N

N

Pattern of diarrhoea in newborn beef calves in
south-west France
Fatah Bendali, Hervé Bichet, Francois Schelcher, Moez Sanaa

» To cite this version:

Fatah Bendali, Hervé Bichet, Francois Schelcher, Moez Sanaa. Pattern of diarrhoea in newborn beef
calves in south-west France. Veterinary Research, 1999, 30 (1), pp.61-74. hal-00902557

HAL Id: hal-00902557
https://hal.science/hal-00902557

Submitted on 11 May 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00902557
https://hal.archives-ouvertes.fr

Vet. Res. 30 (1999) 61-74 61
© Inra/Elsevier, Paris

Original article

Pattern of diarrhoea in newborn beef calves
in south-west France

Fatah Bendali®*, Hervé Bichet?, Francois Schelcher®, Moez Sanaad

a Laboratoire d’épidémiologie et de gestion de la santé animale, Ecole nationale vétérinaire
d’Alfort, 7, avenue du Général de Gaulle, 94704 Maisons-Alfort cedex, France
b Réseau d’épidémiosurveillance VEGA, rue de Las Escoumes, BP 83 Foix cedex, France
¢ Pathologie reproduction des ruminants, Ecole nationale vétérinaire de Toulouse,
URA Inra, 23, chemin des capelles, 31076 Toulouse cedex, France

(Received 31 July 1998; accepted 16 October 1998)

Abstract — A prospective study was carried out on 94 randomly selected beef herds in the Midi-
Pyrénées region in France. The objective was to describe diarrhoea and mortality in beef calves
from birth to 30 days of age. Calves (3 080) were followed from December 1995 to April 1996, and
a total of 700 visits allowed records of herd management practices, individual data and environ-
mental conditions to be collected. The incidence rate for diarrhoea during the neonatal period was
14.6 %, and varied markedly between herds. Eighteen herds did not suffer from diarrhoea, while
five herds had an incidence of more than 50 %. Results indicate that 52 % of diarrhoea appears dur-
ing the first week and only 15 % after the second week of life. The greatest risk of diarrhoea for a calf
was during the first and second weeks of life (7.9 and 6.5 times, respectively). The month of birth was
also significantly associated with morbidity, the highest incidence was observed in December and
March (17.6 and 23.6 %, respectively). Escherichia coli was isolated from 20.3 % of faecal samples
and appeared earlier during the first days of life. Rotavirus was frequently isolated (47.4 %) from sam-
ples. Coronavirus was positive for only 16.5 % but was significantly associated with diarrhoea.
Cryptosporidium was less frequent (15.6 %). The global mortality rate was 3.6 % and was two-
times higher in December than in other months. Forty per cent of herds did not exhibit mortality, and
10 % had mortality rates greater than 10 %. This study confirms previously reported data, and with
greater precision and details on diarrhoea and mortality incidences among herds, age and month of
birth in suckling beef calves. © Inra/Elsevier, Paris.

epidemiology / beef calf / diarrhoea / mortality

Résumé — Epidémiologie de la diarrhée chez le vean nouveau-né en élevage allaitant dans le sud-
ouest de la France. Une étude prospective a été menée sur 94 €levages allaitants tirés au sort dans
la région Midi-Pyrénées (France). L’objectif était de décrire la diarrhée et la mortalité de la naissance
aun 1 mois d’age chez le veau. Des veaux (3 080) ont été suivis entre décembre 1995 et avril 1996,
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environ 700 visites ont permis de recueillir des informations sur les pratiques d’élevage, d’environ-
nement ainsi que des données individuelles. L’ incidence des diarrhées chez les veaux était de 14,6 %
et variait considérablement entre les élevages. Dix-huit exploitations (19 %) n’ont enregistré aucun
cas de'diarrhée alors que cinq autres (5.3 %) avaient une incidence supérieure a 50 %. Les résultats
montrent que 52 % des cas de diarrhée sont apparus pendant la premiere semaine et seulement 15 %
sont survenus aprés 15 jours. Le nouveau-né a 7.9 fois plus de risque de diarrhée au cours de la pre-
miére semaine et 6,5 pendant la seconde. Le mois de naissance est également lié a I’apparition de la
maladie, nous avions une incidence de diarrhée plus élevée en décembre et mars (17,6 et 23,6 %
respectivement). Escherichia coli était retrouvée dans 20,3 % des prélevements fécaux, notamment
lors des premiers jours suivant la naissance. Le rotavirus était le plus fréquemment isolé (47,4 % des
échantillons) alors que le coronavirus n’était isolé que dans 16,5 % des cas mais ce dernier était le seul
significativement 1ié a I’apparition de la diarrhée. Les cryptosporidies n’ont ét€ retrouvées que dans
15,6 % des échantillons. Un taux de mortalité global de 3,6 % a été observé chez les veaux d’un
mois. La mortalité était deux fois plus élevée en décembre qu’au cours des autres périodes. Quarante
pour-cent des élevages n’ont enregistré aucun cas de mortalité alors que 10 % notaient une inci-
dence au-dela de 10 %. Cette étude permet de confirmer des résultats obtenus précédemment, de
plus ils sont basés sur des données récentes qui ont permis une description détaillée et une estimation
plus fine des incidences des diarrhées et des mortalités en élevage allaitant. © Inra/Elsevier, Paris.

