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Review article
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b Station de Génétique Quantitative et Appliquée, INRA, 78532 Jouy-en-Josas, France

(Received 6 October 1999; accepted 31 March 2000)

Abstract — Risk of culling consequent to the main health disorders occurring in the current production
systems is reviewed. Survival analysis including health disorders as time-dependent variables is
considered to be the most appropriate method to assess their effects because they allow a better
description of the exact follow-up of disease history. Farmers preferentially consider health events in
the current lactation and/or those occurring in early stages of lactation for making culling decisions.
The unfavourable direct effects on culling of dystocia and udder disorders (mastitis and teat injuries)
are clearly demonstrated, whereas there are variations between studies on the association between
metabolic and reproductive disorders and culling. These variations may be due to differences in
study designs, populations involved and methods. Consequences, in terms of estimated effect of
health disorders, of methodological choices (e.g. whether or not including in the models descrip-
tors for milk yield and/or reproductive performance) are discussed. Metabolic and reproductive dis-
orders may act indirectly through a subsequent decrease in milk yield and reproductive performance.
The impact of health disorders on longevity is on average weak, compared to the impact of low milk
yield potential and poor reproductive performance. Herd characteristics (availability of heifers,
guota, farmer’s attitude towards risk and uncertainty...) modify the risk for a cow to be culled for a
given health disorder. Aims of further studies could be (1) to interpret the meaning and to analyse the
reliability of culling reasons information, (2) to evaluate the relative effect on culling of health dis-
orders and performance (milk yield and reproduction) in different parities, (3) to investigate the role

of components of the herd effect on the risk of culling.

dairy cow / culling / health disorders / risk factors / survival analysis
Résumé— Risque de réforme associé a la survenue de troubles de santé chez la vache laitiére :

revue et discussion critiqueLa revue porte sur le risque de réforme consécutif a la survenue des prin-
cipaux troubles de santé dans les systémes de production actuels. Pour estimer ce risque, les modéles
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d’'analyse de survie dans lesquels les troubles de santé sont définis en tant que variables dépendantes
du temps apparaissent les plus appropriés car ils permettent de tenir compte des variations de leurs
effets au cours de la carriere des animaux. Pour décider la réforme, les éleveurs tiennent compte
préférentiellement des événements de santé survenant dans la lactation en cours et/ou en début de lac-
tation. Dans I'ensemble des études, le risque de réforme aprées survenue d’une dystocie et/ou d’'un
trouble de la mamelle (mammites, blessures du trayon) est augmenté, alors que les travaux divergent
quant aux effets des troubles métaboliques et de la reproduction. Les différences de populations
d’étude, variables d’étude et méthodes utilisées peuvent expliquer ces différences de résultats. Les
conséquences, en terme d’'effets estimés, des choix méthodologiques effectués (par exemple, le
choix d'inclure ou non dans les modeles des descripteurs des performances de production et de
reproduction dans la lactation de réforme) sont discutées. L'effet des troubles métaboliques et de la
reproduction sur le risque de réforme serait plutdt indirect, via la diminution des performances qu'ils
peuvent induire. L'effet des troubles de santé est en moyenne plus faible que celui de faibles per-
formances de production et de reproduction. Pour une vache donnée, le risque de réforme consécu-
tif a la survenue d’un trouble de santé dépend fortement des caractéristiques de I'élevage (disponibilité
en génisses de remplacement, situation par rapport au quota, ...). L'intérét de nouveaux travaux
(1) pour préciser le sens et analyser la fiabilité de I'information relative aux motifs de réforme, (2) pour
évaluer I'impact relatif des troubles de santé et des performances sur la réforme dans les différentes
parités, (3) pour identifier et quantifier le réle des facteurs d'élevage sur le risque de réforme est
souligné.

vache laitiere / réforme / maladies / facteur de risque / analyse de survie

1. INTRODUCTION heifers, quota, milk and beef market, farm-
ers’ attitude with respect to risk and uncer-
TR .\, tainty...). Previous studies showed a huge

Cow | ty is highly related to d ; !
OW 'OngEvILy IS gy re'ared 1o aairy herd effect on the risk of being culled [5,

farm profit. The decision to remove a cow : e
from the herd is mainly based on economic%: 27, 31]. Thus studies aiming at measur-

considerations; the farmer expects a highe"d the relationships between health disor-
profit by replacing the cow than by keep-ders and culling provide “average” estimates

ing her in the herd [48]. Reduction of pro_of their impact. Herd factors can be consid-

duction costs maintains profitability of dairy €"€d @ modulators of this information.
farms. In the last decade, emphasis has be  The objectives of this paper are to pre-
increasingly put on health management iisent the main approaches used to identify
order to minimise losses due to health disrisk factors for culling, to summarise the
orders. The contribution of culling to dis- reported effects of health disorders which
ease-related losses is high. Half of the herare frequently met in current dairy produc-
removals occur involuntarily and prema-tion systems, and to discuss different strate-
turely because of health disorders [1, 11gies to model the role of health events in
19, 43, 44, 51]. Moreover, the possibilitiesthe culling process.
of culling based on voluntary replacemen
and selection are limited in case of high inci-
dence of involuntary disposals [42]. 2. APPROACHES TO STUDY

THE RELATIONSHIPS

Culling decision is part of the whole  BETWEEN HEALTH DISORDERS
farming process. Whether or not to cull @  AND CULLING

cow for a given health disorder (except for

the ones inducing emergency disposal2.1. Description of culling reasons
depends not only on individual factors (age

stage of lactation, performance), but alsc In countries where there is no systematic
on herd factors (availability of replacementrecording system of health events, the
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description of the importance of health dis-exposure. Another measure of association
orders in the culling process may rely oris the odds ratio, which is widely used
culling reasons stated by farmers. Descrippecause it is directly derived from the esti-
tive studies aimed at assessing the relativ@ates of logistic regression. It is calculated
incidence of culling reasons related to healtrgs the ratio between the odds of culling in
among all declared culling reasons [3, 19the exposed group and the odds of culling in
43, 45]. Compared to the costs induced bghe unexposed group (OR p,((1,))/
collection, storage, and analysis of healtl{p,/(14,))). OR is often interpreted as a
disorders data, the registration of cullingmultiplicative factor of the risk of being
reasons data is much cheaper and allows twlled when exposed, although it overesti-
give a first insight on the impact of health onmates the RR especially when the outcome
culling. However, declared culling reasonsof interest is not rare (which is the case for
are, per se, more or less subjective [12]. Fueulling).

thermore, besides individual factors, culling . .
decisions are made taking into account the /" |rr]nportantt1 d_rawbackhof tTIe studies
whole farming context [31]. Therefore, using->"9 ¢ esg tec 'nlqu.ez ISt ac}a covgrlélltes
culling reasons alone is not sufficient o€ treated as time-independent variables.

