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National Cattle Registers have been widely used to examine animal movements and their role in disease
transmission, but less frequently for other epidemiological applications. Our study shows how routinely
collected identification data can be used to evaluate the population impact of an epidemic in cattle and to
derive an indirect estimate of the associated mortality. We adapted a method developed by Human health
agencies, based on the modelling of historical mortality fluctuations, to analyze the evolution of mortality in a
cattle population subjected to a Bluetongue serotype 8 (BT8) outbreak. Between 01/07/2007 and 01/07/2008,
21,017 cattle died in the considered population whereas 16,691 deaths were expected according to themodel.
43% of the 4326 extra deaths were found in calves less than 7 days of age, but excess mortality was found in
each age group. The temporal distribution of extra-deaths, described at a weekly scale, suggests that they
were related to the BT8 epidemic. The presented method could be an appreciable tool for estimating the
global burden of epidemics since it is based on data already routinely collected in each European Member
State. This study was conducted retrospectively but considering the promptness of the notification system,
the method could be used to monitor the evolution of epidemics in near-real time.
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Introduction

Since Regulation (EC) No. 1760/2000 of the European parliament,
each Member State has been required to set up a computerized
database for the identification and registration of bovine animals.
Animal owners are required to report to their National Cattle Register
all movements to and from the holding and all births and deaths of
animals on the holding, along with the dates of these events. These
databases have been widely used to examine animal movements
and their role in disease transmission, but less frequently for other
epidemiological applications (Donnelly et al., 1997; Ferguson et al.,
1997; Ferguson and Donnelly, 2003). Our study shows how routinely
collected cattle identification data can be used to evaluate the
population impact of an epidemic and to derive an indirect estimate
of the associated mortality.

Our purpose was to describe the mortality in a cattle population
before, during and after a Bluetongue serotype 8 (BT8) episode. We
chose to study a BT8 outbreak to bring more information about the
population impact of this disease, which is still under discussion. BT8
was detected for the first time in the Netherlands in August 2006 and
then spread rapidly across neighbouring countries (Toussaint et al.,
2007; Carpenter et al., 2009). In France, more than 15,000 holdings
were found to be infected in 2007 (Coroller et al., 2008) and 30,000 in
2008. Whereas BT8 was more specifically observed in sheep, this
outbreak also severely affected cattle (Toussaint et al., 2007), in which
non-specific clinical signs (hyperthermia, depression, weight loss,
production collapse, etc.), mucosal lesions, locomotive and reproduc-
tive disorders were reported (Thiry et al., 2006; Elbers et al., 2008b;
Le Gal et al., 2008; Dal Pozzo et al., 2009). Despite the need for
information about the impact of this epidemic, BT8-associated
mortality in cattle has yet to be explicitly quantified. The rapid spread
of the disease, its often non-specific clinical expression, and the
reluctance to declare an outbreak because of the socioeconomic
consequences made it impractical to diagnose all infected herds
and consequently to estimate the population impact of the epidemic
directly on the basis of case data.

Nevertheless the global mortality associated with a health event
can be estimated through other kinds of approach. Several methods
based on the modelling of historical mortality fluctuations have been
developed by Human health agencies (Serfling, 1963; Simonsen et al.,
1997; Thompson et al., 2003; Fouillet et al., 2006; Rey et al., 2007;
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Fig. 1.Weekly number of animal-days at-risk calculation for an age group n. Every animal movement, either entry (birth, purchase) or exit (sale, slaughter, death) occurring over the
week is taken into account, aswell as individual shifts of age group. Number of days of presencewas first calculated for each individual and then summed to obtain the total number of
cattle-days for the age group n. Dates of age group shift correspond to the birth date plus the lower limit of the age group definition (in days). First day of presence (birth or acquisition)
counted for 1 daywhile day of death or day of any other kind of exit counted for zero participation day. Animals that were born and died the same day participated for one animal-day.

