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An epidemiological and genetic study on registered diseases in Finnish 
Ayrshire cattle. IV. Clinical mastitis. Ada vet. scaind. 1986, 27,. 223-
234. - The epidemiology and genetic varilability of clilnical mas:titis 
were examined. The data consisted of 70,775 Finnish Ayrshire cows. 
All cows were from milk recorded herds and calved during 1983. Each 
cow was under observation from the date of calving for 305 days. 
Only clinical mastitis diagnosed and treated by a veterinarian during 
the farm visits were taken into account. The lactation incidence raite 
of clinical mastitis (LIR) was 5.4 %. The cows calving in April-May 
had the highest LIR, but the seasonal variation was relatively small. 
The LIR increased with parity from the fkst to sixth parity. The cows 
treated for partudent paresis, infertility or ketosfa had a higher risk 
of clinical mastitis than cows not treated for these diseas•es. The LIR 
was, highe,r in herds with a high milk production level. The highest 
odds ratio estimated from parameters of the logit model was 14.8. 
The heritability estimates' for clinical mastitis on the binomial scaJe 
were 3.2 % in parity 1, 1.6 % in parity 2, 0.6 % in parity 3 and 4, and 
0.8 % in all parities (corresponding to 19.7 %, 8.3 %, 2.6 % and 3.8 % 
on the normal scale). These estimates indicate sufficient asisurance 
for progeny testing of bulls, and some poss!ibilities of genetic selection 
agairnst clinical mastitis. Genetic correlations between clinical masti­
tis and 305-days milk yield were 0.39 in parity 1, 0.51 in parity 2, 
0.18 in parity 3-4 and 0.58 in all parities. This means that the best 
sires for milk yield had daughters with a higher LIR for clinical 
mastitis than the other sireis. 
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member countries of the organisation. The 23 countries replying 
to this questionnaire had more than 54 million milking cows. 
AU countries recommended mastitis control measures (IDF 
1985). According to Miller (1984), the mastitis control centers 
on sanitation, antibiotics and, as a lasit resort, culiling. In spite 
of control, intensified treatments with antibiotios, and extensive 
research, mastitis is the most important disease problem in the 
dairy industry (Dodd 1985). To some extent, modern dairy 
management with liberal use of antibiotics and an aim to save 
labour, conflicts. with mastiitis control (Miller 1984). More exact 
knowledge of the epidemio1lo•gy and genetics of mastitis is needed 
for creating an appropriate preventive and control program. 

The state level health registries in the Nordic countries are 
valuable data banks for inves•tigating the epidemiological and 
genetic background of mastitis. In this work the data of the 
Finnish health registry were analysed. The first objective of 
this study was to analyze certain epidemiological characteristics 
of clinical mastitis in Finnish Ayrshire cattle. The second aim 
was to estimate the heritability of clinical mastitis and the 
genetic correlation between that and milk yield. 

MATERIAL AND METHODS 
The health and milk registry data have been described in 

detail in our previous report ( Grohn et al. 1986). The data com­
prised 70,775 Finnish Ayrshire cows, which calved in 1983. From 
selected communities all milk recorded herds and all Ayrshire 
cows were included in the data. Each cow was under observation 
for 305 days after calving. A cow which was diagnosed and 
treated by a veterinarian during the farm visits as a clinical case 
of mastitis was considered as an incident of mastitis. In Finland, 
approximately 70 % of all mastitis cases are treated by pre­
scription (Saloniemi 1980). This means that the cases treated 
by a veterinarian during the farm visHs are usually more severe 
and require systematic therapy. The lactation incidence rate 
(LIR), a term used by Erb & Martin (1980), was used to de­
scribe the treatment frequency of clinical mastitis. All statistical 
analyses were carried out by the Statistical Analysis System 
(Ray 1982). In analysing the effect of epidemiological factors 
on the occurrence of clinical mastitis a logit model - the FUN­
CAT procedure of the SAS-package - was used and maximum 
likelihood estimates were computed (Cox 1970, Feinberg 1980). 
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To have the estimates of sire and error (co)variance com­
ponents, the following least square model - GLM procedure of 
the SAS-package - was used: 