épidémiologie / veau allaitant / diarrhée / mortalité

1. INTRODUCTION

Gastrointestinal disease is the most com-
monly reported disease of calves and the
major cause of neonatal mortality [8, 11,
13, 19, 24, 26]. The incidence rates of diar-
rhoea in calves under 30 days of age
reported by several studies varied between
15 and 20 %. The mortality rate was
reported to vary between 1.5 and 8 % [6,
14, 17, 19, 20, 23, 24, 26]. The incidence
of diarrhoea is reported to vary markedly
among herds throughout the world (between
0and 70 %) [9, 19, 21, 24].

Calves are at greatest risk of diarrhoea
during the first week of life, and this risk
subsequently decreases with age [8, 16, 20,
23, 24, 26].

This early morbidity and mortality rep-
resents an important source of economic
loss to the farmer due to loss of the present
value of the calf and loss of genetic potential
for herd improvement. The average cost
associated with prevention and mortality of
gastrointestinal disease has been reported
to be US$ 33.46 per calf and per year [4, 5,
11]. One study in the USA estimated the
total cost to the dairy industry at US$ 250

million per year [14]. In Switzerland, the
cost of diarrhoea was estimated to be around
USS$ 30 per calf [5].

In the Midi-Pyrénées region (France), it
was estimated that 80 % of herds and 20 %
of calves were affected by diarrhoea [2].
Fatality from diarrhoea was reported to be
50 % [2]. Diarrhoea was estimated to cost
the farmer in the region of US$ 70 per calf
and per year. Furthermore, 21 % of the vet-
erinary surgeon’s activities concerned treat-
ing calves for enteritis [2].

Many infectious agents implicated as
causal agents of diarrhoea (Escherichia coli,
rotavirus, coronavirus and Cryptosporid-
ium) are commonly found in dairies. These
are zoonotic and have been associated with
food-borne diseases in man. To treat diar-
rhoea in calves, antibiotics are used, creating
a potential health risk to humans in terms
of drug residues and the development of
resistant bacterial strains.

The majority of previous works, some of
which were retrospective or cross-sectional,
have been carried out on dairy heifer calves
and not on beef calves. Therefore, prospec-
tive studies are needed for beef calves.
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The objective of this study was to
describe the pattern of diarrhoea and to eval-
uate the impact of age, season of birth and
herd on the incidence of diarrhoea in the
Midi-Pyrénées region, using a representa-
tive large sample and new statistical analy-
sis tools.

2. MATERIALS AND METHODS

2.1. Target population

A longitudinal prospective cohort study was
conducted in 94 beef herds from eight depart-
ments of the south west of France. A simple ran-
dom stratified sampling design was used to
recruit herds in the study. The stratification was
based on the department and adjusted for the
number of farms in each department using a pro-
portional sampling method. A random number
sampling algorithm was used to identify the herd
to be enrolled in the study. The enumeration rule
was that if a farm was selected then all the calves
were enrolled in the study.

The sampling frame was the exhaustive list-
ing of farms in that region. The inclusion criteria
consisted of herds with more than 20 adult beef
cows, at least three quarters of calvings during the
survey and the five most important breeds of the
region (Charolaise, Limousine, Gasconne,
Aubrac, Blonde d’Aquitaine). A total of
7 000 herds was eligible and represented 30 % of
the total herds of that region.