1 http://www.quest.com/toad-for-mysql/.
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Nogueira et al., 2009). Unlike direct methods for estimating an
attributable risk of death among diagnosed cases, these methods are
not based on a comparison between two populations but compare
the mortality in the same population at different times.

We adapted this approach in order to quantify the excessmortality
in cattle from 2007 to 2009 in the Meuse department, located in
northeast France. This department, where the cattle population is
large and economically important (mean population was 240,000
cattle in 2009, with 51.5% of dairy cattle and 48.5% of beef cattle), was
chosen as an example for the study because it was highly affected by
BT8 in 2007–2008, and because unlike the case in other departments,
the outbreak notifications had been properly computed from the
beginning of the epidemic and were easily available. We used the
identification data collected by the National Cattle Register from 2003
to 2006 to model the baseline mortality in the Meuse department
according to the seasonality characterizing cattle mortality (Agger
and Willeberg, 1991; Faye and Pérochon, 1995; Menzies et al., 1995;
Norgaard et al., 1999; Thomsen et al., 2004). The fitted model allowed
us to predict the number of deaths retrospectively by age, production
type (dairy or beef cattle) and week, from 2007 to 2009. The expected
number of deaths was afterwards compared to the number of deaths
actually observed in order to distinguish extra deaths from the
baseline cattle mortality. Finally, considering the temporal distribu-
tion of the extra deaths, we discuss the possible cause-and-effect
relationship between the epidemic and the excess mortality.

Materials and methods

Data management

Data were taken from the French National Cattle Register (Base de
Données Nationale d'Identification). Mandatory registrations include
data about cattle herds (identification number, postcode), animals
(identification number, birth date, sex and breed) and animal
movements (animal identification number, herd identification num-
ber, date, movement type [entry or exit], reason for entry [birth or
purchase] or exit [death, slaughter or transfer]). Data were gathered
since 2001 but we selected for the study only cattle that had lived
in the Meuse department since 01/01/2003, as we considered that the
notification system was only fully operational from this date.

Mortality was described among 10 population subgroups defined
according to age and production type. One of the two production
types (beef or dairy cattle) was attributed to each animal according
to its breed, and five age groups (under 7 days of age, from 7 days to
1 year, 1 to 2 years, 2 to 5 years, more than 5 years) were defined
according to production criteria.

The event of death was defined as an unplanned death, whether
natural or by euthanasia. Mortality was consequently estimated
considering only the “death” notifications and not “slaughter”
notifications.

The 125,904 deaths notified from 01/01/2003 to 31/12/2009 were
aggregated in order to obtain the weekly number of deaths for
each subgroup. A weekly timescale was adopted to bypass the strong
and irregular weekday effect observed on the daily time series and
facilitate temporal modelling. Indeed, daily time series of death
notifications showed a clear weekday effect, most probably because
some farmers habitually notify the date of collection of the dead
animal rather than the real date of death (most rendering plants collect
cadavers only on workdays).

The 1,128,157 movements notified over the same period were
used to compute the denominators corresponding to the weekly
number of deaths. An algorithm was written to calculate the number
of cattle-days at risk of dying (i.e. all the living animals) by week,
production type and age group. The algorithm took into account all
individual movements (entry or exit) and age-group changes at their
exact date of occurrence. The principle of the computation is detailed
in Fig. 1. This denominator is hereafter simply called population.

In parallel to this population andmortality data, the weekly number
of BT8 outbreak declarations from 2007 to 2009 in the Meuse
department was provided by the Meuse Veterinary Office. Farmers
were required to report every clinical suspect case to their veterinarian.
At the beginning of the epidemic, BT8 outbreaks were only declared
once biological tests had confirmed the infection. But after the onset
of the epidemic, in infected zones, the observation of BT8 clinical signs
by veterinarians could be considered sufficient to confirm the infection.
In the present paper, a BT8 outbreak is defined as a herd where a BT8
case has been laboratory confirmed for the first time.

Data weremanaged using Toad forMySQL1 and analysis was carried
out using R software (R Development Core Team, 2005).

