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Chapter | : General Introduction

PREFACE

In 1962, Nobel Price virologist Mac Burnet wrote tiollowing: “One can think of the middle
of the twentieth century as the end of one of tlsthmportant social revolutions in history,
the virtual elimination of the infectious diseasessa significant factor in social life” (Burnet,
1962). Unfortunately, the last decades have prénewas wrong; as described by Jones et al.
(2008), the number of human emerging infectiougaties (EID) has continued to increase
after 1960, reaching a peak in the 1980s, andrspllesenting a significant burden on global

economies and public health.

The concept of EID started to be used in the 1&80%, when major epidemics occurred
around the globe which surprised many scientists wdgnsidered such diseases to be of the
past or limited to the less developed parts ofwtbdd (Chomel, 1998). It has primarily been
applied to diseases affecting humans (Cleavelaatl,2001). The basic definition of an EID
is an infection that has appeared in a populatwrtie first time, or that may have existed
previously but is rapidly increasing in incidencegeographic range (Morse, 1995; WHO,
2013). If the disease was present in the regiothé past and at one point considered

controlled and eradicated, the disease is conslderbe re-emerging.

Recent EIDs have predominantly originated from ahineservoirs. More than 60% of the
roughly 400 human EIDs that have been identifiettesil940 are zoonotic (Jones et al.,
2008).

The emergence of an infection can be seen as at®poprocess, with: 1. the introduction of
the pathogen into a new host population and 2egtiablishment and spread within the new
host population (Morse, 1995). Most EIDs appeandaaused by pathogens already present
in the environment given an opportunity to infeemwnhost populations. Introduction and
spread of infectious diseases are known to be mrle a wide range of factors. The
emergence can result from the modification of tathpgen characteristics (e.g., by mutation
or recombination) and/or the host(s) charactegstighich themselves are thought to be
driven largely by socio-economic, environmental aablogical factors. The increase of
world-wide exchanges and consumerism, among othsrdactors known to be precipitating
disease emergence, by placing naive hosts at setezontact with a previously unfamiliar
pathogen or its natural host (Cleaveland et ab12@ufour et al., 2008; Morse, 1995). The
obvious increase of those factors suggests thas Bl continue to occur in the future.
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Chapter | : General Introduction

Indeed, even when adjusting for the improvemenglobal surveillance, it is observed that
the frequency with which new pathogens emergedarbt increasing in time (Morse et al.,
2012).

Influenza, Malaria and West Nile virus are onlyeas/fexamples among many others of recent
emerging or re-emerging threats. The potential pand spread of such diseases, as it was
observed for instance during the H1N1 Influenzalemic in 2009 (Mexican Flue), and the
negative economic and social consequences thiuinilg, clearly emphasizes the paramount
need for improvement of the anticipation, surveitla and control of EIDs (Morse et al.,
2012).

I.I. Emerging arboviral infections

One fourth of the EID events which occurred betw&840 and 2004 in the global human

population (25.4%) were caused by viral and priathpgens. Indeed, because of their poor
mutation error-correction capacity and often higtes of nucleotides substitution, viruses are
prone to adapt easily to new hosts. In additiomalviliseases are less easily controlled
compared to other types of infectious diseasesusecaf their difficulty to be treated, and are

thus more likely to spread within the host popolasi (Morse, 1995; Jones et al., 2008).

Arthropod-borne viruses or arboviruses (ABV) arealipathogens transmitted among
vertebrate hosts by hematophagous arthropod veicidigling mosquitoes, sandflies, biting
midges and ticks. The last International CatalogldBV listed more than 550 ABV and
related viruses. They are found in diverse virahifes, including Togaviridae (genus
Alphavirus); Bunyaviridae (genera Nairovirus, Orthobunyavirus, Phlebovirus, and
Tospovirus); Flaviviridae (genus Flavivirus); Rhabdoviridae (genus Vesiculovirus);
Orthomyxoviridae (genus Thogotovirus); Reoviridae (genusOrbivirus); and Asfarviridae
(genusAsfarvirus). ABV are all RNA viruses except for African swifever virus which is
the only known DNA virus in this category (WeavardaReisen, 2010). RNA viruses in
general are characterised by higher mutation redespared to DNA viruses (Cleaveland,
2001). Consequently, ABV are especially prone temya in new host populations. More

than 150 of the ABV are known to cause human aralional diseases. Table 1 summarizes
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information on important ABV which infect domest@nd wild ruminants. Almost half of

these ruminant viruses also have a zoonotic patenti

During the last decade, several human and anintdganic ABV, including West Nile virus
(Monaco et al., 2010), Japanese encephalitis (Mem&eet al., 2004) and Bluetongue virus
(BTV) (Toussaint et al., 2006), have emerged anged epidemics in countries where they
had never before. Because of the requirement fdeioevectors, ABV infections mostly
occur in tropical and subtropical regions. Indetbe, cooler climate experienced in Northern
latitudes means that there are fewer species ofogdd compared to tropical regions.
Because ABV are totally dependent on their vect®rgood knowledge of the distribution of
the latter is absolutely necessary in order to mnawcomprehensive understanding of the risk
for introduction of a given virus. For example eafthe emergence of the Chikungunya virus
in the Indian Ocean islands in 2005 (Flahaut, 2089l in Italy in 2007, the European Center
for Disease Prevention and Control (ECDC) workegetber with entomologists to develop
Aedes albopictus distribution maps for Europe (ECDC, 2009).

Nevertheless, ABV infections often persist at veaw levels in a population until some
changes in viral/vector genetics, host/vector pafpoh composition/dynamics, or
environmental features occurs and make them ampdifgpidemics levels (Weaver and
Reisen, 2010). Human behavior seems to play a eghgible role in the abovementioned
factors. Vectors may be introduced to new geograpineas inter alia by human travel,
international trade and animal/plant movement (Mimg et al., 2008a; EFSA, 2012a). The
increased level of international flux has greatyilitated the spread of viruses and vectors,
which means that the geographical barriers facednfgctious diseases in the past have
largely been removed. Also, environmental factorsluding urban expansion and population
growth have facilitated contacts between hosts \aewors. In addition, climate change is
thought to play a significant role in the emergeatA&BV (Hollidge, 2010). Receptivity of a
given population to viral establishment seems talbsely related to climatic conditions (e.qg,
seasonal duration) conducive to viral replicatigblobal warming will create altered
environmental conditions leading to changes in arecange, vertebrate host and dynamics
(Maclachlan and Guthrie, 2010; Weaver and ReisehQR BTV started to spread in Europe
because climate warming allowed the main vectulifoides imicola) to expand its
geographical distribution northward to include past Southern Europe (Purse et al., 2005).
Following the heat wave in 2003, a French groumxderts identified six priority diseases
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that were likely to evolve in response to globarwiag. Five out of the six diseases were
vector-borne and four out of five were ABV (ANSE®05).

Table 1: List of important arboviruses affecting domestid avild ruminants; Viruses in italic are
zoonotic (sources: Karabatsos, 1985; Johnson, &2, and Powers, 2009)

Vedor  Affected hosts Established OlElisted
disease

Culicoides, Cattle. shee Japan, Sout-East Asia,

Akabanevirus Orthobunyavirus Aedes, Culex ' P, Australia, Turkey, South no
goat .
and Anopheles Africa

Culicoides,

Ainovirus Orthobunyavirus Aedes, Culex Cattle, sheep Japan, Australia

and Anopheles

Several domesti . . .
America, Africa, Asia,

Bluetongue virus Orbivirus Culicoides gnd wild st s e yes
ruminant species
Bovine ephemeral fever Ephemerovirus Culicoides, Cattle and water Africa, Asia, Australia, no
virus P Anopheles buffalo Middle East
Dugbevirus Nairovirus Tick Human, cattle Africa no
i i i - L Americas, Africa, Asia,
E.pl 200“9 haemorrhagic Orbivirus Culicoides Deer, cattle ) yes
disease virus Australia
Inkoovirus Orthobunyavirus Aedes Cattle Finland no
Loupingill virus Flavivirus Ixodes ricinus  Sheep, cattle British Isles on
iti . Cul H . h . .
I\{IurrayVaIIeymoephahﬂs Flavivirus ga< . UL Australia, Indonesia no
virus annulirostris cattle
irobi i L Ripicephalus .

Na]mbl sheep disease Nairovirus P p Sheep, goat East Africa yes
virus appendiculatus

Culicoides,
Palyam virus Orbivirus Culicine Cattle, sheep Africa, Asia, Australia no

moquitoe

. . . Human, sheep, .
Rift Valley fever virus Phlebovirus Aedes qoat, camel Africa yes
Russian s.p.rl ng-summer Flavivirus Ixodes Human, cattle, Eurasia o
encephalitisvirus per sulcatus goat
Thogoto virus Thogotovirus Tick Sheep Africa no
Phlebotomine
sandfly,
Vedcular gomatitisvirus  Vesiculovirus Culicoides, C_attle horse, America yes
. pig, (human)
Smulium
blackfly
. - Human, sheep, . .
Wessd shron virus Flavivirus Aedes il Africa, Asia no
S - Human, cattl . . .
Wes Nilevirus Flavivirus Culex u . N Africa, Eurasia, America yes
horse, avian

Wegtern equine . Human, cattle, .
encephalitisvirus Alphavirus Culex horse 1@ yes
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Chapter | : General Introduction

I.I1. Surveillance of emerging arboviral infections
I.11.1. Objectives of surveillance

Surveillance of animal infectious diseases is esakttt improve animal health, protect public
health, support economic growth, and enhance adoesgernational markets for trade in
animals. The Food and Agricultural Organization (JAwrote that ‘In an increasingly
globalized world, veterinary surveillance systenmml aservices are vital to detect these
diseases early enough and to prepare contingemas b contain those outbreaks’ (FAO,
2000; Mariner et al., 2011). Surveillance aims mddpcing health data designed to guide

decision-making.

The two terms ‘monitoring’ and ‘surveillance’ artem used interchangeably in animal health
programs. Stricto sensuljsease monitoring is defined as the ongoing efforts directed at
assessing the disease status of a given populalio@; efforts consisting in the routine
recording, analyses and distribution of informatretated to the disease. The tedisease
surveillance on the other hand used to describe a more active system and imfiiet some
form of directed action will be taken if the datadicate a disease level above a certain
threshold (Christensen, 2001; Salman et al., 20@8pur and Hendrickx, 2009). In order to
facilitate the reading of the text, we will fromrbeon simplify the term ‘monitoring and

surveillance’ by using instead the word ‘surveitiah

When designing an appropriate surveillance systemah EID, the initial step will be
identifying and evaluating the risk of introductiand establishment of specific diseases in
free host-populations. At the European level, theoRean Food Safety Authority (EFSA) is
responsible for assessing and communicating omisks associated with the food chain.
Under the framework of Council Regulation (EC) NeB2002 and as a consequence of the
emergence of BTV in North-Western Europe in 2006u@saint et al., 2006), a call for
proposals was published on the EFSA website in AugQ07 (CFP/EFSA/AHAW/2007/02)
to provide an evaluation of the distribution ofhadpod vectors and their potential for
transmitting emerging vector-borne animal diseas®s zoonoses. In this context, potential
tick and mosquito vectors and associated ABV wésted for risk anticipation (EFSA,

2009a,b). Repeated assessments of the risk of enwr@f specific pathogens present in the
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animal population of neighboring regions and trgdpartners need to be performed at a
regular basis (Doherr and Audigé, 2001).

Figure 1 displays the example of an emerging ABMemic curve with its different phases.
The objectives of the surveillance process apgledn EID usually follow the evolution of
the epidemic curve and are adapted to the epidegigal stage (Thulke et al., 2009;
Randolph and Rogers, 2010; EFSA, 2011a).

The objective of surveillance during the initialgsie of the epidemic, &t (figure 1), will be

to detect the introduction of the infection. Atghstage, the host population which is being
closely watched over is still naive (i.e., with@uty history of the exotic/unknown infection)
and is therefore fully susceptible to the infectiShould the introduction occur, the objective

will be to detect it as soon as possible (earlgctain).

In the progress of any epidemic, following an exguial rise, the number of new cases
eventually reaches a maximum and then starts teedse. In the context of an ABV, in our
latitudes, the transmission process fades out alftues the vector activity decreases when
the winter season begins. At this point of the epitt (att;, andtyy), it is usually time to take
stock of the situation. Thus, the main surveillaobgective will now be to assess the extent of
the infection. The result of this assessment Wdbaconstitute the basis for future sampling,
for predicting future spread, and will also be of¢he aspects to consider before deciding on

possible intervention measures such as vaccination.

Control measures such as mass vaccination or skugte implemented in the infected area
to contain the epidemic. A, the surveillance process will consist in evahgtihe impact
of the control measure. To do so, an option camobmonitor the targeted decrease of the

prevalence indicator, thus, by assessing the egfeht infection as it is done &t

At t3, the epidemic has ceased following a natural fadesf transmission or effective control
actions. No more outbreaks are reported in thetcpuft this stage, it is important to provide
sufficient proof that the animals are not infectadymore, especially for lifting trade
restrictions for OIE-listed diseases (World Orgatian for Animal Health). The objective of
surveillance at this point will be to investigafeai given population is truly free from the

disease. Once this has been successfully accomag)isie focus will move again to the first
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stage of surveillance, but, at this point, takingpiaccount the fact that the population is not

naive anymore.

New outbreaks

M

t0 tla tib t2 t3
Time

Figure 1. Example of emerging arboviral infection epidemicveut0: before epidemic starts
tla andtlb: plateau after epidemic episQd2 after control measures at& whenepidemic has

stopped)

Next to general recommendations for animal healtiesllance, the OIEHerrestrial Animal
Health Code sets out specific guidelines for improving sunegite of arthropod-vectors of
animal diseases (OIE, 2013a). Even though the tbgscof the programs as described in
figure 1 will be similar to that of any other ElBrthropod-borne diseases pose an additional
challenge to animal health surveillance systems ttheecomplexity of their transmission
cycle. A sound surveillance program will requiregharough understanding of the biology,
ecology and interactions of the vertebrate andrepthd hosts and a multidisciplinary

approach involving both animal health specialistd antomologists will always be needed.
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The main objectives of the vector surveillance Ww#l determining the areas and seasons of
risk for emergence/re-emergence of the diseasanapleémenting an early-detection system
for vectors and/or vector-borne pathogens in thaske units during the vector season.
Therefore, it is necessary to establish: 1. whetiervector(s) is (are) present in a region or
not, and in the case it is, 2. the distributiorthed vector(s) in the region, 3. the abundance of
the vector(s) and its (their) spatial and tempwaaiability (OIE, 2013a; OIE, 2013b). In case
the vector is not (yet) present in an area, a aiskessment will be useful for identifying
potential pathways for introduction and subseqyewttch them closely. Next to this, the
detection of the pathogen itself in arthropod papahs is a key element of the entomological

surveillance.

[.11.2. Strategies for surveillance

There are various ways of classifying surveillastrategies available to meet the objectives
described in previous section. Dufour and Audig89{) and Doherr and Audigé (2001)
propose several classification criteria includirge ttype/source and the method of data
collection. As shown in figure 2, most surveillangegrams of ABV are based on two
methods of data collection: 1. the reporting ofnickal suspicions (so—called ‘passive

surveillance’) and 2. the sample-based surveys#fied ‘active surveillance’).

Passive surveillance is a pivotal source of infdramafor detecting EID, since it theoretically

covers the whole susceptible animal population Wwhg under farmer and/or veterinarian
surveillance, continuously in time. The populatisrexpected to express the clinical form of
the disease, when infected (Doherr and Audigé, RODie veterinarians decide to submit
samples for further diagnosis to the veterinaryftatories. Notification of suspect cases of
OIE listed ABVs (Table 1) to the competent authesitis usually mandatory within national

disease surveillance legislation. The detection anbsequent investigation of disease
suspicions obviously relies on a chain of eventdunting the capacity of animal-health

professionals to recognize the clinical signs. Rassurveillance is not only important in the

initial stage of the epidemic (&), but remains also very useful during the outbsedkdeed,

the early detection of new cases helps controtliegmpact of the epidemic.
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Active surveillance is defined as the periodic ediion of samples or case reports from
veterinary authorities (Doherr and Audigé, 2001;déta and Stark, 2008). The main
difference between active and passive surveillaachat the former follows a prescribed
sampling protocol. A very common example of actswgveillance is the cross-sectional
survey which will give a snapshot in time and spaieé will allow estimating the prevalence
of the infection, the clinical disease, or the inmawtatus of a population. In most cases, this
type of surveys will provide a more valid picturetiee impact of the EID than when relying
on passive surveillance only. Many data sourcesustelly available, such as samples
collected at the farm or animal health data recoftie main drawback of active surveillance
will be its cost, especially when a large sampleuired.

Sentinel animals are a form of targeted surveibanith a prospective study design. They
consist in cohorts of unexposed animals (initi@gronegative) managed at fixed locations
and monitored regularly to detect new infectiores@gsonversions) (OIE, 2013b). Risk-based
approaches can help improve sentinel systems awmel thie possibility to concentrate
resources on specific areas and periods which haes identified to be at-risk for the
emergence. Hadorn et al. (2002) illustrated howntalccount of risk assessments regarding
disease introduction when designing surveys redoosiderably the sample size needed. In
the context of an ABV, high-risk patterns can beniified based on several risk criteria (or a
combination of criteria): 1.presence of the ve@orector ecological requirements (climatic
and geographic factors) and 3.exposure of the h8stme ABV are transmitted by different
species of arthropods and thus different risk gatéave to be dealt with simultaneously
when building the sampling design. The elaboratbmisk-based sentinel networks totally
relies on the sufficient epidemiological knowledigfehe disease which often requires among
other things a preliminary entomological surveitlansystem to be in place. This kind of
approach thus obviously supposes that the riskngfrgence is well known by the veterinary
authorities.

In the context of an emerging ABV, a substantiait gd the active surveillance system
concerns the surveillance of the vector itselffe3). Many scientific sampling techniques
have been developed for capturing vector arthroppdpending on the targeted ABV and on
the purpose of the surveillance linked to the stafj¢he epidemic (figure 2), the vector
surveillance protocol will vary in terms of: 1. thge of traps used, 2. the number/density of
traps, 3. the location sites of traps and 4. tegudency of sampling. Once the objective of the
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surveillance program has been clearly definedohel data on the vector and the ABV
should be collected. The choice of the type anchtimaber of traps as well as their frequency
of use should be based on this data, taking tHewolg into account: 1.biology of the
arthropod, 2.ecological criteria relevant to thiaapod, and 3.host population characteristics.
Still depending on the objective of the entomolagisurveillance, the collection protocols
should be able to obtain information about différe stages of the vector. For instance, if
an arthropod is absent from an area, the trapgingld target the developmental stages that
are most likely to be introduced (OIE, 2013a). Hetection of the ABV itself in the vector
will usually be by performing identification at spes level and analyzing pools of

arthropods.

As pointed out by figure 2, the role of diagnosésts is central as they will contribute to both
passive and active surveillance. The diagnosisliysc@nsists in identifying the presence of
the virus, viral genetic material or of antibodiaspotential samples, but can also take the
form of a vector's morphological identification. &hselection of the method to use will
depend again on the purpose of the surveillance dtfectiveness of the surveillance
programs will rely largely on the performance o ttiagnostic tests that is used (sensitivity
(DSe) and specificity (DSp) of the tests), whicltlssely linked to the status of the targeted
population and to the dynamics of the infection$&F2011a).

Syndromic surveillance is a method for early id@sdtion of the impact of potential health
threats which can complement the traditional sllarge systems. It consists in the real-time
screening of non-specific health indicators forpatgl syndromes. There are many sources of
information which can be suitable for that purpaaeh as data from veterinary practitioners,
milk recording, fertility/abortion recording, renaieg plant, etc. The data are usually initially
collected for other reasons than surveillance; efloee, this approach is economically
interesting since it would only rely on data roetin collected in many countries. The
principal advantage of syndromic over clinical sillence is that the former reduces under-
reporting as well as the time lag linked to passiueveillance by monitoring continuously
animal populations before laboratory confirmati®his is a relatively emerging field which
has already encountered limitations principallyareling the availability of animal-health
data, but the costs of overcoming these barriergustified by their utility (Shephard, 2006;
Dorea et al., 2011).
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PASSIVE ACTIVE

o e
1 1

DIAGNOSTIC TESTS

Figure 2: The different components of the monitoring and sillance program of an arbovirus

[.I11. Bluetongue virus

I.111.1. General

As shown in table 1, Bluetongue (BT) is an ABV okl very important place in the history
of EIDs, as it was added in the sixties to the farmiist A of the OIE International
Zoosanitary Code as one of the 15 diseases thathighly contagious and pose particularly
serious threats to national and regional econon{i@#ibs and Greiner, 1994). Indeed, BT
can cause mild to spectacular outbreaks in rumipapulations and has in addition an
adverse impact on worldwide trade due to restmstion the source of animals (MacLachlan
and Osburn, 2006).

BT is caused by BTV, the type species of the gébnbivirus. There are several antigenic
strains of BTV. Recently, it was suggested to ad@54 and 28 member to the 24
serologically distinct serotypes of the virus athganternationally recognized (Hofmann et
al., 2008; Maan et al., 2011). Furthermore, tlaeesvariations in the virulence characteristics
of individual strains of the same serotype (Macllach1994).
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Adult females of haematophagous midges of the gertligicoides (Diptera:
Ceratopogonidae) currently are the only known wsctior transmitting BTV between
animals (Du Toit, 1944; Osburn, 1994). The geogitdistribution of Bluetongue around
the world is a reflection of the Culicoides’ disuiion and the climatic conditions favorable
to the transmission cycle of the virus. TherefoBd, was traditionally understood as
occurring around the world between latitudes ofrapimately 40°N and 35°S (figure 3),
although in certain areas (i.e. western North AogerChina and Kazakhstan) it may extend
up to around 50°N (Dulac et al., 1989; Zhang et 99, 2004; Lundervold et al., 2003;
Mellor et al., 2008; Wilson and Mellor., 2009). Tkillicoides species that serve as the
principal vectors of the virus differ between raggoHistorically,C. imicola is believed to be
the main vector in Africa and around the Mediteeam Basin,C.variipennis in North
America,C. insignis in Central and South America affulvus andC.wadai in Australasia
(MacLachlan, 1994). So far, six proven or potenlalicoides vectors have been recognized
in Western Europe: @nicola and five potential vectors of the Obsoletus andicRus
species complexes (EFSA, 2011b). Several episysteamse been recognized around the
world as relatively stable relationships betweemn different species dEulicoides, distinct
strains of BTV and susceptible host species, desextensive and ongoing trade and

movement of ruminants between individual episyst@@aporale et al., 2004).

In Europe, the only areas known to have experietitedlisease before the 1990s were parts
of Portugal, Spain and Greek islands (Manso-Ribamd Noronha, 1958; Sellers, 1975;
Vassalos, 1980). These epidemics however have mearsisted. From 1998 onwards, the
situation changed for BT emerged in several aneas Southern and Eastern Europe that had
so far never recorded the virus (Anon, 1999a,b;0a(8)c, d; 2001a,b,c; Di Ventura et al.,
2004; Boinas et al., 2005). At least five seroty(®8V-1, -2, -4, -9, and -16) of BTV were
involved in the BTV incursions between 1998 and2QMellor et al., 2008). It was shown
that BTV was probably spread to those countriethbyintroduction of infecte@ulicoides by

the wind or by moving infected animals from the t€éas and Southern boundaries of Europe
(Gomez-Tejedor, 2004; Wilson and Mellor, 2009).

As described in figure 4, botBulicoides and ruminants are essential for the life cycle of
BTV. Following the introduction of BTV through th&kin of the host via the bite of an
infected vector, the virus reaches the regionalplymodes where initial replication occurs.

BTV is then transported via the efferent lymphagssels throughout the body to secondary
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sites of replication, mainly the lymph nodes, tbags and the spleen. The virus replicates
principally in the vascular endothelium and mondeac phagocytes and is then released
massively into the blood stream (Whetter et al8%9MacLachlan, 1994). The viraemic

ruminant host becomes a source of virus forGukcoides and act as a transient reservoir for
maintenance of BTV. The maximal duration of viraansi known to be around 8 and 9 weeks
for sheep and cattle, respectively (Richards etl&88; Singer et al., 2001). The probability
of a susceptible biting midge to become infectedependent on the level of viremia of the
host and the competence of the vector. When indedige vector becomes persistently
infectious for its entire lifespan which lasts maneless a few weeks (Gibbs and Greiner,
1994).

In addition, it was shown that BTV excretion in sammight occur sporadically (Howard et
al., 1985). More recent findings have demonstrdtest the transmission of BTV from
ruminant to ruminant was possible via the transpitary and presumably oral routes (De
Clercq et al., 2008; Menzies et al., 2008; Backalet2009; Mayo et al., 2010). Cases of
contamination of a canine vaccine with BTV showkedt tdogs are also susceptible to BTV
infection (Akita et al., 1994).

Common clinical signs of BT are pyrexia, inflamnoatiof the oral mucosa, tongue and

coronary band, excessive salivation, oedema oh#ael, anorexia, muscle degeneration and
lameness (Breard et al., 2004; OIE, 2013c). Deadly occur in 8-10 days, but the main

impact of BTV infection comes from the indirect $es due to abortion and delayed

convalescence (McKercher et al., 1953). BTV caedhimost species of domesticated and
wild ruminants although the clinical form of thefention is mostly seen in sheep and some
species of deer (Erasmus, 1975; Osburn, 1994)intience of clinical disease is influenced

by several other factors such as the breed andfatiee host and the virus strain involved

(Gibbs and Greiner, 1994). In cattle, BT is usualgscribed as sub-clinical, but during the

early stages of an epidemic in a naive populatidimical cases are often reported

(MacLachlan, 1994).