Yijkrm = µ + ai + Cj + hk + Sr + eijkrm 
where Y = clinical mastitis coded as 1 or 0 depending on whether 
the cow was treated by a vete.vinary surgeon or not. For estimates 
of covariances the summed trait of clinical mastitis and 305-
day yield, and the traits separately, were also analysed as de­
pendent variables; 
µ = the theoretical mean; 
ai =the effect of the ith age class at calving (age at calving was 
grouped for the cows in the first parity < 7 51; 7 51-840 and 
> 840, int he second parity < 1,111; 1,111-1,200 and > 1,200 
days, and in the other parities the parity grouping 3-4, 5-6, 
and > 6 was used); 
Cj =the effect of the jth calving season (grouped as January­
May and June-December); 
hk =the effect of the kth herd; 
Sr = the effect of the Ith sire; 
eijkrm = error term. 

The sire and error terms were considered random and the 
other factors fixed. The effect of herd was removed by absorp­
tion. Removal of herd effects partially eliminates variation in 
the ability of the dairyman to recognize a disease and to call a 
veterinarian because the ability of the dairyman is confounded 
with the herd effect. The analysis was done separately for the 
first 3 parity groups and all parities. Only those sires with more 
than 25 daughters within each parity group, and the sires with 
more than 50 daughters in the whole material were included in 
genetic analyses. Error and sire covariances were estimated as 
half the differences between the respective variance of the 
summed traits minus each of respective the variances of the 
traits. The genetic correlations, uncorrected and corrected herit­
abilities and standard error of those were computed using the 
methods described by Grahn et al. (1986). 

RESULTS AND DISCUSSION 
Disease occurrence 

The overall lactation incidence rate (LIR) was 5.38 % (Table 
1). In an earlier F,innish study (Lindstrom & Syviijiirvi 1978), the 
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incidence of clinical mastitis observed by the owners was 28 % 
and in studies from the area of an ambulatory clinic (Saloniemi 
1980, Saloniemi & Roine 1981), the incidences of clinical mastitis 
treated by a veterinarian during farm visits were 9.6 % and 
10.2 %. The total incidence of clinical mastitis (treated during 
the farm visits and by telephone prescription) was 32 % in the 
same area (Saloniemi 1980). In other Nordic countries the !in­
cidence of clinical mastitis seems to vary from 16 % to 32 % 
(Elleby et al. 1969, Backstrom et al. 1975, Bakken & Gudding 
1982, Solbu 1983). In a report by Dohoo et al. (1984) the lacta­
tion incidence rate of mastitis reqUJiring systemic therapy was 
3.5 % a:nd in a material by Curtis et al. ( 1985) 5.4 % . One has 
to conside,r that the incidence level depends highly on the defini­
tion of the diagnoses and the registration system for the data. 

Approximately one third of the cows calved during, March­
May and also the treatment frequency was highest during the 
same months (Table 1). The variation of LIR by month was 
much Slighter than the variation of calvings and treatments. Two 
thirds of all treatmetns (Table 2) were given during 2 months 
after calving. Thus, like many other diseases the appearence of 
clinical mastitis was inked with the variation of calving, but a 
real seasonal vari'ation was very small (Erb & Martin 1978, 

Table 1. Counts and percentages of and lactation in-
cidence rate (LIR) of clinical mastitis by month of calving for W,775 

Finnish Ayrshire cows. 

Month Calvings Clinical mastitis 
of 
calving Number % of total Number % of total LIR (%) 

January 4906 6.93 266 6.98 5.42 
February 4767 6.74 279 7.32 5.85 
March 7538 10.65 450 11.81 5.97 
April 10056 14.21 617 16.20 6.14 
May 69·53 9.82 452 11.87 6.50 
June 4593 6.49 237 6.22 5.16 
July 4,068 5.75 235 6.17 5.78 
Augus.t 5308 7.50 2i>2 6.62 4.75 
September 5535 7.82 266 6.98 4.81 
October 6300 8.90 281 7.38 4.46 
N ov,einilier 549,1 7.76 249' 6.54 4.53 
December 5260 7.43 22,5 5.91 4.28 

Total 70755 100.0() 38091 10'0.00 5.38 
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Table 2. Occurrence of finst treatment of clinical mas·titis by 30-
day intervals up to 305 days post partum for 70,775 Finnish Ayrshire 

cows. 