Mortality incidence rate modelling

Themortality incidence rate (MIR), λ, also called incidence density
or force of mortality, is defined as follows (Jougla, 1997; Bouyer et al.,
2004):

λt = mt =Nt

where m is the number of deaths over the period t and Nt the
corresponding number of animal-days at risk of dying.

We modelled the fluctuations of MIR over the calibration period
(2003–2006) by population subgroups using a Poisson regressionwith
over-dispersion. Instead of fitting ten specific models (one for each
population group), we fitted a single model to the whole dataset. The
model predicted the mortality according to the at-risk population (as
offset) and the explanatory variables (time, age group and production
type).

Various models assuming different parametric assumptions
regarding the trend (no trend, linear trend, quadratic trend) and
seasonality (no seasonality, annual and half-yearly periodicity) were
tested. The formula of linear predictors for the most complete model

http://www.quest.com/toad-for-mysql/


Table 1
Values of AIC, RMSEv (1) and (2) (as defined in Materials and methods section) for
three models.

AIC RMSEv (1) RMSEv (2)

Model a (no trend) 13635 5.04 7.14
Model b (linear trend) 13572 7.53 7.98
Model c (quadratic trend) 13546 42.90 17.30
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(including a quadratic trend, annual and half-yearly periodicities)
could be written as follows:

A*B*ðT + T**2 + sinð2π × T = 52Þ + cosð2π × T = 52Þ
+ sinð2π × T × 2 = 52Þ + cosð2π × T × 2= 52ÞÞ ð1Þ

with A standing for a set of 5 dummy variables representing the age
group, B a dummy variable representing the production type and T
the time point ranging from 1 (the first week of 2003) to 209 (the
last week of 2006). Interactions between time and group covariates
were introduced to allow temporal patterns to be different in each
population group, as suggested by a preliminary descriptive analysis
of the data.

Moreover, to reduce the effect of past aberrations in the calibration
period, we performed a second round of estimation for the selected
model, weighting the observations by the inverse of their residuals,
as proposed by Farrington et al. (1996). Reweighting was conducted
using the R “surveillance” package (Höhle, 2007).

Model selection

Considering the predictive use of the model, model selection was
not only conducted according to criteria for goodness of fit (corrected
Akaike Information Criterion, AICc) but also criteria measuring the
accuracy and error of the prediction (Root Mean Squared Error of
validation, RMSEv). AICc was preferred to AIC since the ratio of the
number of observations to the number of parameters was below 40
for some models. RMSEv was computed using two strategies, leading
respectively to RMSEv (1) and RMSEv (2).

RMSEv (1) measured the ability of the models to predict within
their calibration period (Snee, 1977):

- the calibration period was divided into 2 subsets (before and after
31/12/2004);

- one model was fitted on each subset of the calibration period;
- the 2models were used to predict values for the subset not used to
fit them;

- the root mean squared difference between the observations and
the predicted values was computed.

RMSEv (2) measured the ability of the models to predict outside
their calibration period. Models were fitted to the whole calibration
period and used to predict the expected number of deaths during
a validation period, defined as the aggregation of the first semester
2007 and second semester 2009. This period was taken as a validation
dataset since it corresponds to a 1-year period that could be considered
as epidemic-free. RMSEv (2) corresponded to the root mean squared
difference between the observations and the predicted values for
this validation period.

In either case, the lower the criterion, the better the predictive
performance of the model.

Computing the expected number of deaths

We used the model fitted to the 2003–2006 data to predict MIR
over the 2007–2009 period, by week and subgroup, and applied the
predicted MIR to the corresponding population. We obtained the
expected weekly number of deaths, i.e. the numbers we would expect
if MIR had kept the same fluctuations in 2007–2009 as during the
calibration period 2003–2006.