15| Page



Chapter | : General Introduction

Figure 3: Map of the estimated global range of bluetonguesvprior to 1998from Wilson and
Mellor, 2009)

Latent period (2-4 days)

Susceptible hosts Infective hosts

= 3
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Infective vector Susceptible vector

Extrinsic incubation period (10-14 days)

Figure 4: Bluetongue virus transmission cycle
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[.111.2. Emergence of Bluetongue virus in North-Western Europe

BTV is considered an ‘emerging virus’ since it hasently expanded its range towards
North-Western Europe, outside its previous envirentn Starting August 2006, a first
epidemic of BTV was diagnosed in The NetherlandsigiBm and Germany. As early as
June that year, Belgian veterinarians started e unusual clinical signs in cattle which
were primarily attributed to photosensitizationexposure to mycotoxins. In August 2006,
several different practitioners in different shetgrks in the Netherlands reported similar
clinical signs and, for this reason, a contagioseake was suspected. The first outbreak was
confirmed in the southern part of the Netherlands (Schaik et al., 2007). At the end of the
year, outbreaks were also reported in Luxemburg &nance (OIE Animal Health
Department, 2006; Toussaint et al., 2006). Theswras first isolated at the Veterinary and
Agrochemical Research Centre (CODA-CERVA, Belgiwandl identified as BTV-serotype 8
(BTV-8) by scientists of the European CommissiolCYEReference Laboratory for BTV
(Pirbright, United Kingdom) (CRL, 2006; Toussairitad., 2007). The introduction of this
serotype came as a surprise, since it was notlatneg in Europe at that time. Prior to this
epidemic, BTV-8 had only occurred in Africa, Cehthanerica, Malaysia, and India/Pakistan
(Herniman et al., 1980; Hassan, 1992; Mo et al94i®aniels et al., 2004; Gerdes, 2004).
Even though several possibilities have been hypatbd, the route of introduction of BTV-8
still remains undiscovered (Mintiens et al., 200&8rotype 8 was shown to differ from other
serotypes in: 1.its ability for transplacental samssion and contamination of semen, 2.its
extensive spread in North-Western Europe, and 8afscity to induce important clinical
signs in cattle (EFSA, 2007b; De Clercq et al.,®0dercauteren et al., 2008; Vanbinst et al.,
2010; EFSA, 2011b).

In May 2007, a sentinel cow seroconverted in Gegmaamd it became evident that BTV-8
somehow overwintered from 2006 and re-emerged mvitheé original affected countries. In
addition, the virus emerged in the United Kingdddenmark, Switzerland and the Czech
Republic (OIE, 2007). It is still not clear how BT8/managed to survive winter 2006-2007.
Some hypotheses refer to the vector and othersetddst (Garigliany et al., 2011). During
the second wave of the BTV-8 epidemic in the Ne#mels, Elbers et al. (2009) found a
median morbidity rate of 5.6% and 4.1% in sheep eatitle, respectively. The scale of the
epidemic at that time became so important thaEtlm®pean Union (EU) decided to launch a
massive vaccination campaign in 2008. In Belgiunandatory vaccination of cattle and
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sheep and voluntary vaccination of veal calvestgyaad cervids with inactivated vaccine
against BTV-8 took place between May 2008 and Dé&ezn2010. From January 2011

onwards, vaccination of ruminants against BTV-8 st possible but no more compulsory.

Ever since the start of the vaccination campaign,more clinical cases of BT occurred.

Subsequently, active surveillance demonstrated Bffat-8 was no longer present and, in

consequence, Belgium regained its free status 12.2Ih countries adjacent to Belgium and
in most European member states (MS), BTV-8 has Imeewn eradicated after almost six years
of struggle. In total, betweer®Duly 2006 and 30 April 2008, 58156 outbreaks ofVEBI

were confirmed throughout Europe (Figure 5).

Furthermore, two more BTV serotypes were detecte@d08 in North-Western Europe:

serotype 11 in Belgium and serotype 6 in Germart the Netherlands but the epidemics
were rapidly jugulated (De Clercq et al., 2009).atd on the genetic sequence available
indicates a high similarity with the BTV strainsaathwere used to produce the South African

modified live vaccines for the two serotypes (EQ02).

From 01/07/2006 to 30/04/2008

No. of outbreaks
g

RN .
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Figure5: Temporal distribution of the number of outbreake tmBTV-8 (source: Surveillance
Network for Bluetongue, 2013)
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[.111.3. Control of Bluetongue virus

Culicoides control using chemical (insecticides, larvicidasd/ar repellents) or physical
methods (removal of larval breeding sites on faraidings) can be used to limit the
transmission and spread of BTV. There are curremtlghemical products authorized in the
EU specifically for use again€ulicoides, but some compounds used to control other types of
parasites have also the potential to impact upalincoides. The treatment of breeding sites
remains difficult as habitats are poorly definedrwost species. (EFSA, 2008). Globally, the
use of control measures agaitliicoides will only have temporary effects (Bréard et al.,

2004) and in any case can surely not be considerégelf to control an epidemic of BTV.

Slaughter of BTV infected ruminants (stamping-onmy, in some specific situations, be
considered as a control measure. In general, tphes of policy is applied in the context of a
disease for which no vaccine is available (or iswanted to be used for specific reasons) or
when the epidemic has reached very low incidencersiHet al., 1999). A stamping-out
strategy may be used as control measure against ®F\hstance, in the context of single
infected imported animal where no further diseasetected (DEFRA, 2008).

Traditional control measures include the restriciod animal movements from infected areas.
Most European countries require testing ruminants animal products in provenance of a
country which is not free of BTV. Since the year0Q0through Council Directive
2000/75/EC, European legislation provides direstio@ control measures implemented on
animals, live animal products, or vectors, aiming@@venting the dispersion or eliminating
BTV (CEC, 2000, 2005; Mintiens et al., 2008b). M® o integrate these directives in their
national BTV control programs. These measures delihe establishment of three levels of
zones in which movement restrictions should beiagph case of outbreaRéstricted zones:

20 km-radius, the protection and the surveillance zones) and a ban on susceptible animal
species and on their biological products (semem awd embryos) leaving those zones.
Nevertheless, even though these types of meastgessential in controlling BTV, they will
never be totally efficient in preventing the vifusm spreading. The reason for this is that no
movement restriction can possibly be applied to i&n actor of BTV's transmission,

namely theCulicoides vector.

Vaccination of susceptible hosts is known to benttost efficient way of controlling BT and

is also used to allow safe trade in live animalsaatordance to the OIE standards and
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European legislation. Live attenuated vaccines Hasen used for ages and are cheap to
produce and effective in controlling clinical BT ameas where the disease is endemic like in
South Africa (Hammoumi et al., 2003). However, #hasccines are known to encounter
safety issues. Indeed, cases of reversions toevicel reassortments and teratogen effects
have been reported in the past (Dungu et al., 2824german et al., 2007; Savini et al.,
2008). Inactivated vaccines have been developé#tkinecent years principally to avoid these
issues, but, are more expensive to produce andhtheeed immune response is generally
short and requires repeated doses. However, theeféective when administrated in two
doses and protect fully against both the cliniaghs and the viraemia (EFSA, 2007a).
Vaccination programs for the control of BT in rumms have limitations due to difficulties in
differentiating infected from vaccinated animalsséd on serology (DIVA). Recombinant
DNA vaccines together with a suitable diagnostst feould allow that distinction to be made
(Barros et al., 2009; Anderson et al., 2013).

In an emergency situation, such as the BTV-8 epidlam 2007, MS are allowed to use
vaccine without a marketing authorization, aftensdtation of the EC (Saegerman et al.,
2007).

[.111.4. Surveillance of Bluetongue virus

Guidelines for BT surveillance are proposed in Gaag.3 of the OlETerrestrial Animal
Health Code. Because the impact and epidemiology of BT mafedih different regions of
the world, these guidelines should be adapted bi eauntry to its local conditions (OIE,
2013). Commission Regulation (EC) No 1266/2007t éasended on 30 May 2012 (CEC,
2007), introduces the obligation for MS to implembluetongue monitoring and surveillance
programs, which outcomes will guide veterinary auties in the decision-making process.
The minimal requirements have been summarized bitetd and should always include
clinical, active laboratory-based and entomologa@hponents. The requirements have been
classified according to the surveillance aim: Ha&tect any possible incursion of BTV and
2.to demonstrate the absence of certain seroty@§\win a MS or epidemiological relevant

geographical area (during a period of at leastyears).
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BT appears on the list of diseases ‘notifiable’the OIE, which means that an affected
country has always to report a new outbreak tadtie According to EC No 1266/2007, MS
should always notify outbreaks (i.e. holdings whatréeast one case has been confirmed) of
BTV through the Animal Disease Notification SystémDNS). In Belgium, next to the
traditional clinical surveillance described prewsbuas well as in table 2, a compulsory
reporting system of cattle abortions is implementadthe framework of Brucellosis
surveillance (Abortus Protocol). All dead foeti gaes presenting typical lesions of BT are
tested by Real time Reverse-transcription polyneedsin reaction (RT-gPCR) to exclude
the diagnosis of BTV (DGZ, 2013).

The ‘design prevalence’ (table 2) is a criticaldgmiological notion in the active laboratory-
based surveillance component, which will influeseenple size. Indeed, if the purpose of the
survey is to demonstrate freedom from infectioa given confidence level, sample size will
increase as the expected prevalence decreasesallieeof design prevalence can be derived
from past observations or from disease modeling aitiddepend on the epidemiological
context. In a recent Scientific Opinion pertainitlgBT monitoring and surveillance, EFSA
recommended to decrease the prevalence level fredait that time in the EU Regulation
for the purpose of demonstrating freedom from disegCannon, 2002; EFSA, 2011a). In
Regulation (EC) No 1266/2007, it is stated thathe absence of relevant information on the
design prevalence for the target population, agesce of 20% should be used to detect an
incursion of BTV in the susceptible population ofedevant geographical area and a design
prevalence of 5% must be considered to demondgtetdom of BTV.

In contrast to surveillance programs for non-vea®meases in which the epidemiological
reference unit is usually the holding, the unitreference for BTV is a geographical area
(‘geographical unit of reference’ in table 2). hosild be taken into consideration in the
sampling protocol of the BTV sentinel system. Tikislue to the central role @ulicoides in
the BTV transmission cycle and to the fact that gegl are never confined to a specific
holding. This unit of reference was defined basegast experience with BT surveillance as
a grid of around 45 x 45 km (EFSA, 2011a).

The objective of the entomological component a<rilesd in table 2, is to determine the
‘vector-free period’ which is an important concept in theveillance of BTV. Linked to

climatic parameter conditions, vector densities aativity fluctuates greatly seasonally. For
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instance, BTV replication is not possible@alicoides under a certain temperature threshold
(11-13°C) (Carpenter et al., 2011). In Belgium, thain activity ofCulicoides was shown to

occur between August and November (De Deken e2@08). In accordance to the European
Regulation, the following criteria based on thevsillance activities should be taken into
account to establish the vector-free period (VFPno evidence of BTV circulation,

2.cessation of vector activity, 3.captures belownaximum threshold and, 4.maximum
temperature threshold. This concept is importateims of legislation as it is a period during

which restrictions of animal movements are loosgE#iZONE, 2011).

In addition, EC No 1266/2007 states that an integrapproach at European level is required
in order to be able to analyze seamlessly the epalegical data provided by the
surveillance programs of the different MS. In tbhantext, a web-based application has been
developed by the Istituto Zooprofilattico Sperinedatdell’Abruzzo e del Molise G. Caporale
to gather BTV surveillance data at the EU level {Bat system). The system collects, stores,
analyses and disseminates relevant epidemiolodeia on BTV between the different MS
(EC, 2013).

Several virological assays are available to deé8dat, antigen or viral RNA. RT-qPCR is a
very sensitive and fast technique which is ablédi@ct low concentrations of viral RNA. It is
a valid method for the purpose of surveillance. ldeer, viral RNA can be detected by RT-
gPCR in the blood of the host longer than the iideis virus itself (MacLachlan, et al.,
1994). The only method able to detect the presehdefectious BTV in a sample is viral
isolation from eggs/mammal or insect cells (EFSA1Pa). The most commonly used
techniques for revealing the presence of BTV-adié® in animal samples are the
competitive enzyme-linked immunosorbent assay (tSBl, the indirect ELISA for bulk
milk samples, the agar gel immunodiffusion and sleeum neutralization method. The c-
ELISA is able to detect the presence of antibodgainst all BTV serotypes. Because of its
high DSe and DSp and low cost, the c-ELISA is oftesn method of choice to monitor BTV
circulation. However, this test cannot be usedidentifying BTV infections in a vaccinated
population since it can't make any distinction betw infected and vaccinated animals.
Furthermore, ELISA tests are not able to discrin@raTV serotypes from one and another.
The seroneutralisation is the only serotype-spea@rological assay existing up to now
(EFSA, 2011a).
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Table 2: Summary of Commission Regulation (EC) No 1266/2083t amended 30 May 2012)

minimum requirements for BT monitoring and sunailte programs

Surveillance component Activities

Passive clinical -ongoing system of early detection and reporting of
suspicions.

Active laboratory-based -annual program consisting of at least one of the

following: serological/virological monitoring with
sentinel animals, surveys or risk-based surveillance.
-at least once a year.

-sampled animals should be non-vaccinated, exposed
to the vector and representative of susceptible
population.

-sample size for appropriate design prevalence
prevalence with 95% confidence in each geographical
unit of reference.

-positive screening tests should be followed by
specific serotype tests.

Entomological -permanently sites traps to determine the population
dynamics of the vector.
-aspiration traps equipped with ultraviolet light
operated at least 1 night/week at least during the
month before the expected end of the VFP and 1
night/month in each geographical unit of reference
during the VFP.
-a proportion of the collected midges sent to
specialized laboratory for counting and identifying
species.

23| Page



Chapter | : General Introduction

I.I'V. Schmallenberg virus
[.IV.1. General

During summer 2011, an unidentified disease appdeaaradult cattle in several farms located
in Germany and the Netherlands (19 November 20#dme&d). The animals showed non-
specific acute symptoms (milk drop, watery diarrlzea high hyperthermia (>40°C)) and
recovered after a few days. In December that yesearchers from the Friedrich Loeffler
Institute (FLI) (Greifswald, Germany) isolated addntified a new emerging virus which was
shown to be responsible for the abovementioned symgpand was provisionally named after
the municipality in Germany where it was first itifad: the Schmallenberg virus (SBV).
Metagenomic analysis indicated that the virus wasety related to viruses from the Simbu
serogroup, part of the famiBunyaviridae, genusOrthobunyavirus. (Hoffmann et al., 2012,
Muskens et al., 2012).

Several viruses from the Simbu serogroup such am8Shda, Akabane (Table 1) and Aino
viruses are known to be teratogenic for ruminartemwinfected during a vulnerable period
during gestation and may lead to abortion or comtgemalformation (Yanase et al., 2012;
OIE, 2013). Starting from December 2011, domestiminants in Germany and the
Netherlands suffered from abortions and stillboralformed offspring with signs including

the hydranencephaly-arthrogryposis syndrome (Ganglet al., 2012a; Herder et al., 2012,
Van den Brom et al., 2012).

RT-gPCR made available by the FLI was used to oon8BV suspected cases (Hoffmann et
al., 2012). The presence of SBV was demonstrat&eimany, the Netherlands, Belgium, the
United Kingdom and France and to a lesser extettaiy, Luxembourg, Spain, Switzerland,
Denmark, Austria, Ireland, Sweden, Norway, FinlaRdJand and Estonia (EFSA, 2012b;
OIE, 2013; Figure 6). In Belgium, the first repor$ malformation in newborn lambs
occurred mid-December 2011 and were confirmed BygRTR in a farm in the North of the
country located near the Dutch border (23 Decenabén, Promed). At the end of August
2012, SBV had been detected in 408 cattle holdih§%,sheep holdings and 2 goat holdings

in Belgium.
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Number of confirmed herds

Week of report

Country [l Austria [ Belgium [ Croatia [ Czech Republic
[ Denmark [ Estonia lFinland W France
[J Germany [Jlreland I taly [ Luxembourg
[l Netherlands  [] Norway [JPoland [JSlovenia
[] Spain [] Sweden [l Switzerland [JUnited Kingdom

Figure 6: Schmallenberg virus confirmed herds by week of fieport and country all species until
April 2013 (source: EFSA, 2013)

[.1V.2. Epidemiology of Schmallenberg virus

Scientific research on the epidemiology of SBV mgaing in the different affected countries
with the financial support of the EC (EC, 2012)eT@IE summarizes and updates regularly
the scientific knowledge which has been accumulatecthe virus in its SBV Technical
Factsheet (OIE, 2013).

SBV is now known to affect several species of ruanis. Thus far, the virus was detected by
RT-gPCR or virus isolation in cattle, sheep, gb#pn and roe deer. In addition, SBV was
confirmed by serology in various wildlife speciesd deer, fallow deer, sika deer, alpaca and
mouflon (Jack et al., 2012; Beer et al., 2013; Q&l13; 30 May 2012, ProMed).
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The identification of SBV in biting midge<Cdlicoides spp.) collected during summer and
autumn of 2011 suggests the central role of théovedn transmitting the virus (De Regge et
al., 2012; Rasmussen et al., 2012; Elbers et @lL3R Further information is required to
exclude other arthropod species from the rangeutdtiye SBV vectors. Direct transmission
of the virus from animal to ruminant has so far beén detected and has never been reported
in other Simbu serogroup viruses either (Beer .e8[13). SBV-genome was detected in bull
semen. However, virus transmission by inseminaigonains to be proven; further research is
ongoing to determine the importance of semen anuyos in the transmission of SBV. As a
precautionary measure, several countries have dgirepplied restrictions on imports of
bovine semen and embryos collected after 1 Juné& #0in all EU countries (20 December
2012, ProMed).

SBV is able to cross the placenta and infect tle¢usy which can result in viraemic offspring
(Garigliany, 2012; Van den Brom et al., 2012). Témporal patterns of the epidemics differ
depending on the host species and the productioe. fhis is to put in relation with the
different timings for calving and lambing and te ttime interval in pregnancy during which
infection can lead to disease in the foetus. Lintedhe gestational stage of the animal at
infection time, SBV causes more or less severe dartathe foetus (Conraths et al., 2013).

The incubation period observed in an experimerttallenge trial on cattle ranged between 2
and 5 days post-inoculation and the viraemia wayg ghort with duration of maximum 6
days (Hoffmann et al., 2012). An antibody respotseSBYV can be detected in infected
animals within 12 to 14 days. In analogy to infess with other viruses of the Simbu
serogroup (Taylor and Mellor, 1994) and based enréfsults of a recent experimental study
showing that neither oral exposure nor contactciide could induce SBV-infection in re-
infected cattle (Wernike et al.,, 2013), it seenlely that infection with SBV induces
protective immunity. It is not yet known how longopection might last and be detectable
(Conraths et al., 2013).

[.1V.3. Control and surveillance of Schmallenberg virus

Acting on the control of potential vectors or resghling breeding outside the vector season

were during the 2011-2012 epidemic the only avélgiyeventive measures that could be
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implemented at the farm level. Since summer 2018aecine is available in the United
Kingdom (Merck Animal Health, 2012). In additionaded on the current scientific
knowledge, the OIE has proposed test procedurdsnmbg help countries free of SBV to
protect themselves from a potential introduction(2013). As described previously, the
SBV-genome can be detected by RT-gPCR (Hoffmamh €2012) and antibodies against the
virus can be demonstrated by virus neutralizatest, tindirect immunofluorescent antibody
test and ELISA (Conraths et al., 2013). The latethe best diagnostic procedure for large-

scale screening.

Unlike BTV for which specific surveillance requiremts are foreseen, nothing is compulsory
for SBV, since the virus, as other Simbu serogreinpses, is not classified as notifiable to
the OIE. However, affected countries have notifiee OIE of the presence of SBV under
required reporting procedures for emerging disedsdkhe Netherlands, immediately after the
emergence of the virus was recognized, SBV has tleelared officially a reportable disease
to the Dutch veterinary authorities. Later on dgrthe epidemic, other countries including

Germany and France, made the reporting mandatomgth¢Beer et al., 2013).

Next to this, the Belgian compulsory Abortus prato@s described in the BTV section) has
now been extended to test also samples from foetwi® malformations typical of SBV
with RT-gPCR.
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The introduction of BTV-8 into the North-WesteEuropean ruminant population in 2006
was a major and unexpected animal health everthaittime, the virus was known to be an
important pathogen of ruminants, but was still ctetgly exotic to North-Western Europe. A
few years later, history seemed to be repeatirelfitgith the emergence of another ABV
affecting also ruminants in the same geographieal.al his time, the guilty party was a novel
virus closely related to viruses from the Simbuogevup, also totally unknown in Europe
before summer 2011. The two viruses emerged inettect same region at a five-year

interval, meaning that this area probably inclualesinidentified route of introduction.

At the moment there are very few endemic ABV in iment populations in North-Western
Europe. This means that there is room for manyrath@ergences as these populations are
still naive to many viruses (Table 1) (Johnsonlgt2®11). In light of the increased risk of
ABV emergence in Europe linked to globalization aclinate change, it has become
imperative for animal-health professionals to ptvaty improve the surveillance process.
The occurrence of BTV and SBV in Belgium are twoerg and unprecedented illustrations
of ABV emergences which can be used as models dntifgg key elements to enhance

surveillance in the future.

The main objective of this thesis is to analyze theveillance activities which were
implemented in Belgium in the context of the BT\&8d SBV epidemics in order to be able
to provide recommendations to anticipate and peepalequately the potential next ABV

emergence. This will be done by answering the ¥ahg questions:

* How well were we prepared in Belgium for the BT\&@demic?

 Did the BTV-8 epidemic experience helped to be drefirepared for the SBV
epidemic?

* What is the reliability of the early case detectitum BTV-8 based on clinical
surveillance?

* What are the other alternatives for the early dete®f an ABV?

* Why and how to evaluate the spread of an ABV epidem

* How to plan and conduct the evaluation of a vadmnacampaign against an ABV?

* How to demonstrate freedom from disease in a ptipulammunized against an
ABV?
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Abstract

Bluetongue (BT) was notified for the first time several Northern European countries in
August 2006. The first reported outbreaks of BT eveonfirmed in herds located near the
place where Belgium, The Netherlands and Germaayeshorders. The disease was rapidly
and widely disseminatetihroughout Belgium in both sheep and cattle herB@sring the
epidemic, case-reporting by the Veterinary Authesitrelied almost exclusively on the
identification of herds with confirmed clinical mdted ruminants. A cross-sectional
serological survey targeting all Belgian ruminantss then undertaken during the vector-free
season. The first objective of this study was tovjge unbiased estimates of BT-
seroprevalence for different regions of Belgiummc®i under-reporting was suspected during
the epidemic, a second goal was to compare thé dispersion of the virus based on the
seroprevalence estimates to the dispersion ofdhBrmed clinical cases which were notified
in Belgium, in order to estimate the accuracy efthse-detection based on clinical suspicion.
True within-herd seroprevalence was estimated baged logistic-normal regression model
with prior specification on the diagnostic testansitivity and specificity. The model was
fitted in a Bayesian framework. Herd seroprevalemas estimated using a logistic regression
model. To study the linear correlation between Biewinter screening data and the case-
herds data, the linear predicted values for thd pegvalence were compared and the Pearson
correlation coefficient was estimated. The ovehnaitfd and true within-herd seroprevalences
were estimated at 83.3 (79.2-87.0) and 23.8 (28.1)2per cent, respectively. BT
seropositivity was shown to be widely but unevedistributed throughout Belgium, with a
gradient decreasing towards the south and the efe$te country. The analysis has shown
there was a strong correlation between the outlilatkand the data from the survey (r=0.73,
p<0.0001). The case detection system based orcallisuspicion underestimated the real
impact of the epidemic, but indicated an accurptgial distribution of the virus at the end of

the epidemic.

Keywords

Bluetongue; Survey; Seroprevalence; CorrelatiogiBm; Epidemics
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I ntroduction

Bluetongue (BT), a vector-borne viral diseaserasigmitted in ruminant populations almost
exclusively by several species of biting midges tbe genus Culicoides (Diptera:
Ceratopogonidae) (Cétre-Sossah et al., 2004; tali.,.e2006). BT virus (BTV) is a species of
the genurbivirus within the Reoviridaefamily. To date, 24 distinct BTV-serotypes have
been identified (Gorman, 1990; Takamatsu et aD320BT can cause spectacular outbreaks
and has an adverse impact on worldwide trade duestnictions on the source of animals
(Green et al., 2005; FAO, 2006). It thus appeartherlist of diseases notifiable to the World
Organisation for Animal Health (OIE). Influenced bgveral factors such as geographical
location, the incidence of clinical disease is hygrariable. BT disease is uncommon in many
areas where BTV is endemic (MacLachlan, 2004). Vines is traditionally known to be
distributed around the world in countries lyingtie tropics and subtropics, although it may
extend further north like in parts of Western No#tterica and Xinjiang, China (Dulac et al.,
1989; Gibbs et al., 1994; Qin et al., 1996). Theiwvihas been documented as far as 45°N in
Southern Europe (Caporale et al., 2004).

In August 2006, very unexpectedly, BT was for thetftime notified in The Netherlands,
Belgium and Germany. (OIE Animal Health Departm@®06; Toussaint et al., 2006). Later
on during the epidemic, related cases were alsortexp in France and Luxembourg. The
virus incriminated was identified as BTV-serotypd@RL, 2006; Toussaint et al., 2007a),
which prior to this epidemic had only occurred ifriéa, Central America, Malaysia, and
India/Pakistan (Herniman et al., 1980; Hassan, 1982 et al., 1994; Daniels et al., 2004,
Gerdes, 2004). Although the possible routes ofodhiction were investigated, the exact
origin remains unknown (Mintiens et al., 2008). 8A®n the data from the early stages of the
epidemic, the rate of the local spread was estan&debe around 15 km/week, partially

reflecting the rapid extension of BTV in NortherarBpe (Gerbier et al., 2008).

In Belgium, the first 11 ever reported BT outbreakeye confirmed in the near East-border
part of the country on the 19th of August 2006bath sheep and cattle herds (Toussaint et
al., 2007b). Despite the measures implemented bgramimal movement, the disease was
rapidly and widely disseminated throughout the Belderritory. By December 2006, a total
of 695 herds or flocks were declared “case herdisttoch 297 were cattle herds. During the

epidemic, case-reporting by the Belgian Veterinaunghorities relied almost exclusively on
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the identification of herds with confirmed clinicaifected ruminants. Laboratory diagnoses
were mostly used for confirmation of BTV infections ruminants reported with BT-like

clinical signs. Therefore under-reporting was susge

During the winter of 2006/2007, it was assumed thiatatic conditions were unfavourable
for further propagation of BTV. The last caseslwd epidemic in Belgium were reported by
the Veterinary Authorities on 15 December 2006. &okgical and virological cross-

sectional survey (BT winter screening) targetingBalgian ruminants was undertaken in
January-February 2007 in order to establish the final dispersion of the virus across the
country. The first objective of the study was tooypde unbiased estimates of BT-
seroprevalence for different regions of Belgiumsetond objective was to compare the final
dispersion of the virus based on the seroprevalestamates to the dispersion of the
confirmed clinical cases which were notified in giam, in order to estimate the accuracy of
the case-detection based on clinical surveillantieis paper presents the descriptive

epidemiology of the BT winter screening 2007.