From 95 randomly selected beef herds in the
Midi-Pyrénées, 94 were involved in this study
and followed from December 1995 to April 1996.

2.2. Data collection

A team of veterinary surgeons and animal
technicians were involved in data collection. All
participants followed a training session before
starting the project to assume uniformity in data
collection.

Data on health, demography and management
factors thought to be associated with the risk of
diarrhoea were collected from the farm using
questionnaires.

Health factors included morbidity, mortality,
vaccination and preventive measures. The

demography data included number of calves,
number of cows and heifers, the introduction of
replacement animals and animal density. The
management information concerned housing,
feeding, cleaning, calving conditions and
colostrum feeding.

This information was combined on three
sheets (herd sheet, calf sheet and daily log sheet
described later). These questionnaires were pre-
tested by veterinary colleagues and a group of
farmers.

All 94 selected farms were visited by mem-
bers of the team. The visit included at least a vet-
erinarian and a veterinary technician; the pur-
pose was to describe and explain the study in
more detail and to address any questions that the
farmer had in relation to the study and its pur-
pose. Subsequent visits to the farm were made by
the assigned technician.

The protocol used in the study was designed
so that nine visits would be made to each herd
during the study period. The visits occurred three
times each month at intervals of 8 to 12 days
according to calving intervals. These visits
allowed the collection and verification of con-
tinuous data ‘daily log sheets’(e.g. dates of
events, diarrhoea, death) and also to record data
which varied with time (e.g. temperature, damp-
ness, calf stocking density).

During the first visit in December 1995, the
‘herd sheet’ was completed during an interview
with the farmer in order to determine manage-
ment practices (e.g. housing, feeding, cleaning).

The ‘calf sheet’ was distributed to farmers to
record data on each calf born during the survey
(e.g. calving condition, colostrum).

To assure good quality data, at each visit dif-
ferent forms were verified, completed and copied
by a member of the team.

In order to identity pathogens causing diar-
rhoea, faecal samples were taken from calves
with diarrhoea and control calves which did not
have diarrhoea. The veterinary laboratories of
the eight departments had a standard and homo-
geneous analysis method to identity Escherichia
coli, rotavirus, coronavirus and Cryptosporid-
ium. An ELISA technique was used for both bac-
teria and virus (enterosure® Rhone Mérieux) and
Zielh coloration for Cryptosporidium.
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2.3. Data analysis

All data collected were coded and entered on
a microcomputer using a data management pro-
gram.

Descriptive statistics and frequency distribu-
tion variables were performed using SAS®[18].

Density Incidence of Diarrhoea (DID) in the
study population was computed as the number
of cases divided by the number of Calf-Days at
Risk (CDR). These estimates were stratified by
age and month of birth.

The Survival analysis technique was used to
compute the pattern of diarrhoea in the studied
population. The pattern of diarrhoea over time
was measured using the survival and Hazard
function.

The survival and Hazard functions were per-
formed using the estimators of Kaplan and Meier
SAS®[18]. Let ¢, <...< t, be the distinct ordered
failure times; noting n, the number of calves at
risk at 7, (the calves néither failed nor were cen-
sored just before 1) and m; the number of ani-
mals with dlarrhoea (to fdl],) atr;

S(t)—ﬂ(lfmj/n) wheret(<z<r =1,
d); or §(¢) = Prob. (T 2 n=1 — ).

H(n=2X (mj/n ): the probability of a calf hav-
ing diarrhoea between 7 and ¢ + dr with the con-
dition that the calf was not in time 1.

Because data from animals within the same
herd are correlated, herd effect was considered.
SUDAAN® software [22] was used to analyse
the relationship between variables and diarrhoea;
this specialized software for survey data analysis
takes into account the stratified sample design
and multilevel analysis, for example within-herd
clustering when variance is estimated [25].

Due to the high mortality rate in the first
3 days of life (42.5 % of the cases in the first
24 h) and because the risk of death is constant
with age, the calculation of the density incidence
of mortality (DIM) (number of deaths divided
by CDR) was neither more effective nor more
advantageous than estimating directly the mor-
tality rate incidence (number of dead calves
divided by the number of living ones). Like mor-
bidity, mortality was described both by age and
by month of birth.

