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Abstract

The recent bluetongue virus serotype 8 (BTV-8) epidemic in Western Europe struck hard. Controlling the infection
was difficult and a good and safe vaccine was not available until the spring of 2008. Little was known regarding
BTV transmission in Western Europe or the efficacy of control measures. Quantitative details on transmission are
essential to assess the potential and efficacy of such measures.
To quantify virus transmission between herds, a temporal and a spatio-temporal analysis were applied to data on
reported infected herds in 2006. We calculated the basic reproduction number between herds (Rh: expected
number of new infections, generated by one initial infected herd in a susceptible environment). It was found to be
of the same order of magnitude as that of an infection with Foot and Mouth Disease (FMD) in The Netherlands,
e.g. around 4. We concluded that an average day temperature of at least 15°C is required for BTV-8 transmission
between herds in Western Europe. A few degrees increase in temperature is found to lead to a major increase in
BTV-8 transmission.
We also found that the applied disease control (spatial zones based on 20 km radius restricting animal transport to
outside regions) led to a spatial transmission pattern of BTV-8, with 85% of transmission restricted to a 20 km
range. This 20 km equals the scale of the protection zones. We concluded that free animal movement led to
substantial faster spread of the BTV-8 epidemic over space as compared to a situation with animal movement
restrictions.

Introduction
On August 15th, 2006, Western Europe was alerted to
the presence of Bluetongue virus serotype 8 (BTV-8) in
The Netherlands [1]. Later it turned out that the infec-
tion had been present in the area around the borders of
Belgium, The Netherlands and Germany for several
weeks, and the infection was found to have already
spread throughout a large area with a 200 km radius
around the focus point [2]. The route of introduction
remains unknown, although various suggestions have
been studied [3].
Various control measures like animal transport restric-

tions, use of insecticides and moving the animals in

house, were introduced [4], but these options all
appeared to have limited effect. It was suggested that the
winter season of 2006/2007 would halt the BTV epi-
demic, assuming that the chain of transmission would be
broken by a stop in the life cycle of the vector because of
low temperatures. However, during 2007 it became
evident that BTV-8 had survived the winter in Western
Europe and a re-emerging epidemic quickly developed
within the originally affected countries, affecting approxi-
mately 40 000 locations with ruminants [5-7]. In addi-
tion, BTV-8 was introduced into the United Kingdom,
Denmark, Switzerland and the Czech Republic. As a
response, the EU Commission recommended vaccination
as the most efficient veterinary measure that may be used
to fight BTV-8.
The veterinary pharmaceutical industry made a great

effort by developing an inactivated vaccine against BTV-8
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in slightly less than two years [8]. This vaccine has been
applied in the affected region since May 2008. The
vaccine is more effective than all the initial attempts of
controlling or isolating the problem, measured in terms
of new clinical outbreaks in the affected countries in
2008 [5,6,9].
At the time, little knowledge was available about the

dynamics of this infection in the host and the vectors,
and also about the dynamics of the vectors themselves.
The limited effect of many early measures to control the
epidemic are a result of this knowledge gap. Publications
on the transmission dynamics of BTV in this region
became available soon [10,11]. However, due to lack of
data, these studies were still based on general informa-
tion on BTV and Culicoides. They incorporate specific
BTV transmission data from other regions and other
BTV-strains and only incorporate specific information
on the actual West-European situation on well known
variables such as temperature and host densities. During
this epidemic, studies have been initiated to learn more
about the abundance and dynamics of the vectors and
their potential for transmitting BTV in this area [12-16].
To learn more about the quantitative aspects of the

dynamics of the infection, the epidemic data from the
recent epidemic are very helpful. Thanks to good colla-
borative efforts amongst the countries involved, we were
able to jointly analyse the data from the whole affected
area in 2006. The availability of background information
on herds without BTV was also essential.
Spatial and temporal methods were used to quantify

the BTV-8 transmission between herds in Western
Europe in that period and to evaluate the effect of the
changing seasons (temperature) on this transmission.

Materials and methods
Data and data handling
In the framework of the European FP6 Network of
Excellence of Diagnostics and Control of Epizootic
Diseases Epizone (see [17]), a project has been granted
for international collaboration in Bluetongue (BTV-8)
Epidemiological research (Internal Call Work Package
6.6). In this project, National Reference Laboratories
from Germany (FLI), The Netherlands (CVI) and
Belgium (VAR-CODA-CERVA), together with the Cen-
tre de Coopération Internationale en Recherche Agrono-
mique pour le Développement (CIRAD), Montpellier,
France worked on an epidemiological analysis of the
BTV-8 epidemic in ruminant herds in 2006.
The epidemiological data we used were the following:

the geographical coordinates for each outbreak holding
(in total the dataset includes 1977 reported farms, half
of which are cattle farms, almost half are sheep farms
and a few mixed farms); the date of clinical suspicion
reported to veterinary authorities and the date of first

BTV-associated clinical signs observed within the out-
break holding. Furthermore we used information on the
timing of control measures implemented by each coun-
try and information on the density of all holdings hous-
ing cattle, sheep and goats per community with a
variable level of detail. FLI provided a secure database
platform and server making these and some further
background data on the 2006 BTV-8 epidemic available
to all group members.
Temperature data for the epidemic period was

obtained from the Royal Dutch Meteorological Institute
(KNMI).