Material and M ethods
Sampling design for the BT winter screening

The study population of the winter screening cdedi®f dairy cattle of more than two years
old which were housed in dairy farms with on-farelivkery of dairy products. Cattle were
sampled because of expected higher prevalencdasirsplecies compared to sheep (Ward et
al., 1994). Only dairy cattle were considered fampling since serologically negative
animals that were to be identified by the BT wirdereening would participate afterwards in
a longitudinal BT sentinel animals monitoring prapme (logistically dairy animals are
sampled more easily). The sampling frame was pealviay the list of 1245 diary herds with
on-farm delivery of dairy product previously iddi@d for the official Belgian Leucois-
Brucellosis winter screening. In this programme,aaimals of more than two years were

sampled.

Since no prior information on the herd prevalen@s wavailable, the number of herds to be

sampled was based on an expected prevalence oér5€ept (maximal variance), a desired
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absolute precision of 5 per cent and 95 per cemfidence level. Since at the time of sample
size’s selection, no information was available ¢ tdiagnostic test’'s sensitivity and
specificity, these were assumed to be perfect. rApéa of 384 herds was set to be selected
(Cannon and Roe, 1982). A one-stage cluster sagipliesign was performed with
stratification of the herds by province and projmadl allocation according to province

surface.

Diagnostic methods

Samples were collected by the official farm vetarians and conditioned to serum samples at
the regional laboratories of ‘Dierengezondheidszdiganderen’ and the ‘Association
Régionale de Santé et d'ldentification AnimalesieTserum samples were assayed using a
commercially available competitive ELISA (c-ELISAit (ID Screen® Blue Tongue
Competition for detection of anti-VP7 antibodieB,VYET, Montpellier, France) which was
carried out according to the OIE Manual of Standaf@IE, 2004) and to the procedure
described by the manufacturer. Results were exgpuess percentage negativity (PN)
compared to the negative kit control and cut-offisgs considered were those provided by
the manufacturer. Samples which presented a PNotemgual to 35 per cent, between 35 and
45 per cent, and greater than 45 per cent weradsyesl as positive, doubtful and negative,
respectively. Doubtful results were classified pesiin the data analysis. Using RT-gPCR as
reference test during the epidemic, the diagnasitsitivity and specificity of the c-ELISA
was estimated at 87.4 per cent (95%CI. 83.5-90n) 20.0 per cent (95%CI: 97.2-99.6),
respectively (Vandenbussche et al., 2007).

Case herds

Case herds were mostly herds (cattle or ovineach the veterinary practitioner, who has
been consulted by the animal owner, identified musps clinical cases and where at least
one of those animals was subsequently confirmediyp®sising a laboratory test (c-ELISA
and/or real-time PCR) and then notified to the neéey authorities (EFSA, 2007). A
maximum of three animals were sampled per herédutition, herds without clinical signs
but with seropositive animals which were then conéd positive with real-time PCR

(Toussaint et al., 2007a) were also included. Kamgle, animals could be detected when
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tested serologically for certification prior to deabetween zones with different BTV-8 status
within the country or prior to export. EDTA bloochdch serum samples were tested at the

Belgian National Reference Laboratory (VAR).

Statistical methods

The estimation of within-herd seroprevalence wasetlaon a logistic-normal regression

model. For the BT winter screening data, Zetbe the number of positive tested animals out
of N, tested animals from herd It was assumed that the number of positive argmal

followed a binomial distribution:
Z ~Bin(N,, p?), 1)

with p? the apparent prevalenckhe true prevalengg , reflecting the true serological status

of the animals, was derived from the following ettpura (Rogan and Gladen, 1978) taking the
sensitivity and specificity of the c-ELISA testanccount:

pf =Sex p; +(L-Spx(L-p), (2)
or,
p_t — pia +Sp_1
' Se+Sp-1’

whereSeis the test sensitivity arfsipis the test specificity.

To account for possible correlation among the atgrfram the same herd, the seroprevalence

in herdi was modelled as
logit(p;) = B+u,, (3)

with u, ~Normal(,o?) being thenormally distributed random intercepts for eachdhdihis

model is a special form of a generalized linearadirmodel as described by Molenberghs and
Verbeke (2005). The Intraclass Correlation Coedfiti(ICC) given by
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0.2

CC=——M—,
o’ +n?l3

was estimated to establish the correlation betvieemnfection status of two animals within a
herd. Since the sensitivity and specificity werefixed or known values, a prior distribution
for the sensitivity and specificity was assumedughmodel specification was further

extended by assuming a beta-distribution for tharglSpparameters:
Se ~ betag,,b)), 4)
Sp ~ beted,,b,), (5)

where a,,b,,a,,b, were chosen based on literature material (Vandetbeset al., 2007). In
summary, the within-herd seroprevalence estimategis based on a logistic-normal
regression model, accounting for the test senitend specificity of the test. The model is
given by equations (1) to (5). Because of its mr@al structure, it was fitted in a Bayesian
framework, using WinBUGS software (http://www.wirgsidevelopment.org.uk)Non-
informative priors were used for all model paramet@osterior seroprevalence distributions
and 95 per cent central credibility intervals wgenerated. A density plot of the predicted
within-herd seroprevalence estimates, was prodbeseéd on the logistic-normal regression
model (1)-(5).

The herd seroprevalence (probability that a herdl wiected) was estimated using a logistic

regression model:

Y, ~Bernouilli(p"), (6)

Logit(p") = 8,

where p" is the apparent herd prevalence. This model wandet by allowing differen’s

for the different provinces, in order to estimate frovince-specific herd seroprevalences.
For the purpose of this study, a herd was considasepositive if at least one of the sampled

animals had a positive ELISA test result, othenitiseas considered negative.

In both models described above, the design-effest taken into account by weighting each

observation by the inverse of the sampling proltgbilProvinces which were under-
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represented in the sample were attributed a higleght, whereas the over-represented
received smaller weight. Herd density data was aektd from the Belgian animal
identification and registration system (SANITEL) poovide estimates of the population at
risk. A map showing herd density for cattle at noypality level was produced using
ArcView GIS 3.2. (ESRI).

A map showing the distribution of within-herd semeyalence in the country was produced.
The true within-herd prevalence estimates of the$awhich were sampled were interpolated
by Inverse Distance Weighting (IDW) (Shepard, 1968RlI, 1996).

In order to estimate the accuracy of the case-tletebased on clinical surveillance, the
linear correlation between the BT winter screerdatp and the case data was estimated. For
both data sets, herd prevalence per municipality estimated based on logistic regression
models, as in equation (6). In order to accountsfmatial differences, a flexible smoothing

method was used to estimate the spatial trensgl.assumed that

Logit(p") = f(x,y),

where f (x,y) is some unspecified smooth function of #taendy-coordinates. The method

used penalized splines with radial basis functfdted as a generalized linear mixed model
(Eilers et al., 1996; Ruppert, Wand and CarrolD30 This method was implemented in the
SAS procedure GLIMMIX (9.1.3. SAS, Inc.).

To study the linear correlation between the twaskts, the linear predicted valdds, y)

for herd prevalence, resulting from the logistigression models applied to the two datasets,
were compared and the Pearson correlation coeffioras estimated. For the outbreak data to
be comparable with the winter screening data, galattle results were used for this part of
the analysis. Maps showing the distribution of hemelvalence estimates at municipality level

were produced.

Daily meteorological data on the mean temperatugeewollected at 247 weather stations in
The Netherlands, Belgium, Germany and France. Té® temperature values were
interpolated between the locations of the weattaiosnis using IDW. A model of the German
meteorological service for large scale maps wasl tseadjust the interpolated temperature
values for the correlation between temperature altitlde (Mdiller-Westermeier, 1995;
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Ahrens, 2006). In a first step, the raw temperata¢a were reduced to sea level and
interpolated on a grid cell size of 250 m using g/ algorithm. Finally, the interpolated
values were adjusted for the height in the actopbdgraphy using altitude data with a
resolution of 90 m (NASA SRTM data). Maps of theatsglly interpolated mean daily
temperature were produced for six dates at moimidyvals.

Results
Bluetongue winter screening

A total of 25,846 cattle from 344 herds were samifletween the first and the3af January
2007. An average of 75 animals (standard deviattd), ranging from 1 to 370, were
sampled per herd. Among those samples, 5008 gasdgiveoresults. The overall herd
seroprevalence was estimated at 83.3 per cent (95%Q2-87.0). Province-specific herd
seroprevalence estimates are shown in Figure 1. higkest estimates were found in
provinces located in the north-east of Belgium itlea place where the epidemic started.
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Figure 1: Bluetongue herd seroprevalence (%) and associd8&¥%at the provincial level in
Belgian dairy cattle based on the winter screedatg, January 2007
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The true overall within-herd prevalence was 23.8 gant (95%CI 20.1-28.1). The spatial
distribution of the within-herd prevalence is pmsel in Figure 2. The highest provincial
within-herd prevalence estimates were found in Lingband Liege provinces. There was a
second focus around the city of Ghent in East Fesgrovince. On the other hand, the

lowest within-herd seroprevalence was found in Hairprovince.

Int lated !
WITHIN-HERD PREVALENCE R (based on 344 herds)

0.004 0.953

e Maastricht (NL)

Mean per province {f"‘
1. Antwerp 33.5(24.4-427)

2. East Flanders 28.4 (20.5 - 38.0) ¢

8
Flemish Brabant 27.9 (19.2 - 38.4 SR
. _ , 2-384) r
. Hainaut 2.1 (0.8 - 4.1) & /j
. Liege 52.2 (43.4 - 60.4) A} 7
Limburg 56.2 (45.9 - 66.8) ra

3 -
: S
5
6.
7. Luxembourg 3.9 (1.9-6.9)
8. Namur 14.3 (9.6 - 20.0) L)\ \L
9. Walloon Brabant 31.2 (17.2 - 48.5) \‘%\
10. West Flanders 6.1 (3.5-9.6) \(\‘J
— Provinces }" (ugo—_w km

Figure 2: Distribution of within-herd seroprevalence (%) ielgian dairy cattle based on the winter

screening data, January 2007

Figure 3 shows the density plot of within-herd gpeevalence estimates. A large variability in
within-herd seroprevalence was observed. However, most herds, within-herd
seroprevalence was between 0 and 20 per cent. Tthmwerd ICC was estimated at 0.41
(95%CI 0.36-0.47). This shows that correlation lestwthe infectious statuses of two animals

within a herd was high.
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Figure 3: Density plot of the farm-specific within-herd serepalence estimates based on the winter

screening data

Figure 4 presents herd density at municipality leMéggh herd densities in 2006 were mainly
observed in the western part of the country. Figushows maps of the spatially interpolated
temperature for the 30 June, 30 July, 30 Augus&&ttember, 30 October and 30 November
2006. Around the possible time of introduction @uuly), the temperature was high in
Belgium. The global temperature trend during the dpldemic consisted of two warm time
periods (June-July and End-September) separateal ¢oler period. Local differences in
mean temperature were also suggested by the maps.
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Figure4: Cattle herd density at the municipality level indgem, 2006
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Figure5: Maps of the spatially interpolated temperature égiim on the (a.) 30 June (b.) 30 July
(c.) 30 August (d.) 30 September (e.) 30 Octobdr(f) 30 November 2006
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Case herds

Between the 18of August and the 31of December 2006, a total of 1445 cattle and 893
sheep samples were analysed. The overall BT henhj@nce was estimated at 0.7 per cent
(95%CI 0.7-0.8) for cattle herds and 1.3 per c&m4CI 1.2-1.4) for sheep flockblerd
prevalence estimates at the provincial level fottlesand sheep are shown in Table 1.
Estimates were found to be more or less twice hifiresheep than for cattle. However, the
distributions of herd prevalence estimates at ttowipcial level were found to be similar in

the two species.

Table 1: Bluetongue herd prevalence (%) and associated 959%&eIgian cattle and sheep

population based on the 2006 case herd data

Province Herd-prevalence (%) (95%Cl)
cattle sheep
Antwerp 0.7 (0.:1.00 1.5(1.2-2.0
East Flander 15(1.-1.8 2.2 (1.¢-2.5
Flemish Brabar 0.8 (0.:-1.2) 1.2 (0.¢-1.6’
Hainaut 0.1 (0.¢-0.3 0.1 (0.¢-0.3
Lieae 1.6 (1.:-2.1) 15(1.-2.2]
Limbura 1(0.%-1.4) 3.2(2.+4.0
Luxembourc 0.2 (0.-0.4) 0.1 (0.(-0.5!
Namu 0.3(0.-0.7" 0.5(0.2-0.9!
Walloon Brabar 1(0.5-2.1) 0.3(0.-1.2}
West Flanders 0.1 (0.1-0.2) 0.4 (0.3-0.7)
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Comparison of winter screening and cattle case hmesallts

Based on the linear predicted values for herd peeca of the winter screening and the cattle
case herd data, the Pearson correlation coeffigiast0.73 and significant (p-value<0.0001).
Figure 6 consists of two maps showing the distidsubf BT herd prevalence estimates at
municipality level based on cattle case-herd aniteviscreening data. The patterns indicated

by the two maps seemed to be similar to each other.
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Figure 6: Bluetongue herd prevalence at the municipality lev8elgian dairy cattle based on (a.)
the 2006 case herd data and on (b.) the winteesitrg data.

Discussion

Starting from the original focus in the area whBedgium, The Netherlands and Germany
share borders, the epidemic gradually disseminalbedughout the Northern European
countries. The epidemic predominantly spread hatety along an East-West axis (EFSA,
2007). In Belgium, until October 2006, case herd@seanmainly limited to an area situated in

the Eastern part of the country. Early Septemb@62€he area of chief concern appeared to
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be the infectious status of the “still free” prow@s; therefore, a serological screening was
conducted and demonstrated freedom of BTV infediorall the provinces in which no case
herd was notified at that time (Vandenbussche .e2807). The first case in East Flanders
was notified on September 18 and the infection flether continued its spread to the west.
At the end of the epidemic, BTV-seropositivity iaiy cattle herds was shown to be widely
but unevenly distributed throughout Belgium. Seespience was found to be the highest
near the area of first infection with a gradientréasing towards the south and the west of the
country. In The Netherlands, the same distributias observed, with, in this case, a gradient
decreasing towards the Northern part of the couiiithyers et al., 2007). Based on case herd
data, Gerbier et al. (2007) identified two spatiaisters of cases in Belgium which centered
around the cities of Maastricht (the Netherlands) &hent. The authors stated that a gap
between the two clusters remained by the end oépiiemic. The results of the present study
on the other hand demonstrated a herd seroprewatgadually decreasing towards the west
with no higher level around the Ghent area. Thdiwiherd seroprevalence map (Figure 2)
revealed areas around Maastricht and Ghent wherwithin-herd seroprevalence was high.
The highest within-herd seroprevalences were foomdarms situated in Liege, Limburg,
Flemish and Walloon Brabant provinces most cerailole to the fact that those regions were
affected at the beginning of the epidemic. Howefwgther study of specific risk factors such
as local temperature, farm management system, lauimtdance of vector, is needed to better
understand the spatial variation in the occurreafd®T and to allow a more efficient control
of the infection in the future. The second focusuad the city of Ghent could be explained
for instance by the high cattle farm density irsthrea (Figure 4) which could be a risk factor
for within-herd propagation of BT. Visual examirmati of the temperature maps (Figure 5)
suggested that hilly areas were always cooler coedpto areas of lower elevation. Those
lower temperatures may have had an influence onlitbecycle of Culicoidesand the
replication of BTV in the vectors. The high ICClesfted the important correlation between
two animals within a herd with respect to the pneséabsence of BTV. A study conducted in
Kazakhstan demonstrated also significant clustesinfarm level (Lundervold et al., 2003).
The authors pinpointed the fact that this effeallddbe related to local variations in the

vector’s distribution.

Clinical signs of BT appear as soon as five days-pdection. Therefore, in the early stages
of an epidemic, infected animals are more quicldyedted by clinical examination than by
serology. In Italy, during the 2000-2001 BT-outlikesero-surveillance only debuted in the

64| Page



Chapter Ill: Emergence of Bluetongue virus in Belgi

decreasing phase of the epidemic curve (Giovaratial., 2004). In a reporting system such
as the one implemented during the course of thierealk in Belgium, a succession of events
has to occur before a case is detected. Theolgtitad reporting of suspect cases allows for
a view of the situation for the entire susceptiplgpulation which is under owner and
veterinary observation. This first relies on theussption that the infection will produce
clinical signs; hence, subclinical cases will gmoiticed (Doherr et al., 2001). BTV has in the
past been isolated in several countries withowicdi disease being recognised (Gibbs et al.,
1994; Mulhern, 1985). Based on the sparse data fwimle-herd-sampling during the
Northern European epidemic, it has been shownamagh proportion of cattle within a herd
could be PCR or seropositive, while not showing &Tyclinical signs. Moreover, owners
and veterinarians in Belgium had never previousiyeeienced this exotic disease; therefore
clinical signs were unfamiliar to them (Elbers &t 2008). Also, owners may have been
reluctant to report cases for fear of consequess tf trade. The winter screening revealed
indeed a higher prevalence than demonstrated byeperting of clinical cases. Results
demonstrated a high level of exposure to BTV indhey herds. The results confirm the fact
that BTV spreads very quickly in an immunologicatigive ruminant population. The first
Italian epidemic of BT in 2000 in Sardinia has destoated a rate of spread of 30 km per
week and 80% of the island had been infected. Bot®ardinia and Sicilia, serological
surveillance detected virus circulation to be widkan shown by clinical surveillance
(Calistri et al., 2004; Giovannini et al., 2004)er8logical screening demonstrated a BT
animal-prevalence levels ranging from 3.23 to 6%lifh Albania after recent first infection
(Di Ventura , 2004). In the present study, the inlaté Pearson correlation coefficient showed
that the spatial distributions of the virus indexhtby the two datasets (Figure 6) were very
similar. However, there was a large scale-diffeeemt estimated prevalences. The case
detection system based on clinical suspicion urstienated the real impact of the epidemic,

but indicated an accurate spatial distributionhef ¥irus at the end of the epidemic.

In theory, each individual within the target popida, namely the Belgian ruminant
population, should have had an equal chance ofjtsstected for sampling. For accessibility
matters, only dairy herds with on-farm delivery adiry product were considered in the
sampling frame. Moreover, solely animals older tBdmrmonths were sampled. Sub sampling
presents an opportunity for selection bias whichstmibe accounted for when willing to
extrapolate the results to the target populatioonFthe outbreak data, BT herd prevalence

level in sheep was higher than in cattle. Ovine Biiféction cases might have been easier to
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detect since this species is commonly known to beerprone to develop the clinical form of
the disease (Gibbs et al., 1994). However, thaequéatity of this BTV-8 epidemic was that
the virus was able to induce severe clinical signsattle (Thiry et al., 2006). Moreover, the
results of the confirmation analyses showed thaical signs observed in cattle were more
specific than those observed in sheep (Toussaial,e2007b). In general, seroprevalence is
known to be higher in cattle than in small rumingapulations (Ward et al., 1994; Di
Ventura et al., 2004). On the other hand, a stumydacted on the Indian sub-continent,
demonstrated a higher seroprevalence in sheep ithamattle, with 45.71% and 33.4%,
respectively (Sreenivasulu et al.,, 2004). Thosdifigs demonstrate differences which can
occur when sampling a particular species insteaahother. In the same way, many studies
have concluded that older cattle were more likelybe positive to BTV antibodies than
younger cattle, related to a greater opportunityrépeated exposure to the virus (Uhaa et al.,
1990; Ward et al., 1994; Lundervold et al., 2003ctors such as breed specific genetics or
management methods differ a lot between a beefaadary cattle herd; hence, the level of
prevalence may not follow identical patterns. Me@g the “on-farm delivery of diary
products” characteristic of selected herds mayds®@ated for instance to a more artisanal
agriculture which may indirectly have consequences disease control. An analysis
performed by Green et al. in the United States $208as not proven herd type to be a
significant risk factor. However, this conclusionayn depend on local conditions and

consequently differ for Belgian cattle.

The only indication a positive serological resulieg is that the tested animal was at one
point infected with the virus. Due to resistancehost population, future outbreaks would
probably occur more silently in herds which weneadly infected during the 2006 epidemic.
In this case, the genuine dissemination of theswwmould certainly be much more extensive

than the distribution of suspected cases (Purak,&006).

Conclusion

These findings currently provide the best informatiavailable on the unprecedented
occurrence of BT in Belgium and emphasized thedrapid non-confined spread of the virus
in a susceptible ruminant population. Local vaoias in estimated prevalence should be

further investigated to help identify particulaskifactors and be able to better control future
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outbreaks. The results of the winter screening vaése used to set up a sentinel program in
the country. This study showed that the case detestystem based on clinical suspicion
underestimated the real impact of the epidemic,dnavided an accurate indication of the

spatial distribution of the virus at the end of gpdemic
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Abstract

Bluetongue (BT) is an arthropod-borne viral diseaseuminants. In August 2006, domestic
ruminant populations in Northern Europe becameciefé with BT virus serotype 8 (BTV-8).

The first BTV-8-case of the year 2007 in Belgiumswaotified in July. This case was the
starting point of a second wave of BT outbreakse fitmin objective of this study was to
describe the evolution and the clinical impact lvé second episode of BT in Belgium. In
addition, the main differences with the previoussege (August-December 2006) are
reported. Both outbreak and rendering plant dat@ \&ealysed. Overall cumulative incidence
at herd level was estimated at 11.5 (11.2-11.8) &akd(7.3-7.8) % Iin cattle and sheep
populations, respectively. The findings went indar of a negative association between
within-herd prevalence in 2006 and the risk of simgwclinical signs of BT in 2007 (via

protective immunity). A high level of correlationas demonstrated between BT incidence
and small ruminant mortality data when shifting ldger of one week backwards. This result
supports the hypothesis that the high increasenalsuminant mortality observed in 2007

was the consequence of the presence of BT. Ftle,ctite correlation was not as high. An
increase in cattle foetal mortality was also obsdnduring the year 2007 and a fair

correlation was found between BT incidence andalaabrtality.

Keywords

Bluetongue; Outbreaks; Incidence; Mortality; Caatin; Belgium.
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I ntroduction

Bluetongue (BT) is an arthropod-borne viral diseafsieoth wild and domestic ruminants. BT
virus (BTV) is a species of the gen@rbivirus within the Reoviridae family which is
transmitted in ruminant populations almost exclaki\by several species of biting midges of
the genusCulicoides (Diptera: Ceratopogonidge Of more than 140@ulicoides species
worldwide, fewer than 20 are actual or possibletaescof BTV (Cétre-Sossah et al., 2004).
To date, 24 distinct BTV-serotypes have been ifiedti The virus is traditionally known to
be distributed around the world in countries lyingthe tropics and subtropics, although it
may extend further north like in parts of westerortN America and Xinjiang, China (Dulac
et al., 1989; Gibbs and Greiner, 1994; Qin et H096). Until recently, the virus has been
documented as far as 45°N in southern Europe. €dlolol Greiner., 1994; Caporale, 2004).
The vast majority of BT infections are clinicallypapparent. Cattle can act as a reservoir for
disease to keep the infection circulating. Sheepnaore prone to show clinical signs. When
the disease does occur, common clinical signs yexg@, inflammation of the oral mucosa,
excessive salivation, oedema of the head (OIE, 200Beproductive disorders such as
infertility, congenital abnormalities, and aborti@me also reported in infected sheep and
cattle. BTV has been shown to cross the placentsdebaand may be arbortigenic and
teratogenic (Luedke, 1985).

In August 2006, domestic ruminant populations inrtNern Europe became infected with
BTV. Very unexpectedly, BT was notified in the Netlands, Belgium and Germany. (OIE,
2006; Toussaint et al., 2006). The index cases weperted in the area where the three
countries share borders. Later on during the epitleralated cases were also declared in
France and Luxembourg. The virus incriminated weiified as BTV-serotype 8 (CRL,
2006; Toussaint et al., 2007). By the end of tihgt #pidemic in December 2006, a total of
695 outbreaks were notified in Belgium. One of gaaticularities of this BTV-8 epidemic
was the virus’ capability of inducing severe cladisigns in cattle (Thiry et al., 2007; Elbers
et al., 2008). At the end of January 2007, a csessional serological study was performed
(‘winter screening 2007’) in the Belgian cattle p&giion in order to establish the spread of
BTV after the 2006 episode (Méroc et al., 2008)e Tindings of the study emphasized the
rapid and non-confined spread of the virus. Indeseyrall herd seroprevalence in January
2007 attained 83% and all Belgian provinces werecemed. Overall within-herd

seroprevalence was estimated at 24%. The questiether BTV would over-winter was of
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major concern at that time. In June 2007, a sentio& was confirmed positive in North-

Rhein Westphalia (Germany). The first Belgian casBT in 2007 was suspected in a flock
located in Antwerp (Oelegem), subsequently confdraéthe National reference laboratory
(CODA-CERVA) and notified on the 17 July 2007. These was the starting point of a new
wave of BT outbreaks in Belgium. In 2007, BTV-8a®erged in the Netherlands, Belgium,
Germany, Luxembourg and northern France, and ve&sraborted in the United Kingdom,

Switzerland, Denmark and the Czech Republic (Ol@)8D). Farmers suggested that BT

induced more severe clinical signs in 2007 thalidtthe previous year.

The main objective of this study was to descrike @kiolution and the clinical impact of the
2007 BTV episode in Belgium. In addition, the mdifferences with the previous epidemic
(19 August to 15 December 2006) are reported.

Materialsand Methods
Temporal evolution of the incidence

Outbreak data (case data at farm level) was olddnoen the Belgian Federal Agency for the
Safety of the Food Chain (FASFC) for the 2006 aff72episodes. Outbreaks are mostly
herds for which the veterinary practitioner, whas ieeen consulted by the animal owner,
identified suspicious clinical cases and wherezast one of those animals was subsequently
confirmed positive using a laboratory test (c-ELISAd/or real-time RT-PCR) and then
notified to the veterinary authorities (EFSA, 200A) maximum of three animals were
sampled per suspected herd. Weekly incidence cadrB3 outbreak herds were calculated
for each species separately based on the dates gds&s were reported to the FASFC.
Temperature data was obtained from the Royal Melegical Institute of Belgium (KMI-
IRM), and Culicoides data from the Institute of Tropical Medicine (ITGyho was
coordinating the entomological surveillance. Thengeral distribution of the epidemic
(incidence curve), the mean weekly temperature, @atd the weekly numbers Gulicoides

trapped during 2007 were analysed.
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Spatial evolution of the incidence

Livestock density data was extracted from the Belganimal identification and registration
system (SANITEL) to provide estimates of the popafaat risk at the start of the 2007
episode. The cumulative incidence (probability thdterd at risk developed BT during the

year 2007; based on outbreak data) and 95% comfdatervals were estimated.