In order to assess the month effect on mor-
bidity and mortality, we grouped calves into five
cohorts according to month of birth: December,
January, February, March and April. A few
calves were born in the last week of November
and were included in the December group while

those born in the first week of May were grouped
with those of April.

3. RESULTS

3.1. Sampling description

A total of 3 157 calves were born during
the study period from the 94 selected herds.
Complete data were obtained from 97.9 %
(3 080) of the calves in the study. The
remainder was lost because of incorrect data
from the calves born at the end of the study
and missing follow-up data.

The average number of calves was
33.4 per herd (SD = 16.5) and 43.6 % of the
herds had more than 30 calves enrolled.

The type of housing (loose versus tie
stall) was equally distributed. The majority
of herds (67 %) did not use a nursing loca-
tion for the animal. If we consider calf den-
sity, 36.2 % of calves had an insufficient
area. Newborn calves were mainly tied-up
individually (73.4 %), while group pens and
free calves represented 10.6 and 16 %,
respectively. Vaccination practices were not
frequently used either for calves or adult
animals, with only about 25 % of owners
vaccinating with at least one vaccine (F.
coli, rotavirus or coronavirus).

The majority of calves (83.3 %) did not
need assistance at birth while 15.2 % were
born after pulling or caesarean section
(1.5 %) and 20.3 % of dams were primi-
parous. The sex ratio (male/female) was
1.01. The proportion of premature or mal-
formed calves was very low (0.6 %) and
88.2 % of the calves received a colostrum
meal within the first 6 h of life. Navel dip-
ping was used for 61.3 % of the calves.

3.2. Incidence of diarrhoea
A total of 496 cases of diarrhoea were

recorded during the study period, which rep-
resents 16 % of the total population. The
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percentage of calves that developed diar-
rhoea during the neonatal period was 14.6 %
(450 cases).

A total of 76 814 CDR of diarrhoea was
observed during the study period, which
translates into an average follow-up time of
25 days per calf.

The occurrence of diarrhoea varied
markedly between herds, age of occurrence
and month of birth.

3.2.1. Distribution among herds

At the herd level, calves exhibit differ-
ent patterns of diarrhoea. 76 herds (81 %)
had at least one calf which expressed diar-
rhoea, five of them had more than 50 % diar-
rhoea. Out of the total, 49 herds (52 %)
showed less than 10 % morbidity.

Similarly, the DID distribution was het-
erogeneous between herds. It varied from

65

010 0.05 (figure I). The correlation between
herd size and diarrhoea incidence was not
significant.

Disparity between herds was the reason
why the herd effect was used in the rest of
the analysis.

3.2.2. Age of calves

As shown in the rable I, most of the cases
of diarrhoea occurred during the first days of
life. Fifty-two per cent of all cases appeared
during the first week, and 84.6 % of the
calves expressed diarrhoea during the first
15 days of life. Only 5.6 % of diarrhoea
occurred after the third week of age.

DID was highest during the first week
after birth (1.03 per 100 CDR), then declined
in the second and third week. During the
last week, the DID was around 0.1 per 100
CDR (table I).

n
T
[
I
< Mortality Diarrhea
| 3
3 | |
0.02 0.00 0.02 0.04 0.06

Cases per 100 calf-days at risk

Figure 1. Diarrhoea and mortality rates for 94 beef herds in the Midi-Pyrénées region (France).
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The weekly risk of diarrhoea (DID of the
week divided by the DID of the fourth week
as a reference) showed a higher risk during
the first week (7.9 times more) compared
to the fourth week of life (table I).

In figure 2, as measured by the incidence
rate, the ‘risk of diarrhoea’ increased from
birth, peaked around | week (two peaks at

F. Bendali et al.

3rd and 8th days) and then declined and
remained low after the 18th day of age.

3.2.3. Month of birth

The pattern of diarrhoea according to the
month of birth is shown in rable /1. The
highest proportion of diarrhoea was

Table L. Distribution of diarrhoea related to age for 3 080 calves born in 94 beef herds in the Midi-

Pyrénées region (France).