: X . The effect on culling of a health disorder
quantify the impact of health disorders Nreated as a time-independent covariate is

longevity. forced to be the same before and after its

occurrence, which does not make sense

2.2. Statistical analyses unless the health disorder of concern occurs
of risk factors for culling very early in lactation (e.g. peripartum health

_ _ events). In contrast, a time-dependent covari-
2.2.1. Standard regression techniques  ate effect on the outcome can change over
) - o time. The effect of a health disorder mod-

be calculated [33] with parity-adjustmentgescribed after its occurrence only, which
[7, 8]. Cobo-Abreu et al. [9] and Oltenacujg more appropriate.

et al. [36] calculated parity-stratified odds
ratios in order to quantify the assomatlonszz_z Survival analysis

With standard multivariate techniques, with time-dependent covariates
such as discriminant analyses [11, 32], logis-
tic regression [4, 24, 34], logistic regression

combined with path analysis [17, 37], it iSye most appropriate method for the analy-
possible to account for many risk factors inyis ot 5 rvival data in dairy research [5, 12,
the same model, and therefore to adjust thf4' 18, 26]. Length of productive life (LPL),
effect of health disorders on other putativeyefined as the number of days between date
reasons, like parity, milk production and ¢ first calving and date at culling or death,
reproductive performance. has been used as a suitable measure of
The strength of an association betweelongevity [14]. Measures of longevity such
a factor (e.g. exposure to disease) and thes LPL are most often characterised by pres-
outcome (e.g. culling) can be evaluated bgnce of incomplete records, because some
relative risk (RR) measurement. The RR isows are still alive at the end of the study
the ratio between culling risk in the groupperiod. These cows generate censored data,
exposed to the factop{) and culling risk  for which only the lower bound of their LPL
in the unexposed groupy (RR =p,/py). is known. Survival analysis [10] is based
RR directly provides the relative increaseon the concept of hazard, defined as the lim-
in the probability of being culled in case ofiting probability of being culled at timg

Survival analysis is now considered as
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given that the animal is still alive just prior whereA(t) is the hazard function at tintg

to it. Hence, the term hazard refers to tha (t) is the unspecified hazard function;
risk of culling. Contrary to standard regres<{3, describes the effect associated with the
sion techniques which assume the cows toovariates in vectaz,(t) other than health
be classified as culled or not culled at thalisorders that influence culling risk; afig
end of a time period (e.g. lactation), sur-describes the effect of health disorders that
vival analysis techniques allow to use infor{possibly influence LPL of cows and that are
mation from censored observations. Furdescribed through the incidence vedag).

thermore, some cows can have a first calving The vectorz,(t) describes whether the
OCCUrring before the start pOint of the Studycow was exposed or unexposed at tinme
Information from these cows, generatingeach health disorder of interest. For instance,
left-truncated records, can also be analyseglinical health disorders can be defined as
using such a technique. time-dependent variables with their effect
Additionally, Kalbfleisch and Prentice on the hazard assumed to be piecewise con-
[30] showed that survival analysis modelsstant within lactation, with jumps occurring
can be extended to cases for which variabled date of first occurrence. The hazard cor-
are time-dependent. Therefore, with suctieésponding to the absence of any health dis-

an approach, the exact follow-up of disease@rder is assumed at each date of calving,
with the LPL is considered. and health disorders are assumed to influ-

In the proportional hazards model, theence hazard from the date of their first occur-

hazardh (t) = A(t,z (1) is written as the prod- rence onward in the current lactation [5, 26].
uct of a baseline hazard functidg(t), rep- Using a methodology based on (possi-
resenting the ageing process, and of a terRlY partial) likelihoods, it is possible to draw
e%P, representing the vectors of covariatedferences about the parametBysands,
that influence the culling rate with time. (tests of significance of each effect and
This leads to an intuitive interpretation ofPotential interactions, point estimates, con-
the hazards ratio of two animals, which charfidence intervals, predictions of future obser-
acterises the relative risk of being culledvations). Arisk factor for culling is a factor
For instance, if two cows have hazards ofor which theB estimate is significantly dif-
0.001 and 0.002 at a givémespectively, ferent from 0, at least for some levels.

the latter cow is twice more likely to be A relative hazard ratio (HR) can be esti-
culled att than the former one. Their hazardsmated for each covariate from the hazard
are proportional. The baseline hazard funcfunction by taking the exponent of the dif-
tion can have parametric form or can be lefterence between the estimate3dor the
completely arbitrary. In the latter case, thdevel of interest (e.g., “exposed” or “dis-
proportional hazards model becomes the s@ased”) and a reference level (e.g., “not
called Cox model (1972): then, the effects obxposed” or “healthy”):

the covariates on the hazard are estimated A1) explSz (B +

independently from the baseline hazard B o) p[iZZ,()B, yeXpose&’

function with a semi-parametric estimation Tt (OB +

procedure [10, 30], which involves the max- o) exp[iZ; OB; + Vo EXPOSG}’

imisation of a partial likelihood, represent- y

ing the part of the full likelihood which does = exp _ "exposed 2]

not depend on the baseline. At any time Y not expose

the model can be written as: At each time point of LPL, the HR mea-
A®) =N 7 (1), 2, (1) sures the instantaneous relative risk for a