Outbreaks’ characteristics

The characteristics of the outbreaks were definedrialysing the distributions of the species
and the herd types involved. In order to estabihinfluence of the herd immune status at
the start of the episode on the incidence of BTinguthe episode (i.e. risk of becoming an
outbreak), 286 dairy cattle which had been samglathg the ‘winter screening 2007’ and
were found to be BT-seropositive at that time (Méet al, 2008), were investigated. A
multiple logistic regression model was used to rhdlde probability of a herd to become an
outbreak according to its seroprevalence levehatend of the first BT episode, controlling
for two other independent variables (herd proviacéd herd size) (Agresti, 2002).The level of

significance used was fixed to 0.05.

Rendering plant

In order to obtain information on BT mortality ineBium in 2007, rendering plant data

(Rendac) from 2002 onwards were acquired. Homogemenhumbers of carcasses for years
2002 to 2005 (i.e. historical data, before emergeot BTV-8 in Northern Europe) was

verified using a one-way Analysis of variance (AN®\Weter et al., 1996). The cumulative

differences (starting from week 28, which is théedaf onset of the 2007 episode) of number
of carcasses collected by the rendering plant 12007 and average (2002-2005) for cattle
and for sheep and goat were calculated. The avenagéer of carcasses that were collected
per week from 2002 to 2005 was calculated and cosdpt the weekly numbers that were
collected in 2006 and 2007, respectively. Multipker-wise comparisons between 2007 and
average (2002-2005), 2006 and average (2002-2@0m®), between 2006 and 2007 were

performed using t-tests with Bonferroni correct{@onferroni, 1937).
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To study the impact of BT on ruminant mortalityetBT weekly incidence curve for 2007
was compared to rendering plant data for the same period. The correlation between BT
incidence curve and the curve of weekly differen@3)7 minus average (2002-2005)) was
evaluated using the Pearson correlation coefficiStdtistical significance of the test was
based on a p-value equal or lower than 0.05. The disampling was chosen in the BT
dataset as reference to mimic the true date oadesenset. The analyses were performed for
small ruminants and cattle separately. In additpmr, ruminant species, different age/weight
categories available in the Rendac dataset wersidened (for sheep/goats: lambs and adults;
for cattle:<50 kg calves and adults). The same comparison gsos@s followed for dead
cattle foeti, but, in this case, on a wider timalsdi.e. over both 2006 and 2007 calendar

years).

All statistical analyses were computed using SAB\swe, Version 9.1.3.

Results

Temporal evolution of the incidence

Weekly BT incidence counts for each species comck@re shown in figure 1. The first
outbreak was reported during week 28 and a peakeeahed at week 36-38. We notice that,
after having steadily diminished following week 38e number of new cattle outbreaks has
increased again at week 45 and this tendency adinintil week 51. Pertaining to sheep
population, the incidence curve in 2007 indicatiest fan exponential trend which reached a
peak of 452 new outbreaks notified during weekR#lowing this week, the number of new
outbreaks reported decreased continually. At theé ehthe year 2007, a total of 6870
outbreaks were reported throughout the country. pegature (figure 1) started to decrease
slowly from week 35 until week 44 when it increasagin a little and then decreased again.
The weekly numbers ofulicoides(figure 2) which were trapped increased from wé&ék
until week 40 when the numbers started to shanohyrsh.
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Figure 1. Weekly incidence counts of reported Bluetongue i@astks and weekly mean temperatures
in Belgium in 2007 (week 23-52).
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Figure 2: Weekly incidence counts of reported Bluetongue i@astks and weekly total numbers of

Culicoidestrapped in Belgium in 2007 (week 14-52)
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Spatial evolution of the incidence

Cumulative spatial distribution of confirmed casath monthly intervals are presented along
with farm density data in figure 3a (cattle) angufie 3b (sheep)he first outbreaks reported
in 2007 were mainly located in East Flanders, anti| September, the vast majority of cases
were reported in this province (for location, sigeifes 4a and b). The epidemic progressively
spread to all provinces and especially towards W&stders and Hainaut. At the end of the
epidemic, BT was widely but unevenly distributedoss all Belgian provinces. The disease,
in both species, was mainly notified in regions whéarm density was high. The vast
majority of the outbreaks were located in the westealf of Belgium. Indeed, 26.1 and
21.2% of the outbreaks were situated in East andtWkanders respectively, while only
1.4%, 4.9 and 3.7% of the cases in 2007 were |dcateWalloon Brabant, Liege, and
Limburg provinces, where many of the outbreaks weperted in 2006.

Figure 3a: Distribution of Bluetongue 2007 cattle outbreakd aattle farm density data in Belgium
at date a. 1 September 2007, b Dctober 2007, c.*INovember, d. %t December 2007

8l|Page



Chapter IV: Second Episode of Bluetongue

Figure 3b: Distribution of Bluetongue 2007 sheep outbreakssdregp farm density data in Belgium
at date a. i September 2007, b¥'Dctober 2007, c.*INovember, d. % December 2007

Overall cumulative incidence at herd level basedconfirmed outbreaks was estimated at
11.5 (11.2-11.8) and 7.5 (7.3-7.8) % in cattle ahdep populations, respectively. Province-
specific cumulative incidence estimates and thB% Yonfidence intervals are presented for
cattle in figure 4a and for sheep in figure 4b. Tingdence in cattle was the highest in the
southern part of Belgium. It was found to be thghlest in Luxembourg and the lowest in
Liege, Limburg and Flemish Brabant. For sheep, highest estimate was found for East

Flanders.
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Figure 4: Province-specific BT cumulative incidence estimdie$6) and 95%CI for the year 2007.

a. in Belgian cattle population. b. in Belgian gheepulation. (based on confirmed cases)
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Outbreaks’ characteristics

In 2007, cattle outbreaks represented 64.4%, vehié=p herds represented 34.9% of the total
outbreaks (1% left: goat, bison, lama and deerwlmgy herds with non-identifiable herd-type
aside, 55% of the cattle outbreaks were of daipgtyfwo hundred and one of the dairy herds
that were seropositive during the ‘winter screer@0§7’ suffered clinical outbreaks during
the 2007 episode. Controlling for herd size and/imae, the results of the logistic regression
model indicated that a unit increase of within-hsedoprevalence is a significant protecting
factor for BT in 2007 (OR=0.96; 95%CI 0.95-0.98,003001).

Rendering plant

The results of the one-way ANOVA showed no stat#tsignificant difference between the
mean numbers of carcasses across years 2002 td@0d® two categories of ruminants (p-
values >0.05). Thus, homogeneity was assumed ihigierical data and the average numbers
(2002-2005) were further considered in the analyseseference number. At the end of the
year 2007, cumulative differences in number of asses between 2007 and reference value
had reached 30693 carcasses in small ruminant @iigruland 17517 carcasses in cattle
population. Table 1 shows the results of the amalysde in order to compare mean weekly
differences in mortality. The most important di#face was observed for adult sheep and
goats when comparing 2007 to average (2002-2008), 564 carcasses per week more in
2007 (p<0.05). An important difference was alsandee adult cattle with 122 carcasses more
in 2006 than on average (2002-2005) (p<0.05). Eidaa and 5b show the differences of
number of carcasses between 2007 and average O®)-for different sub-categories for
cattle and small ruminant, respectively. For cattldferences in all sub-categories are
positive from week 35 onwards. For small ruminattg, difference curve clearly increased
between week 29 and 43. This difference seemedetattibuted almost totally to adult

carcasses. However, a small increase for lamb ssgsavas also noticed.
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Table 1: Differences between mean weekly numbers of carsassdkected yearly by the rendering
plant and 95% CI Bonferroni (* indicates statistisignificance)

sheep and goats cattle
Year comparison lambs adults dead foeti calves(<50kg) adults
2007- 120 554 80 99 120
aver age(2002-2005) (-1;,241) (260;840)* (54;103)* (-135;33) (18;222)*
2006- 114 142 23 96 122
aver age(2002-2005) (-6;235) (-144,;428) (-3;47) (-138;330) (20;223)*
2007-2006 6 412 57 3 -1.54
(-114;126) (126;697)* (31;81)* (-232;238) (-104;101)
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Figure5: Weekly differences in number of carcasses collebjethe rendering plant between 2007

and average (2002-200%).cattle,b. sheep and goats
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Figure 6a and 6b show the BT incidence curves alomlg the rendering plant data curve
(differences between 2007 and average (2002-200656)oth species. The visual analysis of
the cattle curves (Figure 6a) shows mortality défees were positive from week 35
onwards. This positive mortality pattern seemedottmw the increase of the BT incidence
curve for cattle. For sheep (Figure 6b), the twoves clearly follow the same trend with a
delay of more or less one week between them. T&blpresents Pearson correlation
coefficient estimates and associated p-values sigpthie correlation between BT incidence
and rendering plant data for each species and a&egary within species. The Pearson
correlation coefficient was shown to be the higlfestadult sheep and goats when shifting
back the rendering plant data of one week with98@p<0.001). Correlation between BT and
mortality was not as good for cattle as it wasdloeep and goats. Figure 6¢ shows the cattle
BT incidence curve along with the rendering plaatadfor dead foeti. For dead foeti,
correlation was found to be the highest when sigftback the data of 3 weeks (r=0.57;
p<0.0001).
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Table 2: Pearson correlation coefficient estimates and &®socp-values showing correlation

between Bluetongue incidence and number of carsasdiected by the rendering plant in 2007

sheep and goats cattle
timelag
(nb week) lambs adults calves (<50kg) adults
-1 0.50(<0.001) 0.57(<0.001) 0.56(<0.001) 0.47(4D.0
0 0.63(<0.001) 0.83(<0.001) 0.52(<0.001) 450<0.001)
1 0.73(<0.001) 0.98(<0.001) 0.62(<0.001) 0.54(8@)0
2 0.67(<0.001) 0.83(<0.001) 0.64(<0.001) 0.53(8@)0
500 T - 300
450 +
T 250
400 +
- 1 200
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2
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Figure 6¢: Bluetongue weekly incidence curve and differenceumber of dead cattle foeti collected
by the rendering plant per week between 2006/2007aaerage (2002-2005) in Belgium, from week
1 2006 to week 52 2007
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Discussion

The epidemic in 2007 expanded in such a way thdtinvithe two first months, four times
more outbreaks were identified than during theren8006 episode. The higher overall
cumulative incidence estimates in 2007 compare2D@6 may be due to many causes or to a

combination of these causes:

* a higher level of infection in the population (letkto the presence of a considerable
virus reservoir at the onset of the epidemic antb/@ change iulicoidesabundance
(Elbers et al., 2007)).

e a more severe disease within individual animalseatd#d (which could be a
consequence of a variation in the virus strain iargtill to be examined (Maan et al.,
2008)).

* a better awareness of the clinical signs by theewsin

The observed provincial differences in cumulatimeidence (figure 4a and 4b) could be
explained by various risk factors such as the witierd prevalence level at the end of the
2006-epidemic (via protective immunity). The cuntivia incidence in the cattle population
(figure 4a) was the highest in the province of Lmbeurg where seroprevalence at the end of
the 2006-epidemic was the lowest. The lowest estisnavere found in Liege, Limburg and
Flemish Brabant, where seroprevalence was the stigitethe end of 2006 (Méroc, 2008).
These results and those of the limited analysisgusie results of the ‘winter screening 2007’
seem to go in favour of a negative association éetwwvithin-herd prevalence in 2006 and
the risk of showing clinical signs of BT in 2007hd preliminary results from a longitudinal
study in the Netherlands indicated that animaleatdd during the 2006-epidemic did not
become infected (no PCR positives) again during2b@7-epidemic (Elbers et al., 2007).
Another risk factor could be for instance the agerasize of herds in the province.
Luxembourg leads with a mean of 130 cattle /haeytipdWved by Namur with 105 cattle/herd.
We notice that the highest BT incidences in cattlere observed in the provinces of

Luxembourg and Namur (figure 4a).

As it was already the case during the first epideBiTV-8 appears to cause clinical disease

both in sheep and cattle, whereas the clinical fofrthe disease is commonly known to be
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restricted to sheep. The ratio of large to smathinant farms affected was larger in 2007
compared to 2006, since at the end of the 2006eapi the distribution was 57.3% of sheep
outbreaks and 42.7% of cattle outbreaks. From digurit can be observed that the sheep
incidence started to diminish two weeks before didahe cattle (week 36 vs. week 38). This
apparent delay between incidence curves could éedhsequence of cattle not producing
many clinical signs except for a loss in milk protion, therefore owners often delayed the
moment when they would call the veterinarian (Dekéde personal communication). This
important impact of BT on milk production in cattieay explain the predominance of dairy
type (55%) within reports of BT cattle herds. Th#dr may also be related to the fact that
dairy cattle are more frequently and closely obsérvy the farmers compared to beef cattle.
One notable difference between the two episodeBTofvas also the confirmation of goat
outbreaks in 2007, whereas no caprine case hadrbeerded in 2006. This particularity was

also reported in the other countries concernedBy-B in 2007 (Dercksen et al., 2007).

Figure 1 shows that the BT incidence curves seemave globally followed the same trend as
the temperature curve, with a delay of 2-4 weeklse Tesults of a study pertaining to
association between temperature and BT incidendegithe 2006-BT-epidemic, found the
strongest correlation between the 2 parameters whiéing back the BT incidence data of 4
weeks (EFSA, 2007). Nevertheless, even if temperatas clearly demonstrated to influence
Culicoides’life cycle, BTV replication in the vector and théifg rate of the midges, it is
difficult to consider these associations by thewewl Indeed other parameters such as
humidity are known to have confounding effects ba association (Mellor, et al., 2000).
During the 2006-epidemic, two peaks of notificaiomere observed end-August and mid-
October. However, BT epidemics are commonly knownfdllow a unimodal temporal
distribution (Erasmus, 1985). Normally, as the coleather intensifies towards the end of
autumn, blood feeding of the midges declines. Batoal Delécolle (2007) have partially
explained the unusual pattern of last year’'s epiddmy unfavourable climatic conditions
prevailing in August which could have led to a dase in the vector population.

Many reproductive disorders in cattle have beemnted during the year 2007 in Belgium.
Those presumed consequences of BT included intigrtdarly embryonic deaths, abortions
and stillbirths. It has well been demonstratedhim past that strains of BTV which have been
modified by the passage in cell culture (e.g. medifive virus vaccine strains) are able to

cross the ruminant placenta and consequently hasreus outcomes according to the timing
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of foetal infection (MacLachlan, 2000). Recentdediory analyses on aborted foeti, newborn
calves and dam-newborn pairs provided evidencéeftapacity of BTV serotype 8 to pass
the placental barrier (De Clercq et al., 2008). phesent study indicated an increase in foetal
mortality in 2007, as well as a fair correlatiortvieeen the incidence curve of BT and that of
abortions when shifting back the mortality data3ofveeks (Figure 6c¢). The association
between BT and abortion is however difficult to exdijfy using this type of study design,

since various impacts on embryo/foetus may haveroed according to the gestation stage

the dam was infected.

Death may occur in 8-10 days in diseased animafected ruminants either die from BT
directly or from a secondary bacterial infectionorftality usually ranges between 10 and 20
percent, but can reach 70 percent in individuatkifo (Breard et al., 2004). The analysis
demonstrated a strong and significant correlatetwben the incidence of BT and adult sheep
and goat mortality since the coefficient was cldaeel (table 2). However, this high
correlation does not necessarily induce a reladiboausality between the two events. Some
factors such as the breeds of the infected anioralse presence of concomitant diseases may

here interact.

The objective of this paper was to describe thdutom and the clinical impact of the BT
2007 episode. Even though further validation isdeele some conclusions can be drawn:

* Incidence counts were related to the populatiorsitieof the susceptible hosts. BT

was mainly reported in regions where farm denskg Wigh.

* The findings went in favour of a negative assocratbetween the within-herd
seroprevalence level at the end of 2006 and tkeofishowing clinical signs in 2007.

* The impact of BTV-8 on mortality was more importantsmall ruminant than in
cattle population.

* A high level of correlation was demonstrated betwemall ruminant mortality and
BT incidence data when shifting back the mortatigta of one week. This finding
supports the hypothesis that the high increasenadlsuminant mortality in 2007 was

the consequence of the presence of BT. For cHide;orrelation was not as high.

* An increase in cattle foetal mortality was obserdeding the year 2007 and a fair

correlation was found between BT incidence andalaabrtality.
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Abstract

In order to control the devastating impact of Btugfue in ruminant population, Belgium
decided to start using an inactivated vaccine i0820rhe objective of the study was to
evaluate the effect of this first vaccination camgpaThree cross-sectional screenings were
undertaken in the cattle population during wintar2007 and 2008 (before vaccination) and
2009 (after vaccination). The results showed thattarget of 80% of vaccination coverage
was attained but late in the season. The effesewéral vaccination factors on the serology
and RT-PCR response were analysed using linear geméralized mixed models. The
interaction between time since vaccination and lbester injection’s achievement was
significantly associated to the change in serolafygr vaccinationf{= -32.69; p=0.02). The
study demonstrated the importance of respecting/diceine’s protocol in its entirety and in

due time, for the level of antibodies depends on it

Keywords

Bluetongue virus serotype 8; Cattle; c-ELISA,; imeated vaccine; real time RT-PCR
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Introduction

Bluetongue (BT) is a vector-borne viral diseasawhinants. BT virus (BTV) is the type
species of the genuSrbivirus within the Reoviridae family. Thus far, 25 distinct BTV-
serotypes have been identified (Gorman, 1990; Hofetaal., 2008; Takamatsu et al., 2003).
Midges of the genu€ulicoides (Diptera: Ceratopogonidae) are, until now, theygmioven
vectors in the transmission of BTV from ruminantaoninant (Cétre-Sossah et al., 2004, Pili
et al., 2006; Vanbinst, et al, 2009). BT can camsdd to spectacular outbreaks and therefore
appears on the list of diseases notifiable to tlwldMOrganisation for Animal Health (OIE).
It thus has an adverse impact on worldwide tradetduestrictions on the source of animals
(Green et al., 2005). The vast majority of BT irtiees are clinically unapparent. Cattle act as
a reservoir of BTV and keep the infection circulgti Cattle appear to be much more
attractive toCulicoides spp. than sheep and this may enhance their impartas carriers
(Ward et al., 1994). Sheep on the other hand are prone to show clinical signs (Gibbs et
al., 1994). When the disease does occur, commaitalisigns are pyrexia, inflammation of

the oral mucosa, excessive salivation, oedemaedfidiad (OIE, 2008).

BTV is considered as an “emerging virus” sinceas liecently expanded its range towards
Northern Europe, outside its previous environmastfar as 45°N). Starting in August 2006
from the area where Belgium, the Netherlands andn@ey share borders, an epidemic of
BTV serotype 8 (BTV-8) gradually disseminated thglbout the North-Western European
countries (Toussaint et al., 2007), causing thetrsesere outbreak of this disease ever
recorded. In 2007, BTV-8 re-emerged in the sammtes and extended also to the United
Kingdom, Switzerland, Denmark and the Czech RepyiE, 2008). In order to control the
devastating effect of BTV-8, several European Mentbimtes decided to start vaccination
before the following summer season (Council DireetR000/75/EC). In the past, BTV
vaccination has been successfully used by a nuofbeuropean countries which have been
affected by the infection (Savini et al., 2008) eTWaccination campaign intended to reach a
target of at least 80% of coverage in order to shepspread of the infection and ultimately to
eradicate the disease. This target was fixed by¥tlrepean Commission based on past mass
vaccination experience for other diseases (P.Houdarsonal communication). In Belgium,
compulsory vaccination of cattle and sheep witlttivated vaccine against BTV-8 began in
May 2008, after a devastating epidemic startingndusummer 2007 (Méroc, 2009). This
means that livestock population was already highiynunized before the campaign took
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place, making it impossible to distinguish infecttdm vaccinated animals based on
serology. The objective of this study was to explibre effect of livestock vaccination against
BTV-8 in Belgium.

Materials and methods
Cross-sectional serological data

In Belgium, since the first episode of BTV-8 (seddmalf of 2006), three cross-sectional
serological surveys were undertaken in the samtechérds during the winter periods
(Winter Screenings (WSs) were performed during eir2006-2007 (=WS1), during winter
2007-2008 (=WS2) and during winter 2008-2009 (=WS8)éroc et al., 2008). Table 1
summarizes the characteristics of the WSs. The wlifference between the three samplings
relates to the age of the sampled cattle: in W&y, adult cattle (>24 months of age) were
sampled, whereas in WS2 and WS3 all cattle wersidered. In WS3, the same number of
animals was sampled in each age category (balaaregle), which was not the case in WS2
(unbalanced sample).

Table 1. Summary of the three winter screening (WS) samples

WS1 WS2 WS3
_ _ 1°'-31 January 1°' January- 15 December 2008-
Sampling period
2007 20May 2008 7 February 2009
Number of animals 25 846 21 498 7175
Number of herds 344 235 203
o unbalanced stratification, balanced stratificatior
Age characteristics adults (>2 years)
all ages all ages

The serum samples were analysed using the ‘ID BtrB&uetongue Competition’ assay (ID
VET, Montpellier-FRANCE) according to the manufaetts instructions but with the cut-off
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determined by Vandenbussche et al. (20085( positive; >65 and<75 doubtful; >75
negative). Results were expressed as percentagativigg (PN%= (Optical Density
sample/Optical Density negative kit control)*10Bjad quality sampling results were deleted

from the final datasets.

The serological results from the WSs were evalubtefirst estimating the three within-herd

seroprevalences using logistic-normal regressiodeiso(SAS Inc, Version 9.2). In order to

make these seroprevalences comparable from ohe tather, the estimations were restricted
to adult animals. The true prevalences, reflecthmgy real serological status of the animals,
were derived by taking the sensitivity (87.8%) dhe specificity (98.2%) of the c-elisa test

into account (Rogan and Gladen, 1978; Vandenbusstcile 2008).

Virological data

During WS3, uncoagulated blood samples (EDTA) weollected by the official farm
veterinarians and were conditioned at the regidaabratories of ‘Dierengezondheidszorg
Vlaanderen’ and the ‘Association Régionale de Samitdl'ldentification Animales’. The
EDTA samples were analysed with a RT-qgPCR as dexstihy Vandenbussche et al. (2008).
Based on a cut-off which was set at a Ct-valueOpfrdsults were defined as ‘positive’ (<40)

or ‘negative’ £40).

Vaccination data

During the vaccination campaign, information on Haecination progress of each livestock
farm (date of primo- and booster-vaccination rouang brand of vaccine used) was recorded
by the Belgian Federal Agency for the Safety of eed Chain (FASFC). These vaccination
data concerning the herds sampled within the WS3s exracted and analyzed.

Changeinindividual serological profiles between W2 and WS3

In order to evaluate the individual serologicalfppes between WS2 and WS3, the following
variables were created first:

- 'QuantiwS2’ and ‘QuantiWS3’ were defined as thegestage of negativity obtained

by subtracting the PN% values at WS2 and WS3 (ooatis variables) from 100 in
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orderto display an increased antibody response where tisetruly an increase of
antibodies.

- ‘Change’ (%), a continuous variable obtained bytsacting QuantiWwS2 from
QuantiwSs3, which indicates for a given animal thargye in serology between WS2
(before vaccination) and WS3 (during or after vaation).

- ‘StatusWS1’, a dichotomous variable indicating Wieetthe animal came from a herd
where within-herd seroprevalence in WS1 was abbgeariean prevalence of 27% or
not (Méroc et al., 2008).

- ‘Time’, a continuous variable reflecting the numioé months between the date of
first injection at herd level and the sampling dafethe individual animal. After
consideration of the variable’s histogram whichadi showed a bimodal pattern, it
was decided to create from it a dichotomous vagiaddtermining if ‘time’ was
superior to 3 months or not.

- ‘Two injections’, a dichotomous variable indicatimgnether the animal had received
its second vaccination (=1) or not (=0) at momérgampling.

- ‘Age’ (months), a continuous variable indicatingethge of the animal. This was
extracted from SANITEL.

The profiles of cattle, strictly seropositive at &/@=2360) were compared to that of animals
strictly seronegative at WS2 (n=199). For the latdse effects of vaccination variables
(‘Time’, ‘Two injections’ and ‘Brand’), ‘StatuswWSland ‘Age’ on the 'Change’ were
analysed at animal level. First, univariable asstmms between the response ‘Change’ and
the different categorical independent variablesnfd, ‘Two injections’, ‘Brand’ and ‘Status
WS1’) were explored using one-way ANOVASs. The ahustg within the herds was not taken
into account in this part of the analysis. Residuplots were used to ensure that the
assumptions underlying the ANOVAs were met. Thelmear mixed model which takes into
account the correlation among animals from a saené by adding a random herd effect, was
used for multivariable modelling (Dohoo, 2003). Akirwise correlations among predictor
variables were examined using Pearson and Speacoraelation coefficient in order to
identify pairs of variables containing essentialhe same information. If the correlation
between two variables was above 0.7, only the bkriavith the smallest p-value at the
univariable analysis was kept in the multivariabledel. The initial model considering all

independent variables and two-way interactions adpisted by looking for the most
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parsimonious model as well as comparing the Akhaikermation Criteria (AIC) estimates of
all possible fits. The smaller the AIC value, tregtbr a particular model fits (Akaike, 1974).
A probability value of less than 0.05 indicatedtatistically significant resulfTo assess the
validity of the model, standardised residuals wesenputed and graphical methods were
used; the homoscedasticity assumption was verlfigglotting the standardised residuals
against the predicted means and a normal probalpldt for the residuals was used to

examine the normality.

RT-PCR positives

The univariable association between the RT-PCRustand the age of the animal was
explored by means of a marginal model, the gersa@lestimating equations (GEE), which
takes into account the clustering within herds fgicand Zeger, 1986). A dichotomous
variable ‘seroWS2’ was created where ‘seroWS2'=lemwlon a herd at least one animal
remained seronegative at WS2. The effects of theination variables, status2007 and
seroWS2 on the RT-PCR status of the herd were sedlysing a multivariable logistic

regression. The best model was looked for by comgakIC estimates of all possible models
with main effects and their two-way interactionbeTHosmer-Lemeshow goodness-of-fit test
was used to assess the fit of the model (Dohoo3)200e results for the risk factors, from

fitting the final model, were expressed as oddssaalong with their corresponding 95%

confidence intervals and probability values. A @bitity value of less than 0.05 indicated a

statistically significant result.