Transmission modelling
The above mentioned data were used to quantify the
transmission between herds (1) in terms of a reproduc-
tion number (only temporal aspects of the affected
herds were used) and (2) in terms of a spatial transmis-
sion kernel (both spatial and temporal aspects required).
The first method was used to evaluate the impact of
seasonality and temperature on transmission, while the
second method aimed at determining the spatial scale of
BTV-8 transmissions.
Basic reproduction number
We analysed the effect of seasonality in the transmission
of BTV-8 using a method to quantify Rh, the basic repro-
duction number between herds. This method was used
previously to estimate Rh based on epidemic data per
herd for the epidemic of Foot and Mouth disease (FMD)
in The Netherlands in 2001 [18]. The basic reproduction
number is defined as the expected number of new infec-
tions, which are generated by one initial infective subject
(animal or herd). Thus, it is by definition a measure of
the transmission per infection generation. The practical
use of this number lies mainly in the threshold behaviour
when the reproduction number equals one. If the num-
ber is lower than one, an epidemic cannot occur, because
the number of new infections decreases per generation. If
the number is higher than one, the population is at risk
of an epidemic, but it will not necessarily happen. Essen-
tial parameters in this method are the time (date) at
which the infection is introduced in the herd, the time
(date) the herd becomes infectious to the surrounding
herds and the end of the infectious period.
For the BTV-8 epidemic it was rather difficult to deter-

mine the time of introduction of the infection and the
infectious period. Therefore, we started using a few basic
assumptions to solve this, followed by a more detailed sen-
sitivity analysis to evaluate the impact of an assumption
with a strong influence. We assume that a herd becomes
infectious at the time when the first clinical symptoms
were observed (i.e. when several infectious animals are
around). We considered that it will take about two weeks
before the infection has spread substantially in a herd.
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We assumed a latent period of 14 days, i.e. the introduc-
tion of the infection in the herd took place 14 days earlier.
Since the infection can spread and persist in livestock and
vectors in and on the farm for several months, we also
assume that all infected farms remain infectious during
the whole vector-active season. Similar assumptions have
been applied previously by Szmaragd et al. [19].
We analysed the full data set of the 2006 epidemic

under these assumptions. To assess if there was a regio-
nal effect on transmission we also analysed the data
from Belgium, Germany and The Netherlands sepa-
rately. Furthermore, we tested the impact of the
assumption concerning the infectious period. This
assumption was rather crude, so we also calculated the
reproduction number assuming shorter infectious
periods.
Kernel estimation
The spatio-temporal analysis applied a method as pub-
lished by Boender et al. [20,21]. In this methodology, the
transmission kernel is described as a transmission rate l(r)
over distance (r). To be as general as possible, while limit-
ing the number of possibilities we used a functional shape
of the class

λ(r) =
λ0

1 +
(

r
r0

)α (1)

in which, r is the inter-farm distance, l0 is the initial rate
of transmission and r0 a scaling distance. Via the power a
the total range of global (a < 2), intermediate (2 < a < 3)
and local kernels (a > 3) could be matched. Boender et al.
[21] used the moments of the spatial kernels to character-
ise them. For global kernels the transmission is not limited
to certain regions, because average transmission distance,
i.e. the first moment, is infinite. For intermediate kernels
the transmission could be regional depending on the
actual location of farms in a country, because the average
transmission distance in one dimension exists, while the
average transmission distance in two dimensions, i.e. the
second moment, is infinite. For local kernels the transmis-
sion is regional, because the average transmission distance
in two dimensions exists. The kernel shown in equation
(1) gives the best fit describing the FMD outbreak in The
Netherlands in 2001 and the Avian Influenza epidemic in
2003 [20,22]. We assumed in this formalism that the
transmission is isotropic (independent of direction),
homogeneous (independent of location of the farm) and
constant (time independent during the infectious period).
The transmission probability for an infectious period T
and an inter-herd distance r equals:

p(r, T) = 1 − exp
(−λ(r)T

)

.