B cow of being culled, for example, when
=M(0) exg 3z (OB, + Z2,(1B,] [1]  exposed versus unexposed to a given health
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disorder. In this case, the calculated HR is f4, 5, 17, 24, 27, 34, 37, 39—-41]. However,
measure of the impact of this health disordeit may be assumed that the effect of a given
on culling. Additionally, the effect of covari- health disorder may differ depending on the
ates on LPL can be measured by compusulling reason. In other words, specific rela-
ing expected survivor curves, for instancetionships may exist between a given health
given the occurrence of a particular healtrevent and the reason for culling.

disorder or of a combination of health dis-  The consideration of culling reason as

orders [13, 14]. The computation of thesene gutcome variable is poorly documented
curves requires the knowledge of the basg15 32 34, 36, 46]. Most studies used stan-
line hazard function(t), which is esti-  gard regression techniques involving a binary
mated at the same time as fhie paramet-  dependent variable defined as culled for a
ric models and assuming that the true valugpecific culling reason vs. not culled for each
of theBs is equal to their estimate in thecow [15, 32, 36]. Survival analysis may also
Cox model. Expected survivor curves alsge used for the consideration of different
require the assumption of a priori values otypes of longevity, (e.g. health-determined
all covariates over time (e.g. occurrence |ongevity, fertility-determined longevity)
of health disorders at the median day postespecially in the context of breeding strate-
partum of occurrence within lactation). Thegies to improve longevity [15, 46, 47]. Using
expected survivor is computed as follows:this method, only cows culled for these spe-
cific reasons are considered uncensored,

é(t) = exp[—ﬁ) )\(t)d(t)] whereas cows alive or culled for other rea-
_ t - sons are considered censored. However a
=exif-[; )\O(t)exp[iZzi (OB d(®) main drawback of this option is the high pro-

[3] portion of censoring it induces, possibly lead-

. . ing to less precise estimation [15].
Theoretical survivor curves of a cow

whether or not she is exposed to a given

health disorder is given in Figure 1. 3. HEALTH DISORDERS AS
DETERMINANTS OF LONGEVITY

2.2.3. Definition of the outcome variable o
3.1. Relative incidences

In most studies aiming at investigating ~ of health-related culling reasons
health disorders as risk factors for culling,
culling of a cow is defined as her exit from Some reasons related to health disorders
the herd regardless the associated reas¢reproductive disorders, mastitis, foot

1

0.9
0.8
S() 0.7 1
0.6
0.5

0.4 T T ¥ T ¥ T T T T T T T T T ¥ Ll L) L
0 120 300 480 660 840 1020 1200 1380 1560 1740
days after first calving

Figure 1. Theoretical survivor curves of a cow whether or not she is exposed to a given health
disorder.
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disorders) are very often mentioned in thesamples in the 14 selected papers and a list
studies describing culling. Comparisonsf adjustment variables introduced in the
between studies are hardly feasible due tanalyses. Table Il provides estimates of the
variations in culling reasons studied by theeffect of health disorders on culling.

authors and the lack of homogeneity in their

definition. Nevertheless, some general trendg.2.1. Peripartum health disorders

can be emphasised. As in most previous and events

studies included in the review of Beaudeau

et al. [3], reproductive disorders are still the There were discrepancies on the effect
most frequent culling reasons in 3 recenpf metritis on culling. An unfavourable asso-
studies (36.5% of all cullings for Esslemontcjation was found in more than 50% of
and Kossaibati [19]; 28.5% for Seegers ejvailable studies. However, late metritis
al. [43]; 32.8% for Stevenson and Lean(diagnosed after 60 days postpartum) was
[45]). Among other health-related culling found protective for early culling (before
reasons, those related to udder disorders a180 days postpartum) [11]. This could be
the second most frequent: mastitis-relatedxplained by the combined effect of both
culling reasons counted for 5 to 17% of alkhe particular definition of this disorder and
cullings (review of Beaudeau et al. [3]; the time of culling in the lactation. In other
Esslemont and Kossaibati [19]; Seegers et ayords, only cows not to be culled were
[43]; Stevenson and Lean [45]), and reachedxamined for this health disorder [11].
28.5% when high SCC and teat injury wererurthermore Erb et al. [17] and Grohn et al.
added [45]. The proportion of cows culled[27] found no direct association between
for locomotor disorders and defects was lownetritis and risk of culling after adjusting
(below 6% in 80% of available studies). Theor reproductive performance_

proportion of cows culled for other health
disorders (mainly peripartum health events
varied widely between studies, mainly
depending on the definition of culling rea-
sons.

The effect of cystic ovaries as risk factor
?or culling remains unclear. Erb et al. [17]
and Oltenacu et al. [37] found an increased
risk of culling among cows with cystic
ovaries, whereas Martin et al. [32] and

Despite variations according to produc-Rajala-Schultz and Grohn [39] reported that
tion systems studied, at least one-half of altysts protected against culling. In general,
cullings are primarily declared as healthcystic ovaries were no longer associated
related. with an increased risk of culling when

adjustment was made for reproductive per-

, formance [4, 27, 40]. Ovarian cysts proba-

3.2. Health disorders bly act on culling through delayed concep-
as risk factors for culling tion. These results show the critical
importance of the methodological choices

The role of health disorders as risk factorgstage of lactation, definition of health dis-
for culling has been investigated in a numorder, inclusion of reproductive performance
ber of studies in the past 20 years. Two crias a risk factor in the analysis) for the inves-

teria were used to select results included ifigation of health disorders as risk factors
this review: (1) studies based on recordsor culling.

from commercial herds only; (2) studies A L trend. dvstoci direct
using discriminant analysis, logistic regres- S ageneral trend, dystocia was a direc

sion, or survival analysis, in order to pre_risk factor for culling, regardless of the def-
' ' inition of the disorder.

vent misinterpretation of unadjusted risks
of culling associated to health disorders. The investigation of retained placenta as
Table | gives the main characteristics ofa risk factor for culling showed contrasting



Table I. Description of materials and methods (adjustment variables other than health disorders) used in selected papers.