Results

Cross-sectional serological data

The true within-herd seroprevalence in adult catileeased from 23.8% (95%CI: 20.1%-
28.1%) at WS1, to 98.84% (95%CI: 97.63%-99.58% W2 and, eventually, to 100%
(95%CI: 99.5%-100%) at WS3.
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Vaccination data

The herds sampled during WS3 were all completeljcwvated (two injections) between 6
May 2008 and 16 January 2009. The lag time betvpeiEno- and booster injection ranged
between 11 and 161 days, with an average of 29 atays standard deviation of 14. Figure 1
shows the progress in time of the vaccination cagmpat the end of November 2008, 80%
of the Belgian cattle herds had started vaccinatiaghty percent of the herds had completed
the vaccination process at the end of December.2008
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Figure 1: Cumulative proportion of number of herds vaccinatedording to date Gf. first

injectionb. last injection
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Changeinindividual serological profiles between WS2 and WS3

The individual change in the ‘Quanti’ value betwa#s2 and WS3 is presented in figure 2.
The serological patterns of animals strictly pesitiat WS2 (using a cut off level of
quantiwS2>35%) is shown in figure 2a. Of those aanit appears that 88% were already
highly seropositive (quantiwS2>80%) at that timd atayed highly positive at WS3 (straight
horizontal line). A portion of animals however, wdrighly positive at WS2 and became less
positive at WS3 (quantiWwS3<80%) (9% of animalsgween negative (quantiwS3<25%) ( 5%
of animals). Figure 2b shows the same informat@mmahimals negative at WS2 (using a cut
off level of quantiwS2<25%).
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Figure 2: Individual quantitative serological response (giaitwinterscreening 2008 (WS2) and

winterscreening 2009 (WS3). animals BT-seropositive at W32.animals BT-seronegative at WS2
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It is observable that quantiwS3 ranges from 0 t0%Qvith more values around 100%. The
quantiwS3 distribution of animals seronegative ab2Ms presented in figure 3. Eighty

percent of those animals became seropositive (JN&3>25%).
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Figure 3: Distribution of quantitative serological respongagntiwS3) of animals BTV-seronegative
at winterscreening 2008 (WS2)

From 199 animals we could extract data for which2/8d WS3 serological responses were
available and that were seronegative at quantiViSiag a cut off level of quantiWS2<25%).

For those animals, quantiWwS3 was significantly bigfmean=59; standard deviation=33.33)
than quantiwS2 (mean=4.6; standard deviation=640.0001). Out of these 199 animals,
185 (93%) demonstrated an increase in their sei@bgesponse between WS2 and WS3.
Table 2 shows the distribution of the variable ‘Gp@ among the different levels of the

categorical independent variables considered imthkivariable model analysis. The animals

with a longer duration between first vaccine inj@etand sampling (‘Time’=1) have a
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superior ‘Change’ on average than the others. énsime way, subjects which had received
two vaccine injections at sampling time (‘Two irfjeas’=1) had a significantly higher

‘Change’ than those that received only one vacmnat

Table 2: Description of the increase in serology betweentevgtreening 2008 (WS2) and
winterscreening 2009 (WS3) (‘Change’) among catiegaof discrete variables and results of one-way
ANOVAs (p-value)

Variable Type n %mean %sd p-value
Time 0 72 45.54 36.96 0.03
1 127 58.29 31.62
Two injections 0 74 38.74 34.3 <0.0001
1 125 63.67 30.26
StatusWsS1 0 148 53.27 32.27 0.42
1 51 57.69 38.6
Brand both 52 54.75 30.96 0.83
brand1 89 55.64 35.27
brand2 58 52.18 34.93
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The results of the multivariable model at the arnilegel are presented in table 3. It appears
that after taking into account all independent catas simultaneously and adjusting for herd
effect, the only significant effect was the intdraic between ‘Time’ and ‘Two injections’.

Table 3: Results of the linear mixed model modelling thaéase in serology between
winterscreening 2008 (WS2) and winterscrening 20083) (‘Change’)

Variable Type Coefficient Standard Error P-value
Age 0.34 0.31 0.27
Time 27.69 10.01 <0.01

Two injections 52.01 11.28 <.0001
StatuswS1 8.05 6.42 0.21
Brand both 17.11 114 0,33
brandl 25.67 9.11
brand2 15.04 10.17
Time*Two
Injections -32.69 12.31 0.02
-0.57 0.35 0.11

Injection*Age
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Table 4 describes the mean ‘Change’ for each ofp#tterns formed by combining ‘Time’
and ‘Two Injections’. The results show that by tlsetwes ‘Time’ (48.64-31.2=17.44%) and
‘Two injections’ (70.42-31.2=39.22%) make ‘Chang&rease. However, when those factors
are both present, instead of adding the sum ofwwbamnain effects (17.44+39.22=57%) to the
baseline level of mean ‘Change’, only 61.53-31.233% is added. Considering only animals
with ‘Two injections=1’", time between this last égfion and sampling was significantly
shorter in the group with ‘Time=0" (9.5 days) comgzha to the group with ‘Time=1" (51.3
days) (p-value<0.001).

Table 4: Description of mean ‘Change’ (winterscreening 200852) and winterscreening 2009

(WS3)) among different patterns formed by ‘Two &tjens’ and ‘Time’

Two injections=0 Two injections=1 Total
%mean %mean %mean
Time n Change n Change n  Change
0 42 31.2 30 70.42 72 47.54
1 32 48.64 95 61.53 127 58.29
Total 74 38.75 125 63.67 199 544

RT-PCR positives

Out of 5792 animals tested with RT-PCR, 146 (2.59)ed out to be positive. In 56 out of
211 herds (26.5%), at least one animal was positian WS2 seroprevalence in those PCR
positive herds (mean of 0.99 (s.d.= 0.02)) was dotmbe statistically similar to that of the
other herds (mean= 0.97(s.d=0.09)) (p=0.17). Tiselte of the GEE model at the animal
level indicated that the effect of the animal’'s agethe RT-PCR response wasn't statistically
significant (OR=0.98; p-value=0.46). Table 5 présetie estimated odds ratios from the
multiple logistic regression model at the herd leviée results showed that ‘StatusWwS1’,
‘Time’, ‘Two injections’ and ‘SeroWS2’ acted asopective factors on the risk of being RT-
PCR positive (OR<1). However, none of these effestye found to be statistically

significant, except for ‘Time’ that was borderlisgnificant.
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Table 5: Results of the multivariable logistic regressiondelting the risk of a herd having a positive
rt-PCR result: estimated odds ratios for indepenhdarnables (and 95% confidence interval limits

(CL)) and p-values (comparison to reference catefypreach variable)

Variable Type OR 95%ClI P-value
Time 0.6 0.34-1.07 0.08
Two injections 0.66 0.36-1.18 0.16
StatusWwS1 0.64 0.33-1.25 0.19
Serows2 0.7 0.4-1.24 0.22
Brand both vs brand1 1.32 0.82-2.18 0.25
brand2 vs brand1 0.83 0.53-1.29 0.41
both vs brand2 1.59 0.71-3.55 0.26
Discussion

The results of the three cross sectional studiewsti that adult cattle population in Belgium
had reached a seroprevalence level of nearly 100é& she end of the second episode of
BTV-8 (WS2). Antibodies typically appear within one two weeks after infection and this
response may last for several years (Afshar e1@89; Walton and Osburn, 1992). Ward and
Carpenter (1996) suggested a duration of immuriB3omonths compatible with prevalence
observed in the field. Therefore, in Belgium, wergvebviously dealing before the onset of
vaccination with a situation where at least somehef host sub-populations had already
obtained natural immunity towards BTV-8. Howevezcause of all newborn animals, part of
the cattle population will continuously remain sgsitble. Another factor which influences
the change in within-herd seroprevalence from ort td/the other is cattle movement. For
example, importation of animals from a BTV-8 fraeainto a herd will contribute to make

its global serology level decrease.

The objective of vaccinating was four-fold: i) Reduwclinical disease, ii) Stop dissemination
of BTV, iii) Facilitate live animal trade and iiiijjead to eradication in the future. An
inactivated vaccine was used in Belgium againsttgpe 8. Compulsory vaccination of all
domestic cattle and sheep began in May and had tmimpleted before 31 December 2008.
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Cattle born later than 1 September 2008 and offexriess of ruminants could also take part to
the campaign on a voluntary basis. It was decidedtart vaccination before the summer
period since the two previous episodes of BTV-8tsthin August 2006 and July 2007
(Méroc et al., 2009). The serological profiles aftle still seronegative before the vaccination
campaign was interesting since it turned out tl@86 &f these animals had seroconverted at
WS3 (Figure 3). Considering that only a small numiffeinfections seems to have occurred
during 2008 (2.5% of samples positive at RT-PCRjs would bring us to say that the
vaccination’s target of reaching 80% of coverage warrectly attained. However, pertaining
to the first injection of cattle herds, only by eddvember was 80% coverage attained (figure
1). The whole process was not completed until J3n@809. This discrepancy between
planning and reality is related to organisation dathys in reception of vaccine stocks linked
to the emergency context. We may ask ourselves ishthe purpose of legislation allowing

vaccination after the high risk period has alrekzgely started and until December 31.

After a second episode of BTV-8 in 2007 devastatmgerms of ruminant morbidity and

mortality, the first reason for vaccinating masgmMge. reduce the clinical impact) seems to
be justified since only 50 outbreaks were repoite@008. However, as aforementioned,
cattle were obviously already largely immunizeddoefthe campaign was launched, so it is

quite difficult to determine the role vaccinationly played here.

This study showed that a majority of the cattle \wheady highly seropositive at WS2 and
was still seropositive at WS3. However, in a carf@oportion of animals, a decrease in the
serologic response was observed between the twe.y&his could be linked to several

factors. First of all, we have to keep in mind ttiet sensitivity of the c-elisa test is not perfect
and so we therefore must be careful in interprethig quantitative serologic response. A
possible explanation could also be the age of timals at WS2. Young animals, still having

colostral antibodies at the time of WS2 have Ibstri since then. A decrease of the immunity
response occurring naturally with time could also @ausible. In either case, an animal
becoming truly seronegative at WS3 would probabBamthat there was a problem at one
point in the vaccination process: either the veatiom wasn’t done, or it was incorrectly

done, or it didn’t work on this particular animakfone reason or another.

Significant univariate associations were found leetwthe individual change in serology on

one hand and ‘Time’ and ‘Two Injections’ on the etlinand. Indeed, the vaccine producers
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indicated in their leaflet (European Medicines Aggn2010) that the inactivated vaccines
should be administrated in two separate doseshaidre onset of immunity occurs more or
less three weeks after administration of the boasiection. These findings pinpoint the
importance of respecting the vaccination protocolts entirety and of vaccinating in due
time. Multivariable modelling showed a significaimteraction between ‘Time’ and ‘Two
Injections’. For those animals that had receiveel llooster injection at sampling time, a
longer time since first injection (‘Time’'=1) wassagiated to a lower ‘Change’ (Table 4).
This association seems to reflect the decreaseeo$drologic response after reaching a peak
linked to the booster injection, since it was atbown that ‘Time’ was positively correlated
to the time between second injection and sampliihg. evaluation of vaccination could only
be done on 199 animals as these animals were tlgeonas still seronegative just before
vaccination, while all the others were already pesitive. Another drawback is that
vaccination variables were solely available at hesegel. Thus, individual variation within
herds regarding the risk factors could not be actamifor in the analysis and this may have
induced a bias.

Only 2.5% of the samples in this study were PCRtpes First of all, we have to consider
the limits of the RT-PCR test itself. Indeed, Vamoessche et al (2008) found that the
specificity of the test used in the present studg wf 98.5% (95%CI: 97.1-100.0). It could
thus be possible that as much as 1.5% (with a maximof 2.9%) of the samples were false
positives, leaving us with 1% of true positives.nGidering the situation where animals were
truly positive and knowing that cattle stays RT-P@#gitive for a maximum period of more
or less 200 days after it has been infected, toigldvprobably mean that the positive animals
in this study were infected during the second HaIf2008 (during or even after the
vaccination campaign). It is important to noticattive have absolutely no information on the
status of the animals between WS2 and WS3, andcayt well be that they were RT-PCR
positive at one point between the two screeningsthen became negative before WS3 was
undertaken. Thus we have to keep in mind that tbenber of positives could be
underestimated. The use of sentinel herds for mestanstead of annual cross-sectional

surveys would allow a better estimation of the atmcidence rate of infection.

We could have expected a difference in age betwadte PCR positive and negative, with
more animals being younger in the group of posstivecause less protected (lower
seroprevalence and no vaccination in young calvé®)ever, no age difference was detected
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between the positive and negative group. The fogliof the multivariable study showed that
the vaccination and serology variables were pritedactors but didn’t indicate significant
effect of any of these, except for the time sirncs fnjection that was borderline significant.
Unfortunately, because of a lack of positive cat@2$% of animals sampled) and no
vaccination data at animal level, all risk factesscept for the age could not be studied at
animal level. Other extrinsic factors such as coreg@®n of the doses, the way administration
was performed, or animal health at time of injactaere not considered at all in the

multivariable analysis and obviously are criticaliqis which should be accounted for.

Conclusion

In conclusion, at first sight the vaccination oljees of reducing clinical symptoms and
stopping the dissemination of BTV-8 seem to havenbtulfiled as few outbreaks and
positive RT-PCR results were detected after thepeagm took place in 2008. However, the
intrinsic effect of vaccination was difficult to a&wate as there was already a high
seroprevalence in cattle at moment of vaccinafldr target of 80% of vaccination coverage
was well attained but late in the year. This stddynonstrated the importance of respecting

the vaccination protocol in its entirety and of eiaating in due time.
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Abstract

Bluetongue virus serotype 8 (BTV-8) emerged in @dntVestern Europe in 2006 causing a
large scale epidemic in 2007 that involved sevEtabpean Union (EU) countries including
Belgium. As in several other EU member states, imation against BTV-8 with inactivated
vaccines was initiated in Belgium in spring 2008 @ppeared to be successful. Since 2009,
no clinical cases of Bluetongue (BT) have been mtegoin Belgium and BTV-8 circulation
seemed to have completely disappeared by spring. 2Z0ferefore, a series of repeated cross-
sectional surveys, the BT sentinel surveillancegmam, based on virus detection in blood
samples by means of real-time RT-PCR (RT-gPCR) warged out in dairy cattle from the
end of 2010 onwards with the aim to demonstrateatsence of BTV circulation in Belgium.
This paper describes the results of the first tvan@ing rounds of this BT sentinel
surveillance program carried out in October-Noven#l0 and January-February 2011. In
addition, the level of BTV-specific maternal antilies in young non-vaccinated animals was
monitored and the level of herd immunity againstVBI after 3 consecutive years of
compulsory BTV-8 vaccination was measured by ELISA.

During the ' sampling round of the BT sentinel surveillancegpam, 15 animals tested
positive and 2 animals tested doubtful for BTV REART-qPCR. During the"2 round, 17
animals tested positive and 5 animals tested doubithe positive/doubtful animals in both
rounds were re-sampled 2-4 weeks after the origiaalpling and then all tested negative by
RT-gPCR. These results demonstrate the absenc&\ottBculation in Belgium in 2010 at a
minimum expected prevalence of 2% and 95% confiddacel. The study of the maternal
antibodies in non-vaccinated animals showed thdahbyage of 7 months maternal antibodies
against BTV had disappeared in most animals. The Bdroprevalence at herd level after 3
years of compulsory BTV-8 vaccination was very h{@7.4% [95% CI. 96.2-98.2]). The
overall true within-herd BTV seroprevalence in 6+8énth old Belgian cattle in early 2011
was estimated at 73.4% (95% CI: 71.3-75.4).

Keywords. Bluetongue virus; Sentinel surveillance; RT-PCRropeevalence; Vaccination;

Immunity
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I ntroduction

Bluetongue (BT) is an infectious, non-contagiousedse of ruminants caused by Bluetongue
virus (BTV), an arbovirus of the gen@sbivirus within the Reoviridae family (Mertens et al.,
2004). The virus can only be transmitted by certgpecies ofCulicoides biting midges
(Mellor et al., 2000; Tabachnick, 2004). In thetp&3'V infection was limited to tropical and
subtropical regions around the world between ldétuof approximately 40-50°N and 35°S
but during the epidemic caused by BTV serotype BUB) in Western Europe in 2006-2007,
the virus spread far beyond the previously knowrth@sn boundaries for BTV (Toussaint et
al., 2006). Up to date, 24 distinct BTV serotypesséh been identified, a #5has been
suggested in goats in Switzerland (Hofmann et24(Q8), and a novel BTV isolate from
Kuwait has been proposed as BTV-26 (Maan et all1ROBTV outbreaks can cause
substantial economic losses due to clinical diseapecially in sheep (Calistri et al., 2004;
Elbers et al., 2008b; Elbers et al., 2009) and emmmiportantly, due to the restrictions on trade
of animals and animal products between BTV infe@ad non-infected areas (MacLachlan
and Osburn, 2006).

In August 2006, BTV-8 unexpectedly emerged in CGantestern Europe affecting Belgium,
Luxembourg, the Netherlands, Germany and the Noftkrance (Toussaint et al., 2007;
Wilson et al., 2007; Elbers et al., 2008a; Méroalet 2008). The origin and the route of
introduction of BTV-8 into Central Western Euromamain unknown (Mintiens et al., 2008).
The virus survived the winter and a large-scalel@pic started in July 2007, this time also
involving the United Kingdom, Switzerland, Denmakd the Czech Republic. Due to the
size of the epidemic, a BTV-8 vaccination campaigging inactivated vaccines was
implemented by the Belgian authorities in sprin@2QFAFSC, 2008). A clear decline in the
number of clinical cases and in virus circulatioaswobserved in 2008, most likely as a result
of natural immunity, vaccination and a number aheltic factors (Zientara et al., 2010).

In Belgium, a cross-sectional survey of cattle, Biewinter screening, has been carried out
once a year during winter since 2007 in order &ess the spread of BTV-8 infection after
each period of vector activity and to assess thel lef herd immunity induced either by
natural infection, by vaccination, or by a combioatof both (Méroc et al.,, 2008). In
addition, spleen samples from aborted bovine festusave been tested by BTV real-time
RT-PCR (BTV RT-gPCR) since the start of the vadmomcampaign in 2008 in order to

monitor the level of trans placental infections (@igany et al., 2011). All these results
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suggested that a low level of virus circulation veal present in 2009. From spring 2010
onwards there seemed to be a complete disappeasbiBde/-8 infection (Garigliany et al.,
2011). Based on this, it was decided to initiatpesged cross-sectional surveys every 3
months in non-vaccinated dairy cattle from the @id2010 onwards with the aim to
demonstrate the absence of BTV circulation in BRetgiand, consequently, to re-gain
Belgium’s BTV free status in accordance with Euarp&ommission (EC) Regulation No
1266/2007 (CEC, 2007). For this purpose, a numbgoong non-vaccinated animals from
selected herds are tested for the presence of BNX By RT-gPCR performed on EDTA
blood. The repeated cross-sectional studies catobsidered as a sentinel system whereby
the selected herds (and not the animals) functeoseatinel units. This paper describes the
results of the first two sampling rounds of the &ntinel surveillance program carried out in
October-November 2010 and January-February 2011 thedresults of the BT winter
screening 2011 to assess the serological statasiwmials and herds after 3 consecutive years

of compulsory vaccination against BTV-8 in Belgium

Materials and methods

Repeated cross-sectional studies in non-vaccinated animals. Bluetongue (BT) sentinel
surveillance program

* Sampling design

A total of 300 dairy herds, 30 herds in each Belgeovince, were selected as sentinel herds
for the BT sentinel surveillance program. Thesatevere randomly selected from the list of
6,600 active Belgian dairy herds that were expetddthve a minimum of 15 animals present
between 4 and 12 months of age at the start o$¢hénel program. The first two sampling
rounds in the sentinel surveillance program wereeazhout in October-November 2010 and
January-February 2011. During each sampling roan@rget number of 15 non-vaccinated
animals between 4 and 12 months of age were sampésath sentinel herd.

The number of animals to be sampled was calculatel@étect an incidence of BTV infection
of 2% with 95% confidence in each geographical whiteference in accordance with EC
Regulation No 1266/2007 (CEC, 2007). To facilitatee practical organisation of the
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program, the surface area of each Belgian prowvaszassumed to be equal to 2 geographical
units of reference of 45 x 45 km or approximatel§0® knf each. The obtained sample size
of 150 animals per geographical unit was then mpiidgd by 1.5 to ensure that enough
samples would be obtained. As such the final tasg@hple size was estimated at 4,500

animals.

» Diagnostic methods: RT-qPCR and ELISA

EDTA blood samples were collected by the farm wetegrans and sent to the National
Reference Laboratory (NRL) for BTV at the Veterjpnand Agrochemical Research Centre
(CODA-CERVA, Brussels, Belgium). There, samples evasted for the presence of BTV
RNA by means of a non-serotype specific quantiéatreverse-transcription PCR assay
targeting BTV segment 5 (pan-BTV/S5 RT-qPCR) actwydo the method described by
Vandenbussche et al. in 2010. Test results wessifiled as follows: Crossing Point values
(Cp-values) <40.0 were classified as positive, @ues>40.0 but <45.0 were classified as
doubtful, and Cp-values45.0 were classified as negative. For the cut-gHv@lue of 40, the
diagnostic sensitivity (DSe) and diagnostic speitifi (DSp) of this RT-gPCR assay was
estimated at 99.5% (95% Confidence Interval: 990:Q) and 98.5% (95% CI: 97.1-100.0),
respectively (Vandenbussche et al., 2008).

All samples that tested positive or doubtful by 4Baiv/S5 RT-gPCR were also tested by
serotype-specific RT-gPCR assays for BTV-8 (BTVZ/SBTV-1 (BTV-1/S2), BTV-6
(BTV-6/S2) and BTV-11 (BTV-11/S2) since those wdre serotypes that have been detected
over the past years in Central Western Europe (Beget al., 2009; Maan et al., 2010). The
serotype-specific RT-gPCR assays were performeadeasribed by Vandenbussche et al. in
2009. Cut-off Cp-values were identical to the pafivBs5 RT-qPCR.

During both sampling rounds, with the exceptionoofe animal, all animals that tested
positive or doubtful by pan-BTV/S5 RT-gPCR weresenpled 2-4 weeks (mean of 17 days)
after the original sampling. These samples were @sted by pan-BTV/S5 RT-qPCR as

described above.

In order to monitor the level of maternal antib@degainst BTV in young non-vaccinated
animals, plasma samples from a random selecti@d%f of all sentinel herds sampled during

the ' sampling round were tested for the presence of Bfgtific antibodies by means of a

124 |Page



Chapter VI: Demonstrate Freedom of Bluetongue virus

commercially available competitive ELISA (c-ELISAYID Screeff Blue Tongue
Competition, ID VET, Montpellier, France) performeatcording to the OIE Manual of
Diagnostic Tests (OIE, 2011) and the instructiors/joled by the manufacturer. Results were
expressed as a percentage negativity (PN) comparglde negative kit control and were
classified into positive (PN65), doubtful (PN >65 but75) and negative (PN >75) results
based on the optimal cut-off point for diagnostiargoses of 65 PN determined by
Vandenbussche et al. (2008). All doubtful resulsravclassified as positive in the data
analysis. The DSe and DSp of the c-ELISA correspandvith this approach were
determined by means of a Receiver Operating Clarstit (ROC) analysis as 92.0% (95%
Cl: 88.8-94.6) and 95.7% (95% CI: 92.7-97.7), retipely (Vandenbussche et al., 2008).

* Statistical methods

For the study of the decline of maternal antibodestimations of the within-herd antibody
prevalence (with 95% CI) were made for 3 differagé categories: below 6 months of age, 6-
8 months and 9-12 months of age. The estimatidheofvithin-herd antibody prevalence was
based on a Generalized Estimating Equation (GEBguse GENMOD procedure in SAS
version 9.2 (SAS Institute Inc., Cary, NC, USA)itakinto account the possible correlation
among animals within the same herd. A logit linkidtion and binomial distribution were
assumed. An exchangeable working correlation wsasnasd. Apparent within-herd antibody
prevalence estimates and their 95% CI's were coedemto true antibody prevalence
estimates by means of the Rogan and Gladen estinil@8) assuming a sensitivity of
92.0% and a specificity of 95.7% for the c-ELISA.

BT winter screening 2011: herd immunity after 3 years of compulsory vaccination

* Sampling design

A total of 1,100 cattle herds were selected fos tross-sectional serological survey carried
out between January and March 2011. The selectosisted of the 300 dairy herds that
were already selected for the BT sentinel survatkaprogram and an additional 800 dairy,
beef or mixed cattle herds. The additional herdsewandomly selected, stratified by
province and proportional to the number of herdssent in each province. The sampling

frame was provided by the list of all 22,609 actBadgian cattle herds that remained after the
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exclusion of veal holdings, herds with less thanahimals present at the time of selection,
and the already selected 300 BT sentinel herdshikivach of the 1,100 herds, blood samples
were collected by the farm veterinarians from geanumber of 10 animals between 6 and 12
months of age and 10 animals between 12 and 24hsa@ftage. In the BT sentinel herds, it
was allowed to sample the same animals for thdaggoal testing and for the virus detection
by RT-gPCR.

The sample size for the BT winter screening 2014 based on the sample size that had been
calculated for the winter screening the year befdige screening carried out during the
winter of 2009-2010 was primarily designed to destrate the absence of BTV circulation in
Belgium (minimum expected prevalence of 2%) by nseahtesting by RT-qPCR. Despite
the fact that the objective of the BT winter sciegr2011, due to the introduction of the BT
sentinel surveillance program, changed to beconaingeroprevalence survey, it was felt
appropriate to keep the same sample size. A sastggdeof 1,100 herds is more than sufficient

to make reliable seroprevalence estimations.

» Diagnostic methods

Blood samples were collected by the farm veterareriand conditioned to serum samples at
the regional laboratories of “Dierengezondheidszovgpanderen (DGZ)” and the
“Association Régionale de Santé et d’ldentificatimmales (ARSIA)”. Serum samples were
tested for the presence of BTV-specific antibodigisg a commercially available competitive
ELISA (c-ELISA) (ID Screefi Blue Tongue Competition, ID VET, Montpellier, Fra)
performed according to the OIE Manual of Diagno3usts (OIE, 2011) and the instructions
provided by the manufacturer.

« Statistical methods

The estimation of the within-herd seroprevalences Wwased on a GEE as described earlier.
Estimations of the within-herd seroprevalence werade by Belgian province, by age
category (6-12 months and 12-24 months) and byymtozh type. For the latter, herds were
classified as dairy herds if they were commercidk suppliers as defined by their presence
in the registers of the Belgian Milk Control Cest¢MCC), and were classified as non-dairy

herds if they were absent in those registers. Agalh obtained apparent within-herd
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seroprevalence estimates were converted into Brapevalence estimates by means of the
Rogan and Gladen estimator (1978).