Using a Maximum Likelihood (ML)-estimation [20]
the parameter estimation for the 2006 BTV-8 epidemic
in Europe could be obtained and the detailed results are
presented in Table 1. Because control measures were
not uniform in the different countries we split the 2006
dataset and we performed the ML-estimation for the
different countries separately. It was difficult to estimate
the parameters l0 and r0 for the Belgium transmission
rate with a meaningful confidence interval (CI), because
these parameters appeared to be interdependent. There-
fore we reduced the transmission rate for Belgium to

λ(r) =
λ0rα

0

rα
(1) (2)

with only two degrees of freedom {l0r0a,a}.

Results
Reproduction number and temperature influence
We estimated the reproduction number for BTV-8 in
the second half of the summer to be around 4, declining
below 1 in the fall. The detailed results of the temporal
analysis, calculating the effective Rh in the field, are
given in Figure 1a. These results show the effect of the
temporal changes in the BTV epidemic. For each infec-
tious herd the graph shows the estimated number of
new herds that were infected by this source herd. Thus
we obtained an estimate for Rh during the summer and
fall season. We found that the epidemic threshold, Rh =
1, is passed at the beginning of October. Since then, the
2006 epidemic declined. This analysis was done sepa-
rately on the full dataset and on the data from the three
most affected countries (Belgium, Germany and The
Netherlands). The results for Belgium indicate that Rh

declines below 1 two days earlier than in the other two
countries, while the estimated reproduction number
declines below 1 at the same day as in the complete epi-
demic. Overall we found very little difference between
the countries in the level of transmission between herds
(Figure 1a).
In all countries, focussing on the first few weeks of the

epidemic, very high Rh estimates were obtained.
Although the very warm period in July 2006 will surely
have led to a high reproduction number between ani-
mals, this will be an overestimation because the infec-
tious herds in that period were few in number, there
was a large impact of underreporting, and these farms
were assumed to have a very long infectious period.
A sensitivity analysis was performed, to study the

effect of assuming different lengths of the infectious per-
iod (see Figure 1c). We hypothesise that in most herds
the majority of the infection pressure will be emitted in
a few weeks up to at most two months, depending on
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temperature and Culicoides density. Therefore, we also
studied several shorter infectious periods between two
weeks and two months. The analysis shows that the
assumed temperature effect (compare with Figure 1b)
becomes more pronounced with shortening of the infec-
tious period.
There is a strong parallel between average temperature

and Rh (Figure 1a-d), compare especially Figure 1b and
1c. July 2006 was extremely warm, with daily average
temperatures over 20°C (normal temperatures would be
around 17 or 18°C). The temperature declined in the
first week of August, and remained rather constant for a
long time. The average temperature was about 16°C in
August and about two degrees higher in September.
During October the average temperature started to
decline again to normal values for that time of the year
of around or below 10°C in November. This pattern is
very similar to that of Rh: very high in July (R > 5) and
remaining almost constant during August and Septem-
ber (Rh ≈ 4) and declining after that. In the graphs that
depict Rh under a shorter assumed infectious period, the
effect of lower average temperatures in August and
higher average temperatures in September is also
reflected (Figure 1c).
When the infectious period ranges between one and

two months, we found that the warm period in July still
has high Rh estimates, i.e. larger than 5. In the less
warm period of August and September, Rh is rather con-
stant at about 4 new herds for each herd that became
infectious in that period.

Although a very short infectious period of two weeks
may not be realistic for most of the season, the analysis
under that assumption helps us in visualising the strong
effect of the temperature on the level of transmission
(see Figure 1c). The impact of a very small temperature
blip at the end of October can actually be observed in
the estimated transmission in those weeks. Thus we can
more precisely estimate the threshold temperature at
which the epidemic switches from increase to decline.
We find that this threshold temperature lies between 14
and 16°C. Some variance in the temperature effect dur-
ing the autumn can be expected from declining num-
bers of Culicoides in the autumn period [23].
We found that the moment at which the threshold is

passed, is not sensitive to the assumed length of the
infectious period at all. In all analyses, Rh declines below
1 around September 20th (the date of introduction of
the infection in a herd). This differs two days at most
over the various analyses performed. This last aspect
suggests that indeed the infection pressure is mainly
spread out in a few weeks after the estimated start of
the infectious period. Otherwise, we should have
observed a delay between changes in temperature and
changes in the Rh.