Age Number of

(week) Calves? DiarrhoeaP
1 3080 236

2 2 844 145

3 2699 44

4 2 655 25
Total 450

% CDRY  DID* Riskl P
7.66 22806 103 792  <0.001
509 17254 084 646  <0.001
163 18195 024 185  <0.001
0.94 18559  0.13 |

146 76814  0.58

“ Calves included during the period; ! cases of diarrhoea occurring during the week; ¢ percentage of cases (rate)
per week: Y number of CDR (calf-days at risk); © diarrhoea incidence density (DID = number of cases/100 calf-
days at risk); I risk of diarrhoea (DID of the week divided by the DID of the fourth week as reference); & statis-
tical significance (probability) of the comparison test of risk between weeks.

0.020
R
i
5 0.015
k
[=]
f
[? 0.010 !
1
=]
r
r
K 0.005 4
-}
=]
0.000 1

0 2 4 6 B 10 12

W'TWWMTHWWWWTT

14 16 1B 20 22 24 26 28 30

Age of newbern In days

Figure 2. Daily risk of diarrhoea (per calt-day at risk) related to age of 3 080 newborn calves born
between December 1995 and April 1996 in 94 beef herds in the Midi-Pyrénées region (France).
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observed in March (23.6 %) and December
(17.6 %) and the lowest incidence in April
(4.4 %).

Likewise, the DID was highest in March
and December (1.2 and 0.66 per 100 CDR,
respectively) (table I1).

Estimates of risk (RR) showed that calves
born in March and December had a signifi-
cantly higher risk of diarrhoea in comparison
with April (RR =4.12, P =0.0004 and RR =
2.74, P = 0.04, respectively). These results
revealed that calves born in March are four
times more likely to have diarrhoea than those
born in April, while those born in December
were twice as likely to have diarrhoea.

On the other hand, as shown in figures 3
and 4, both survival and hazard functions
stratified by month of birth were in accor-
dance with the above results. The hazard
function (figure 3) showed that the daily
risk of diarrhoea was highest in March espe-
cially between the 4th and 10th days of age,
whereas the risk in December was higher
just after birth especially during the first
3 days of life. For the other months no sig-
nificant risk was observed.

The ‘survival function’(figure 4) strati-
fied by month of birth also showed that no
significant difference exists between birth
and 3 days of age. However, after the Sth
day of life, a marked and significant differ-
ence is observed in March and December
rather than April (table II).

3.2.4. Length of diarrhoea

The length of the diarrhoea period for
354 calves was calculated by the difference
between the beginning and the ending. The
morbidity ranged from [ to 8 days, with a
mean of 3 days and the majority of the cases
(68.1 %) had diarrhoea for 1-3 days.

3.3. Identification of infectious agents

The majority of samples were taken in
the first 3 weeks of life (figure 5a, b).
Pathogen identification appears to vary
markedly with age. Globally E. coli was
mainly isolated immediately after birth up to
the 5th day of life and Cryptosporidium was
found from day 5 to day 13 (figure 5a). The
coronavirus was found in the first week,

Table I1. Distribution of diarrhoea related to the month of birth for 3 080 beef calves from 94 herds

in the Midi-Pyrénées region (France).

Month Number of calves CDRY DID* RR' PE
Born® Diarrhoeab Ge¢

December 443 78 17.60 11816 0.66 2.74 0.04

January 768 69 8.98 22248 0.31 1.30 0.6

February 970 134 13.81 26 330 0.50 2.00 0.12

March 673 159 23.62 13240 1.20 4.12 (0.0004

April 226 10 4.42 3180 0.31 !

Total 3080 450 14.61 76 814 0.58

4 Calves born during the month; P cases of diarrhoea occurring during the month: ¢ percentage of cases per month
of birth (rate): d CDR = number of calf-days at risk; ¢ DID = diarrhoea incidence density per 100 calf-days at risk;
adjusted relative risk compared with April as the reference: ¢ statistical significance (probability) of RR between

months.
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Figure 3. Daily risk of diarrhoea (per calf-day at risk) related to the month of birth of 3 080 newborn
calves born between December 1995 and April 1996 in 94 beef herds in the Midi-Pyrénées region
(France): ‘hazard function’. a) January, February and April; b) December and March.
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Figure 4. Daily complement of the cumulative risk of diarrhoea related to month of birth in 3 080 beef
calves in the Midi-Pyrénées region (France): survival function.
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Figure 5. ldentification of E. coli and Cryptosporidium (a) and coronavirus and rotavirus (b) from 94

beef herds in Midi-Pyrénées region (France).

while rotavirus was dominant from day 4
to day 15 with a peak between day 5 and
day 8 (figure 5b).