The estimation of the herd seroprevalence was mddaiusing a logistic regression
(GENMOD procedure, SASversion 9.2). A herd was considered seroposifia ieast one
of the sampled animals had a positive or doubHELtSA test result.

Maps were produced using ArcMapersion 3.2.1 (ESRI, Redlands, CA, USA). An
interpolation map showing the distribution of threiet within-herd seroprevalence across
Belgium was produced using the Inverse Distancegiigig (IDW) tool. This deterministic

method determines cell values using a linear-wejlcbombination set of sampling points, in
our case the 12 nearest herds. Assigned weights areinverse function of the distance to

these neighboring herds.

Results
BT sentinel surveillance program

* Results of RT-gPCR

During the ' sampling round in October-November 2010, a totd@,684 animals from 264
BT sentinel herds were sampled. An average of ldhas (range between 3 and 15) were
sampled in each herd. During th& 8ampling round in January-February 2011, a total o
2,150 animals from 202 sentinel herds were sampdd.average of 11 animals (range
between 1 and 15) were sampled per herd. Out ofatla¢ of 283 sentinel herds that have
been sampled in the BT sentinel program up to riB2 herds were sampled during both
sampling rounds, 81 herds were sampled in Octoloeehber 2010 only and 20 herds were
sampled in January-February 2011 only.

During the %' sampling round, 15 animals tested positive andithals tested doubtful by
pan-BTV RT-gPCR (Table 1). These 17 animals origiddrom 5 different herds (Figure 1a)
located in 4 different Belgian provinces. All RT@QR positive/doubtful animals were born in
the herd in which they were sampled and their agpged between 3 and 11 months with a
mean of 8 months. Out of the 15 pan-BTV positivengigs, 10 tested positive, 3 tested
doubtful and 2 tested negative by BTV-8 specific-FICR. Both samples that tested
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doubtful by pan-BTV RT-gPCR tested negative by B8\specific RT-gPCR (Table 1).

Results of the BTV-1, BTV-6 and BTV-11 specific RPCR tests were all negative. The
serological status of the 17 animals that testegitipe/doubtful by pan-BTV RT-gPCR was

verified by means of the c-ELISA performed on plasmll animals were seronegative for
BTV. When re-sampled 2-4 weeks after the origirmahgle collection, all 17 animals tested
negative by pan-BTV RT-gPCR.

Table 1: Results of pan-BTV/S5 and BTV-8/S2 RT-gPCR dutimg £ and 2¢ sampling
rounds of the BT sentinel surveillance program @éiggim (2010-2011)
Pan-BTV/S5 RT-qPCR BTV-8/S2 RT-qPCR

Number Number of Number of Number of Number of Number of

of animals animals animals animals animals
animals  positive doubtful tested® positive doubtful
tested
1* sampling 3,684 15 2 17 10 3
round
(Oct-Nov
2010)
2" sampling 2,150 17 5 22 13 2
round
(Jan-Feb
2011)

2 Only samples that tested positive or doubtful Bg-BTV/S5 RT-gPCR were tested by BTV-8/S2
RT-qPCR.
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Figure 1: Cp-values for all animals that tested positive aulatful by pan-BTV/S5 RT-qPCR,
organised by herd, during th& tound (Figure 1a) and®ound (Figure 1b) of the Bluetongue
sentinel surveillance program in Belgium in 2010-RODifferent animals within the same herd are

displayed in different colors
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During the 2° sampling round, 17 animals tested positive andifals tested doubtful by
pan-BTV RT-gPCR (Table 1). These 22 animals origiddrom 12 different herds (Figure
1b) located in 7 different provinces. The 12 hewte different from the 5 herds with
positive/doubtful results during thé' tound. During the ¥ round also all animals that tested
positive or doubtful by pan-BTV RT-gPCR were bom the herd in which they were
sampled. Their age ranged between 3 and 13 monthsawnean of 7 months. Out of the 17
pan-BTV RT-gPCR positive samples, 11 were confirn@de BTV-8 positive, 1 tested
doubtful and 5 tested negative by BTV-8 serotypecdge RT-gPCR. Out of the 5 pan-BTV
RT-gPCR doubtful samples, 2 tested positive, letestoubtful and 2 tested negative by
BTV-8 serotype specific RT-gPCR (Table 1). Reswitgshe BTV-1, BTV-6 and BTV-11
specific RT-gPCR assays were again all negativeerffication of the serological status was
not possible for 8 out of the 22 animals with pesidoubtful pan-BTV RT-qPCR results as
not enough plasma was left for performing the c&A.l One 4-month-old animal tested
positive for antibodies against BTV. The remainibh® animals were BTV seronegative.
When re-sampled 2-4 weeks after the original sangoldection, all animals, with the

exception of 1 animal that was not re-sampledetesegative by pan-BTV RT-gPCR.

» Maternal antibodies in young animals

In order to monitor the level of BTV-specific antiies in young non-vaccinated animals
during the sentinel program, a total of 1,008 plasamples from 68 randomly selected herds
in the £' sampling round were tested by c-ELISA. True witherd antibody prevalence
estimates for animals below 6 months of age, 6-&tmold and 9-12 month old animals are
shown in Table 2. Figure 2 shows the quantitatesuits of the c-ELISA in function of age.
This figure clearly shows that by the age of 7 rhenhaternal antibodies against BTV had

disappeared in most animals.
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Table 2: Bluetongue true within-herd antibody prevalerfzg (nh young non-vaccinated cattle during

the £'round of the Bluetongue sentinel surveillance paogin Belgium in 2010

Age category (median age) Number of animalswithin-herd antibody 95% Confidence

tested prevalence (%) Interval
< 6 months (5 months) 193 21.8 13.3-32.8
6-8 months (7 months) 470 1.0 0.0-4.9
9-12 months (10 months) 274 3.3 0.0-9.1
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Figure 2: Quantitative results of BTV antibody ELISA (c-ElA%in function of age for a random
selection of non-vaccinated animals during thes26tround of the Bluetongue

527 sentinel surveillance program in Belgium in 2013-20
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BT winter screening 2011: herd immunity after 3 years of compulsory vaccination

A total of 16,616 animals from 1,030 herds (292 &htinel herds and 738 additional herds)
were sampled for the yearly cross-sectional sercdbgurvey. An average of 16 animals
(range between 1 and 25) were sampled per herdngrath animals, 10,823 (65.1%) tested
positive and 557 (3.4%) tested doubtful for antibecagainst BTV. The overall true within-
herd seroprevalence in 6-24 month old Belgian ea#thd within-herd seroprevalence
estimates per production type are shown in TableFigure 3 presents within-herd
seroprevalence estimates for each Belgian proviHogher seroprevalence estimates were
found in the north than in the south of the counifize within-herd seroprevalence was
highest in the provinces of West Flanders, Easiddes and Antwerp. The spatial distribution
of the true within-herd seroprevalence in Belgisrpresented in Figure 4. The within-herd
seroprevalence in the sampled herds ranged bet@esrd 100%. Approximately half the
herds sampled (54.5%) had a true within-herd sex@bence equal to or above 80% (Figure
5). The true within-herd seroprevalence was highehe 12-24 month old animals (79.5%,
95% CI: 77.4-81.4) than in the 6-12 month old ang{é6.3%, 95% CI: 63.4-69.1).

Table 3: Bluetongue overall true within-herd seroprevalef¥¢g and within-herd seroprevalence (%)

per production type in 6-24 month old Belgian eattiiring the winter screening 2011

Type of herd Number of herds tested  Within-herdgezvalence 95% Confidence
(%) Interval
Dairy 612 73.2 70.5-75.8
Non-dairy 418 73.7 70.3-77.0
Total 1,030 73.4 71.3-75.4
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Figure 3: Bluetongue within-herd seroprevalence (%) and@ated 95% Confidence

Interval at the provincial level in Belgian catflased on the winter screening 2011
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The overall BTV seroprevalence at herd level ingdeh was estimated at 97.4% (95% CI:
96.2-98.2). The herd seroprevalence was very higkach province and ranged between
94.6% (95% CI: 88.5-97.6) in Liege and 99.4% (95P096.1-99.9%) in West Flanders.

Discussion

This paper describes the results of the first tarming rounds of a series of repeated cross-
sectional studies, the BT sentinel surveillanceg@m, in Belgium carried out in October-
November 2010 and January-February 2011, and tkeltseof a large cross-sectional
serological survey for BTV, the BT winter screenipgrformed between January and March
2011 in 6-24 month old Belgian cattle.

EC Regulation No 1266/2007 (CEC, 2007) last amendetuly 2011 prescribes that a BT
sentinel monitoring program has to be implementgdah EU member states in BTV
restricted zones. Rather than providing fixed glings, this regulation is oriented towards
setting the minimum requirements for BT monitoriagd surveillance, leaving a certain
degree of flexibility with each member state toigests own monitoring and surveillance
system in order to meet the objectives. In Belgiuepeated cross-sectional studies were
initiated from the end of 2010 onwards with the @wmndemonstrate the absence of BTV
circulation in Belgium. Due to the wide spread lod BTV-8 infection in Belgium during the
epidemic in 2007 (Méroc et al., 2009) and due ®oitttroduction of compulsory vaccination
of cattle and sheep against BTV-8 in 2008, a sgrcét testing was of no longer use to
monitor the level of BTV infection. As BTV-8 RNA nae detected by RT-PCR in the blood
of infected cattle for several months after infest{MacLachlan, 2004; Di Gialleonardo et
al., 2011), RT-PCR was believed to be a valid nettioo the monitoring of BTV circulation.
Because of its high diagnostic sensitivity (99.586) specificity (98.5%) (Vandenbussche et
al., 2008) the pan-BTV/S5 RT-gPCR assay was selextethe diagnostic test to be uskd
has been shown that vaccination, even with ina&t/avaccines, may interfere with the
results of RT-qPCR performed on blood (Steinrighkt 2010). It was therefore decided to
only sample young non-vaccinated animals betweand412 months of age in selected dairy
herds due to the all-year round availability of ggwcalves in those herds and because of the
easier sampling logistics compared to beef herdisough these repeated cross-sectional
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surveys, a practical and relatively cheap “sentisgstem for BTV was installed in Belgium

to meet the objectives of regulation No 1266/208élgian farmers and veterinarians
appreciated this way of monitoring more than thiassical” sentinel system for which the
same animals need to be sampled at each samplragion. The latter causes serious

practical problems and hampers trade.

During the f' sampling round in October-November 2010, signiftta more herds and

animals (3,684 samples, 264 herds) were sampleu dbeing the # round in January-

February 2011 (2,150 samples, 202 herds). This bmarexplained by the fact that the
compulsory BTV-8 vaccination is often carried outidg the winter months November and
December while the animals are housed, resultifgwnunvaccinated young animals being
left early in the year compared to the months Qetdtovember. Still, the sample size
obtained in both sampling rounds was sufficiendyge to draw reliable conclusions with
respect to freedom of disease. Considering that-BTRNA can be detected in the blood of
calves for at least 150 days following infection Bialleonardo et al., 2011) and the main
activity of the vector was demonstrated to occuBatgium between August and November
(De Deken et al., 2008), the samplings performe@atober-November 2010 and January-
February 2011 allow us to draw conclusions regardive occurrence of any possible BTV

circulation during the whole year 2010.

During the %' sampling round, 15 animals tested positive andithals tested doubtful by
pan-BTV/S5 RT-qPCR. During the"2sampling round, 17 animals tested positive and 5
animals tested doubtful. It was remarkable that BRIWA could not be detected anymore in
any of these animals when they were re-sampledveeks later. BTV RNA can be detected
by RT-PCR in blood much beyond the period duringcihnfectious virus can be isolated
(MacLachlan, 2004; Di Gialleonardo et al., 2011hefiefore, we believe it is very unlikely
that these animals would have been infected with/.BMoreover, a verification of the
serological status of several of the animals atfitise sampling showed that they were BTV
seronegative with the exception of one animal. édiyh it is possible for an infected animal
to test seronegative if the animal is sampled ghafter infection before seroconversion has
occurred, it is very unlikely that this would habeen the case for all these animals. One 4-
month-old animal tested positive for BTV antibodimg seen the young age of this animal,
these antibodies may well be of maternal origirlekd, our random selection of animals

tested for antibodies during th& 4ampling round of the sentinel program included:80es
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at the age of 4 months. Thirty-six (44%) of thealves tested BTV antibody positive (Fig. 2).
By the age of 7 months maternal antibodies hadpgesared in almost all animals. To
facilitate the interpretation of the RT-gPCR result the next sampling round, the age of the
animals to be sampled will be increased to 8-14 thwmnd an additional clotted blood
sample for verification of the serological statysneeans of the c-ELISA performed on serum
will be collected.

When testing large numbers of negative animalsr(fem infection free population with or
without a history of BTV infection) it is consideg the characteristics of the used RT-gPCR
assay completely acceptable to observe some posiest results. Therefore, it is
recommended to re-sample these positive animadsvalys or weeks later as we did in our
study. A more strict recording and verificationtbé BTV-8 vaccination status at individual
animal is also recommended and is crucial to abboeorrect interpretation of the RT-gPCR
results. Based on the results generated in thénséprogram so far, we conclude that there
was no BTV circulation in Belgium in 2010 (minimuaxpected prevalence of 2%, 95%
confidence level). This conclusion is further suped by the fact that no clinical cases of BT
were found in 2010 and the fact that all spleengasnfrom aborted foetuses tested by RT-
gPCR after mid-April 2010 were negative (Garigliatyal., 2011). The BT sentinel program
will continue in 2011 and 2012 to demonstrate theeace of BTV circulation in 2011 and to
consequently re-gain Belgium’s BTV free status.

The cross-sectional serological survey performead/éen January and March 2011 showed a
true BTV within-herd seroprevalence of 73.4% (95% ©1.3-75.4) in 6-24 month old
animals. This is below the 80% vaccination coveregget that was set at the start of the
vaccination campaign (CEC, 2008). In fact, onlyf ledithe herds sampled reached this 80%
target. It has to be kept in mind though that aunvey was carried out in 6-24 month old
animals and that some of the youngest animals roagave been vaccinated yet or may have
been vaccinated in the face of maternal antibodies,lting in the absence of a humoral
immune response post-vaccination (Vitour et al.1130 Moreover, no animals above 24
months of age, which are all expected to be sertyp®siue to natural infection or the receipt
of at least one booster vaccination, were incluitbedur survey. Therefore, the true within-
herd seroprevalence of the entire Belgian cattleufadion is expected to be higher than the
73.4% estimated in our study. It was noticed tiat within-herd seroprevalence in 2011

decreased compared to the winter screening in 20Q9- (true within-herd prevalence of

137 |Page



Chapter VI: Demonstrate Freedom of Bluetongue virus

82.4%, 95% CI: 80.4-84.3; unpublished data). Thisynndicate that the motivation of
farmers or veterinarians to vaccinate against BTWa® somewhat decreased. Indeed, a
guestionnaire performed in 2010 showed that onBp 48 the farmers would continue to
vaccinate their cattle against BTV-8 if vaccinatmwas no longer compulsory (unpublished
data). From the °1 of January 2011, the compulsory vaccination agaB§V-8 is
discontinued in Belgium. A cross-sectional seratagisurvey carried out in 2012 or 2013
would be very useful to monitor the decline of teccine-induced population immunity
against BTV-8.

Conclusion

The results of this study demonstrate the absehB&\é circulation in Belgium in 2010. The

BTV seroprevalence at herd level after 3 yearsoohmulsory BTV-8 vaccination was very
high (97.4%). The overall true within-herd BTV sprevalence in 6-24 month old cattle in
Belgium in early 2011 was estimated at 73.4%. Muterantibodies against BTV had
disappeared by the age of 7 months.

Acknowledgements

This study was funded by the FASFC. The authord woesthank DGZ and ARSIA for the

practical organization of the sample collection &ardhe analysis of all serum samples

References

Calistri, P., A. Giovannini, A. Conte, D . Nannirl. Santucci, C. Patta, S. Rolesu, V.
Caporale, 2004. Bluetongue in Italy: Part I. Vé&l.l140, 243-251.

CEC, 2007. Commission Regulation No 1266/2007 ofGBober 2007 on implementing

rules for Council Directive 2000/75/EC as regaras tontrol, monitoring, surveillance and
restrictions on movements of certain animals otepsble species in relation to bluetongue.
Official Journal of the European Union 27.10.200283/37-L283/52.

138 | Page



Chapter VI: Demonstrate Freedom of Bluetongue virus

CEC, 2008. Commission Decision 2008/655/EC of 2¢ 2008 approving the emergency
vaccination plans against bluetongue of certain Bemttates and fixing the level of the
Community’s financial contribution for 2007 and B0Q0fficial Journal of the European
Union 9.8.2008, L214/66-.214/69.

De Clercq, K., P. Mertens, I. De Leeuw, C. OuraHBudart, A.C. Potgieter, S. Maan, J.
Hooyberghs, C. Batten, E. Vandemeulebroucke, 1.Migi¢, N. Maan, F. Riocreux, A.
Sanders, Y. Vanderstede, K. Nomikou, M. RaemaekerBjn-Tarif, A. Shaw, M. Henstock,
E. Breard, E. Dubois, C. Gastaldi-Thiery, S. ZieataB. Verheyden, F. Vandenbussche,
2009. Emergence of bluetongue serotypes in Eurpae, 2: the occurrence of a BTV-11
strain in Belgium. Transbound. Emerg. Dis. 56, 363-

De Deken, G., M. Madder, I. Deblauwe, K. De Cler€g,Fassotte, B. Losson, E. Haubruge,
R. De Deken, 2008. Vector monitoring at Belgianboeék sites during the bluetongue
epidemic of 2006. Prev. Vet. Med. 87, 64-73.

Di Gialleonardo, L., P. Migliaccio, L. Teodori, Gsavini, 2011. The length of BTV-8
viraemia in cattle according to infection doses drafnostic techniques. Res. Vet. Sci. 91,
316-20.

Elbers, A.R., A. Backx, E. Méroc, G. Gerbier, Caliach, G. Hendrickx, A. van der Spek,
K. Mintiens, K., 2008a. Field observations durihg bluetongue serotype 8 epidemic in 2006
|. Detection of first outbreaks and clinical signsheep and cattle in Belgium, France and the
Netherlands. Prev. Vet. Med. 87, 21-30.

Elbers, A.R., A. Backx, K. Mintiens, G. Gerbier, &taubach, G. Hendrickx, A.van der Spek,
2008b. Field observations during the Bluetonguetgpe 8 epidemic in 2006 Il. Morbidity
and mortality rate, case fatality and clinical reexy in sheep and cattle in the Netherlands.
Prev. Vet. Med. 87, 31-40.

Elbers, A.R., A.N. van der Spek, P.A. van Rijn, 20&pidemiologic characteristics of
bluetongue virus serotype 8 laboratory-confirmetbmaks in The Netherlands in 2007 and a
comparison with the situation in 2006. Prev. Veedvi92, 1-8.

FAFSC, 2008. Ministerieel besluit van 7 mei 2008réffende the vaccinatie tegen
blauwtong. Belgisch Staatsblad 09.05.2008, 2484524

139 | Page



Chapter VI: Demonstrate Freedom of Bluetongue virus

Garigliany, M., I. De Leeuw, D. Kleijnen, F. Vandmrssche, J. Callens, H. Van Loo, M.
Lebrun, M. Saulmont, D. Desmecht, K. De Clercq, 2OIhe presence of bluetongue virus
serotype 8 RNA in Belgian cattle since 2008. Transid. Emerg. Dis. 58, 503-9

Hofmann, M.A., S. Renzullo, M. Mader, V. Chaign&t, Worwa, B. Thuer, 2008. Genetic
characterization of toggenburg orbivirus, a newetdngue virus, from goats, Switzerland.
Emerg. Infect. Dis. 14, 1855-1861.

Maan, S., N.S. Maan, P.A. van Rijn, R.G. an GenAipSanders, .M. Wright, C. Batten, B.
Hoffmann, M. Eschbaumer, C.A. Oura, A.C. PotgiekerNomikou, P.P. Mertens, 2010. Full
genome characterisation of bluetongue virus seeot§pfrom the Netherlands 2008 and
comparison to other field and vaccine strains. POo® 5, e10323.

Maan, S., N.S. Maan, K. Nomikou, C. Batten, F. AytoM.N. Belaganahalli, A.M. Samy,
A.A. Reda, S.A. Al-Rashid, M. El Batel, C.A. Oud,P. Mertens, 2011. Novel bluetongue

virus serotype from Kuwait. Emerg. Infect. Dis. 886-889.

MacLachlan, N.J., 2004. Bluetongue: pathogenests duration of viraemia. Vet. Ital. 40,
462-467.

MacLachlan, N.J. and B.l. Osburn, 2006. Impact afetongue virus infection on the

international movement and trade of ruminants.md. Xet. Med. Assoc. 228, 1346-1349.

Mellor, P.S., J. Boorman, M. Baylis, 2000. Culicesdbiting midges: their role as arbovirus
vectors. Annu. Rev. Entomol. 45, 307-340.

Méroc, E., C. Faes, C.Herr, C. Staubach, B. Verbeyd. Vanbinst, F. Vandenbussche, J.
Hooyberghs, M. Aerts, K. De Clercq, K. Mintiens, 080 Establishing the spread of
bluetongue virus at the end of the 2006 epidemRalgium. Vet. Microbiol. 131, 133-144.

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

Mertens, P.P., J. Diprose, S. Maan, K.P. SinghAttbui, A.R. Samuel, 2004. Bluetongue
virus replication, molecular and structural biolo¥et. Ital. 40, 426-437.

140 |Page



Chapter VI: Demonstrate Freedom of Bluetongue virus

Mintiens, K., E. Méroc, P.S. Mellor, C. Staubach,&rbier, A.R Elbers, G. Hendrickx, K.
De Clercq, 2008. Possible routes of introductionbbhfetongue virus serotype 8 into the
epicentre of the 2006 epidemic in north-westerroper Prev. Vet. Med. 87, 131-144.

OIE, 2011. Manual of Diagnostic Tests and Vaccif@sTerrestrial Animals, Office des

Epizooties 2011 Chapter 2.1.3. Bluetongue and efizbaemorrhagic disease.

Rogan, W.J. and B. Gladen, 1978. Estimating prexaldrom the results of a screening test.
Am. J. Epidemiol. 107, 71-76.

Steinrigl, A., S. Revilla-Fernandez, M. Eichingér,Koefer, P. Winter, P., 2010. Bluetongue
virus RNA detection by RT-gPCR in blood sampleslodéep vaccinated with a commercially
available inactivated BTV-8 vaccine. Vaccine 2875%581.

Tabachnick, W.J., 2004. Culicoides and the globgidemiology of bluetongue virus
infection. Vet. Ital. 40, 144-150.

Toussaint, J.F., F. Vandenbussche, J. Mast, L. @eskr, N. Goris, W. Van Dessel, E.
Vanopdenbosche, P. Kerkhofs, K. De Clercq, S. ZientC. Sailleau, G. Czaplicki, G.
Depoorter, J.M. Dochy, 2006. Bluetongue in nortHeanope. Vet. Rec. 159, 327.

Toussaint, J.F., C. Sailleau, J. Mast, P. Houd@&t, Czaplicki, L. Demeestere, F.
VandenBussche, W. van Dessel, N. Goris, E. Brdar@ounaadja, T. Etienne, S. Zientara,
K. De Clercq, 2007. Bluetongue in Belgium, 2006.€£gn Infect. Dis. 13, 614-616.

Vandenbussche, F., T. Vanbinst, B. Verheyden, Wh Bassel, L. Demeestere, P. Houdart,
G. Bertels, N. Praet, D. Berkvens, K.Mintiens, NoriS, K. De Clercq, 2008. Evaluation of

antibody-ELISA and real-time RT-PCR for the diageaand profiling of bluetongue virus

serotype 8 during the epidemic in Belgium in 200ét. Microbiol. 129, 15-27.

Vandenbussche, F., I. De Leeuw, E. VandemeulebsuckDe Clercq, 2009. Emergence of
bluetongue serotypes in Europe, part 1: descrigiuh validation of four real-time RT-PCR
assays for the serotyping of bluetongue viruses BTWBTV-6, BTV-8 and BTV-11.
Transbound. Emerg. Dis. 56, 346-354.

Vandenbussche, F., E. Vandemeulebroucke, K. DeqCR610. Simultaneous detection of

bluetongue virus RNA, internal control GAPDH mRN#d external control synthetic RNA

141 |Page



Chapter VI: Demonstrate Freedom of Bluetongue virus

by multiplex real-time PCR. In: King, N., O’'Conngll. (Eds.), RT-PCR Protocols (Methods
in Molecular Biology). Humana Press Inc., TotowawNJersey, pp. 97-108.

Vitour, D., J. Guillotin, C. Sailleau, C. Viarough, Desprat, F. Wolff, G. Belbis, B. Durand,
L. Bakkali-Kassimi, E. Breard, S. Zientara, G. Zéme2011. Colostral antibody induced

interference of inactivated bluetongue serotype&&ines in calves. Vet. Res. 42, 18.

Wilson, A., S. Carpenter, J. Gloster, P. MellorD20Re-emergence of bluetongue in northern
Europe in 2007. Vet. Rec. 161, 487-489.

Zientara, S., N.J. MacLachlan, P. Calistri, J.M.n&®wz-Vizcaino, G. Savini, 2010.
Bluetongue vaccination in Europe. Expert Rev. Viaesi9, 989-991.

142 |Page



Chapter VII: Emergence of Schmallenberg virus in Belgium

CHAPTER VII

EMERGENCE OF SCHMALLENBERG VIRUS IN
BELGIUM

Distribution of Schmallenberg virus and seroprevalence in Belgian sheep and goats

E. Mérod’, N. De Reggg, F. Riocreux, A.B. Caif, , T. van den Ber§j Y.van der Stede

! Veterinary and Agrochemical Research Centre (CAIERVA), Coordination of Veterinary Diagnostics
Epidemiology and Risk Analysis, Brussels, Belgium.

Veterinary and Agrochemical Research Centre (COMEREA), Operational Directorate Viral
Diseases, Brussels, Belgium.