Spatial transmission kernel
The spatio-temporal analysis, which calculated the spa-
tial transmission kernel, used the same basic assumption
of a latent period of 14 days and an infectious period
lasting until the end of the year. The results are shown

Table 1 Maximum Likelihood (ML)-estimates for the transmission rate parameters during the bluetongue virus
serotype 8 epidemic in 2006 for the different areas of interest (confidence intervals within brackets)

Regions Function l0(10-6 day-1) r0(km) a

Europe
λ0

1 +
(

r
r0

)α 7.4 (5.6-10) 8.8 ( 7.0-10.9) 2.5 (2.3- 2.6)

Germany
λ0

1 +
(

r
r0

)α 9.2 (6.6-13.4) 18.0 (13.5-23.0) 3.2 (2.9- 3.7)

Netherlands
λ0

1 +
(

r
r0

)α 24. (16-52) 3.9 ( 2.1- 6.1) 2.0 (1.9- 2.2)

Belgium before 24/08/2006
λ0

1 +
(

r
r0

)α 62. (35-161) 17.5 (8.3-26.8) 3.7 ( 2.6-5.9)

Belgium
λ0rα

0

rα
l0r0

a(maday-1)
0.028 (0.012-0.06)

1.1 (1.0-1.2)

Belgium after 24/08/2006 λ0rα
0

rα

0.0045 (0.0009-0.017) 0.96 (0.8-1.2)
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Figure 1 Figure 1a. The development of the basic reproduction number (measure of transmission between herds) Rh over time during
the bluetongue virus serotype 8 epidemic in 2006 for Germany (D), Belgium (B) and The Netherlands (NL and for the whole area (all).
The date given is the start of the infectious period. Figure 1b. Average temperature per twenty-four hours (blue) during summer and fall 2006 (in
°C) and the 14 days rolling average (purple) for a smoothened temperature curve. Figure 1c. Basic reproduction number of BTV-8 (between
herds) in a sensitivity analysis for various infectious periods. The date given is the start of the infectious period. Figure 1d. Joint view of the
temperature (14 days rolling average) and the estimated reproduction ratio assuming a 30 days infectious period.
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in Figure 2. From earlier studies we know that the trans-
mission of FMD and AI between farms in The Nether-
lands takes place over a spatial scale (i.e. defined as the
first moment by Boender et al. [21]) of respectively 2
and 4 kilometers [21,22]. We found that BTV-8 in 2006
spreads over a much larger spatial scale of about 15 km.
Eighty-five percent of all transmission takes place within
a 20 km range, which equals the size of the restriction
zones.
In Figure 2 we also show the results of the same ana-

lysis on data for the three most affected countries sepa-
rately. The Belgian kernel did not fit well in a three
parameter kernel shape. A reduced two parameter ker-
nel turned out to be more suitable for this situation,
and it was used according to equation (2). The heavy
tail of the kernel in the Belgian epidemic must be noted
here. Clearly, long distance transmission was far more
important in this country than it was in the other two
countries. A possible explanation was found in the
restriction zoning. On August 24th, 2006, Belgium
declared the whole country to be a BTV-8 infected area.
Since that date, all livestock transport within Belgium
was free from restrictions again. All livestock (infected
or not) could be moved freely throughout the whole
country. In contrast, in The Netherlands and Germany,
with every new animal holding declared infected, gradu-
ally growing restriction zones were redefined regularly.
As a result, considerable parts of these countries were
not incorporated in the restriction zones and animals
could not be moved from the infected area to free areas
unless tested by a laboratory diagnostic test.
To assess the effect of this difference in the control

measures in Belgium, we separately analysed the period
before August 24th, and the period thereafter. The first
obvious result was that the earlier period shows a higher
level of transmission than the second period (Figure 3).

This fits with our results about the strong effect of tem-
perature on the transmission of BTV-8, which was con-
firmed in the Rh results in this paper. The second result
from this analysis was found in the relative distribution
of long and short distance transmissions in the two peri-
ods. The first period until August 24th shows much
more short and medium distance transmissions, whereas
the kernel for the second period (after August 24th) in
Belgium shows an almost horizontal tail of the transmis-
sion kernel over space. The latter means that the trans-
mission can hardly be distinguished from a random
distribution of the infection over space (little decline of
the infection rate over a longer distance). Thus, in the
earlier period, there is a clear spatial transmission kernel
for Belgium that has the same shape as the kernels in
the other two countries, whereas there is little spatial
effect left in the transmission kernel for the period after
August 24th in Belgium.
The main gain of the collaboration between the

affected countries, leading to a joint analysis of the data
gathered, was found in the results from the spatial ana-
lysis. When all data of the affected area were analysed
together, we found that the estimated long distance
transmission (in the range of 50 to 100 km) is lower
than that found in an analysis of the separate countries.
In analyzing the data from one country separately, some
transmissions need to be assumed to have originated
much further away, than the near-by infected farms
over the border, leading to an overestimation of long
distance transmission.

Discussion
From the complete data set of the BTV-8 infected area
in 2006, we estimated the reproduction number between
herds, Rh, during the BTV-8 epidemic in 2006 to be
around 4 in the second half of the summer. This part of

Figure 2 Spatial transmission kernel of the BTV-8 epidemic in
2006 in Belgium (orange), The Netherlands (green), Germany
(brown) and the complete Western European area (blue).