Days post Percentage Cumulative 
part um of total percentage 

0-30 48.5 48.5 
31-60 11.9 60.4 
61-90 9.2 69.6 
91-120 8.3 77.9 

121-150 6.1 84.0 
151-180 4.5 88.5 
181-210 3.6 92.1 
211-240 30 95.1 
241-270 2.5 97.6 
271-305 2.4 100.0 

Saloniemi & Roine 1981, Solbu 1983, Dohoo et al. 1984). How­
ever, a trend towards a higher LIR during the first half of the 
year could be seen. The logit model selected to explain the pro­
bability of contracting clinical mastitis included 6 main effects. 
All the effects were highly significant. The G2 statistic for the 
model was 204.87 wit hl96 degree of freedom, implying a reas­
onable fit to the data (P = 0.317). Table 3 lists the estimated 
values for main effects, odds and lactation incidence rates. The 
highest differencies in estimates were among parity classes. 
For instance, the odds ratio (OR) between parity 5-6 and parity 
1 was 2.3. The increasing risk with age is well known (e.g. Dohoo 
et al. 1984, Curtis et al. 1985). In our study the risk o.f mastitis 
decreased from parity 5-6 to parity > 6 (Table 3). This is in 
agreement with another Finnish study, where the prevalence of 
subclinical mastitis decreased after the 6th panity (Saloniemi 
1980). One explanation may be that mastitis cows are culled and 
the cows with higher res:istance to mastitis wi[il stay. In our 
earlier report (Grahn et al. 1986) the risk of culling increased 
with parity per se, but the relative risk of culling for mastitis 
was lower in older cows. The cows treated for parturient paresis 
had twice as high a risk for clinical mastitis as those which were 
not treated (OR= 2.0). Curtis et al. (1985) also observed that 
cows with a history of parturient paresis had an increased risk 
of mastiUs when mastHis was diagnosed during the first month 
after calving (OR 5.4). They speculated that the recumbent cows 
are not milked because of parturient pareses and thus they are 
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Table 3. Estimates of the parameters included in the logit model 
used in the analysis of contracting clinical mastitis for 70,775 Finnish 

Ayrshi.re cows. a, b, c 

Parameter Estimated /Estimated Estimated 
value odds LIR 

Intercept -2.316 0.099· 8.98 
Parity 

1 -0.497 0.060 5.66 
2 -0.2(}1 0.081 7.47 
3--4 0.028 o.rn1 9.21 
5-6 0.325 0.137 12.02 
>6 -.0345 0.070 6.53 

Calving season 
January-May 0.090 0.108 9·.74 
July-December -0.090 0.090 8.27 

Herd milk yield, kg 
< 4870 -0.216 0.079 7.36 
4870'----6150 0.056 0.104 9.45 
> 6150 0.160 0.116 10.38 

Parturient paresis 
No -0.354 0.069 6.48 
Yes 0.354 0.141 12.33 

Ketosis 
No -0.188 0.082 7.56 
Yes 0.188 0.119 1'0.64 

Infertility c 
No -0.117 0·.088 8.07 
Yes 0.117 0.111 9.98 

a The G2 statistics for the mod.el was. 204.87 with 196 de.grees of free­
dom (P = 0.317). 

b The estimated odds anid lactation incidence rates (LIR) are for 
contracting clinical mastitis on the given factor level anid adjusted 
for the other factors. 

c In.fertility = anostrus, suboestrus., ovulatory dysfunction, ute.rin·e 
infections and abortion. 