Prediction intervals were defined as intervals in which there was a
95% probability of observing the weekly number of deaths during the
test period (2007–2009) if MIR had followed the same fluctuations
observed during the calibration period. Prediction intervals were
computed according to the method proposed by Farrington et al.
(1996): a (2/3)-power transformation was first applied to induce
approximate symmetry in Poisson counts, a symmetric interval was
then calculated on this scale and the results were finally back-
transformed onto the original scale. This transformation is intended to
keep the Type I error constant over a broad range of expected values.

Comparison of expected and observed mortality

The expected number of deaths (E) was comparedwith the number
of deaths actually observed (O). The difference was quantified by two
indicators:

- excess mortality (O-E), which gives the crude mortality rate
exceeding the expected value;

- mortality ratio (O/E), which gives information on the relative
increase of mortality from the expected value.

Mortality ratios below one and negative excesses indicate a deficit
of mortality compared with the expected value.

The evolution of the difference between observed and expected
values was compared graphically to the evolution of the number of
outbreakdeclarations inorder to discuss thepossible causal relationship
between the epizootic and the excess mortality. Moreover, correlation
between the presence of significant excess mortality and the number
of herds notified in a given week was tested by the Wilcoxon test, and
correlation between the absolute difference of mortality (i.e. O-E) and
the number of herds notified in a given week was tested by Pearson's
moment correlation.

Estimation of the uncertainty for summed results

The expected and observed numbers of deathswerefirst computed
for each week and each subgroup, and were afterwards summed to
obtain the expected and observed numbers of deaths for the entire
population and for the one-year period from 01/07/2007 to 01/07/
2008, considered as the main epidemic period. We computed the
uncertainty of the sum of the expected values by applying the Delta
method (Oehlert, 1992), given the mean and the covariance matrix of
the parameters yielded by the model.

Results

Model validation and selection

Values for the 3 criteria measured to select the model are
represented in Table 1. AICc values were close for the three models.
Model c (quadratic trend) had the best AICc but gave considerably
higher predictive scores than the other models and was consequently
eliminated. Model b (linear trend) and Model a (no trend) had close
AICc values but we finally chose Model a since it had the best results
for both of the criteria measuring prediction accuracy.

Diagnostic plots validated the hypotheses advanced to build the
model. Pearson residuals were randomly distributed around the fitted
values, and the normal quantile–quantile plot showed that their
distribution could be considered as normal.

Weekly predictions for the entire population

The weekly time series of the number of deaths observed in the
Meuse department from01/01/2003 to 31/12/2009 is shown in Fig. 2a.



Fig. 2. a. Observed and predicted weekly number of cattle deaths for the entire population, in the Meuse department (France), 2003–2009. b. Weekly number of BT8 outbreak
notifications in the Meuse department (France), 2003–2009.
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Fitted values (2003–2006) and predicted values (2007–2009) are also
represented. Predicted values exceeding the 95% prediction intervals
are highlighted by a triangle.

Until September 2007, the observed number of deaths remained
below the upper limit of the prediction interval (Fig. 2). At the
beginning of 2007, the observed number of deaths was even lower
Fig. 3. Observed and predicted weekly number of cattle deaths by age group in the
than the predicted number. But from September 2007 until mid-
2008, the weekly number of deaths observed in the Meuse
department was constantly above the upper prediction limit. After
a short period during which the weekly number of deaths returned
to within the prediction limits (whilst remaining above the mean
prediction value), the mortality increased significantly a second time
Meuse department (France) in beef (left) and dairy cattle (right), 2003–2009.

image of Fig.�2
image of Fig.�3
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from December 2008 to April 2009. Finally the weekly number of
deaths returned to within the prediction interval limits during the
second semester 2009.

Weekly predictions in subgroups

Weekly numbers of deaths observed in each subgroup were in line
with prediction over the first semester 2007, but significant excesses
appeared from September 2007 (Fig. 3). Calves, and especially beef
calves under 7 days of age, constituted the first and most severely
affected group. The model identified significant weekly excess
mortality in older groups (more than 2 years old) but not in animals
from 1 to 2 years, irrespective of the production type.