Studies :
cggi‘fgggem Method? Authors
Country Study period Sample size Bréed
NL 1982-1990 35 herds DF, MRY LN, Y, MY, B, S, H SA  Barkema et al. (1992) [2]
15 051 lactations
France 1986-1990 47 herds H LN, MY, BVM, RP, H LR  Beaudeau et al. (1994) [4]
7 063 lactations
France 1986-1990 47 herds H LN, ST, MY, FC, PC, RP,HS SA  Beaudeau et al. (1995) [5]
3589 cows
Canada 1979-1981 32 herds H A, MY, H DA  Dohoo and Martin (1984) [11]
2 875 lactations
USA 1981-1983 33 herds H A, MY, RP, H LR  Erbetal (1985) [17]
2 850 lactations
USA 1984-1996 20 herds H LN, MY, H SA  Geishauser et al. (1998) [23]
508 cows
Finland 1983 73 368 lactations Ayrshire LN, HMY, S LR  Groéhn and Saloniemi (1986) [24]
USA 1994-1995 14 herds H NL, ST, MY, RP, H SA  Grohn et al. (1998) [27]
7 523 cows
Canada 1977-1978 18 herds H A, MY, H DA  Martin et al. (1982) [32]
Sweden 1983-1985 109 010 lactations  SRB, SLB LN, HMY, S LR  Oltenacu et al. (1990) [37]
UK 1985-1987 42 herds BF MY, RP SA  Pasman et al. (1995) [38]
3 105 cows
Finland 1993 2 338 herds Ayrshire LN, ST, S, HARPMYS SA  Rajala-Schultz and Gréhn (1999) [39, 40, 41]
39 727 cows

1H: Holstein, SRB: Swedish Red and White, SLB: Swedish Friesian, DF: Dutch Friesian, MRY: Meuse Rhine Yssel, BF: British Friesia

2A: age, LN: lactation number, ST: stage of lactation, MY: milk yield, FC: fat content, PC: protein content, BVM: breedirigrvaille RP: reproductive perfor-
mance, B: breed, S: season, HMY: herd milk yield, HS: herd-season, H: herd.

3DA: discriminant analysis, LR: logistic regression, SA: survival analysis.

40Only in Rajala-Schultz and Gréhn (1999) [40].

50nly in Rajala-Schultz and Gréhn (1999) [41].
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Table Il. Effect of health disorders on culling (literature review).

Risk of

Health disorder culling Comments Authors
Metritis 0.3 diagnosis < 21 d on early culling Beaudeau et al. (1994) [4]

2.3 diagnosis > 50 d on late culling Beaudeau et al. (1994) [4]

15 diagnosis >50d Beaudeau et al. (1995) [5]

(-t  diagnosis>60d Dohoo and Martin (1984) [11]

NS Erb et al. (1985) [17]

NS? Grohn et al. (1998) [27]

()t Martin et al. (1982) [32]

14 primiparous Oltenacu et al. (1990) [37]

2.2 diagnosis<30donculing<30d Rajala-Schultz and Gréhn (1999)939]

14 diagnosis < 30 d on culling > 240 d
Cystic ovaries NS Beaudeau et al. (1994) [4]

NS Beaudeau et al. (1995) [5]

NS Dohoo and Martin (1984) [11]

NS primiparous Erb etal. (1985) [17]

15 multiparous Erb et al. (1985) [17]

NS Grohn et al. (1998) [27]

() Martin et al. (1982) [32]

2.6 primiparous Oltenacu et al. (1990) [37]

0.3  diag. <150 d on culling < 150 d Rajala-Schultz and Grohn (19994)§39]
Dystocia 1.7 caeserean section Barkema et al. (1992) [2]

NS Beaudeau et al. (1994) [4]

17 accident at calving in.3 Beaudeau et al. (1995) [5]

1.2 calving provided with assistance Beaudeau et al. (1995) [5]

NS Dohoo and Martin (1984) [11]

29 primiparous Erb etal. (1985) [17]

3.7 multiparous Erb et al. (1985) [17]

1.9 Grohn and Saloniemi (1986) [24]

(+) Martin et al. (1982) [32]

1.7 primiparous Oltenacu et al. (1990) [37]

24  onculing<30d Rajala-Schultz and Grohn (1999)439]

1.2 on culling > 240 d
Retained placenta 1.2 on late culling Beaudeau et al. (1994) [4]

0.7 diagnosis in lactation 1 Beaudeau et al. (1995) [5]

NS Dohoo and Martin (1984) [11]

NS primiparous Erb et al. (1985) [17]

NS Grohn et al. (1998) [27]

NS Martin et al. (1982) [32]

14 primiparous Oltenacu et al. (1990) [37]

NS diagnosis in lactation 1 Pasman et al. (1995) [38]

NS Rajala-Schultz and Gréhn (1999) [39]
Milk fever 1.6 on early culling Beaudeau et al. (1994) [4]

NS Beaudeau et al. (1995) [5]

+) cow down Dohoo and Martin (1984) [11]

NS Erb et al. (1985) [17]

23 on culling<30d Grohn et al. (1998) [27]

NS Martin et al. (1982) [32]

25 onculing<30d Rajala-Schultz and Gréhn (1999)%39]
Abortion 6.2 diagnosis > 180 d of gestation

on late culling

Beaudeau et al. (1994) [4]
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Table Il. Effect of health disorders on culling (literature review) (continued).