Figure 3 Spatial transmission kernel of the bluetongue virus
serotype 8 epidemic in 2006 in Belgium (orange), and
separately for the first weeks until August 24th (red) and in a
later stage without transport restrictions (purple).
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that summer was slightly less warm than usual followed
by a warm September. The reproduction ratio declined
below 1 in the fall. This pattern was also consistent for
the three countries that were analysed separately. We
are the first to quantify these parameters for such an
infection, so these results cannot be compared to earlier
publications. The differences found between the coun-
tries are surprisingly small, which means that the essen-
tial features driving the epidemic were comparable
throughout the affected region. The reproduction num-
ber between herds was of the same order as that found
for major dreaded livestock infections, like FMD [18,24].
This epidemic was able to hit most ruminant herds in

a large area, which is unprecedented for notifiable dis-
eases in Western Europe in recent decades. This huge
impact was a result of a lack of available effective con-
trol measures in 2006. In FMD and CSF epidemics, iso-
lation of infected herds immediately after detection in
the form of a stand-still or transport ban, leads to a
major reduction of transmission, bringing Rh close to or
below 1 depending on local conditions. [22,25]. How-
ever, for a vector-borne disease, national veterinary
authorities in the affected area assumed a ban on animal
transport to be less effective and therefore these restric-
tions were not applied in the rigorous way that is com-
mon for other notifiable diseases like FMD or CSF.
From the sensitivity analysis, we learned that the Rh

estimates are not very sensitive to assumptions on the
duration of the infectious period of a herd. It remains in
the same range in all cases. This analysis also visualises
the effect of temperature on transmission. Temperature
is the only really obvious connection explaining the
decline of the epidemic in the autumn, which fits with
predictions from earlier theoretical modelling studies
[10]. The decline of Rh during the season cannot be
explained by increasing the efficacy of the control mea-
sures, because none were newly introduced during the
period when the transmission declined in the autumn.
The temperature is thought to affect many aspects of
the vector-host transmission system, like the intrinsic
incubation period in the vector, the biting rate and life-
span of the vector, and with some more delay also the
density of the vector population. All these aspects lead
to reduced transmission at lower temperatures.
By studying the results for extremely short infectious

periods for a herd, we were able to visualise the impact
of temperature on such a system. The number calcu-
lated in this way may led to a less precise quantification
of reproduction number between herds, but it surely is
a good method for visualising the impact of temperature
on transmission. We found that a few degrees tempera-
ture decline in the range between 15 and 20°C can lead
to a reduction of transmission up to a factor 10. This is
a substantial difference in transmission as a result of

a rather common temperature range difference in
Western Europe. Thus, the transmission appears to be
extremely sensitive to this aspect, as was previously
expected but never proven [10,11]. It also supports find-
ings that the infection has more difficulty invading Scan-
dinavia, where summer temperatures are slightly lower.
We also determined a spatial transmission kernel of

the infection between herds and found that although for
The Netherlands the shape of the spatial transmission
kernel for BTV-8 is quite similar to those found in ear-
lier studies on AI and FMD [21,22], the spatial scale at
which transmission for BTV-8 took place, was much
higher. Where transmission of FMD is mostly restricted
to a few kilometers, BTV-8 easily spreads over about
15 km ranges. This difference probably follows from
two typical features of the BTV-8 epidemic. First of all,
unlike FMD and AI, there were no attempts to control
this infection with a strict ban on animal transport,
which is a common regulation for FMD and AI epi-
demics. Secondly, the vector can easily move around
several kilometers, and more if helped by wind [26].
Thus, longer distance transmission of this infection is to
be expected. The effect of transmission via the wind,
leading to an asymmetrical spatial spread is not included
in the model. During the summer and fall of 2006, the
wind direction was quite variable, leading to a very dif-
fuse pattern throughout the infectious period. A specific
analysis of the effect of wind in the 2006 BTV-8 epi-
demic can be found in Hendrickx et al. [26].
In the analysis over separate countries, by not allowing

transmission over the border, we forced long distance
transmission into the analysis. These extra long distance
transmissions are not needed in a joint analysis of the com-
plete infected area. Thus, the latter gives a more reliable
estimate of the long distance transmission averaged over
the duration of the outbreak and all the countries involved.
Still, the shape of the spatial kernel we found in

analysing the overall area is very different from the
Gaussian kernel for BTV transmission estimated from
the same epidemic by Szmaragd et al. [19,27]. This is
because their analysis, which uses the same case data-
set, only incorporates reported farms, and ignores the
background density of farms present in the area. To
regard their study result as a transmission kernel, a
uniform density of background farms have to be
assumed. Since the background of uninfected and
undetected farms are not at all uniformly distributed,
this assumption leads to an overestimation of the
number of farms in low density regions and conse-
quentially to an underestimation of the number of
farms in high density regions. In a kernel estimation
for case data, this leads to an underestimation of the
probability of long distance transmission and thus to a
too much localised kernel estimate.
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In Belgium, we found a spatial transmission pattern
in 2006 that diverges substantially from that in The
Netherlands and Germany. We observed a very heavy
tail of long distance transmission in Belgium, suggesting
a restricted influence of the spatial component in trans-
mission in Belgium. The kernels for The Netherlands,
Germany and the kernel for the whole area show a
much more localised spatial transmission.
A separate analysis for the early (with animal move-

