.39 0.49 0.69
4 0.25 0.23 0.50 0.41 0.58 0.77
5 0.33 0.51 0.53 0.56 1.01 1.43
Total 0.35 0.45 0.57 0.68 1.00 1.27

LICM was on average 0.35 in th& lactation, but there were substantial differertwetsveen farms
(from 0.24 to 0.61). The frequency of mastitis sas@s the highest in the first part of lactationd a
increased with the parity. The recurrence of GNFCM) in the investigated sample was relatively high,
30 to 54 % of treated cows had two or more CM casedactation. The average number of CM cases per
treated cow was 1.36 to 2.63 across parities amast8RCMywas 0.68, 1.00 and 1.27 for th& 2 and
higher lactations, respectively, when summarizesr éarmsIRQywas only slightly higher because 83.4
% of the CM cases affected only one quarter; aif fpuarters were affected only in 1.8% of all CMes
in the total data seiRCMy seems to be a similar indicator of CM susceptibds the average number of
CM cases per cow and lactatiovl(CM). This is because the average calving interval4idds- 417
days in lactations 1, 2 or >2, i.e. a value noy\aiferent from 365 days, the length of a yeare Tho
guantities are the more similar the more lactatisese used for the estimationEICM, but may be
quite different if the number of lactations is véow, as in this case a high sampling error camo(see
the values for farm 3). Assuming an average driodesf 60 days, the average length of lactation was
about 360 days. As almost all the cows were drighd antibiotics, the frequency of CM in the dry joer
was very low (0.5 to 1 %). This can also explam gienerally lower CM incidence in the lactationiper
of >300 days. This period was usually shorter tin@nthree previous periods (had a lower number of
days at risk than 100).

The daily incidence rate of CM in lactations 1,d& 2 (day 1 to 400) for the investigated farms is
shown in Fig. 1. The highest incidence occurredngduthe first 10 days in milk and reached aboui &Q
% (according to parity), then there was a sharfirteto 1 to 3 %. After the values stayed moreessl|
stable through the next 250 days and declined agdhre end of the lactation.
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Fig 1. Incidence rate of CM per day of lactation
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Discussion

In the literature, all of the above defined CM @weristics were used for the expression of mastiti
resistance. Heringstad et al. (2003b) gave valfief\C of 0.15, 0.19 and 0.24 for th&, 2"* and &
lactation, respectively, of Norwegian dairy catiibdey obtained the highest CM frequency in thequkri
between the®iland the 38 day of lactations 1 to 3 (0.09, 0.10 and 0.13}hperiod from 31 to 120
days,LICM was somewhat lower (0.05, 0.09 and 0.11 for lamtatl, 2 and 3, respectively) and after
120 days (period from 121 to 300 d) in milkCM rose again to values of 0.07, 0.10 and 0.11,
respectivelyLICM was about 0.04 in all lactations in the perio@@fdays before calving. The periods
used in Heringstad et al. (2003b) are not companaiih the lactation periods in the present stéddyin
our data the CM incidence before calving was vew flor reasons described in Results, the days éefor
calving were included in period four (days of ldicta > 300).

Rajala and Grohn (1998) calculated an average vdlQel 7 forLICM in the Finish Ayshire
population. Kadarmideen and Pryce (2001) estimateaverage of 0.13 f&iMC from the analysis of
257 Holstein herds in the UK. These results shawgdlifferences between farmidMC ranging from
0.005 to 0.57 in the individual farms. The diffecen between the farms in our study were not as high
except of the results for farm 2 which differednfrthe other in the housing technology (tied systénj
it must bee taken into account that the numbeahs$ in our survey is low and the farms were not
randomly chosen.

Kadarmideen and Pryce (2001) did not find any dieereasing or decreasing trend in mastitis risk
with parity. On the other hand, Houben et al. (399#10 analyzed 5313 lactations of Black and White
cows in the Netherlands, found a strong increase@y from parity 1 to 3 (0.24 to 0.54). This was
confirmed in our study (Table 3). De Haas et &0 estimated value of 0.23 fikRCMy over all
lactations in a data set from 274 Dutch herds. 8etker et al. (2002) analyzed the mastitis incidence
three large German herds with a test-day modeltitdafsequency rose till the sixth lactation daya
maximum of 0.20 (with a range from 0.076 to 0.38ugen farms) and fell then to 0.02. The maximal
mastitis incidence was in lactations 1 (0.23) arfd.49), the lowest in lactation 2 (0.13). Theskiea
were higher than in our study, but the slope of@Me curve was similar (see Fig.1). The finding of
Schomaker et al. (2002) that mastitis incidence lvasst in the 2 lactation was confirmed as well.
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The probability of recurrence of CM was rarely taketo account. Although the repeated cases of CM
could be influenced by the number of treatmentskgnthe kind of applied drugs, it can be expeched t
a cow with repeated occurrence of CM in the sami@i@n will be more susceptible to mastitis than a
cow affected only ones. Therefore in our opinitwe, tepeated occurrence of CM should be taken into
account when estimating the mastitis resistancdeE®nt and Kossaibati (1996) estimated on average
1.6 CM cases (range from 1.1 to 2.3) per treatedfoom data stemming from 90 English Holstein herds
which was similar to our results. The valueL6EM varied from 0.24 in the®lto 0.49 in the 7 lactation
in these English herds.

Reviewing the literature, it can be stated thatwhele lactation as well as different lactationipés
were used to examine the CM susceptibility of coaugs (Lund et al. 1999, Heringstad et al. 2003a).
High genetic correlations for liability to clinicadastitis were estimated between subsequent timedge
(0.90 to 0.98, Heringstad et al. 2003a) as welletween lactations 1, 2 and 3 (0.65 to 1.00 fori€han
breeds, Nielsen et al. 1997). Therefore, the lenfthe lactation period was chosen which corredpon
to the common testing schemes in dairy cattle weise countries. Recently, a longitudinal modeldaas
on daily records was used for estimating the magtequency (Schomaker et al., 2002). This model
seems to be the most appropriate one becausediielsathe truncated character of the data. Eachideco
could be used and culling of cows before the endathtion or lactation period makes no problem
anymore. In addition, the repeated mastitis caseetaéien into account. A very high computing tirse i
the disadvantage of this method.

As an alternative, the true mastitis incidenceqasv and time unit (e.g. characteristiBCMy or
IRQyY) seems to be good indicators for mastitis restgamhese characteristics correct CM incidence for
the days at risk, that means for the length otfdh&tion or premature culling of each cow. It &késo
into account the average number of days cows @ateill for CM, because these days are not dayskat ri

Conclusions

The data available recently on some farms in thec&Republic seem to be applicable for the national
recording system for mastitis resistance of damys The incidence rate of CM per cow-year at risk
could be a good indicator for mastitis frequenaypiamgeny groups of tested bulls; this indicatokesait
possible to use records of all daughters indepéhydehthe length of their lactation and takes into
account repeated occurrence of CM within each tiactaA more accurate analysis will be possiblehwit
a longitudinal model based on daily records. Furtioge, genetic parameters have to be estimatetiéor
potential indicators of mastitis resistance as aglthe economic value of CM. A first estimatehsf t
economic value for CM in the Czech Republic willgresented in a companion paper (Wolfova et al.,
2005).
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