The distribution between calves with and
those without diarrhoea is shown in table I11.
From the 338 faecal samples, 211 were pos-
itive for at least one agent. The comparison
of isolated pathogens in healthy and sick
calves showed that E. coli is more frequent
in healthy calves while coronavirus was
more frequent in diarrhoeic calves. Rotavirus
and Cryptosporidium appears to be dis-
tributed equally between two groups (table
III). If we consider the pathogens associ-
ated with diarrhoea, no significant relation-
ship was observed except for coronavirus.
The association between combined infec-
tion and diarrhoea was not examined.

3.4. Incidence of mortality

A total of 116 deaths were observed
which represents a mortality rate of 3.76 %
in the study population. Ninety-seven per
cent of the deaths (113) occurred during the
first month, representing 3.6 % of the total
population.

Because mortality appears in the first
days of life and the risk of death is zero
afterwards, we estimated both direct and
actuarial methods for mortality incidences.
The results did not show any difference
between estimates, therefore we only kept
the direct incidence rate (number of cases
divided by number of living calves).

The mortality rate varied considerably
among herds, with the age of animals and
the month of birth.



70 F. Bendali et al.

Table III. Identification of pathogens in 211 positive calves with (n = 102) and calves without diar-
rhoea (1 = 109) in 94 beef herds in the Midi-Pyrénées region (France).

Number (%) of positive calves

E. coli Cryptosporidium Rotavirus Coronavirus
Diarrhoea 13 (12.7) 17 (16.6) 50 (49) 22 (21.5)
No diarrhoea 30(27.5) 16 (14.6) 50 (45.8) 13(11.9)
Total: (211) 43 (20.3) 33 (15.6) 100 (47.4) 35 (16.5)
Risk (statistical 0.5 (NS) 1.4 (NS) 1.2 (NS) 2.34(0.01)

significance)

3.4.1. Distribution among herds

Mortality rates differed widely between
herds. In fact, 38 herds (40 %) did not have
mortality, while ten herds (10.6 %) had a
mortality rate over 10 %.

CDR of mortality was equal to 0 for
38 herds, was very low for 47 herds (less
than 0.003) and exceeded 0.007 for six herds

(figure 1).
The mortality incidence was not corre-
lated with herd size.

Moreover, diarrhoea and mortality were
not associated. As shown in figure /, among
the 18 herds free of disease, nine had a high
mortality rate, while herds with a high inci-
dence of diarrhoea did not report a single
case of mortality. In addition, there was no
statistical association between diarrhoea and
the incidence of mortality.

3.4.2. Age of calves

Stillborn calves were not included in the
study. However, perinatal deaths which
occurred within the first 24 h of life (dys-
tocia, calving problems) were recorded and
represented 42.4 % of dead calves and
1.57 % of total born calves.

Seventy per cent of total deaths appeared
in the first week in comparison to 4.4 % in
the fourth week (table IV).

Table IV. Distribution of mortality rates related
to week of age in 3 080 beef calves from 94 herds
in the Midi-Pyrénées region (France).

Number of
Week® CalvesP Death® %4
| 3080 79 2.56
2 300t 16 0.53
3 2 985 13 0.43
4 2972 5 0.16
Total 113 3.6

4 Week of age of calves: " calves concerned during the
period: ¢ number of deaths: ¢ percentage of cases per
week of age (rate).

3.4.3. Month of birth

The mortality rate was two times higher
in December than in the rest of the period:
6 9% mortality rate for December compared
to an approximate 3 % for other months
(table V).

Moreover, we estimated the ‘case fatality’
due to diarrhoea which is why we assumed
that diarrhoea was the cause of death when
calves died within the 72 h following ill-
ness. The results showed that a total of 15
calves out of the 113 (13.27 %) died from
diarrhoea.
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Table V. Distribution of mortality rates related to
the month of birth in 3 080 beef calves from
94 herds in the Midi-Pyrénées region (France).