Health disorder Elljsllli(n%f Comments Authors
Abortion 2.4 diagnosis > 180 d of gestation Beaudeau et al. (1995) [5]
NS Dohoo and Martin (1984) [11]
Stillbirth 1.3 primiparous Oltenacu et al. (1990) [37]
Displaced NS Dohoo and Martin (1984) [11]
abomasum 1.3 Geishauser et al. (1998) [23]
23  onculling<30d Gréhn et al. (1998) [37
NS? Martin et al. (1982) [32]
6.8  diagnosis<30donculing<30d  Rajala-Schultz and Gréhn (1999)939]
Ketosis (<} onculing<150d Dohoo and Martin (1984) [11]
0.8 Grohn and Saloniemi (1986) [24]
NS primiparous Oltenacu et al. (1990) [37]
1.9 diagnosis in lactation 1 Beaudeau et al. (1995) [5]
1.7 diagnosis in lactation 2 Beaudeau et al. (1995) [5]
1.9 on culling<30d Gréhn et al. (1998) [27]
1.7 on 120 < culling < 180 d Gréhn et al. (1998) [27]
2.1  diagnosis <30donculing<30d Rajala-Schultz and Grohn (1999)339]
Mastitis 15 diagnosis < 90 d on late culling Beaudeau et al. (1994) [4]
4.0 diagnosis during dry period
in lactation 1 Beaudeau et al. (19950[5]
1.3 diagnosis < 45 d in lactation < 3 Beaudeau et al. (1995) [5]
3.6 local therapy on culling < 150 d Dohoo and Martin (1984) [11]
5.2 primiparous Erb et al. (1985) [17]
2.1 multiparous Erb et al. (1985) [17]
1.6 Grohn and Saloniemi (1986) [24]
1.9  diagnosis<30donculling<30d  Grohn etal. (1998§{27]
3.0 60 < diagnosis < 150 d
on 120 < culling < 180 d Grohn et al. (1998) 7]
NS Martin et al. (1982) [32]
NS diagnosis in lactation 1 Pasman et al. (1995) [38]
141026 Rajala-Schultz and Gréhn (1999) 139]
High SCC NS Beaudeau et al. (1994) [4]
SCC 300-800 it 1.2 throughout lactation 1 Beaudeau et al. (1995) [5]
SCC=800cmit 1.7 throughout lactation 1 Beaudeau et al. (1995) [5]
Subclin. mastitis (8  on culling > 150 d Dohoo and Martin (1984) [11]
Teat injuries 6.0 on early culling Beaudeau et al. (1994) [4]
5.7 diagnosis in lactation 1 Beaudeau et al. (1995) [5]
1.7 diagnosis in lactation2 Beaudeau et al. (1995) [5]
1.5t03.0 Rajala-Schultz and Grohn (1999) 139]
Locomotor NS Beaudeau et al. (1994) [4]
disorders NS Beaudeau et al. (1995) [5]
(+) on culling < 150d Dohoo and Martin (1984) [11]
NS diagnosis in lactation 1 Pasman et al. (1995) [38]
1.210 6.0 Rajala-Schultz and Grohn (1999) 139]

1(+): increased risk; (—): decreased r&NS: no significant associatiofresults from a model containing terms

for the interaction of health disorder and stage of lactation and terms for current milk yield and conception status;
4 results from a model containing terms for the interaction of health disorder and stage of lactation at culling;
5complete results are provided in corresponding paper.
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results. Six of the 9 available studiesof being culled after mastitis occurrence
reported no significant effect, whereas Olteexists for all stages of lactation [39].

nacu et al. [37] and Beaudeau et al. [4] The high impact of teat injuries on

reported that cows with retained placent%u"ing found by Beaudeau et al. [4, 5, 39]

were at least 1.2 times more at risk. Grdhrﬁﬂ ht be because thev prevent milking and
et al. [27] suggested that the putative effecéagse mastitis. yp g

of retained placenta may be indirect, through
the mediation of poor reproductive perfor-
mance.

3.2.4. Locomotor disorders

A few studies investigated the effect of
lameness on culling. Most reported no sig-
nificant effect. A possible explanation is
fever were found to be at greater risk oﬁhat many foot problems stay on a subclin-

. L cal level and perhaps do not play a major
being culled within 45 days postpartum [5, . : . 0
27, 39]. Most previous studies did not reporéOle in the culling decision. Less than 3%

3.2.2. Metabolic disorders

In two recent studies, cows with milk

f dairy cows were culled because of foot
any effect, maybe because the moment qf.
. o . isorders (see above).
culling within the lactation was not

accounted for. . .
. ) 3.2.5. Health disorders as risk factors
Displaced abomasum was a risk factor for specific culling reasons

for culling mainly in early lactation, mostly

right after its occurrence [23, 27, 39]. Apos-  Few studies have been done to investi-
sible explanation could be the decreasegate these specific relationships. Milian-
milk production following the occurrence Syazo et al. [34], in a comprehensive study,
of that event, that may indirectly lead to arfound associations consistent with biologi-
increased risk of being removed [23].  cal assumptions. Downer cow syndrome
There were variations between studiesvas associated with an increased risk of
on the effect of ketosis as a risk factor fodeath, mastitis and teat problems with
culling. Papers from the eighties [11, 24]culling for udder disorders, cystic ovaries
reported a protective effect of ketosis orand abortion with culling for poor repro-
culling, probably in relation to a positive duction, foot and leg problems with culling
association between ketosis and milk yieldfor locomotor disorders and left abomasal
Recent studies using survival analysis wittdlisplacement with culling for miscellaneous
adjustment on the milk yield reported anreasons. Martin et al. [32] reported that a

unfavourable effect [5, 27, 41]. cow having experienced mastitis or lame-
ness in the current lactation had a signifi-
3.2.3. Udder disorders cantly increased risk of being culled for the

culling reasons ‘mastitis’ and ‘foot prob-

An increased risk of culling in cows lems’ respectively. However, occurrence of
which have experienced mastitis is a clasreproductive disorders did not significantly
sical finding, regardless of breed, studyincrease the risk of culling for reasons
period or design. For mastitis, the main riskKreproductive problems”. Oltenacu et al. [36]
periods for being culled were early lacta-investigated the relationships between the
tion [4, 27] and dry period [5]. Despite ahealth status of cows and their reason for
very low incidence rate, the very high riskculling and concluded that there was no sta-
associated with mastitis during the drytistical significant association. These diver-
period can be explained by its severity, posgent results show that, except for a few obvi-
sibly associated with a doubt on expectedus and direct relationships, the associations
yield in the next lactation. However the riskbetween health disorders and specific culling
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reasons are complex. Owing to the hugelecisions are made with consideration of
herd effect on declared culling reasons, aparticular events in the current lactation, or
on-farm check for plausibility of culling rea- integration of the whole disease history of
sons should be the most relevant approackhe cow. Several approaches are available:
However its feasibility is questionable. Fur-one can evaluate (1) the ability to start a
ther studies aiming at assessing the reliaaew lactation based on events occurring
bility and meaning of culling reasonswithin the current lactation of the cow [4,
declared by farmers are therefore necessary, 11, 17, 24, 27, 32, 37, 39—-41], or (2) the
To summarise, the risk of being cullegPossible effects of the health disorder on the

