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Summary — This study presents some guidelines for describing the health status of dairy cows over
their entire life span. it aims to define some types of health-paths (trajectories) described in terms of dis-
ease patterns (at the lactation level) and related to cow characteristics (breed, production potential) and
farms. The data were collected over a 20-year period on three experimental farms. Eight diseases
were analysed: clinical mastitis, lameness, placental retention, foot rot, digestive disorders, milk fever,
metritis, and arthritis. The statistical procedures used were correspondence analysis of time-indexed
tables and hierarchical ascending clustering. A total of 28 health-paths were identified and 16 of these
(the most common) are described in detail. At the lactation level, eight disease patterns were defined:
high incidence of disease other than mastitis (1), predominantly mastitis plus milk fever (2), predomi-
nantly foot rot (3), very low incidence of disease (4), mastitis plus digestive disorders (5), very high mas-
titis incidence (6), low incidence of disease (7), foot rot plus digestive disorders (8). Disease patterns
3 and 6 were more common in shorter life spans (< 4 lactations). Conversely, health profiles 2 and 4
were generally related to the longest life spans. These results will be included in a future model of
the life span of daiy cows which will also take into account other performance parameters such as
milk production and reproduction.

dairy cow / life span / health status / culling

Résumé — Une méthode de description des profils de troubles sanitaires a I'échelle de la car-
riere des vaches laitiéres. L ‘étude présente une approche permettant de décrire le statut sanitaire a
I'échelle de la carriére des vaches laitieres, afin de déterminer des types de trajectoires sanitaires
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Baillarguet, BP 5035, 34032 Montferrier-sur-Lez, France
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décrites en termes de profils de santé a I'échelle de la lactation et reliées aux caractéristiques de la vache
(race, potentiel de production) et de sa ferme d'origine. Les données proviennent de trois domaines
expérimentaux Inra, enregistrées sur une période de 20 ans. Huit pathologies ont été prises en
compte : mammites cliniques, boiteries, rétention placentaire, panaris, troubles digestifs, fiévre vitulaire,
meétrite et troubles articulaires. La procédure statistique a utilisé une analyse des correspondances sur
tableaux indicés dans le temps et une classification ascendante hiérarchique. Au total, 28 trajectoires
ont été identifiées et 16 (les plus fréquentes) ont été décrites en détail. A I'échelle de Ia lactation, huit
profils de santé ont été définis : forte morbidité a I'exception des mammites (1), mammites + fiévre vi-
tulaire dominant (2), panaris dominant (3), faible incidence pathologique (4), mammite + troubles
digestifs (5), forte incidence des mammites (6), faible incidence pathologique a l'exception des boiteries
(7), panaris + troubles digestifs (8). Les profils 3 et 6 €taient plus fréequemment associes aux carrigres
courtes (< 4 lactations). A l'inverse, les profils 2 et 4 ont été rencontrés surtout dans les carriéres
longues. Ces résultats seront inclus dans un futur modéle de carriére des vaches laitiéres qui prendront
en compte d'autres parametres tels que la production laitiére et les performances de reproduction.

vache laitiére / carriére / statut sanitaire / réforme

INTRODUCTION

The productive life span of a cow can be
considered as the succession of lactations
between first calving and culling or death.
Health is related to the length of the life span
(Beaudeau et al, 1994a) and is a major fac-
tor in culling (Beaudau et al, 1993). How-
ever, although there are some references
to production performance throughout the
life span (Gaspardy et al, 1992), most
authors have assessed the health status of
farm animals only during sections of the life
span within lactation or during two consec-
utive lactations (Dohoo et al, 1983; Dohoo
and Martin, 1984; Bigras-Poulin et al, 1990;
Faye, 1991). The latter studies showed
dependencies between the health status of
consecutive lactations, which suggests that
specific sequences of diseases may occur
throughout the entire life span of cows.