Compared evolution of the number of notified herds and the excess
mortality

Fig. 2b. shows the weekly number of herds found to be infected by
BT8 in the Meuse department. The first outbreak was detected on
August 31, 2007. From this date, the number of outbreak declarations
rose dramatically and reached a peak in November 2007 (about 140
declarations for the week from November 15 to 22, 2007). It gradually
decreased thereafter and no more infected herds were detected from
June to August 2008. A second wave of outbreak declarations, much
smaller than the first, occurred in the autumn of 2008. It is important,
however, to underline that farms that notified an outbreak in 2007
(i.e. more than 70% of the cattle farms in theMeuse department) were
not required to declare new outbreaks in 2008.

The period before September 2007, during which the weekly
observed number of deaths was close to the expected number,
corresponds to the period anterior to the first outbreak declaration.
The weekly expected number of deaths began to be constantly and
significantly above the upper prediction limit a few weeks after the
beginning of the spread of the epidemic in the department. Excess
mortality reached a first peak in March 2008, four months after the
first peak of BT8 outbreak declarations. The second period of excess
mortality occurred during the winter of 2008–2009, several weeks
after the second wave of outbreak notifications. In late 2009, no more
outbreaks were notified and the expected number of deaths remained
within the prediction interval.

Results of the Wilcoxon test and Pearson's moment correlation
confirmed the positive correlation between the number of notified
herds in a given week and the presence of excess mortality (p values
were respectively 9.79e-09 and 4.82e-12 for these two tests).

Observed and expected mortality between 01/07/2007 and 01/07/2008

Summed results (population figures, observed and expected
number of deaths, mortality ratio and excess) over the 1-year period
01/07/2007–01/07/2008 are given by age group and production type
Table 2
Cattle population, observed (O) and expected (E) cattle mortality by age group and produc

Production type Age group Population
(cattle-days)

O

Beef cattle b7 d 324,769
Beef cattle 7 days–1 year 13,577,058
Beef cattle 1–2 years 9,380,690
Beef cattle 2–5 years 10,648,021
Beef cattle N5 years 8,215,083
Dairy cattle b7 days 279,806
Dairy cattle 7 days–1 year 11,894,318
Dairy cattle 1–2 years 10,464,190
Dairy cattle 2–5 years 15,357,071
Dairy cattle N5 years 7,055,367
Total 87,196,373 2

a with 95% prediction interval.
in Table 2. Between 01/07/2007 and 01/07/2008, 21,017 cattle died in
the Meuse department whereas 16,691 were expected, according to
the reference period. Forty-three percent of the 4326 extra deaths
were found in calves less than 7 days of age, but excess mortality was
found in each category. The greatest relative increases were observed
in adults of 2 to 5 years (O/E=1.28) and over 5 years (O/E=1.38)
for dairy cattle, and in calves under 7 days of age for beef cattle
(O/E=1.43). The smallest relative increase was observed in beef
cattle from1 to 2 years (O/E=1.14). Themortality ratio for the entire
cattle population of the Meuse department was 1.26 over the period
of interest.

The number of extra deaths that we identified between July
2007 and July 2008 in relation to the mean population over the same
period reached 1.81% [1.43%: 2.19%] for the entire population, and
1.03% [0.75%: 1.30%] when animals under 7 days of age were omitted.

Discussion

The analysis of routinely collected cattle identificationdata allowed
us to describe the excess mortality occurring in the cattle population
of the Meuse department, from 2007 to 2009. Thanks to a four-year
calibration period (2003–2006), we modelled the weekly fluctuations
of mortality incidence rates for 10 population subgroups, defined
according to age and production type. We then used the model to
forecast the expected mortality over the study period (2007–2009)
and compared it to the observed mortality. We identified excess
mortality in each population subgroup. According to the temporal
distribution of the excess mortality over the study period, it is very
likely that the excess mortality was due to the BT8 epidemic.