after dystocia and udder disorders (mastiti&/hole productive life of the cows [5, 38].
and teat injuries) appears clearly demonl" Beaudeau etal. [5], it appears that farm-
strated in the literature, whereas discreparf's €ssentially take into account current
cies remain on the association betweeff/€Nts for making decisions, whereas the
reproductive and metabolic disorders angOntribution of health disorders from the
culling. These discrepancies may be due tRréVious lactation is low. For instance, mas-
differences in study designs, population of!liS 0ccurring in a given lactation had no
period involved and methods. As alreadyMPact on the risk of culling in the subse-
suggested, the impact of reproductive disduent one. This is in agreement with findings
orders highly depends upon whether or nof Neerhof et al. [35] who reported that,
the reproductive performance is included a@Mong the models including different dura-
an adjustment variable in models. Due tdions Of mastitis effect (10, 100, 200, 400,
the known effect of some health disorders o000 days or to the end of lactation), the one
reproductive performances and milk yield!n Which the mastitis occurrence affects the
(reviews of Fourichon et al. [21, 22]; Hortet [1SK Of being culled until the end of the lac-
and Seegers [28, 29]), the inclusion of reprotation had the largest likelihood.
ductive performance and/or current milk

yield (e.g. days to conception and/or maturey 5> Time of occurrence of health
equivalent 305 d milk yield of the lactation disorders during life and culling
of concern) could lead to either the removal
of the direct effect of health disorders, or
the inclusion of an additional indirect effect. |,
The direct and indirect effects of health dis,
orders on culling will be elaborated in depth
in paragraph 4.4 of this paper.

Identification of early predictors for
ngth of productive life (including health
aits) is potentially of great interest in breed-
ing strategies to improve longevity of dairy
cows.

In a study involving 787 Holstein cows,
4. ON THE DIFFERENT STRATEGIES Warnick et al. [49] found that occurrence

TO MODEL THE EFFECT OF of dullnt_as_s, resp_iratory health d_isorder or
HEALTH DISORDERS ON CULLING: scour within the first 90 days of life had no
METHODOLOGICAL ISSUES impact on length of productive life, as
AND ASSOCIATED RESULTS defined in paragraph 2.2.

Furthermore, Pasman et al. [38] reported

4.1. Length of productive life or lactation  no significant influence of any disorder
as time frame for making culling recorded in the first lactation on length of
decision productive life. This may be due to a ‘mask-

ing’ effect of 305 d milk yield and number

Different time-frames for evaluating the of services in the current lactation included
impact of health disorders can be considin the models considered in this study. The
ered to check whether health-related cullindact that cows culled early (1st parity) are
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more frequently eliminated for reasons sucltulling decisions mostly at the time of their
as “low milk yield” and “poor reproductive occurrence.
performance” than for health-related rea- From other studies, two categories of

sons supports this explanation. Elderly COWRealth disorders can be considered. The first
are often culled for health-related réasoNgne includes health disorders for which a

[43]. culling decision is made very quickly, and
As a consequence, it can be assumed thair which the cow leaves the herd soon after.
the relative weights of health disorders and eat injuries, non traumatic udder disorders
performance (milk yield and/or reproduc-other than mastitis [4], mastitis occurring
tion) on culling may vary across parities:before the peak of lactation [27] may induce
compared to the impact of health disordergarly cullings, in agreement with descrip-
on culling, the impact of performance wouldtive findings of Seegers et al. [43] based on
be higher in primiparous cows and less irdeclared culling reasons. These health dis-
later parities. Further analyses stratified byrders are mainly related to the fact that they
parity would allow to check this assump-can prevent milking. Also, accident at calv-
tion. ing and downer cow syndrome, because they
induce a presumed vital prognosis, ketosis
and displaced abomasum in early lactation,
4.3. Time of occurrence of health because they are often associated with a sub-
disorders within lactation and culling  sequent drop in milk yield, are all likely to
lead to immediate removals [4, 23, 27]. The
Health disorders may have differentsecond group comprises other types of
effects on culling depending on when theyhealth disorders which, in most cases, do
occur, and when their effect on culling isnot affect milking ability and for which
observed [4, 5, 27, 39-41]. culling is generally delayed [33, 43]. These
The differential impact of mastitis and are mastitis after the p_eak pf lactation,
metritis, depending on their stage of lactatio meta_b .O“C and repr_oduc_t Ive disorders. For
(higher’ risks associated with early occur?nasms’. re_productlve disorders and some
rence of mastitis and late occurrence o etabolic disorders, farmers may choose to
reat first in order to allow the recovery of

metritis respectively [5]) clearly demon- .
strates two key-times (peak of lactation an hue”i(;](zgw, and therefore postpone her possible

service period) in the farmers’ decision to
cull. It is reasonable to assume that cows
conceiving at first Al and/or high yielding 4 4 Direct and indirect effects

cows in early lactation are more likely to of health disorders on culling
be kept. This could partly explain why mas-
titis occurring before the peak of lactation

had a large impact on culling, and why late In regards of the known detrimental

metritis. brobably throuah an increase OFffects of some disorders on reproduction
P y gr and milk yield [21, 22, 28, 29], two inter-
days open, affects longevity.

related questions arise: (1) how to control
Studies on possible interactions betweeproperly for possible confounders when
occurrence of health disorders and time ofssessing the ‘true’ effect of health disor-
culling may indicate in which delay farmersders on culling; (2) what is the relative
react. Rajala-Schultz and Gréhn [39]impact of some health disorders as either
reported that mastitis, teat injuries and lamepredisposing risk factors (that is, which
ness had a significant effect on cullingcould not induce culling per se, but having
throughout the whole lactation, whereas so-called indirect effect) or determining
other non reproductive disorders affectedactor for culling (that is, having a so-called
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reproduction
Figure 2. lllustration of the / \
di?ect and indirect effect milk yield ===x=====- P health disorder —— culling
(through milk yield and \ /V
reproduction) of health dis-
orders on culling. milk yield

direct effect). The concept of direct vs indi-current lactation (305 d milk yield expressed

rect effect of a given health disorder onin breed class units for Martin et al. [32],

culling is illustrated in Figure 2. Dohoo and Matrtin [11]). It is reasonable to
In all available studies, milk yield and assume, even if it was not clearly stated in

reproductive performance, whenever included€S€ studies, that part of the effect of health
in models, had, on average, a higher impaalsorders is included in the estimated effect

on culling than most frequent health events?f Milk yield. Descriptors of current milk
such as mastitis. yield derived from measures at fixed stage of

i lactation after interpolation from the nearest
In this context, the reported effects 0fycq ) test day measurement [27, 41] also

both health disorders and performancee,ea| hoth direct and indirect (through

should be interpreted with caution, becausgecreased milk yield) effects on culling. For

they highly depend upon how milk yield jnsiance, the inclusion of current milk yield
and reproductive performance are describegl 4 1o a decrease of the impact of mastitis.