ment restrictions) and late period (no animal movement
restrictions) of the epidemic in Belgium showed a major
difference between the spatial transmission kernels
before and after August 24th, 2006. This suggests that
unrestricted animal transport has a major impact on the
spatial scale of transmission of this infection. It leads to
a transmission pattern that is similar to random trans-
mission over space in the area where such transports
are allowed freely.
All other countries maintained restrictions on animal

transports from the more heavily infected areas, to pro-
tect the zone that was not yet affected (heavily), thus
reducing long distance transmissions and maintaining a
pattern of gradual spread over space. The scale of the
spatial transmission kernel fits with the size of the
restriction areas (i.e. average transmission distance of
15 km). According to Szmaragd et al. [27] for the Gaus-
sian kernel, movement restrictions had only a small
effect on spread, whereas for fat tailed kernels, such
restrictions lead to greatly reduced spread. We observed
a large effect of the movement restrictions on the spatial
spread, which was consistent with a fat tailed kernel and
inconsistent with the Gaussian kernel selected by
Szmaragd et al. [19].
Therefore, our results suggest that further restriction

of animal movements could have helped in reducing
long distance transmission. Such an intervention did not
affect the short distance transmission and did not
change the intensity (prevalence) of the epidemic in
affected areas, but slowed down the spatial progress
(speed of the wave front) of the epidemic. This can be
of major importance in protecting neighbouring coun-
tries for introduction of the infection.
Finally we add a few remarks on the results to make

our conclusions more informative. Firstly, in this study
we were able to analyse transmission parameters only on
the level of transmission between herds. This follows
from the type of data that were collected, i.e. estimated
date of infection and location of each infected farm.
Within herd information was very limited and will be
analysed separately. Although effective transmission
within a herd will probably continue later in the season
than the transmission between herds, the main spread of
the epidemic was already restricted early in the autumn,
because transmission between herds had declined below

the threshold. Transmission between herds is the essen-
tial feature of large scale epidemics in livestock.
Secondly, underreporting and late reporting was prob-

ably substantial in this epidemic. If the underreporting
was constant throughout the assessed period, this did
not influence the amplitude of the spatial kernel, while
the ratio between infected and uninfected was consis-
tently underestimated. It will not have influenced our Rh
results or the shape of the kernel much. This is because
the transmission (for both methods applied here) was
quantified from the ratio between infectious and newly
infected farms which are registered. Thus it missed a
similar fraction of farms on both ends, the infectious
and the infected end.
Thirdly, the Culicoides densities were unknown at the

time of the study. Since then it has become clear that
suitable vector species for BTV-8 are prevalent through-
out the area [12-16]. Details on the vector abundance
and vector competence for the various Culicoides spe-
cies, was not available in sufficient detail to analyse its
influence.
In conclusion we found that
1. animal transport restrictions can slow down the

spatial spread of BTV-8 substantially.
2. spatial transmission during the BTV-8 epidemic

took place mostly within a 20 km range.
3. at temperatures below 15°C, the transmission of

BTV-8 between farms was limited to such a low level
that the epidemic was fading out.
4. the reproduction number of BTV-8 between herds

is about 4 in a normal summer in Western Europe.

Acknowledgements
We thank Franz Conraths, Jörn Gethmann, Kathrin Teske, and Doris Kämer
from the Friedrich-Loeffler Institut, Wusterhausen, Germany for providing
epidemiological data from the BTV-8 epidemic in Germany and for
preparing and making these data available (and the international data) on a
server platform. We thank Yves van der Stede from VAR-CODA-CERVA,
Brussels, Belgium for providing epidemiological data from the BTV-8
epidemic in Belgium.
This work was partly financed by the Dutch Ministry of Agriculture, Nature
and Food Quality, LNV (KB project nr. KB-08-006-006, WOT project nr. 01-
001-004), and The European Network of Excellence, Epizone (IC Work
Package 6.6: Bluetongue Epidemiology).

Author details
1Department of Epidemiology, Crisis management and Diagnostics, Central
Veterinary Institute (CVI), part of Wageningen UR, P.O. Box 65, NL-8200 AB
Lelystad, The Netherlands. 2Friedrich-Loeffler Institut, Institute of
Epidemiology, Wusterhausen, Germany. 3Veterinary and Agrochemical
Research Centre (VAR-CODA-CERVA), Brussels, Belgium.