Number of

Month? Born® Death* %4

December 443 27 6.09
January 768 22 2.86
February 970 34 3.50
March 673 22 3.26
April 226 8 3.53
Total 3080 113 3.66

* Month of birth; P number of calves born during the
month; ¢ number of deaths during the month; ¢ per-
centage of cases per month of birth.

4. DISCUSSION

This prospective study gives a good esti-
mation of the incidence of diarrhoea in new-
born calves in the Midi-Pyrénées region.
The 94 farms studied are randomly and pro-
portionally distributed among the eight
departments and can be considered repre-
sentative of the region and of the beef herds

in France. Furthermore, the proportion of

33.4 calves per herd followed in our study is
not very different from the figure observed
in France [7] where 52 % of beef herds have
more than 30 adult cows.

In addition to simple description inci-
dences, we used statistical methods of sur-
vival procedures to account for intra-herd
correlations and censored observations.

The majority of incidences (diarrhoea
and mortality) reported in this study were
stmilar to those found in other studies [5,
8, 13, 14, 19, 20, 24, 26]. However, some
parameters must be considered in detail
because a large part of the disparity between
incidences could be explained by the length
of the survey, the type of herds (dairy herds
or beef herds), the selected samples (ran-

dom or pre-selected and particular herds),
the sample size and the case definition
(based on treatment rather than explicit
signs). In addition, the unit of interest is
important to consider, the majority of stud-
ies reported direct incidence rates rather
than DID.

4.1. Diarrhoea

The proportion of diarrhoea in newborn
calves under 1 month of age in this study
was 14.6 % which was similar to previous
results (15.2 and 17.5 %) [8, 13, 20] and
lower than proportions reported by Walt-
ner-Toews et al. [24], Wells et al. [26] and
Vallet et al. [23] (20.48, 24.6 and 51 %,
respectively). Those lower values were
probably due to herd type (often dairy herds)
and survey length (from birth to weaning).
The Vallet et al. [23] study showed that the
target population was herds with particu-
larly high incidence of scours.

Diarrhoea varied markedly between
herds, as previously reported [19, 24]. In
our study, 19 % of the 94 herds did not
report diarrhoea, as observed by Sivula et
al. (23 %) in dairy heifers [20]. Schumann et
al. [19], however, reported 80 % of herds
without diarrhoea.

Disparity between herds is an important
factor to consider, because calves within the
same herd are not independent compared
with calves from different herds. Estimat-
ing the incidence of morbidity or mortality
could be wrong if the latter point is not taken
into account.

Unfortunately, this intra-herd correlation
was not considered in many previous stud-
ies. Only two authors Busato et al. [5] and
Wells et al. [26] have used statistical meth-
ods for correct incidence estimation.

As found in the past, the highest risk of
illness is observed in the first 2 weeks of
life [6, 8, 20, 26].

Only two papers reported DID estimates.
Sivula et al. [20] reported 0.9 per 100 CDR
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at birth which is close to our result. Simi-
lar estimates were also found at 3 weeks as
0.1 per 100 CDR. Curtis et al. [8] reported
higher DID around 6.2 and 1.8 calf-days at
risk in the first and third weeks, respectively.

. The hazard function (figure 2)described
a logical and expected distribution with a
progressive increased risk of diarrhoea from
birth to 8 days then decreased rapidly and
remained low and constant after the second
week.

These results are clearly and easily
explained by the role of virulent etiological
agents (E. coli, rotavirus, coronavirus and
Cryptosporidium). These agents, especially
E. coli, appear earlier during the first days of
life, followed by viruses and Cryptosporid-
ium. Secondly, newborn calves may be
poorly covered by maternal antibodies due
to insufficient colostrum intake.

The impact of the calving season has
been reported by many authors [8, 14, 16,
23]. The latter studies were conducted for
longer periods of time, 2 years or more,
which allows the estimation of a seasonal
effect. They concluded that in pre-weaned
calves morbidity is higher in winter than in
spring or summer. In our survey calves were
followed from December to April so that a
seasonal effect could be assessed month by
month. Nevertheless, the same results were
observed, high morbidity from December
to March rather than in April. This effect is
probably due to stress produced by meteo-
rological factors and to growth density of
animals. The low incidence in April is prob-
ably due to pasture and milder weather.