in this study we assumed that the ‘health
biography’ of a dairy cow could be summa-
rized by a succession of lactations each
characterized by one of a few possible types
of health status (‘lactation disease patterns’).
Comparisons between cows yielded spe-
cific evolutions of the health status (‘life
health-paths’) likely to be controlled partly
by cow characteristics and management

practices. Particular attention was paid to
summarizing the relationships between
health biography and longevity. Such an
approach does not provide specific techni-
cal advice for the culling decision (Seegers
et al, 1994), nor does it assess the effect of
disease on longevity (Beaudeau et al,
1994b), but it aims to identify life health-
paths in order to compare them in the future
with life performance-paths (Coulon et al,
1993). We assume that there are proper
dynamics of the categories of performances
(health, production, reproduction and weight)
during the life span. Concerning these
dynamics the basic question is: ‘Are they
controlled by initial conditions (eg, genet-
ics, heifer's rearing) or do they have an
acquired logic’ Before answering this ques-
tion therefore it is necessary to describe the
dynamics and their interindividual variability.
Therefore, in the present paper we propose
an original method to describe the cow's
health dynamics at the life-span level and
to answer the question ‘Is the health
biograhy of a specific cow unique, or is it
possible to identify types of health-paths
during the life span?’ Considering the source
of the data, our remarks will be focused
more on the method than on the descrip-
tion of the dynamics.
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MATERIALS AND METHODS

Available data

The data originated from the LASCAR data base
described by Lescourret et al (1992). These data
concerned 1 179 dairy cows (3 851 lactations)
managed in three experimental farms of the Insti-
tut national de la recherche agronomique, France
(Theix (Th), Orcival (Or) and Marcenat (Ma)) over
the last 10-20 years (Coulon et al, 1993). The
total number of cows recorded in each farm was
538, 306 and 395 respectively, ie, mean herd
sizes of 87, 77 and 82 respectively. The farms
were located at moderate elevations
(800—1 200 m above sea level). The housing
period was long (five or six months). The winter
diet was mainly based on grass silage, maize
silage or hay. The cows were tie-housed in a
cowshed. Other management practices differed
slightly between farms, so that the variable ‘farm’
was considered useful to summarize the man-
agement practices.

The diseases were recorded with the same
method by technicians and coded by means of
the checklist of 83 symptoms or diseases. Having
gathered these symptoms into a few groups to
facilitate the analyses (Faye et al, 1994a), we
retained the eight most frequent groups, ie, clin-
ical mastitis, lameness, placental retention, foot
rot, digestive disorders, milk fever, metritis and
arthritis (table 1). It should be possible to propose
a ninth group including ‘other diseases’, but such
a heterogeneous group would risk making fur-
ther interpretation more difficult.

We excluded from the original data base 355
cows whose last lactation lasted less than 150
days, in order to preclude bias caused by
decreased probability of observing disease occur-
rence in lactations shortened by early culling, and
to retain preferentially the life spans ended by
voluntary culling. We excluded also cows culled
for experimentation (n = 75).

Cows belonged to five breeds (Montbeliard
(M), French Friesian (FF), Holstein (H), Black-
Pied crossbreed (BP), and Red-Pied crossbreed
(RP). The Montbeliard breed was present only
at Marcenat. French Friesian cows were mainly
present at Marcenat (70%) and Theix (30%). The
Holstein breed was common at Theix (49%) and

Orcival (47%). The Black-Pied crossbred was
distributed between Marcenat (27%), Theix (42%)
and Orcival (31%). Finally, 87% of the Red-Pied
crossbreds were present at Orcival. The cows
were characterized by their production potential,
estimated by their initial production (IP: mean of
the 4th, 5th and 6th days of milk production in
the first lactation) (Hoden, 1978; Coulon et al,
1989) and by the length of their life span (one to
seven lactations). Cows having longer life spans
(up to eleven in the data base) were rare; they
were thus grouped with cows having achieved
seven lactations.

The life health-paths couid be partly described
by the breed, initial production potential of cows,
culling reason and the farm as summary of man-
agement practices. Culling reasons were known
and divided among eight causes (reproduction,
calving disorders, disease, accident, mastitis,
milk production, old age and experimentation).

Statistical procedure

In the following, ‘lactation heaith profiles’ refers to
the occurrence (presence or not) of each of the
eight diseases described above in cows during
their separate lactations. ‘Life health-path’ refers
to the specific succession of health profiles in
cows during their life spans.

Data processing involved: (1) the identifica-
tion of a few types of life health-paths for a given
length of life span; and (2) the identification of
the main types of lactation disease patterns dur-
ing a factation.