more exposed to udder pathogens. Dohoo & Martin (1984) did 
not find an association between parturient paresis and masti.tis, 
but a high association between abdominal dislocations and ke­
tosis with mastitis. The association between ketosis and clinical 
mastitis in our material (OR= 1.5) might, at .Jeast partly, be 
explained by the reduced efficiency of bovine blood white cells 
to reduce the number of mastiti.s pathogens growing in milk in 
the presence of elevated levels of ketone bodies (White & Rattray 
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1968). Dohoo & Martin (1984) found that the cows treated for 
clinical mastitis had a higher risk of late reproductive infections. 
We found a slight association between clinical mastitis and 
reproductive diseases at the same lactation (OR= 1.3). The 
cows with parity 5-6, at spring calving season, the highest herd 
milk yield and with a history of parturient paresis, ketosis and 
infertility had the highest risk of contracting clinical mastitis 
(estimated odds = 0.338 equivalent to a 25 % risk). The lowest 
risk was for the cows with parity 1, autumn calving season, 
lowest herd milk yield, and without the history of the above 
diseases (estimated odds = 0.023 equivalent to a 2.2 % risk). 

Genetic parameters 
In estimating the heritability, a linear model was adapted to 

binomial data. This procedure has theoretical drawbacks, since 
the underlying assumption about normality and linearity is not 
fulfilled. Prediction and estimation procedures based on nor­
mality are approximative and may yield poor results (e.g. Danell 
1985, Me jering 1985). Based on a threshold concept, scaling 
factors have been derived to relate estimates of heritability on 
the observed binary scale to those on the underlying scale 
(Dempster & Lerner 1950, Gianola 1982). Simulation studies 
have shown that these factors yield satisfactory approximations 
over a wide range of conditions and that the scaling factor of 
genetic correlation is unity (Van Vleck 1972, Olausson & Ron­
ningen 1975, Gianola 1982). Today a new coherent body of 
methods is available, which, at 'least in theory, gives more accurate 
estimations of genetic parameters (Gianola 1980 a, b, Harville & 
Mee 1984, Mejering 1985). Because experience with application 
of the new methods i's limited, the older, more approximative 
methods were used. 

One may suggest that binomia1l data may be converted to 
continuous data by adding more categories. However, Banks et 
al. (1985) have shown that the inclusion of additional classes 
does not increase the accuracy of heritability esbmates, if one 
class has a high frequency of observations as in our data. The 
estimates of heritability of clinical mastitis on the binomial scale 
and genetic correlations between that and milk yield are given 
in Table 4. As expected, the heritability estimates were relatively 
low. In the review by Miller (1984) the heritability estimates of 
clinical mastitis ranged from -0.03 to 0.5, with average 0.12. 
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T a b 1 e 4. The estimates. of her:itahility (h2 ) and standard errors of 
clinical mastitis and genetic correlatioll!s (rg) be.tween that and milk 

yield.a 

Parity group 
1 2 3--4 All 

Number of sires 19(} 149, 178 259 
Number of daughte11s per sire 70 63 61 127 
Clinical mastitis 

h2 uncorrected 0.032 0.016 0.006 0.008 
standard error 0.013 0.017 0.014 0.004 
h2 corrected 0.197 0.083 0:026 0.038 

Genetic correlation 
Clinical mas.Ht.is• X 
milk yield 0.388 0.506 0.177 0.574 
standard error 0.132 0.236 0.445 0.106 

a The correction of the heritability estimates, was made by the mul­
tiplication factor P (1-P) /z2, where P the incidence of clinical 
mastitis and z the height of the ordinate of the normal distribution 
at that incidence. 

Most of these estimates were greater than in our study. In a 
previous Finnish paper (Lindstrom & Syvajarvi 1978), the 
estimates varied from 0.001 to 0.046 in parity 1 and from 0.037 
to 0.136 in parity 2. Solbu (1984) reported the estimates from 
0.001 to 0.018 in Norway and Philipsson et al. (1980) from 0.008 
to 0.038 in Sweden. As ours, these studies were based on rela­
tively large data of clinicalily observed mastitis cases in field 
conditions. One may assume that heritability estimates in late 
lactation should be higher than in first lactation, because the 
incidence of mastitis increases with age. However, this was not 
the case in this· study. A reason for conflicting resuMs with an 
earlier finding (Lindstrom & Syvajarvi 1978) may be that only 
those cows which completed the 305 day milk yield were included 
in the data and the cows culled during this time period were 
excluded. In fact, neither Shook et al. (1982) found an increas­
ing trend of heritability with parity by analysing somatic cell 
counts. 