in the models. The advantages and drawg,yever the estimates of effect of mastitis
backs of different strategies to deal with.emained large, demonstrating a direct
these covariates will be addressed separatq%paCt [27, 41]. ’

below.
W Strategies including milk yield in the

_Grohn et al. [26] discussed some strategrrent lactation depend on the goal of the
gies for accounting for milk yield as an gydy. If one wants to study the effect of
adjustment variable, taking the analysis oheg|th disorders on culling after proper con-
the effect of mastitis on culling as an examyyg| for potential milk production (strategy
ple. The no inclusion option (strajtegy_Al)A3), measures that express a phenotypic
does not appear as a correct choice sincejhiential (e.g. best of the two monthly milk
does not correct for the fact that high y'eld_'yield records derived from Wilmink [50])
ing cows are more susceptible to mastitighoy|g be preferred to cumulative yield over
(see for instance, Grohn et al. [25]). Othetpe |actation: the former is assumed to be
strategies aim at both addressing the faggss affected by occurrence of most health
that milk yield is a risk factor for mastitis y4isorders than the latter one [4]. Grohn
and at preventing overadjustment (Fig. 2et 5|, [26] proposed the first 60 d cumulative
dotted line). Using previous milk yield ik yield as a relevant descriptor to
(strategy A2) appears to be a relevant optiogontro| for milk yield. Another option is to
since it partly avoids overadjustm_en_t. HoW-consider the phenotypic potential as the
ever, this strategy excludes primiparousyaximum class of milk yield reached by
cows from the analysis. Furthermore, prezsch cow within herd. For instance,
vious lactation yield is far from a perfect geaydeau et al. [5] included in their models
indicator of thg milk production po_tenual a variable based on the comparison, at date
of the cow during the current lactation. ¢ hew calving, of the class of 305 d mature

In the literature, the descriptors of milk equivalent milk production and the class of
yield are often a cumulative yield in thepotential 305 d mature equivalent milk
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production (extrapolated from the best ofconfusion made between biology-related
the first two monthly milk yield records) in and herd health management-related mech-
the current lactation. The best of these twanisms (farmers’ decision to cull). Disease
classes was considered as representing th&ects conception (see above) and open
real phenotypic potential on production oncows are more likely to be culled. However,
which the farmer is likely to base his vol-if the producer has planned to cull a given
untary culling decisions. If the goal is tocow anyway, he may decide not to breed
partition direct and indirect effects of a givenher, whether or not the cow experiences a
health disorder (strategy A4), current milkgiven health disorder in the current lacta-
yields (in the form of test day milk yields) tion. Such an approach does not allow to
may be used [27, 41]. partition these two mechanisms, if both are

Few studies included poor reproductivepresem'
performance in models for the assessment of T account for the fact that a cow to be

health disorders as risk factors for cullingyred is per se not at risk of being culled for
[4,5,17, 27, 41]. Several strategies for theyoor reproductive performance during her
analysis can be used. postpartum anoestrus, a strategy (strategy

Erb et al. [17] partitioned the influence of B3) is to design a variable describing the
reproductive disorders on culling in directreproductive status of each cow, so that a
and indirect effects using the path analysi§iven cow is modelled to be at the lowest
method (strategy B1). In their paper, retaineéisk of being culled in early lactation. Such
placenta, metritis and cystic ovaries weré variable may be based on the sequence of
assumed to have both a direct impact anf! @ cow experiences and not on status at
an indirect one through the mediation oftime of conception [5]. The reproductive
increased days to first service and increasedatus was defined in four ordinal classes of
number of services. These authors reportédimbers of days open postpartum. From
that, in multiparous cows, retained placent@ne class to the next, the cow was supposed
and metritis had only an impact on disposalo be affected by more severe fertility prob-
through increased number of serviceslems. This variable was a time-dependent
whereas cystic ovaries had both direct andariable, and its effect was assumed piece-

indirect effects on culling through increasedvise constant; jumps occurred at date of
number of services. calving and at the first date of any recorded

Al occurring within the intervals 90 to 149,

Another strategy (strategy B2), which is150 9 209, and 210 d postpartum of each
a priori the simplest, is to introduce in thejgctation.

models the conception status (pregnant vs.

open), as a time-dependent variable, with To avoid confusion between biology and
the hypothesis that the detrimental effect omanagement-related factors (as described
being open is large, regardless of the exaetbove), Grohn et al. [27] suggested to use Al
time of receiving this information [27]. information, in addition to the knowledge
Using this option, the effect of reproductiveof pregnancy status (strategy B4). If a cow
disorders (retained placenta, cystic ovariesy bred at least once, it may be assumed that
becomes non significant, meaning that thesthe absence of conception does not result
health disorders have no direct impact orirom the farmer’s decision. Therefore, by
culling. Unfortunately, this option neglectsaccounting for the number of Als a cow
that the effect of being open depends oexperiences, it is possible to distinguish
when this information is available within among cows that never conceived, those
the lactation (for a given cow to be breddeliberately not inseminated, and those
this effect is presumed null within the post-failed to conceive despite several insemi-
partum anoestrus). Another drawback is theations [40]. Rajala-Schultz and Gréhn [40]
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reported that the earlier the farmer knew alisorders [5, 39], the latter with descriptors
cow had conceived, the smaller was her riskf performance [5].