A first strategy had been examined which con-
sisted of defining types of health profiles first by
comparing cow lactations independently of the
length of the life span, then by determining the
succession of the types of lactation health pro-
file during the course of the life span in the second
step. This method yielded 34 types of health-
paths, which were difficult to interpret (Faye et
al, 1994b). Moreover, we considered that it was
more relevant to identify the life health-path in a
first step and to simplify the information con-
cerning the health status at lactation level in a
second step.

We thus decided upon a strategy which
included three steps summarized in figure 1.
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STEP 1: identification of life health-path
(example of cows with 3 lactations)

L3 LIFE HEALTH-PATH (hp)

cow | 01011000 01011100/ 01011000/ A

cow 2 01011000| 1011100. 01011100

00010010

L1 L2

cow4 11100011 00010010
cow 5 [11100011| 00010010

111100010

A
B
RIS
C
C

11100011

clustering of cow disease
pattern during life-span

4=

STEP 2: identification of disease pattern
at lactation level

Exs
hpA*LI 0 2 0
hpA*L2 0 2 0
hpA*L3 0 2 0
hpB*Ll 0 0 0
010

hp B * L2

=~ NN ret

- O M NN et
oo =Moo lam
-0 oo o art

&
g
0
0
0
0
0

hpC*L3 333000 3 2

contingency table

clustering of disease
occurrence distribution (in %,

dataset

’ ,,

\ H

i N S

| N |
profile 1 profile2  profile 3
hp A* L1 hpB*L1  hpC*L3
hp A * L2 hpB*L3  hpC*Ll1
hp A*L3 hp C* L2

hp B * L2

STEP 3: reconstitution of life health-paths

hp A profile 1 _ profile I | profile I

hp B profile2 | profile 1 | profile2

|
]

hp C Iprofile 3 ' profile2 | profile 3 |

Fig 1. Scheme of the data processing.



458 B Faye et al

Step 1. Assigning a life trajectory to each
cow

For a given life-span length (n lactations), the
data set was arranged as a matrix of rows (cows)
and n x 8 columns (diseases). Each cell was
coded as 0 (absence) or 1 {presence). This cod-
ing method was assumed to be sufficient for defin-
ing the health status, as generally accepted in
epidemiological studies (Dohoo et al, 1983). The
data set was analysed by means of correspon-
dence analysis of index-linked time tabies
(Escofier, 1979; Benzecri, 1984). This analysis
was a variant of the factorial correspondance
analysis allowing the time-succession of similar
data sets to be taken into account (ie, in our case,
the sequence of lactations during the course of the
life span).

This analysis was followed by a hierarchical
ascending clustering (HAC) using the 2 distance,
in order to identify homogeneous groups of cows
with respect to the evolution of health status (life
trajectory’), namely A, B, C... (fig 1). The final
number of clusters was chosen according to the
method of Critchley (1988), ie, until the gain of
variance at each level of clustering decreased
suddenly (Faye, 1991). Because we did not wish
to describe marginal life trajectories, only the
main groups (ie, including at least 20% of the
total number of cows for a given life-span length)
were retained in the second step. However, these
marginal trajectoires will be considered as sup-
plementary data in the next analysis.

Step 2. Assigning a disease pattern to
each trajectory x lactation

We assumed that lactations could be compared
with respect to diseases independently of cows.
Here, each lactation was coded by means of both
trajectory (A, B, C,...) and its parity (1, 2, ..., n),
namely trajectory x lactation (or health-path x lac-
tation), to prepare the third step (see later).

For each lactation, knowing the trajectory (tra-
jectory x lactation), we calculated the occurrence
of the observed diseases (for example the num-
ber of the eight defined diseases concerning all
the lactation 1 belonging to health-path A). So,
we obtained a contingency table crossing trajec-
tory x lactation and diseases. To identify homo-
geneous types of trajectory x lactation, we used
hierarchical ascending clustering on a dataset of

health-path lactations described by the occur-
rence distribution (in %) of the eight diseases. At
the close of this analysis, we assigned a number
representing the type of disease pattern to each
lactation (fig 1).

The mean incidence of the eight diseases was
calculated for each type of lactation disease pat-
tern. Obviously, some lactations were free of
these diseases. The independence of the lactation
of disease pattern was tested by likelihood ratio
test (test G) described by Scherrer (1984).