Estimates of month risk factors is not fre-
quently reported in the literature. However,
Wells et al. [25] did report that calves born
in the spring were better protected against
diarrhoea than in the winter (OR = 0.59).
Our estimates seem logical according to pre-
vious arguments. A later risk in March
(between 5 and 10 days of age) than in
December (between 1 and 3 days of age)
could be explained biologically by the effect
of infectious agents.

As reported in the literature [1, 3, 10-12,
151, E. coli K99 is dominant and prevalent
in the herd, and may affect newborn calves
in the first days of life as well as earlier in
the season (December). On the other hand,
rotavirus and coronavirus are reported to
cause infections after the 3rd or 4th day of
life, as found by previous authors [3, 11].
Infection is maintained for up to 2 weeks
and contamination from sick animals or
adults to newborn calves increases with the
concentration of animals, which may explain
the high incidence observed in March.

Because Cryptosporidium rieeds more
time to cause diarrhoea, its identification
occurs later and is less important than other
agents [15]. The distribution described in
figure 5a, b agrees with this.

Comparison between healthy calves and
calves with diarrhoea showed that our results
agree with those of previous studies. Coro-
navirus was more frequent in diarrhoeic ani-
mals [21] and increases the risk of diarrhoea.
In another study [12] the same proportion
was reported (42.8 % of positive samples
compared with 47.4 % in our survey). On
the contrary, E. coli was more abundant in
healthy calves as previously reported [10].

Rotavirus was equally distributed
between healthy and diarrhoeic animals in
our study (45.8 and 49 %, respectively)
whereas other authors [10] reported a higher
proportion in calves with diarrhoea.

Similarly, the occurrence of Cryp-
tosporidium was not different between
groups (16.6 and 14.6 %) in our survey,
while Gouet [15] reported higher trends in
the diarrhoeic group. This could be
explained by the sample population and the
aims of analysis. Our study was not planned
as a case-control and our objective was to
describe the pattern and association of diar-
rhoea with several agents.
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4.2, Mortality

The calculation of mortality rates
excludes stillborn calves and abortion
because these events were not recorded.
Total mortality rate in this study was 3.6 %
and similar to that reported in previous
prospective studies [8, 24] but lower com-
pared to other studies (6.3, 7.2 and 7.6 %
reported by Wells et al. [26], Quigley et al.
[17] and Sivula et al. [20], respectively).
This difference was probably due to the tar-
get population of dairy heifers in these stud-
ies, and may also be explained by the long
survey period, from birth to weaning or
4 months of age or the difference between
type of production and countries. The
Quigley study [17] was based upon an
experimental design and not on an obser-
vational study.

Postpartum mortality was about 1.53 %
(48 calves dead in the first 24 h of life);
unfortunately, not many studies have
reported this parameter. Fourichon et al. [13]
found 6.5 % of deaths within 24 h in French
dairy herds and Busato reported 3.1 % from
birth to weaning in Swiss cows [5].

The remaining mortality from 24 h to 30
days represented 2.17 % and was similar to
that reported by Fourichon et al. [13] for
dairy calves (3.1 % between 24 h and
15 days of age).

Mortality was two times higher in
December than in the other months, this
may be due to climatic conditions, or viru-
lence of pathogens early in the calving sea-
son,

Estimating mortality caused by diarrhoea
‘case fatality rate’ is not easy. In our study
we assumed that a calf died from diarrhoea
if death occurred during the 72 h following
illness occurrence. We estimated 15 of 113
cases, which represents 13 % of total mor-
tality. Two authors reported this same
parameter: Busato et al. [5] and Sivula et
al. [20] reported 3.1 and 43.8 %, respec-
tively. The main difference between these
studies and ours is that these authors cov-

ered the incidence from birth to weaning or
4 months while we covered only the neona-
tal period from birth to 30 days of age. On
the other hand, the American study [20] con-
cerning heifer calves, and the Swiss survey
[5] were interrupted by the pasture period.

The results of this study were consistent
with some of those previously reported in
the literature. However, our survey based
on a random selection of beef calves in the
Midi-Pyrénées allows more details and
advanced estimates with precision for diar-
rhoea and mortality incidences. We also
found a large variation among herds. Calves
were at a higher risk of diarrhoea earlier
after birth. Newborn calves were at risk in
the beginning of the calving season in
December and later in March. This study
provide baseline estimates of diarrhoea and
mortality for future comparison in France.
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