The approach we applied for estimating excess mortality relies on
the validity of the forecast yielded by the model. We fitted the model
to a period of 4 years (2003–2006) since this was the largest reliable
dataset available anterior to the epidemic. We considered that this
period reflected the baseline mortality because no major health
event had been identified in the department during this period. The
procedure we applied (Farrington et al., 1996) was sufficient from
our point of view to limit the effect of past aberrations (anomalous
mortality peaks) that unreported health events could have caused.

For the approach to be valid, it was essential to select the most
appropriate model. We chose to base the model selection not only on
criteria for goodness of fit (AICc) but also on criteria measuring the
accuracy and error of prediction: the ability of the models to predict
within their calibration periodwas evaluated by RMEv (1) and outside
the calibration period by computing RMSEv (2). According to these
three criteria, Model a (without trend)was selected because it had the
best scores for both predictive criteria. However Model b (with trend)
showed similar performance. The sensitivity of the estimate to the
trend effect still remained relatively limited since excess mortality
estimated using Model b would have been 3386 deaths for the entire
population instead of 4326 with the selected model, i.e. a relative
tion type in the Meuse department between 01/07/2007 and 01/07/2008.

Ea O-E O/E

3,921 2,744 [ 2,633 : 2,860 ] 1177 1.43
3,179 2,651 [ 2,531 : 2,773 ] 528 1.2
540 475 [ 427 : 525 ] 65 1.14
654 536 [ 486 : 589 ] 118 1.22
771 610 [ 556 : 665 ] 161 1.26

4,396 3,698 [ 3,558 : 3,840 ] 698 1.19
3,604 2,967 [ 2,806 : 3,131 ] 637 1.21
632 498 [ 449 : 549 ] 134 1.27

1,775 1,389 [ 1,304 : 1,475 ] 386 1.28
1,545 1,123 [ 1,203 : 1,044 ] 422 1.38
1,017 16,691 4,326 1.26
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increase of 23% instead of 26%. Nevertheless the predictive perfor-
mance of the model may be improved by taking into account other
relevant covariates, as for example meteorological indicators whose
influence on the cattle baseline mortality has been demonstrated
(Stull et al., 2008; Crescio et al., 2010).

The method we implemented only enabled us to distinguish extra
mortality from the estimatedmortality baseline but not to identify the
reasons for it. However, as we limited the study to a relatively small
area, it is possible to review and evaluate the other phenomena that
could also have contributed to the increase of mortality.

It might be thought that changes in the demographic dynamic
could explain the increased mortality. Control measures against the
BT8 epidemic considerably modified the population dynamic. When
infection was suspected on a farm, every movement from the latter
was forbidden. Once the cases were confirmed, three regulatory zones
were defined around the infected farms (with perimeters of 20, 70
and 100 km for the forbidden, protection and surveillance zones
respectively). All cattle movements inside the same zone or to a less
favourable zone were allowed, whereas other movements were
restricted (restrictions depended on the type of animals and their
destination—slaughter or fattening). Export from regulated zones to
other countries was heavily restricted, which consequently increased
the number of slaughters in these zones (Loirette-Baldit, 2008).

Other phenomena (such as the raising of milk production quotas
in 2007 which delayed the culling of old dairy cows) may also have
affected the population dynamic. But since the model and its
predictions took into account the fluctuations of the population on a
weekly scale, the increase in the number of deaths we identified
reflects a real increase of mortality incidence rate, and cannot be
attributed to an increase of at-risk population.

The number of death notifications could also have been increased
artificially because of another type of administrative measure: from
05/10/2007 to 18/07/2008 in France, every death of cattle related to
BT8 entitled farmers to financial compensations (Botrel and Calavas,
2008). From this date, some farmersmay have notified deaths of cattle
that they would not otherwise have done (notably stillborns or very
young calves), which could have increased the number of notifica-
tions of deaths, whereas the number of real deaths remained constant.
However this possible bias seems negligible as cattle herds were
regularly controlled by veterinary officers tomake sure they respected
the notification procedures.