Step 3. Reconstitution of the health-path
as a sequence of lactation disease pat-
tern

Each life health-path for a given life span became
the sequence of the types of lactation disease
pattern defined in the second step (fig 1). The
within distribution of breeds, farms, culling rea-
sons and IP was calculated for each life health-
path. This data process took into account the real
sequences of disease patterns at lactation level
during the whole life span in the first step. Sub-
sequent steps were aimed at simplifying the data
and helping the interpretation, particularly by
removing the marginal life health-paths.

The data management and statistical test used
S software (Becker et al, 1988), and the data
analysis ADDAD software (Fenelon, 1981).

RESULTS

After step 1, two or three types of trajectory
were identified for each length of life span,
after those concerning only a restricted num-
ber of cows were removed. These clusters
explained 57-66% of the total variance of
the data set as the life-span length. Over-
all, 16 life health-paths were retained out of
28. A few healthpaths were characterized
by the absence of disease over the whole
life span. But none of these ‘healthy’ health-
paths concerned more than 20% of the cows
for a given longevity except the shortest
(one lactation only). Alternatively, a ‘healthy’
health-path could be affected by diseases
other than the eight retained.
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Lactation disease pattern

Before describing the identified life health-
path, we present the lactation disease pat-
terns (table Il). These eight patterns
explained 70% of the variance of the data
set. The likelihood ratio test using the exper-
imentwise error rate (o,,) confirmed the het-
erogeneity of the distributions of diseases
in the eight lactation health profiles (P <
0.01). However, the statistical diffference
between profiles 2 and 5 was just beyond
the significance threshold (0.05). Mastitis
was prefominant in profiles 2, 5 and 6. In
profiles 3 and 8, foot rot was predominant. It
was associated with mastitis and digestive
disorders in profile 8 but not in profile 3. Pro-
file 1 was characterized by a high incidence
risk of digestive disorders, metritis, lame-
ness and arthritis.

Life health-path

The succession of these profiles in the dif-
ferent life health-paths are reported in fig-
ure 2, and the characteristics are summa-
rized in table 1l. The dominance of profiles
4 (low disease risk) and 2 (mastitis associ-
ated with milk fever) was obvious in life
spans of over four lactations. In contrast,
many 6 (high risk of mastitis) or 3 (high risk
of foot rot) profiles were encountered in
shorter life spans. In the following descrip-
tion, we assumed that the experimental
farms could be considered as being typical
in general management practices.

The most frequent health-path (C1) was
characterized by profile 1 where several dis-
eases had a high incidence; this profile was
restricted to this health-path. Health-path
A1 (mastitis dominant) represented all of
the one-lactation cows culled for mastitis.
Health-path B1 (foot-rot dominant) was char-
acteristic of the Marcenat farm. In health-
paths with two lactations, the lactations were
characterized by foot rot and mastitis, and

Table Il. Mean incidence risk (%) of the eight
dairy cow diseases in the disease patterns iden-
tified at the lactation level in three French herds.
The profile are reordered according to their max-
imum heterogeneity (G Test using experiment-
wise error rate).

Lactational disease
disease

pattern |mas frt dig ret met lam art mfr

38 57 23 3 2 0 15 0
55 7 14 13 15 4

py
6
5 H 51 6 25 9 17 18
2

34 22 7 3 13 16 17
10 22 43 12 35 37 33

o N N O

mas: mastitis; frt: foot rot; dig: digestive disorder; ret:
placental retention; met: metritis; lam: lameness; art:
arthritis; mfr: milk fever.

both paths have the same profile (interme-
diate mastitis risk) in lactation one.

We observed a visual difference between
life spans of less than four lactations and
longer life spans. Indeed, we observed
eleven lactations with profile 2 amongst the
longer life spans vs zero amongst the short
ones, and 23 lactations with profile 4
amongst the long life spans vs 1 amongst
short ones. A few life spans were charac-
terized by the recurrence of the same profile
with a predominant disease such as masti-
tis or foot rot. Foot-rot recurrence (F3, H4)
was more common in French Friesian cows
from Marcenat. These recurrences were
also observed in Montbeliards but they did
not affect longevity as for the French-
Friesians (N7).

The life spans with mastitis recurrences
(G3 and 14) characterized Holstein cows
from Theix and Orcival. Life health-paths
with mastitis plus milk-fever recurrences
were more common in long life spans (= 5
lactations) and were rather associated with
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cows from Theix. There was no difference
between the life health-paths according to
the initial production.