Authors’ contributions
AdK was responsible for the data analysis, modelling, visualisation and main
conclusions regarding the temporal analysis with links to the temperature
effect, and wrote the majority of the paper. GJB was responsible for the data
analysis, modelling, visualisation and main conclusions of the spatio-
temporal analysis, and wrote most of the materials and methods and results
regarding these aspects. GN and AE helped the analysis forward in
brainstorm sessions regarding results and conclusions, and contributed to

de Koeijer et al. Veterinary Research 2011, 42:53
http://www.veterinaryresearch.org/content/42/1/53

Page 8 of 9



the preparation and finalisation of the paper. AE was also responsible for the
Dutch data and was coordinator of the international collaboration on BTV-8
epidemiology in Epizone. CS was responsible for the German data, for the
overall data structuring, inspection and management. He also offered
information on the German epidemiological situation regarding BTV-8. EM
was responsible for the Belgian data and the background information
regarding the epidemiological situation of BTV-8 in Belgium. All authors read
and approved the final document.

Competing interests
The authors declare that they have no competing interests.

Received: 31 August 2010 Accepted: 24 March 2011
Published: 24 March 2011

References
1. Elbers ARW, Backx A, Méroc E, Gerbier G, Staubach C, Hendrickx G, van der

Spek A, Mintiens K: Field observations during the Bluetongue serotype 8
epidemic in 2006. I. Detection of first outbreaks and clinical signs in
sheep and cattle in Belgium, France and The Netherlands. Prev Vet Med
2008, 87:21-30.

2. Gerbier G, Baldet T, Tran A, Hendrickx G, Guis H, Mintiens K, Elbers ARW,
Staubach C: Modelling local dispersal of Bluetongue virus serotype 8
using random walk. Prev Vet Med 2008, 87:119-130.

3. Mintiens K, Méroc E, Mellor PS, Staubach C, Gerbier G, Elbers ARW,
Hendrickx G, De Clercq K: Possible routes of introduction of bluetongue
serotype 8 virus into the epicentre of the 2006 epidemic in north-
western Europe. Prev Vet Med 2008, 87:131-144.

4. Mintiens K, Méroc E, Faes C, Abrahantes JC, Hendrickx G, Staubach C,
Gerbier G, Elbers ARW, Aerts M, De Clercq K: Impact of human
interventions on the spread of Bluetongue virus serotype 8 during the
2006 epidemic in north-western Europe. Prev Vet Med 2008, 87:145-161.

5. Conraths FJ, Gethmann JM, Staubach C, Mettenleiter TC, Beer M,
Hoffmann B: Epidemiology of bluetongue virus serotype 8, Germany.
Emerg Infect Dis 2009, 15:433-435.

6. Elbers ARW, van der Spek AN, van Rijn PA: Epidemiologic characteristics of
bluetongue virus serotype 8 laboratory-confirmed outbreaks in The
Netherlands in 2007 and a comparison with the situation in 2006. Prev
Vet Med 2009, 92:1-8.

7. Méroc E, Herr C, Verheyden B, Hooyberghs J, Houdart P, Raemaekers M,
Vandenbussche F, De Clercq K, Mintiens K: Bluetongue in Belgium:
episode II. Transbound Emerg Dis 2009, 56:39-48.

8. Kuijk H, Jansen M, Moulin V, Makoschey B: Vaccination against BT serotype
8 in The Netherlands. Tijdschr Diergeneeskd 2008, 133:1006-1009, (article in
Dutch).

9. Burgin L, Gloster J, Mellor PS: Why were there no outbreaks of
bluetongue in the UK during 2008? Vet Rec 2009, 164:384-387.

10. De Koeijer AA, Elbers ARW: Modelling of vector-borne diseases and
transmission of bluetongue virus in North-West Europe. In Emerging pests
and vector-borne diseases in Europe. Edited by: W Takken and BGJ Knols.
Wageningen Academic Publishers, The Netherlands; 2007:99-112.

11. Gubbins S, Carpenter S, Baylis M, Wood JLN, Mellor PS: Assessing the risk
of bluetongue to UK livestock: uncertainty and sensitivity analysis of a
temperature-dependent model for the basic reproduction number. J R
Soc Interface 2008, 87:21-30.

12. Meiswinkel R, Baldet T, De Deken R, Takken W, Delécolle JC, Mellor PS: The
2006 outbreak of bluetongue in northern Europe - the entomological
perspective. Prev Vet Med 2008, 87:55-63.

13. Meiswinkel R, van Rijn P, Leijs P, Goffredo M: Potential new Culicoides
vector of bluetongue virus in northern Europe. Vet Rec 2007, 161:564-565.