Other events, such as the poor quality of the hay harvested that
same year, may have played a role but since mortality started to
increase concurrently with the rise of BT8 outbreak notifications
(Fig. 2) and since about 80% of the herds of the department had
been declared infected by the end of 2008, BT8 can reasonably
be considered as the predominant cause for the excess mortality
observed in the department.

In both beef and dairy cattle, the mortality ratios we estimated in
animals over 2 years were higher than themortality ratios observed in
calves from 7 days to 2 years. This is consistent with the literature
reporting that BT8 mainly affects mature or older cattle (Thiry et al.,
2006; Darpel et al., 2007; Elbers et al., 2008c). On the other hand, the
mortality we estimated in the group of calves from 0 to 7 days of age
took into account abortions and stillbirths, which were reported as
clinical signs observed in BT8 infected herds (Elbers et al., 2008a,b;
Zanella et al., 2009a). In our study the mortality started to increase
concurrently with the onset of the disease, and remained higher than
the expected mortality for several months. Beyond the deaths
reported during the acute phase of the disease, BT8 infection has
often been associated with residual effects, especially in sheep
(in 2007, 20–30% of the infected sheep showed persistent residual
effects (Zanella et al., 2009b)). Long term consequences of the disease
in cattle have not yet been properly described, but complications
such as bacterial infection of affected tissues, pneumonia or metritis
(Millemann et al., 2009), or other intercurrent diseases (Bosquet,
2007) have been reported. Some of the extra deaths observed in cows
occurred during the calving season and could consequently corre-
spond either to deaths of weakened animals in the post partum period
(generally associated in cattle with a higher mortality risk), or to the
culling after calving of animals whose production was deficient. The
late peak of mortality in calves could be the consequence of anterior
congenital BT8 infections, which can result (depending on the stage of
gestation) in either fetal death or teratogenesis (hydranencephaly,
emaciation incompatible with life) (Dal Pozzo et al., 2009).

Between 01/07/2007 and 01/07/2008, the main epidemic period
in the Meuse department, we identified 4,326 more deaths than
expected (16,991), i.e. a relative increase of +26%. This mortality
increase is close to the one described in the Ardennes (a French
department neighbouring the Meuse) and attributed to BT8. In this
department, where the infection had been detected in 100% of the
farms during the winter of 2007–2008 (Zanella et al., 2009a), the
monthly number of cattle deaths was greater than the previous year
from August 2007 (+12%) to April 2008 (+34%) (Pouilly et al., 2008).
An excess of 5,244 deaths was estimated for the period from July 2007
to June 2008, which represented 2% of the average cattle population.
Other local studies carried out in French departments (Aisne, Nord,
Pas de Calais, Moselle and in the Burgundy region) reported similar
mortality increases in 2007 in cattle (from+20% to +36%) attributed
to the disease (Mounaix et al., 2008).

Under the hypothesis that all extra deaths could be attributed
to the BT8 epidemic, the excess mortality we identified could be
considered as an indirect estimate of the mortality risk associated
with BT8. The number of extra deathswe identified between July 2007
and July 2008 in relation to themean population over the same period
reached 1.81% [1.43%: 2.19%] for the entire population, and 1.03%
[0.75%: 1.30%] when animals under 7 days of age are omitted. At the
end of 2006 the European Food Safety Agency (EFSA) reported amean
BT8-associated mortality (expressed as the number of BT8-associated
dead animals at the time of clinical investigation in relation to the
number of animals in the herd at the same time) of 0.3% in cattle herds
from Belgium, France, Germany and the Netherlands (Elbers et al.,
2007), but with considerable variation between herds: from 0 to 30%
(91% of the herds did not report any deaths related to the disease).
Mean mortality estimates for the period from 06/07/2007 to 31/08/
2007, according to the reports sent to the World Organization for
Animal Health (OIE), was less than 0.2% (Szmaragd et al., 2007).
A retrospective survey carried out in the Ardennes department (a
neighbouring department to Meuse) estimated BT8-associated mor-
tality for the second semester 2007 of 0.18% [0.14: 0.23] (Le Gal et al.,
2008). Another study concluded that the difference of mortality risk in
France between infected and uninfected herds was only significant for
dairy calves and dairy cows, respectively+1.5% and+0.6% (Mounaix,
2009).