Concerning the marginal health-paths,
we observed the same difference between
long and short life cycles. For life cycles of
over four lactations, all the lactation disease
patterns were number 4 (low disease inci-
dence). The two marginal health-paths of
four lactations comprised a succession of
lactation profile number 3 (foot rot). For the
shortest health-paths, profiles 3, 6 and 7
were predominant but with different
sequences than those previously described.

DISCUSSION

The first point is that with the proposed
method it is possible to identify ‘health biog-
raphy’ common to several dairy cows.

health-path

i
Al
Bl

Cl

[38]

D2
E2

F3
G3

IS s Y

I5
K5

L6
Mé

N7

lactational disease pattern

Even if the main culling reasons in our
trials were infertility or insufficient milk pro-
duction, as commonly assessed (Milian-
Suazo et al, 1989), disease patterns were
associated with culling decisions. These
decisions depend not only on the type of
diseases experienced by the cow but also
on the associations between diseases
(Beaudeau et al, 1993). Indeed, in shorter
life spans (up to four lactations), disease-
incidence risks were higher than in compa-
rable lactations of cows with longer life
spans. The most unfavourable health profile
(profile 1) was encountered only in cows
that were culled without a second lactation.

Some health-paths were characterized
by the recurrence of disease patterns. The
recurrence of clinical mastitis has been
observed by many authors (Dohoo and Mar-
tin, 1984; Schukken et al, 1988; Bigras-
Poulin et al, 1990), but over two consecutive
lactations only. However, a true association

| multiple common diseases

Bl ostitis+ milk fever

[ ] footrot

low risk of most diseases
+intermediate mastitis risk

BEEE mastitis +dig. +milk fever
B mastitis + no milk fever

intermediate mastitis risk

footrot + intermediate
Mastitis anc} cﬂé‘ ris

o7
P7

Fig 2. Description of the life
health-paths according to
the length of the life-span.
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Table lll. Characteristics of the main life health-path from the analysis of records of three French
dairy herds.

Length Codeof n Cows Main Main Mean + SD Main Cows
of the the health- for a given breeds farms initial health culled
life-cycle path length of (% of cows (% of cows production culling (in % of
life-cycle for the for the (in kg) reason reason)
(%) health path) health path) inL1
1 A1 45 35 RP =20 Ma = 42 151+ 3.5 Mastitis 100
BP =20 Th =31
B1 30 23 M =47 Ma =77 141 +28 Calving 67
FF =33 difficulties
C1 51 39 H=47 Th =43 149+ 3.1 Other 50
Or=39 disease
2 D2 60 40 FF = 47 Ma = 60 145+ 4.1 Other disease 68
Mastitis 50
E2 53 35 H=42 Th =49 15.2 +3.3 Mastitis 43
Or=42 Calving 100
3 F3 31 22 M =27 Ma =75 16.6 + 3.6 Other disease 58
FF =51
G3 87 61 H=236 Th =47 14.9 £ 3.9 Mastitis 75
4 H4 27 26 FF =59 Ma = 93 13.9+24 No mainreason -
14 65 64 M=18
H=232 Or=43 154 +4.3 Mastitis 78
RP =11 Th=29
BP =17
5 J5 16 22 H=237 Or=38 143+ 4.1 Nomainreason -
Th =38
K5 36 49 H=236 Th=44 155+4.3
FF =25 Mastitis 57
RP =14
6 L6 16 29 M =62 Ma = 56 14.9+25 No mainreason -
M6 29 52 H=238 Th =52 149 + 3.7 Otherdisease 50
FF =61 Mastitis 63
7 N7 32 43 M =59 Ma =94 13.2+4.2 Otherdisease 57.2
o7 18 24 BP =33 Th=44 145+ 29 Mastitis 37.5

P7 22 29 No mainbreed Th =50 146 +£29 Nomainreason -

M = Montbeliarde; FF = French Friesian; H = Holstein; RP = Red Pied Crossbreed; BP = Black-Pied crossbreed;
Ma = Marcenat; Or = Orcival; Th = Theix.
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for any pair of subsequent lactations implies
that this association is true also at the life-
span level. Genetic predispositions may be
envisaged (Syvajarvi et al, 1986) and also
environmental effects. The recurrence of
lameness has also been described for two
consecutive lactations (Dohoo and Martin,
1984; Rowlands et al, 1986). The heritabil-
ity of some foot disorders such as foot rot
might be quite large (0.39 according to Smit
et al, 1986).