In contrast, whether or not the farmers
Ihake culling decisions based on health dis-

had a 10 times higher risk than a cow insemr, o o only on current milk yield/repro-

inated once (management-related contribuyciion is a specific question requiring that
tion). the researcher includes performance from
To avoid the inclusion in the same modethe current lactation. To assess the direct
of covariates (reproductive health disorderys. indirect effect of health disorders on
and days open) that are often stronglyulling, it may be advisable to use the sys-
related, a strategy (strategy B5) is to fit twatematic strategy developed by Gréhn et al.
separate models: one including reproducf27], and partly used by Rajala-Schultz and
tive health disorders, an alternative ondsréhn [39, 40, 41], which consists in per-
including a reproductive status variableforming four models: the first contains terms
based on Al information but without repro- for health disorders only, the second con-
ductive health disorders [5]. A drawback oftains terms for health disorders and repro-
such an option is that it does not allow per sductive performance only, the third contains
the partition of the direct and indirect effectsterms for health disorders and milk yield
of a given health disorder. only, the fourth contains terms for health
To summarise. extreme caution iSdlsorders and both for reproductive perfor-
: o . mances and milk yield. Then the comparison
required for the interpretation of the effects

of health disorders on culling when descrip-Of the effect of health disorders in the 4 mod-

tors of milk vield or reoroductive perfor- els is of interest. Table Ill gives, as an exam-
y ep P ple, values of relative risk of culling after
mances are included in models.

occurrence of some health disorders
For the assessment of the “true” effectestimated from the four models described
of health disorders after a proper control foin Grohn et al. [27]. From the comparison of
possible confounders, it may be adviseeffects for each health disorder, ketosis
either to express yield in terms of potentiabppeared to have only a direct effect on
(use of real producing abilities) and notculling, since relative risks of culling were
actual values, or to perform separate modelsimost the same among models. Mastitis
the former with descriptors of health occurring within 30 d postpartum and cystic

Table Ill. Risk of culling consequent to 4 health disorders depending on whether or not milk yield
and reproductive performances in the current lactation were accounted for — from Grohn et al. [27].

Relative risk of culling

Health disordes Health disordes Health disordefs Health disordefs
+ milk yield + reproduction + milk yield
+ reproduction

Ketosis 2.4 2.4 2.4 23
Cystic ovaries 1.4 1.9 NS NS

Mastitis < 30 d pp 25 NS 2.5 NS
Mastitis > 60 d pp 4.9 4.4 4.0 3.6

1Reference: cow without the health disorder of concern.
2Model containing terms for.
3p>0.05.
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ovaries had only an indirect impact onof corresponding results is difficult and the
culling through low milk yield and poor lack of power often huge [4]. Another option
reproductive performance respectively: theivould be to introduce in the models syn-
effect was no longer significantly higherthetic variables describing diseases com-
than unity in models containing terms forplexes, defined from preferential associa-
milk yield and reproductive performancetions between health disorders.
respectively. Mastitis occurring after 60 d

postpartum had both a direct and an indi-

rect effect on culling: its effect decreased; ~oNCLUSIONS AND AREAS

when a term for milk y|9|d was accounted FOR EUTURE RESEARCH

for in the models. In any case, conclusions
remain highly dependent on the definition of
descriptors of milk yield and/or reproduc-
tive performance.

The following conclusions and perspec-
tives can be drawn from this review.

Survival analysis with time-dependent
variables appears to be the most desirable
4.5. Effect of a sequence technique for analyses of culling decisions.
of health disorders on culling It provides time-specific probabilities of
culling for health events to be used espe-
Several previous studies reported assa:ially in simulation models.
ciations between health disorders throughout F5rmers mainly take into account the

the lactation [11, 17, 24, 32] or health pro-,ccyrrence of udder and reproductive dis-
file throughout the whole lifespan of dairy 5,qers through poor reproductive perfor-

cows [20]. Whether or not the farmersyance in the health-related culling of dairy
account for sequences of health dlsordeggows_

to make culling decisions has only receive

a partial answer in the literature. On average, the calculated impact of

. . .. health disorders on longevity is low, com-
With proportional hazards or logistic pared to those of low milk yield and poor
regression models, when the effect of sever productive performance. However, fur-

health disorders are studied jointly, the riSlm‘er studies aiming at assessing the relative
associated with a sequence of two healt pact on culling of health disorders and

disorders is assumed to be the product ofgformance in different parities are needed.
the risk associated with each. In their study, ) o
Beaudeau et al. [5] showed that estimates COWS are culled after taking mainly into
of effect associated with each health disordccOUNt events in the current lactation, rather
der remained almost unchanged when thedB@n their whole disease history.

health disorders were studied in separate Culling decision-making process is
models or jointly. In constrast, Rajala-dependent on the nature of health disorders.
Schultz and Gréhn [39] reported that the=armers tend to cull cows with parturient
effects of dystocia and metritis were slightlyevents or udder disorders (other than mas-
reduced when included simultaneously irtitis) possibly affecting milking ability
the model, compared with a situation whershortly after calving, whereas cows with
they were modelled separately. This lattemastitis and reproductive disorders leave
finding suggests interrelated effects of soméhe herd later within the lactation.

diseases on culling [39]. Culling decision-making process is also

In case of non additive estimates on thelependent on the moment of the health dis-
log scale, considering interactions betweeonrder occurrence. Farmers preferentially
health disorders may partly answer theonsider health events occurring in early
methodological issue, but the interpretatiorstages of lactation.
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The appeal of survival analysis with time-
dependent covariates is that the effect of
health disorders on the risk of culling can
be determined at different stages of Iacta[-s]
tion. The interpretation of these effects
requires extreme caution, especially when
other time-dependent covariates, such as
conception status are included in models. [€]

Whether or not information on milk yield
or reproductive performance from the cur-
rent lactation should be included depends
on the goal of the study. In any case, atter{/]
tion should be paid to the consequences of
overadjustment.

There is a huge herd effect on the risk of
being culled. Within-herd characteristics(®l
(availability of heifers, quota, farmer’s atti-
tude towards risk and uncertainty, milk and
beef market...) modify the risk for a cow [g)
to be culled for a given health disorder. For
a better understanding of the farmers’ deci-
sion to cull, additional studies investigating
the role of components of the herd effect ort%!
the risk of culling are needed.

(11]
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