% Laboratory of Immunology, Ghent University, FaculfiVeterinary Medicine, Merelbeke, Belgium

* These two authors contributed equally to the ytud

Transboundary and Emerging Diseases, 2013; doi: 10.1111/tbed.12050

143 |Page



Chapter VII: Emergence of Schmallenberg virus in Belgium

144 | Page



Chapter VII: Emergence of Schmallenberg virus in Belgium

Abstract

A serological survey to detect Schmallenberg v{®BV)-specific antibodies by ELISA was
organised in the Belgian sheep population to stimy seroprevalence at the end of the
epidemic. One thousand eighty two sheep sampleshwhiiere collected from 83 herds all
over Belgium between November 2011 and April 20E2entested. The overall within-herd
seroprevalence and the intra-class correlationficeeft (ICC) were estimated at 84.31%
(95%CI: 84.19-84.43) and 0.34, respectively. Therall between-herd seroprevalence was
98.03% (95%CI: 97.86-98.18). A spatial cluster gsial identified a cluster of six farms with
significantly lower within-herd seroprevalence iretsouth of Belgium compared to the rest
of the population (p=0.04)It was shown that seroprevalence was associatddctodensity
and that the latter explained the presence offihéa cluster. Additionally, 142 goat samples
from 8 different herds were tested for SBV-specifamtibodies. The within-herd
seroprevalence in goats was estimated at 40.68%(9523.57-60.4%). The results of the
current study provided evidence that almost evesigidn sheep herd has been in contact
with SBV during 2011 and should be taken into cdesation as part of comprehensive SBV

surveillance and control strategies.
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Schmallenberg virus; Seroprevalence; Spatial duEleSA; Sheep
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I ntroduction

At the end of summer 2011, an unidentified disegggeared in adult cattle in several farms
located in Germany and the Netherlands (19 Noverg@gi, Promed). The animals showed
non-specific acute symptoms (milk drop, watery diea and hyperthermia (>40°C)) and
recovered after a few days. The Friedrich Loefflestitute (FLI, Germany) conducted a
metagenomic analysis in cattle blood samples aedtiiited a new virus phylogenetically
closely related to viruses of the Simbu serogroufh® genusOrthobunyavirus of the family
Bunyaviridae (Hoffmann et al., 2012). This virus was shown t® tesponsible for the
abovementioned symptoms and was named after the plaGermany it was first identified:
the Schmallenberg virus (SBV) (Hoffmann et al., 200uskens et al., 2012). Several viruses
from the Simbu serogroup such as Shamonda, AkahadeAino viruses are known to be
teratogenic for ruminants when infected during lnerable period during gestation and may
lead to abortion or congenital malformation (Yanasel., 2012). In line with this, it was
observed that starting from December 2011, castheep and goats in Germany and the
Netherlands suffered from abortions and stillboralformed offspring with signs including
hydranencephaly and arthrogryposis. Real-time sevéranscription PCR (RT-qPCR) was
made available by the FLI and was used to anal{®é Sispected animals (Hoffmann et al.,
2012). Thus far, most SBV cases have been confirmdgelgium, France, Germany, the
Netherlands and the United Kingdom, and more sporedses were confirmed in Italy,
Luxembourg, Spain, Switzerland, Denmark and Swe&&EA, 2012). In Belgium, the first
reports of malformation in newborn lambs occurrad-Mecember 2011 and were confirmed
by RT-gPCR in a farm from the North of the counlogated near the Dutch border (23
December 2011, Promed). At the end of August 2@BY had been detected by RT-gPCR
in 407 cattle holdings, 167 sheep holdings and&t goldings in Belgium.

The viruses from the Simbu serogroup are all apthtleborne viruses mainly transmitted
between animals vi€ulicoides spp. andCulex mosquitoes (WHO, 1961; Takahashi et al.,
1968; Yanase et al., 2005). The detection of SBYanls of heads ofulicoides obsoletus
sensu stricto and Culicoides dewulfi captured in Belgium during the period September-
October 2011 (11 March 2012, Promed; De Regge.,e2@l12) suggests a role Giillicoides

in the transmission of SBV. So far, only transpidak and arthropod-borne transmissions
have been described for SBV and there is no eveldémat the virus could be transmitted
horizontally (EFSA, 2012). Considering that SBVreedo be spread lyulicoides, it can be
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assumed that in Northern Europe it will be seadpmigpendent and the important question at
the moment is to know if a new wave of viral citaibn could be expected in 2012 during the
period of activity ofCulicoides. Knowledge about the immunological anti-SBV statushe
host population that has been acquired duringiteedirculation period in 2011 is needed to
address this question since it could largely infkee the outcome of a possible new
appearance of the virus. Seroprevalence survegdaoted countries are therefore essential to
estimate the real impact of SBV infection in 201 &elp to predict the potential further
spread of the disease. In this context, a serabgiarvey was conducted in the Belgian small
ruminant population to investigate the situationtte# end of the first wave of the SBV
epidemics.

Material and Methods

Sampling design

The SBV sampling frame consisted of serum sampiéally collected from sheep and goats
in the context of the Maedi-Visna and Caprine Atihiand Encephalitis programme for trade
certification (Royal Decree 24-03-1993). This pagme works on a voluntary basis. After
applying for the accreditation scheme, two samgliage carried out in the flock at a time
interval of six to twelve months. All animals olddran one year are sampled. All samples

collected between 4 November 2011 and 4 April 20&2 included in the current study.

Diagnostic methods

Blood samples were collected by farm veterinaridisod samples were conditioned and
serum was collected at the regional laboratoriesBelgium: ‘Dierengezondheidszorg
Vlaanderen’ and the ‘Association Régionale de Sait@'ldentification Animales’. The
serum samples were subsequently sent to the Vatgrand Agrochemical Research Centre
(CODA-CERVA) where they were tested for the preseoicSBV-specific antibodies using a
commercially available ELISA kit (ID Screen® Schieaberg virus Indirect ELISA Kkit,
Montpellier, France). The validation of the teshdocted by the manufacturer, using serum
samples originating from France and Germany, detreitesl a relative sensitivity of 96.47%
(95%CI: 93.43%-98.13%) and specificity of 99.75%0%8CI: 99.26%-99.92%) (IDVET,
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2012). Results were expressed as S/P percentagg th& optical densities (OD) from the
ELISA reader (S/IP % = QdanpidODpositive control X 100). A cut-off prescribed by the

manufacturer was used to assign the samples icedegory (positive, negative, doubtful).

Samples which presented an S/P lower or equal %, &@tween 60 and 70 per cent, and
greater than 70 per cent were respectively corsidas negative, doubtful and positive. In
this study the doubtful results were consideregdaasstive in the data analysis.

Seroprevalence

The sampling design of the study implied a hiergadhstructure of the data, with animals
typically clustered within flocks. Therefore, a m@al model, the generalized estimating
equations (GEE) (Liang and Zeger, 1986), which gaké account the resulting correlation
among animals, was used to estimate the within-lsenprevalence with 95 per cent
confidence intervals. In the current study, an exgfeable working correlation was assumed.
The xtgee procedure in STATA® software version 10ds applied to fit the model. The
within-herd seroprevalence estimates of the pasisiveep flocks were plotted as a density-

scale histogram.

A generalized linear mixed model with normally distited random intercepts for each flock
u~Normal (0,0°) (Molenberghs and Verbeke, 2005) was then used tablesh the

correlation between the infection status of twavaais within a flock. The gllamm procedure
in STATA® was applied to estimate the Intraclassr€ation Coefficient (ICC):

0.2

ICC=————
o*+1°13

Between-herd seroprevalence (probability that akflwas infected) was estimated using a
logistic regression model with the logit function$TATA®. For the purpose of this study, a
flock was considered as positive if at least onthefanimals sampled was positive, otherwise

it was considered negative.

Design-effect was taken into account by weightiagheobservation by the inverse of the
sampling probability (humber of flocks sampled pesvince/number of flocks per province
and number of animals sampled per flock/numbenohals per flock).
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Spatial analyses

In order to predict within-herd seroprevalence tmmmeasured locations in Belgium, an
interpolation from the data points was performed thg method of Inverse Distance
Weighting based on the 6 nearest neighbours (Stiep868; ESRI, 1996). A map showing
the distribution of within-herd seroprevalence resties was produced using ArcGIS, version
9.3.1 (ESRI).

A purely spatial weighted normal model was useddan for clusters of sampled flocks with
either high or low levels of within-herd seropremate. In short, this is done by using a
variable circular window size and noting the numbkobserved and expected observations
inside the window at each location. The model tdstsnull hypothesis that seroprevalence is
homogeneously distributed among the flocks (notehssof flocks with unusually high or low
seroprevalence). The method uses a likelihood rasb to identify clusters. To test the
significance of this likelihood, 1000 Monte Carlnsilations were performed to obtain its
distribution and clusters with p-value<0.05 wer@sidered as statistically significant. Flock
density by municipality was calculated using cendata and farm X and Y coordinates
extracted from the central identification and ragison system of the Belgian Federal
Agency for the Safety of the Food Chain (SANITE&ubsequently we conducted the spatial
analysis adjusting for flock density to investigldethe existence of clusters after taking into
account this potentially explanatory variable. hiley to do so, the residuals obtained after
fitting a univariable linear regression model witbck density as covariate were used as
observed values instead as the original within-henelvalence estimates. In addition, the
Spearman’s rank correlation coefficient was estatiah order to investigate the correlation
between within-herd seroprevalence and flock dgngMl calculations were done using
SaTScan 8.2.1. (Kulldorff, 1997) and STATA® softerarersion 10.0.

Results
Seroprevalence

A total of 1082 sheep from 83 flocks were sampletivieen 4 November 2011 and 4 April
2012. The number of sampled animals per flock rdnigem 2 to 110 (median=8). The
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geographical localisation of the sampled flockssi®wn in figure 1. The within-herd
seroprevalence and the ICC in sheep were estinat&d.31% (95%CI: 84.19-84.43) and
0.34, respectively. In the seropositive flocks léstst one animal detected seropositive), the
predicted value for within-herd seroprevalence eahgfrom 38.6% to 96.71%

(median=89.28%) (figure 2). The between-herd senggdence in sheep was 98.03% (95%CI:
97.86-98.18).

In addition, 142 goats from 8 flocks were also skhpluring the same period (figure 1). The
within-herd seroprevalence was estimated at 40.88%ClI: 23.57-60.4%) for goats.

Sampled Farms
Sheep : negative
@ Sheep : positive
Goat : negative
W Goat: positive
Farm density
<=1 /km?
Between 1 and 2 /Km?
Between 2 and 5 /kn?

B >5 K

Figure1l: Sheep and goat flocks sampled for Schmallenbeog Y6BV) in Belgium between 4
November 2011 and 4 April 2012 and flock densityeép and goat) at the municipality level
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Figure 2: Density-scale histogram of within-herd seroprevedeastimates (%) in Belgian sheep

flocks positive to Schmallenberg virus (SBV)

Soatial analyses

Figure 3 Iillustrates the geographical distributiof within-herd seroprevalence with
interpolated predictions for unmeasured points. filealence is globally high (80-90%) and
evenly distributed across the country. The regwhere seroprevalence was the highest were
those located in the North-West of Belgium. Theelswof within-herd seroprevalence were
low in the South-Eastern part of the country arsigaificant spatial cluster of six farms was
identified in that region. The mean seroprevaleincthis cluster was 59.5% and outside the
cluster 84.87% (p=0.04) (figure 3). Another spatialster of 32 farms in the Western part of
Belgium had on the other hand a higher mean seralemece observed (87.94%) than
expected (79.86%), but was not significant (p=0.@8)ine flock density at the municipality
level ranges from 0 to 8 flocks/km?. The spatialstér scanning was conducted again, taking

flock density into account, and no significant tdusvas detected. A statistically significant
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Spearman’s rho of 0.25 (p=0.02) was obtained, attig a moderate positive association

between within-herd seroprevalence and flock dgnsit

Within Herd Prevalence

C T

de de e de de o o
R
P N & P

® Sampled farms

A Spatial cluster

‘Sources : CODA-CERVA, AFSCAFAVV. NG/

Figure 3: Geographical distribution of Schmallenberg viruBY$ within-herd seroprevalence in
Belgian sheep flocks and spatial cluster for lowhwi-herd seroprevalence

Discussion

The results of this survey demonstrated that th& S&oprevalence in sheep was extremely
high in winter 2011-2012. SBV seems to have citedaall over Belgium during the 2011
vector season since the between-herd seroprevalee@lmost 100%. The interpolation of
within-herd seroprevalence estimates showed a lleig#l of infection all over the territory.
Within the positive flocks, seroprevalence rangeoimf 38.6% to 96.71%, but the great
majority of the flocks (70%) had a seroprevalenbeva 80%. An ICC of 0.34 was found,
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indicating that the correlation between two aninvaithin a flock with respect to SBV result
was high. The ICC of a livestock infectious disemsasually less than 0.2 and ranges from
0.04 to 0.42 (Otte et Gumm, 1997). From a screeamgng Dutch dairy cattle by virus
neutralization, a seroprevalence on animal lev&125% was found (Elbers et al., 2012). The
first preliminary results of studies from other eaffed countries also showed a high
seroprevalence with results from Germany and Fratcanimal level ranging from 61 to
100% in cattle (EFSA, 2012).

The regions where seroprevalence washiphest were those located in the North-East of
Belgium corresponding to areas with high sheep idensideed, the results of this study
demonstrated that the geographical pattern of sevajfence was dependent on that factor.
The existence of a spatial cluster with low sereglence seems to be linked to the fact that
flock density in this part of the country is veow and may result in a smaller virus reservoir
in the environment and consequently a weaker nsetisseminate the infectious disease by
the vector, compared with high density regionshowdd be noticed that the predicted
seroprevalence in the South of Belgium result fammnterpolation of sparser data compared
to other areas, and this will eventually have apdot on the confidence intervals of the

predictions.

The sampling was done on a voluntary basis andirtezested owners were those who
practise trade. Therefore, the flocks which wermm@ad may have had some particular
features in their management, size, etc. This ofpampling obviously presents opportunity
risk of selection bias which must be accountediioen considering the results of the study. It
seems also important to mention that sample sizbanscreening was limited to available
samples and that a lack in number of observatioills imevitably lead to less precise

estimations. However, pertaining to sheep, the rarmalb animals sampled per flock seems
reasonable given that the median size of Belgiackfl is 4 and that a median number of 8
animals were sampled. At the flock level, expectngigh between-herd seroprevalence (90-
95%), a sample size of 73-139 flocks would be negliio reach a desired confidence level of
95% and accepted error of 5%. Thus, the 1082 shreap 83 flocks analysed in this study

seem suitable to give reasonable estimates of @pnce in Belgium. Moreover,

representativeness is obtained as the sampledsflagte well distributed within the 10

Belgian provinces and the sampling probability atle animal and farm was taken into

account in the analysis by weighting observed \salue
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The current screening was not able to give vergipeeestimates for the goat population, as
pointed out by the considerably large confidenderal, but gives an indication that the

infection level in this species might be lower thars in sheep and cattle. This would mean
that a considerable portion of the goat populatemains susceptible and may be sufficient to

maintain the infection in Belgium during the followg transmission season.

Our results show that there is a high discrepamtwéen the number of flocks in which the
presence of SBV was confirmed by rRT-PCR (167 (0@he total flock population in
Belgium)) and the number of flocks that have besfiected with the virus based on the
serological results. The first factor to explairsttifference could be underreporting. This can
be expected when dealing with a new virus for whiggimers and animal health professionals
are completely unfamiliar. Moreover, SBV is notdifiable disease in Belgium and there is
no obligation to report infections to the authesti The second factor is related to the absence
of symptoms in adult sheep. Thus far, the diseasedmly been observed in lambs after
vertical transmission. Indeed, if the ewe was comated before or after the vulnerable
period during gestation, the infection would hawsged unnoticed. The exact vulnerable
period in sheep is currently being investigatedibueference to other viruses of the Simbu
serogroup, should last more or less three weekshiHguchi et al., 1979; Steukers et al.,
2012). Finally, a third factor is the absence otisiin some lambs despite clinical suspicion

indicating a possible clearance of the virus beboreh.

It is interesting to note that despite a shortegmia (Hoffmann et al., 2012), SBV has spread
much faster than Bluetongue virus serotype 8 (B)\di@ after its emergence in the same
region five years ago (Elbers et al., 2008; Mérbale 2008). Several possibilities can be
suggested to try and explain this difference otelisination between the twoulicoides-
transmitted viruses: 1. additional routes of traission exist for SBV, 2. the host range of
SBYV is not limited to ruminants, 3. the infectiodgse and the competence@iflicoides for
transmitting the two viruses are not similar (Kakt, 2012), 4. SBV was already present in
Belgium prior to 2011 and 5. no legal measures sigclive animal standstill were taken for
SBV as it was the case for BTV-8. Although somehafse hypotheses have already been
investigated, more research is still necessaryluoidate clearly which of those should be

retained.
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In conclusion, the results of the current studyvpgted evidence that almost every Belgian
sheep herd has been at one point in contact witi. SBus, if we extrapolate from other
viruses from the Simbu group like the Akabane visnich is the most well-known species of
the serogroup, this means that the vast majorisheep could by now have acquired natural
protective immunity against SBV which may last farfew years (Anonymous, 2008;
Steukers et al., 2012). Therefore, it seems prebiduait even if the virus overwinters, regions
with high seroprevalence such as Belgium shoulderperience a similar epidemic in 2012-
2013 and that only animals located in areas thatstll free of SBV could in turn become
infected, just as lambs after the waning of matérkerived antibody. Regions neighbouring
affected areasare probably the most at risk farsvairculation, especially sinceulicoides
from the Obsoletus group, the identified vectorsSBV, are present in most European
countries except Northern parts of Norway and Swe@#-SA, 2012). Nevertheless, even in
highly immunised livestock, because of all new-banimals, part of the host population will
continuously remain susceptible. For these diffemeasons, the cluster identified in the
South of Belgium with lower seroprevalence thanrést of the country should be prioritized
in the context of future surveillance actions. lnsfalia, Akabane disease is controlled by
acting on herd management, for instance by mouilsgegptible animals into endemic areas in
time to develop immunity before they are first b(gdkland, 2012).

The findings presented in the current study shdaddtaken into consideration as part of
comprehensive SBV surveillance strategy. It isangnt to underline the paramount need to
answer specific questions such as the duratiorosf ipfection protective immunity and the
exact host range. Especially since, the emergeheaatic and newly identified arthropod-
borne pathogens seems to happen more and moreiftégun recent years.
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The surveillance activities which were orgadizn Belgium during the BTV-8 and SBV
epidemics in order to meet the different objectiegslving along with the epidemiological

stages are summarized in table 1. These activitdes presented and analyzed in this thesis:

* In Chapters lll, IV and VI, the first introductioof BTV and SBV in Belgium was
described, giving the opportunity to address seévapproaches to install early

detection systems.

* The design and results of a study to evaluate BTwa&ination was presented and
criticized in Chapter V.

* Chapter VI summarized the results of the surveiaractivities which were
implemented in the cattle population for substaimgpfreedom of BTV disease.

The protocols, implementations and objective finffénts of the different surveillance

activities are reviewed and discussed in this spcti
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Table 1: Summary of the different surveillance activitiesiethwere carried out in Belgium during
and after the BTV-8 (2006-2012) and the SBV epidsniivinter 2011-2012)

Surveillancestage  Strategy BTV-8 Strategy SBV
1. Early (re)detection -Clinical reporting -Clinical reporting
-Culicoides monitoring -Culicoides monitoring

-Animal sentinel system i1 -abortus protocol
cattle based on c-ELISA

(2007)

-abortus protocol

2. Impact description -Cross-sectional surveys -Cross-sectional serological
based on c-ELISA in cattle  surveys (winter 2011-2012 and
and sheep (winter 2006-2007 2012-2013)
and 2007-2008) -To further measure clinical
-To further measure clinical impact: clinical reporting+
impact: clinical reporting+ results of surveys in outbreak
results of surveys in outbreak herds

herds
3. Control progress -Annual cross-sectional /
assessment survey in cattle based on c-
ELISA and RT-qPCR (winter
2008-2009)

-Control clinical reporting anc
results of abortus protocol

4. Proof of freedom -Repeated cross-sectional  /
from infection surveys in cattle every 3
months based on RT-qPCR
(2010-2012)
-Control clinical reporting and
results of abortus protocol.
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VIII.I. How well werewe prepared in Belgium for the Bluetongue virus epidemic?
VII1.1.1. Anticipation of the epidemic

Anticipating EID will contribute to facilitate timyg recognition of outbreaks and their control.

To be ready to face an epidemic, several aspetutstbebe considered beforehand:
» Laboratory preparedness

As a consequence of the emergence of BTV in SautBerope, several diagnostic assays
had already been implemented before 2006 in CODRXZA In collaboration with French
researchers, Toussaint et al. (2007a) had develapegartially validated two RT-qgPCR able
to detect strains from the 24 BTV serotypes. Nexhts, two c-ELISA, virus isolation and a
virus neutralization test had also been implememntgdODA-CERVA before the emergence
of the virus in 2006. All this enabled prompt aadgtfconfirmation of the first clinical cases of
BT (Toussaint et al., 2007bBesides the diagnostic tools available at that nmima
Laboratory Contingency Plan (LCP CODA-CERVA) waseieen, designating the different
responsibilities, procedures and supplies needethse of an outbreak. BTV was already
included in the LCP in order to have a crisis scen@ady in case the virus was introduced in
Belgium. Diagnostic tests which meet the OIE statslavere thus already available in
Belgium before the emergence, even though the inatedd available stock and expertise

were relatively limited.
» Surveillance systems for early detection

For a long time, the presence of the main vectecigg of BTV,Culicoides imicola, has been
considered the main risk factor for an emergenc®81D¥ in Europe. Becaus€ulicoides
imicola, had been discovered in the Southern Europeantreesirfiollowing the 1998-2005
outbreaks BTV surveillance such as sentinel networks was alréagjemented in most of
these countries prior to 2006 (Guis et al., 20Id ontrast,Culicoides imicola was and still

is absent in Northern Europe, and, for this rea®®h,was not expected to occur in this
region. In addition, since most introductions of\Binto Europe before 2006 occurred via
Anatolian Turkey or the Maghreb, Southern Europs #ught at that time to be the most
exposed area of the continent (Wilson and Mell@Q9. In 2003, Elbers et al. (2003) had
evaluated the risk of BTV introduction in NortheEurope. Mainly because of evolving
climatic conditions and increased animal flux ire tSouth-North direction in Europe, the
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authors anticipated thaulicoides imicola might expand its range of distribution and, in
consequence, that an introduction of BTV in Nomhdfurope was possible. As a

consequence, the authors advocated an incremesggbnse with regard to BTV by

developing a crisis strategy for BTV control anceplening strongly knowledge on vector
distribution and competence. None the less, in mosthern European countries, with the
exception of Switzerland and the Netherlands (Elbetr al., 2003; Racloz et al., 2006Db;
Takken et al., 2008), no surveillance activitiesdarly detection were in place to try to detect

an eventual incursion of BTV in this region.
» Clinical disease recognition

When BTV-8 emerged in 2006, veterinary practitiendn Belgium were at least
‘theoretically’ prepared to recognize the preseofcéhe virus in hosts, since the virological,
clinical and epidemiological aspects of this forregotic virus were already addressed during
the veterinary studies curriculum at that time. ldoer, because of the abovementioned
reasons, disease awareness among most veterinamahgarmers was quite inexistent.
Moreover, because BTV clinical signs are usuallistrieted to sheep, disease descriptions
mainly applied to sheep (Elbers et al., 2008). A&shave seen both in Chapters Ill and 1V, in
contrast to other strains of BTV, the EuropeanistohBTV-8 had also the capacity to induce
important clinical signs in cattle, possibly explag the misdiagnosis at the beginning of the
epidemic in 2006. However, it was clear that thaichl signs in cattle were observed and
recognized during the second wave of the epidemi2007. This illustrates that epidemics
can help to prepare the veterinarians to make thé&rential diagnosis, based on clinical

signs, more accurate than before.
» Vector surveillance

Next to the possibility that BTV could emerge inrifh@rn Europe via the range expansion of
Culicoides imicola, another possibility for the virus to spread todgarthis region was
suspected. Indeed, BTV had also been isolated fwonother species group§ulicoides
obsoletus and Culicoides pulicaris during the 2000 to 2003 Italian epidemic. (Carpeapt
al., 2003; Miranda et al., 2003; Savini et al., 20@e Liberato et al., 2005). Even though the
potential of Culicoides obsoletus as BTV vector was thought to be quite low, theugro
species was known at that time to be present anddant, especially during spring and

autumn, in Europe from Italy to Great Britain (Rangks and Mellor, 1994). As a consequence
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of the findings mentioned previously, this meanst twe already knew before the BTV-8
epidemic that the presence Gtlicoides imicola was not necessarily required to initiate a
BTV epidemic in Europd-unding for areas such as entomological surveilamas relatively
neglected in Belgium before 2006. Expertise peirtgirto Culicoides was virtually non-
existing at that time, and had therefore to be mimml in an emergency context. An
entomological monitoring program has been subsdbyjue@mplemented in 2007 by the
FASFC and coordinated by IMT. In 2006, a crossiseat study was organized to improve
knowledge of the genuBulicoides and to identify plausible vectors during the 2@pgdemic
(De Deken, 2008). The following years and until 20Qulicoides captured with traps located
all over Belgium were counted on a regular basisrder to monitor the activity period of the

vectors.
» Identification and surveillance of introduction pagys

There are several potential entry paths of BTV mtoew area: 1.via infected animals, 2.via
infected Culicoides (via wind, plants, airplanes, etc) and 3.via itdéelcbiological products
(Mintiens et al., 2008). Even though the likelihoodBTV emergence depends on several
additional factors, including the occurrence ofdiable climatic conditions, attempts to
identify critical geographical points and periodsparticular high risk of BTV introduction
could have been initiated earlier, in order toigete surveillance in these ‘hotspots’. Indeed,
detecting the newly introduced BTV-8 earlier bytbetsurveillance could have reduced the
impact of the epidemic.

VI111.1.2. Follow-up of epidemic surveillance

From the start of the BTV-8 epidemic, trans-bougdeollaborations favored by European
financing have enabled fast development of expmertspecially pertaining to the fields of
entomology and epidemiology. A local epidemiologgtwork was spontaneously created by
epidemiologists from the first line countries (i.Belgium, Germany and the Netherlands)
immediately after the emergence. Shortly after, ARW&s requested by the EC to form a
network of experts from the different MS and frofme tCommission and to produce
epidemiological reports. The final EFSA report ddsed the results of analyses on factors

associated with the introduction, establishment apdead of BTV-8 in North-Western
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Europe (EFSA, 2007). Several other European p®jeatve arisen from the epidemic (e.g.
EPIZONE Internal Calls IC 6.6 BT-Epidemiology and 6.7, IC 6.9 BT-DYNVECT). In
addition, Northern MS have beneficiated from théphaf Southern European MS which
shared actively their past experience in terms D¥ Burveillance and control, in particular
their expertise in the field dZulicoides identification. Individual MS have greatly benefit
from the different outputs produced by all thesedpean collaborations, since it helped
improve globally the quality of the surveillancessm. Nevertheless, sharing and analysis
data at the European scale turned out not to alkaysimple tasks. For instance, in the
framework of EPIZONE Internal Call BT-DYNVECT, thase of vector data for the
development of models at the European level waspkasd by differences in trapping

protocols between MS (Guis et al., 2011).