In longer life spans, health profile 2 (high
incidence of mastitis and milk fever) was
common from the second lactation onwards.
Milk fever affects mostly multiparous (Larvor
et al, 1961) and high-yielding cows (Payne,
1983). This latter point could explain the
great longevity of these cows. Indeed, one
could suppose that their milk production
takes first place in culling decisions despite
a high mastitis incidence.

Usually primiparous cows are less
affected by production diseases such as
placental retention (Thompson et al, 1983),
metritis (Erb and Martin, 1980), mastitis and
lameness (Dohoo et al, 1984). Thus, health
profiles with low disease incidences (4 and
especially 7) were more common in first lac-
tations of all paths than in other lactations.

The exclusion in our study of cows with
shortened lactations might introduce some
bias if there were effects of diseases on
early culling. But, precisely, we assumed
that only life spans with mostly voluntary
culling could be easily interpreted. In the
case of shortened lactations, there was a
risk of the current disease pattern chang-
ing, in part independently of previous lac-
tation disease pattemn. In most of the cases,
early culling was associated with healthy
disorders and was an involuntary decision
(Beaudeau et al, 1994c).

The relationships between some health-
paths and experimental farms could be due
to several factors. First, some management
practices differed between farms, such as,
for example, hoof timming which was only

curative at Theix and Marcenat, but pre-
ventive at Orcival. Second, the breed com-
position of the herds was different: Mont-
beliard cows were present at Marcenat only,
Holstein cows dominated at Theix and Orci-
val, French-Friesian cows were more com-
mon at Marcenat and crossbreed cows at
Orcival (Coulon et al, 1993). Third, the ani-
mal housing and general feeding systems
were different between the three farms. At
Marcenat, for example, tied housing
included short stalls which represented a
risk factor for lameness (Maton, 1987).

Therefore, farm and breed were obvi-
ously confounding factors. However, our
objective was precisely to describe the life
health-path in the light of these variables,
not to adjust for herd and breed, in order to
compare the ‘health performance’ with
zootechnical performance in real farming
systems (Landais, 1991).

However, the peculiarities of these exper-
imental farms do not allow generalization
of the present observations to other farms,
especially private ones; nevertheless, some
comparisons within-herd or within-breed can
be made. For example, in the Marcenat farm
where the lactational foot rot incidence risk
was 29.2% (Faye et al, 1994a), French
Friesian cows were more affected (41.9%)
than Montbeliard cows (24.6%). In this farm,
23 cows belonged to the life health-path F3,
and 25 to the health-path H4, characterized
by recurrence of foot rot. F3 described
eleven French Friesian cows but only six
Montbeliards. In H4, the numbers were 16
and 8 respectively, confirming the higher
susceptibility of the Friesian breed to lame-
ness.

In the same way, the lactational masti-
tis incidence risk was 48.2% in Holstein at
Theix and 28.5% in Holstein at Marcenat.
In spite of the same number of Holstein
cows at these two farms (162 at Theix and
158 at Orcival), the proportion of Holstein
cows belonging to life health-paths charac-
terized by recurrence of mastitis (K5, M6,
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P7) was twice as large at Theix as at Orci-
val, confirming the difference in farming
practices.

However, although the proposed method
takes into account the time effect for a par-
ticular cow, it does not allow consideration of
the time effect at farm level. We assume
that the disease-recording system was sim-
ilar over 20 years, but we do not have any
idea of the interactions between cows and
we cannot assume the changes in lactation
disease patterns for a given lactation over 20
years.

A way of modelling the life span of dairy
cows using the Markov chain method (Car-
penter, 1988; Jalvingh et al, 1992), which
is a long-term objective of the scientific pro-
gramme at the origin of the data base LAS-
CAR (Coulon et al, 1993), might be to con-
sider the types of trajectories followed by
cow performance or health. The life span
could be considered as the succession of
different statuses defined at lactation level by
these performances. The present study was
along these lines and aimed to analyse a
part of this chain. Of course, the validation of
such a model will be one of the essential
steps.
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