14. De Deken G, Madder M, Deblauwe I, De Klercq K, Fassotte C, Losson B,
Haubruge E, De Deken R: Vector monitoring at Belgian outbreak sites
during the bluetongue epidemic in 2006. Prev Vet Med 2008, 87:64-73.

15. Dijkstra E, van der Ven IJK, Meiswinkel R, Hölzel DR, van Rijn PA,
Meiswinkel R: Culicoides chiopterus as a potential vector for bluetongue
virus in Europe. Vet Rec 2008, 162:422.

16. Mehlhorn H, Walldorf V, Klimpel S, Schaub G, Kiel E, Focke R, Liebisch G,
Liebisch A, Werner D, Bauer C, Clausen H, Bauer B, Geier M, Hörnbrand T,
Bätza HJ, Conraths FJ, Hoffmann B, Beer M: Bluetongue disease in
Germany (2007-2008): monitoring of entomological aspects. Parasitol Res
2009, 105:313-319.

17. Epizone: [http://www.epizone-eu.net].
18. Bouma A, Elbers ARW, Dekker A, de Koeijer AA, Bartels C, Vellema P, van

der Wal P, van Rooij EMA, Pluimers FH, de Jong MCM: The foot-and-mouth
disease epidemic in The Netherlands in 2001. Prev Vet Med 2003,
57:155-166.

19. Szmaragd C, Wilson AJ, Carpenter S, Wood JLN, Mellor PS, Gubbins S:
A modeling framework to describe the transmission of bluetongue
virus within and between farms in Great Britain. PLoS One 2009,
4(11):e7741.

20. Boender GJ, Hagenaars TJ, Bouma A, Nodelijk G, Elbers ARW, de Jong MCM,
van Boven M: Risk maps for the spread of highly pathogenic avian
influenza in poultry. PLoS Comput Biol 2007, 3(4):e71.

21. Boender GJ, Meester RWJ, Gies TJA, de Jong MCM: The local threshold for
geographical spread of infectious diseases between farms. Prev Vet Med
2007, 82:90-101.

22. Boender GJ, van Roermund HJW, de Jong MCM, Hagenaars TJ:
Transmission risks and control of foot-and-mouth disease in The
Netherlands. Epidemics 2010, 2:36-47.

23. Sanders CJ, Burgin L, Pallot A, Barber J, Golding N, Carpenter S, Gloster J: A
study of potential bluetongue vectors and meteorology in Jersey.
Weather 2010, 65:21-26.

24. Tomassen FHM, de Koeijer A, Mourits MCM, Dekker A, Bouma A,
Huirne RBM: A decision-tree to optimize control measures during the
early stage of a foot-and-mouth disease epidemic. Prev Vet Med 2001,
54:301-324.

25. Stegeman JA, Elbers ARW, Boum A, de Jong MC: Rate of inter-herd
transmission of classical swine fever virus by different types of contact
during the 1997-8 epidemic in The Netherlands. Epidemiol Infect 2002,
128:285-291.

26. Hendrickx G, Gilbert M, Staubach C, Elbers ARW, Mintiens K, Gerbier G,
Ducheyne E: A wind density model to quantify the airborne spread of
culicoides species. Prev Vet Med 2008, 87:162-181.

27. Szmaragd C, Wilson AJ, Carpenter S, Wood JLN, Mellor PS, Gubbins S: The
spread of bluetongue virus serotype 8 in Great Britain and its control by
vaccination. PLoS One 2010, 5(2):e9353.

doi:10.1186/1297-9716-42-53
Cite this article as: de Koeijer et al.: Quantitative analysis of transmission
parameters for bluetongue virus serotype 8 in Western Europe in 2006.
Veterinary Research 2011 42:53.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

de Koeijer et al. Veterinary Research 2011, 42:53
http://www.veterinaryresearch.org/content/42/1/53

Page 9 of 9

http://www.ncbi.nlm.nih.gov/pubmed/18620767?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18620767?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18620767?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18640733?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18640733?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18667252?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18667252?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18667252?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18649960?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18649960?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18649960?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19239757?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19740560?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19740560?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19740560?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19200297?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19200297?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19133439?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19133439?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19329806?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19329806?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18640734?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18640734?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18640734?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17951565?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17951565?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18640732?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18640732?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18375991?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18375991?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19322587?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19322587?dopt=Abstract
http://www.epizone-eu.net
http://www.ncbi.nlm.nih.gov/pubmed/12581598?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12581598?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19890400?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19890400?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17447838?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17447838?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17602765?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17602765?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21352775?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21352775?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12002547?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12002547?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12002547?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18639355?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18639355?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20179768?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20179768?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20179768?dopt=Abstract

	Abstract
	Introduction
	Materials and methods
	Data and data handling
	Transmission modelling
	Basic reproduction number
	Kernel estimation


	Results
	Reproduction number and temperature influence
	Spatial transmission kernel

	Discussion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