The estimates. of genetic correlations between clinical mastitis 
and 305-day milk yield varied from 0.177 to 0.574 (Table 4). 
These correlations differed significantly from zero. These cor.re­
lations imply that daughters of better sires in milk yield were 
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treated more for clinical mastitis than the daughters of other 
sires. The positive correlation may partly be apparent because 
farmers may more easily call a veterinarian for daughters of 
better sires in milk yieild than for daughters of other sires. In 
addition, daughters of poor sh·es are more likely to be culled 
than daughters of better sires. O'Bleness et al. (1960) and Miller 
et al. (1975) also found a positive correlation between clinical 
mastitis and milk yield (0.44 and 0.33, respectively). Norman & 
Van Vleck (1972) and Lindstrom & Syviijiirvi (1978) reported 
a slight negative correlation. 

For breeding purpose, the greatest interest is. in a heritability 
estimate in the first lactation. In this materi·al and in the cited 
literature, the heritability estimates for clinical mastitis varied 
from 0.001 to 0.05 in the first lactation. According to the recom­
mendation of the European Association of Animal Production 
(EAAP), the accuracy (r) of the published estimation has to 
be greater than 0.6. Assuming a 2 % heritability, the recom­
mended accuracy is reached when bulls are progeny tested usling 
113 daughters. The current progeny testing system with health 
registry data already provides a reliable base for such evalua­
tion. In Finland, a multiple trait selection index is used in sire 
selection (Miintysaari et al. 1984). The inclusion of progeny 
testing for mastitis to the index should be the best way to 
consider clinical mastitis in sire selection. 
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SAMMANFATTNING 
En epidemiologisk och genetisk undersokning av sjukdomsdata frdn 

finsk Ayrshire boskap. IV. Klinisk mastit. 
Epidemiolog.in och den genetiska variationen av klinisk mas.tit 

undersoktes. Det anviinda dataset:et omfattade 70775 finska Ayrshire 
kor. Alla kor var fran kontrollfOT'eninrgsanslutna bes.iittn.ingar och hade 
kalvat under ar 1983. Varje ko observerades fran kalvningen till den 
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305 dagen efter denna. Bara kliniska mastHer, dialgnostiserade och 
behandlade av en veterinar i samband med sjukbesok, inkluderad.es i 
materialet. Lactation irncidence rate (LIR) fOr kliinisk mastit var 5.4 %. 
Kor, som kalvade under hade den hogsta LIR, men sasong­
vari:ationen var f!elativt liten. LIR okade kan den fOrsila laktationen 
till den sjatte. Kor som behandlades fOr kalvningsfOrlamning, infor­
tiIHet eiler ketos, hade en ho,gre risk fOr klinisk mas,t1it an obehandla,de 
kor. LIR var hogre i hogproducerande besattnin:gar. Den hogsta odds 
ratio enligt logit model var 14,8. Xrftligheten fOr klinisk mastit i 
biinomfala skalan var 3,2% (1. aktationen), 1,6 % (2.), 0,6 % (3.-4.) 
och 0,8 % fOr hela mate11ialet (motsvarainde 19,7 %, 8,3 %, 2,6 % och 
3,8 % i den normala skalan). Resultaten ar tillrackliigt noggranna fOr 
avkommebedomning av tjurar och ger nagra mojligheter fOr genetisk 
selektion mot klinisk mastit. Gen1etisk korrefation meUan klinisk 
mastit och 305-d:agars mjolkproduktion var 0,39 (1. laktationen), 0,51 
(2.) och '0.18 (3.-4.). Det betyder, att tjurar som har mes.t 
rarnde dottrar ocksa har dottror med ho@Sta LIR av klinisk mastit. 
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