Our results suggest therefore that the BT8-associated mortality
risk could be higher than previously estimated. It is clear that our
excess mortality estimate does not necessarily reflect the influence
of the BT8 epidemic alone. As we previously mentioned, additional
plausible reasons probably also contributed to the variations in
mortality observed during the period studied. But on the other hand it
is likely that the BT8-associated mortality risk in cattle was under-
estimated by the other existing studies.

Some of the estimates were clearly computed too soon after the
onset of the infection and overlooked possible delayed deaths. For
example, the analysis of the OIE reports on the period from 06/07/
2007 to 31/08/2007 indicates a mortality risk of 0% for France
(Szmaragd et al., 2007). This result, obtained at the very beginning
of the epidemic in the country, is contradictory to our findings but
also to those of the other studies conducted in France for the second
semester 2007 (Le Gal et al., 2008; Mounaix, 2009).

Moreover, in our opinion, the estimates that relied on comparison
between infected and uninfected populations were not suitable for
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studying the consequences of the BT8 epidemic in France, due to the
impracticality of diagnosing all infected individuals (and related
deaths). The often non-specific clinical signs of the disease in cattle
may indeed have led to underdiagnosis of the disease, particularly
at the beginning of the epidemic when farmers and veterinarians
were not familiar with BT8. The identification of infected herds
was further complicated by the reluctance of some farmers to report
suspect clinical situations, because they feared the anticipated social
and economic consequences (Elbers et al., 2007). Recent results,
indicating a strong similarity between the clinical signs observed in
suspect animals confirmed as infected and those that were not so
confirmed (Calavas et al., 2010), even cast doubt on the reliability of
the biological confirmation of the infection.

Thus, even if the method we applied does not demonstrate
causality in the estimate of excess mortality, we think it offers several
appreciable advantages. Besides avoiding selection bias and dataset
matching issues (since the population is compared to itself), it does
not rely on laboratory tests but only on routinely collected data, which
dramatically reduces the cost of its implementation.

Themethod could be a useful tool for estimating the overall impact
of an epidemic or other type of health event (weather events,
environmental of feed contamination, etc.), which can be easily
applied to other cattle populations, as similar data are collected in
each European Member State. The present study was carried out
retrospectively but, considering the promptness of the notification
systems (more than 80% of the notifications are transmitted within
7 days), the possibility of excess mortality could be assessed regularly
in order to monitor the population impact of epidemics in near-real
time. This would be the first step towards a veterinary syndromic
surveillance system, i.e. a surveillance system based on the automated
collection and analysis of health-related data that precede formal
diagnosis. Similar epidemiological tools already exist in public health
(Josseran et al., 2006) even if their relevance is still under discussion
(Reingold, 2003). In livestock populations, mortality seems to be a
relevant health indicator for monitoring certain epidemics (when the
case fatality rate for the disease in question is not nil) and evaluating
their impact, but its suitability for outbreak detection has yet to be
demonstrated. Further work is needed to define the most appropriate
spatial and temporal resolution of such a system according to the
type and size of the event targeted, and to define appropriate alert
thresholds, considering that the veterinary authorities have limited
resources for conducting investigations.

Conclusion

Our findings provide elements to inform the debate about the
consequences of BT8 in cattle, which are still poorly described. Our
approach did not allow us to demonstrate the cause–consequence
relationship between the disease and the increase of mortality but,
because of the limits of direct estimates in the case of BT8 epidemic,
we think that the information given by our approach might profitably
be taken into account when discussing the consequences of this
disease in cattle.

The method presented could be applied to other areas to
investigate the possible role of BT8 epidemic in the increase of
mortality. It could also be easily applied to the study of mortality
related to other kinds of health event, since it only relies on data
which are already routinely collected in all European countries.
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