The urgent need for an integrated approach andnadmézation of data from the different MS
to be able to analyze correctly surveillance daealme quickly obvious during the progress
of the BTV-8 epidemic. It was more than one yefterathe onset of the epidemic, in
November 2007, that Commission Regulation (EC) 128®&/ implementing rules for
Council Directive 2000/75/EC entered into force.eTAnnex | to Regulation introduced
minimum requirements to harmonize BTV surveillaaceoss the different countries. In light
of the experience gained during the BTV-8 epidetthie,regulation has been amended twelve
times following its initial publication. Recentlyhe EC was in need of scientific advice on
two epidemiological parameters which are included Gommission Regulation (EC)
1266/2007: 1.design prevalence for different epidérgical circumstances and 2.the size of
the geographic unit of reference. Based on the n8ficc Opinion delivered by EFSA
answering the EC’s request (EFSA, 2011), and bec#uws epidemiological situations as
regards to BT may vary considerably between MS,nti@mum requirements in Annex |
were simplified in May 2012 to allow for more fléxity to design national surveillance

programs.

Focusing now on Belgium, the particularity of thisctor-born epidemic was well dealt with
by establishing several multidisciplinary collakitsas. For instance, a team of
entomologists, virologists and epidemiologists vearkogether in the framework of a project
conceived to optimize the surveillance of BT, bydsing among others, the role of different
Culicoides species as BTV vectors and the association betweespread of the virus and

wind characteristics (Federal Governmental SeryiR€s6187).
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In brief, even though concerns concerning the pdagi of BTV emergence had been
expressed beforehand, only limited resources apdrage were available in Belgium prior to
2006. In consequence, nothing was done to try évgmt BTV from being introduced and
established, and the country was not truly preptrdece the problems posed by the vector-

borne epidemic.

VIII.11. Did the BTV experience helped to be better prepared for the Schmallenberg

virus epidemic?
VII1.11.1. Anticipation of the epidemic

BTV-8 and SBV emerged in the exact same regions Tieans that this area is probably a
‘hot-spot’ for (re-)emergence (Beer et al., 2013)iter the emergence of BTV-8 in 2006, it
could have been interesting to study the charatiesiof this geographical region to try to
identify the route of introduction. This would har&ybe helped to anticipate more a second
emergence of ABV at a five-year interval. In costreo BTV which was an exotic emerging
disease, SBV was a totally new virus when it energed, in consequence, its emergence
was totally unpredictable. Because of this, irljialo diagnostic tools were available to detect
it. However, metagenomic analysis has proven tarbeffective tool to detect such unknown
viruses (Blomstréom, 2011; Hoffmann et al.,, 2012hdAas a consequence, diagnostic tools
became available very early after the identificatwf the virus. It highlights the need to
optimize this technology and to ensure that it v&ilable at least in some reference

laboratories in order to allow early recognitionpotential other newly emerging pathogens.

For most Belgian farmers, the BTV-8 epidemic wad st relatively recent unpleasant
memory at the time SBV emerged. We can therefoqgotiesize that both farmers and
veterinarians have gained experience from the BTarifis and that it must have helped in
the recognition and reporting of clinical signs. the other hand, as we have seen in Chapter
VII, most SBV infections were asymptomatic, espigia adult animals. In this case, a good
option to detect early enough the start of an epidecould have been to analyze beforehand
different data sources such as fertility data istractured syndromic surveillance system
(Madouasse et al., 2011). Unfortunately, no suctesy was in place in a structured way in

Belgium at that time.
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VII1.11.2. Follow-up of epidemic surveillance

Both at national and supranational levels, sevae@ntific networks, resulting directly from
the BTV-8 epidemic, were very helpful for managieffjciently this new ABV emergence.
This has contributed to allow a fast mobilizatidrtlee different research teams and available
resources. Exchanges between European laboratafripsotocols and diagnostic reagents
essential to organize the diagnosis of SBV in thifer@nt affected countries were greatly

facilitated by this past common experience.

Because SBV was a new virus, at the beginning efethidemic, nothing much was known
about its epidemiology and only extrapolations frogtated viruses such as Akabane virus
could be made. The fact that these related virwgese known to be transmitted by
mosquitoes and biting midges led to the hypothdss SBV might be spread by the same
vectors. At the onset of the SBV epidemic, fortehgtthe entomological surveillance
program implemented in the context of the BTV-8depnic was still in place in Belgium.
Culicoides continued to be captured regularly with traps ledall over the country until the
end of 2012. These captures were used by scierit@is CODA-CERVAto show that
severalCulicoides species, previously shown to be vectors of BTVienmost probably also
involved in the transmission process of SBV (De dgreg2012). In addition, the BTV-8
emergence inadvertently contributed to improve Kedge and scientific expertise in the
field of entomology, which has contributed to faatle the management of the SBV crisis.

Furthermore, because of the high similarities betwthe two diseases both in their clinical
and transmission aspects, the transposition ofefllance activities such as the screenings
(Chapter VII; Méroc et al., 2013) and the abortfmotocol to SBV were straightforward.
Thus, we may conclude that, even though the BT\pifleamic did not contribute to prevent
SBV from emerging in the same region, it considigrabntributed to aid in the follow-up of

the crisis.
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VIIIL.IT1. How to plan surveillancein the context of an emerging arboviral infection?
VIIL.I11.1. Early detection

The early detection of a new ABV in animal and/ector populations is essential to provide
prompt warningof the onset of an epidemic and to guaranty alltrobrpolicies to be
developed effectively. The detection of suspicigalisical cases (passive surveillance) is a
critical component of the early recognition procasd represents a very important source of
information since it (theoretically) covers contiusly in time the whole susceptible
population as well as the whole range of potengiaerging viruses. In Chapter lIll, by
comparing the final dispersion of the BTV based samoprevalence estimates to that of
notified clinical cases, we demonstrated that thsecdetection system based on clinical
suspicion provided an accurate indication of thatigpdistribution of the virus. Because the
first clinical signs appear as soon as five daysrahe animal is infected, whereas BTV
antibodies can only be detected by c-ELISA from07days post-infection (OIE, 2009), this
demonstrates the importance of the passive suamedl component for BTV early detection.
Welby et al. (2013) showed indeed that in termseafly detection, this surveillance
component was the most effective. However, theltesi the first Belgian BTV serological
survey demonstrated that the case detection syseed on clinical suspicion underestimated
greatly the impact of the epidemic (between-heelalence of 0.7% versus 83.3% based on
the results from the cross-sectional serologiaad\ygt (Chapter Ill). Exactly the same fact was
observed for SBV (Chapter VII). Indeed, the maiavdoack of clinical surveillance is that it
relies totally on a chain of events to occur filss a start, clinical surveillance requires the
infection to produce clinical signs, which is nbways the case. During the BTV-8 epidemic
in 2006, it has been demonstrated that a fair ptapo of cattle within a herd could be
infected (RT-gPCR/c-ELISA positive) without showiray clinical signs. This was also
clearly the same situation during the SBV epidersince adult cattle rarely showed acute
clinical signs of the infection and adult sheep wlad present any acute sign of the disease at
all. We have seen in Chapter lll, that there wasfference in terms of disease occurrence
between cattle and sheep; the BTV-8 between-hexdafgnce after the first episode in 2006
was estimated at 0.7 per cent (95%CI 0.7-0.8) &biec herds and 1.3 per cent (95%CI 1.2-
1.4) for sheep flocksNe also saw in Chapter 1V, that impact of BTV-8 miortality was
more important in small ruminant than in cattle plagon. In line with this, it seems

advisable to reinforce furthermore clinical surlaite especially in groups of animals more
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prone to manifest the disease if infected, suchslasep for the specific case of BT.
Nevertheless, because of strain-specific charatitesiwith respect to the clinical expression
of the infection (as it was the situation for BTWdth its capacity to induce important
clinical signs in cattle), it is also fundamentaldnsure a broad coverage of all susceptible

domestic and wild animal populations.

Passive surveillance then also obviously relieallipbn the recognition of pathognomonic
signs of the disease (‘awareness’) by the farmerd aeterinarians (animal-health
professionals). This is not always warranted, esfigdn the context of an infection with an
exotic virus such as BTV-8 or a new virus like SEBBécause of this, implementing this type
of surveillance necessitates high vigilance ofimdolved animal-health professionals from
farm to lab, maintained through regular contactthsas meetings with animations and
simulation exercises designed to enhance diseaswemagss and facilitate access to
differential diagnosis for the principal threatgyously identified through a risk assessment.
In case of reduced resources, it might already teeipcrease vigilance in a ‘subpopulation’
of animal-health professionals (‘sentinel vets entsel group of veterinarians’). For most
ABV, enhancing disease awareness is even more tedseunring the vector activity
(approximately April-November in North-Western Epe) seasons. Indeed, past experience
has shown that the first outbreaks of BTV epidendaos mostly diagnosed between mid-
August and October (Gomez-Tejedor, 2004; Tousssiral., 2007b). It is also essential to
formulate a proper clinical case definition in arde increase the sensitivity of the passive
surveillance system as well as its specificity avdid unnecessary losses (expensive and
time consuming laboratory confirmation procedutesje impact, etc). Both the examples of
BTV-8 and SBV have proven that this was not alwaysobvious task. Indeed, the clinical
signs of BT may vary a lot between the host speaies are never pathognomonic of the
disease. It is so, that Toussaint et al. (2006pnted that at the beginning of the BTV-8
epidemic in Belgium, contagious echtyma was diagddser several sheep that showed BT
signs. In addition, the range and severity of chhsigns can sometimes evolve over time and
between different serotypes (Doherr and Audigé,12@ungu et al.., 2004). This pinpoints
the need to monitor the range of the clinical signd to adapt the clinical case definition if

necessary.

In situations for which the risk of emergence haserb clearly identified, additional

surveillance activities will increase the probabiliof detecting an emerging disease.
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Introducing an active component in the surveillapoecess will allow identifying additional
cases of disease. Moreover, this will also globatintribute to enhance disease awareness
and thus improve the passive surveillance compaitterr and Audigé, 2001). In any case,
the active system should be adequate for long pytication, that is as long as the ABV is
absent from the population. One approach commosgdus sentinel surveillance which
consists in cohorts of unexposed animals managéxieat locations and monitored regularly
to detect the emergence of new infections (OIE32D1 Sentinel systems designed to detect
emergences of ABV have been developed in many desn{Giovannini et al., 2004;
Melville et al., 2004; Biteau-Coreller, 2006; Raclet al., 2006a). Saegerman et al. (2009)
described the sentinel network which has been argdrin Belgium during spring 2007 to
detect the re-emergence of BTV-8 after the 2006/20BP. Starting on 20 March 2007, a
total of 4050 initially seronegative cattle (frorBBfarms) were tested monthly by c-ELISA
and confirmed by RT-gPCR in case of a positive lte3ine sampling design was prepared
following guidelines for BTV surveillance proposed Chapter 8.3 of the OlHerrestrial
Animal Health Code (OIE, 2013b). In line with these guidelines, @ttlere selected as study
population. Concerningculicoides-borne viruses in general, the target animal spewid
often be cattle, since, there are known to be tbéeped host species of the midges (Nevill,
1978). We decided to focus on dairy cattle becdlisg are easier to monitor compared to
other cattle types. Sentinel herds were selectsgdban the results of the cross-sectional
serosurvey described in Chapter Il and all herdh at least 20 animals seronegative were

included in the sampling frame.

Sample size will depend on several criteria, amahgch the design prevalence. The latter
may in some instances be defined by the legislasierit is the case for BTV since November
2007 (cf. Commission Regulation (EC) No 1266/20@r)should be derived from field data
if nothing is foreseen for this. Sample size fog 2007 BT-sentinel system was calculated
based on OIE guidelines to allow the detection désign prevalence of 2% with 95% CI in
each geographical unit of reference. The latteresponded to a conservative estimation of
the expected monthly rate of seroconversion inndected zone. Because of the central role
of Culicoides in the BTV transmission cycle and to the fact timédges are never confined to
a specific holding, the unit of reference for BT8/a geographical area: the geographical unit
of reference. The latter was and is still definedaagrid of 45 x 45 km (approx. 2000 km?2).

This size was chosen because it is a compromiseebatthe 20 km zone around infected
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holdings as foreseen in EU legislation and the sizthe administrative unit as defined in
Directive 64/432/EEC (EFSA, 2011 Belgium, a province (district) represents mordegs
two times this geographical unit in terms of suefasimplifying the organization of the
sentinel network. It was chosen here to monitooc@nversion, but virus presence, or clinical
signs of the disease may also be monitored. Asabentioned, the former is not always
adapted to early detection, since antibodies nieael before they become detectable. On the
other hand, instigating active clinical surveillangerformed by expert veterinarians may be
more appropriate to meet this objective. For BTWeg, the presence of the virus may be
detected in cattle blood for 150 days post-infec{iBonneau et al., 2002; Di Gialleonardo et
al., 2011), the regular testing (e.g., every 4 menhof sentinel animals with RT-qPCR should
ensure adequate early detection of BTV, even immanunized population. In contrast, given
the very short viraemia linked to SBV infection {widuration of maximum 6 days
(Hoffmann et al., 2012)), this option would not feasible in practice for this virus. In the
case of SBV, a sentinel system based on serolegliny sentinel animals with c-ELISA for
instance) would be more appropriate. At last, Oliidglines recommended maximizing the
chance of detecting BTV activity by selecting seelttisites more at risk of infection (risk-
based surveillance). This recommendation was Himwed because no risk assessment had
been performed at that time. Today, sampling destguld be enhanced by using outputs of
analyses carried out since then, such as for exathpl results found by Faes et al. (2013)

which identified, among others, land cover to bslkafactor for BT incidence.

Even though the Belgian sentinel network made ptessihe detection of BTV-8 re-
emergence in July 2007, the first seroconversios®wiot detected before the first outbreaks
occurred identified with clinical surveillance. Amgthe various key-parameters stated by the
authors to help improve the quality of this typesg$tem, is its earlier implementation during
the year than the beginning of spring as it wasedar2007. Indeed, the exact starting point
of the vector period is usually unknown. Moreoviehas been shown th&ulicoides were

able to overwinter inside cowsheds (Losson ek@Dy7; Zimmer et al., 2010).

Sentinel systems may also focus on the vectoreadsbf the hosts. Monitoring vector
populations at fixed sampling points may be usgfudetect an introduction or an increase of
known vector populations. This is important in orde identify areas and periods at risk
(vector-active periods) for ABV introduction. An@th possibility is to use these repeated

collections of vectors to monitor the presencehef\irus, as this was recently done in Italy to
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investigate whether SBV had spread in a given &&dfredo et al.,, 2013). Even though
difficult to implement and labor-intensive, thispgy of sentinel surveillance is important to
consider and maybe the only one truly helpful imecsituations, since it is known that ABVs
are capable of developing transmission strategiesh sas vertical transmission or
overwintering that can ensure their survival iregion even in the absence of disease in host
animals (Gould et al., 2006).

VIILITL.2. Impact description

At the point of the epidemic where the vector astiand the number of new outbreaks have
decelerated and reached a steady state, the nramillsunce objective will be to assess the

extent and the impact of the infection.

During the first episode of the BTV-8 epidemic (BPOn the affected countries, a follow-up
visit was executed by official veterinarians in therds where a clinical suspicion had been
reported and consisted of: 1. a clinical inspectdrall animals in the herd, 2. sampling
(EDTA blood and serum) of maximum three animals &@sting with RT-gPCR and c-ELISA
in case of a confirmed clinical suspicion, and B.epidemiological investigation using a
standardized questionnaire. The questionnaire decluiquestions concerning the date of first
clinical suspicion, the number of animals that lehdical signs/died, as well as information
on contact herds. In the context of the SBV epidemisimilar epidemiological survey has
been organized in a portion of selected Belgiabrmatk herds and its analysis is currently in
progress. This kind of clinical surveillance datavyides the approximate timing of the
infection. The presumed dates of infection occureeran be used to build an epidemic curve.
The information is of considerable value for modglifor developing causal hypotheses and
for predicting future spread of the infection (Maret al. 1987). In addition, this gives
indication on the origin of the epidemic (index €aand will help investigating on the route
of introduction of the virus. Also, the numbers afimals that had clinical signs or died
following the infection can be used to estimate kmrameters such as the morbidity,
mortality and case fatality rates (Elbers et aD0&. This kind of clinical surveillance
information provides valuable data to establishithpact of an epidemic. However, it has
also several limitations mentioned previously litkee fact that it will usually lead to an

underestimation of the true picture. In additidmsttype of surveillance principally works
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only at the herd scale. In the case of BTV-8 and/ 3B Belgium, a maximum of three
animals were sampled in each suspicious herd tedted with RT-gPCR and c-ELISA. This
sample size is too small to estimate the proportibanimals infected (i.e, the within-herd
prevalence); indeed, at the time sampling was daeehad no information on the expected
prevalence, and, to estimate an unknown preval(gi) at a confidence level of 95% in a
cattle herd of 90 animals (median size of Belgiattle herds), a sample size of 73 is
theoretically necessary and in a sheep flock ofnénals (median size of Belgian sheep
flocks), all sheep need to be sampled (Cannon ared F982). From the results presented in
Chapter 1ll we could now adjust slightly sampleesimdeed, to estimate BTV-8 within-herd
seroprevalence in an infected cattle herd aftst fnansmission season, a sample size of 69

would be sufficient (with expected seroprevalenic238%).

The results of passive surveillance may be usedh d@sol to determine between-herd
prevalence (proportion of outbreaks in populatidfgwever, as shown in Chapter Il and for
the different reasons afore-mentioned, this kind apiproach will often lead to an
underestimation of the latter.

Next to this, as described in Chapter IV, a higieleof correlation was observed between
ruminant mortality/abortion rate and BT incidenead In the context of the SBV epidemic in
Belgium, bovine abortion and birth records from @@D12 have been analyzed and have
shown an increase in the number of abortion redatel a decrease in the number of cattle
births between September 2011 and March 2012 (Mam Sdede, 2012). This kind of
population-level data can be used to gain moreablkdi information on the impact of an
epidemic as it was done for example by Perrin e(28110) to estimate indirectly the excess
mortality during to the BTV-8 epidemic.

To have an unbiased estimation of the true impaancepidemic, it will usually be essential
to organize a screening of the population at Wekdescribed in Chapters Ill, V, VI and VII,
cross-sectional surveys were organized in the Belgomestic ruminant populations during
the VFP following the different BTV-8 and SBV epidies episodesThese surveys allowed
estimating the geographical distribution of the estion, between-herd, within-herd
seroprevalence and animal seroprevalence. Depemfindpe objective and the ABV, the
samples can be tested either to identify the poesen the virus (virology) or of acquired

specific antibodies (serology). A positive resultserology indicates that the tested animal
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was at one point infected with the specific virAs.a whole (all sampled animals together),
this gives an indication of the level of immunitf/tbe population. Besides allowing a valid
impact assessment to be made, the level of immusitglso an essential parameter to
anticipate a potential overwintering of the ABV dgfining on time the optimal national
control strategy. An insufficient level of immuyiwill be the justification for implementing
a vaccination campaign within an animal populatigioreover, identifying differences with
respect to the level of immunity between categooieanimals (e.g. age class, geographical

localization of the farm, etc), will allow prior#ing control measures if necessary.

The results of the screening studies may also s&svieasis for future surveillance; indeed,
design prevalences to estimate sample sizes forefugurveillance can be derived from
observed prevalence estimates. However, EFSA peefbra systematic literature review of
prevalence data from MS and concluded that thealaprevalence (after prevalence rise) of
BTV-8 was markedly higher than that of other sguet/in Southern Europe (EFSA, 2011).
This would be an important factor to take into agtoif a new serotype of BTV would

emerge in the future.

From the results of our cross-sectional surveysalge estimated ICC of 0.41 and 0.34,
respectively for BTV-8 in the Belgian cattle popdida (Chapter 1ll) and for SBV in the

Belgian sheep population (Chapter VII). This pagten indicates the level of correlation
between two observations within a cluster (e.grdhdndeed, individuals within herds are
often more similar than animals selected randomdynfthe target population. The ICC of a
livestock infectious disease is usually less thdh @hd ranges from 0.04 to 0.42 (Otte et
Gumm, 1997; Dohoo et al.,, 2003). Sample size ndedbe inflated to adjust for this

clustering. The inflation will depend on both tl&d and the size of the clusters (Killip et al.,
2004). As an illustration, let’'s calculate the effee sample size of the BTV-8 sentinel

system described in previous section using thevoig formula:

_ mxXk
ESS= 1+(m—-1)p
with ESS= effective sample size
m= number of units in the cluster (15 animals saaifblerd in our example)
k= number of clusters (=30 herds sampled/provinaaur example)
p=I1CC (0.41 in our example)
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Hence, in our example ESS= 67. This means thdtowadh 450 animals (30 herds with 15
animals each) were sampled per province, from tssttal point of view, only 67 animals
participated in the study (more or less 7 times)leBhus, to be able to detect seroconversion
with 95% confidence, the sample should have bestead of 3033 animals (i.e. 202 herds

with 15 animals each).

The prevalence results will contribute to evaluatéirectly the level of under-reporting and
this will allow defining the sensitivity of the psige surveillance system. It can be also useful
to instigate awareness campaigns. This may comgribu improve the surveillance system
globally. The survey outcomes can also be usedudbsequent modeling: to predict future
spread (knowing the amount of susceptible anim#dsgstimate the cost of the epidemic by
linking them with productivity data, to identifysk factors for infection which is important to
instigate a risk-based early detection system tarstudy the role of the vector by identifying
links between entomological and serological datee flesulting epidemiological information

will be crucial to improve globally surveillancedanontrol.

The timing of the cross-sectional survey descrilme@hapter 1ll, V and VI (January-March),
initially selected for practical reasons in the teom of the Brucellosis-Leucosis programme
(WS), since the animals are in stables at that tifritbe year, fitted perfectly for@ulicoides-
borne disease such as BT (and later on SBV). itoodés indeed with the VFP and thus to the
end of a transmission season. During winter montihes, incidence is very low and the
epidemic curve has reached a plateau. In conseguins the right moment to take stock of
the situation. In contrast, as it was describe@hapter VII, planning a cross-sectional survey
in domestic small ruminants was more problematiee Tirst difficulty was to find available
samples collected following a structured sampliegign. Blood samples originally collected
in the context of the Maedi-Visna and Caprine Atihirand Encephalitis program for trade
certification (Royal Decree 24-03-1993) were usadlis purpose. This program works on a
voluntary basis; interested owners are those whotige trade. Therefore, the flocks which
were sampled may have some particular featurdsein size (median flock size in the study
was 8 versus 4 in a random flock), management,Tétis. kind of sampling design presents
opportunity risk for selection bias. Indeed, estinathe extent of an epidemic necessitates
the sample to be as representative of the targmilation as possible. Provided the sampling
units are randomly selected, a serological scregeml yield unbiased seroprevalence
estimates (Martin et al., 1987). Each individuait wvithin the target population should have

176 |Page



Chapter VIII : General Discussion

an equal chance of being sampled, but this isyréinel case in practice. In the different cross-
sectional studies described in this thesis, weindeed that the choice of the samples is often
mainly dependent of practical and financial constsa(cf. dairy cattle older than 24 months
in holdings with on-farm delivery of milk produciis Chapter Ill). As a consequence, most
samples are likely biased since they were seldg@resentative of all host species, breeds,
herd types, ages, etc. This is also the reason wgnyg data collected initially in the
framework of surveillance for subsequent epidengimial research purposes should always
be done with caution. Protocols designed for sllareie networks are not always adapted to
study causal hypotheses (Dufour and Audigé, 1987@)rder to ensure that adequate samples
are always available to organize screenings, aedodn of samples that can be kept in
refrigerators (serum banks) representative of tifferdnt animal species is an interesting
approach which has been developed in Belgian ragiand national reference laboratories
(ARSIA, DGZ and CODA-CERVA) since 2009. In additjothese samples constitute a
sampling frame useful for potential retrospectivenitoring, to date the introduction of a
virus in a population (Martin et al., 1987).

The quality of the at-risk population data is agsoritical parameter to allow correct design
and analysis of surveys. In Belgium, all herdswhinants are supposed to be registered in
SANITEL. In addition, cattle are ear-tagged indivadly and recorded in this database. The
identification of sheep and goat flocks is not asmplete and no recording of the

identification at the animal level is organized.

VIIL.I11.3. Control progress assessment

Several indicators can be used to assess the ingpantervention strategies designed to
jugulate the epidemic such as the vaccination atadTV-8 which started in 2008 in
Belgium (Chapter V).

A first line of approach can be to monitor the demice of new outbreaks. As stated in
Chapter V, only 50 outbreaks were reported in Betgafter the vaccination against BTV-8
was implemented in the cattle and sheep populatompared to 6870 the year before the
onset of the campaign. In addition to monitoring thcidence of new outbreaks, it can be
valuable to follow up ruminant rendering plant dats it had a positive correlation with BT
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incidence (Chapter IV). It is important to keep mmind that it is possible that virus
transmission continues to occur at low levels mghly immunized population and that it is
useful to carry out a survey to demonstrate inracgired manner changes in infection
prevalence and/or in seroprevalence compared tdading point. In the context of
vaccination, a decrease of infection is whished f@hereas an increase in immunity is
expected. We have seen in Chapter V that one aoktigests of the FASFC was to evaluate if
the targeted antibody coverage of 80% had beerabyrreached after the first vaccination
campaign against BTV-8 which began in May 2008. kosv, vaccination was carried out in
a population in which a high proportion of animéalad already been infected during the
previous BTV episodes (2006-2008). Antibodies agfalBTV appear in infected animals
typically within one or two weeks post-infectiondatast for several years (Afshar et al.,
1989; Walton and Osburn, 1992). Because of this b@cause no distinction between
vaccinated and infected animals could be made baisag@rology (DIVA), the intrinsic effect
of vaccination was hard to evaluate given the samgpmesign. Indeed, the survey (i.e., two
cross-sectional serological surveys performed & shme cattle herds during consecutive
VFP: one before and the other after the start ef waccination) was initially designed to
answer another objective (i.e, to describe ser@beece after the consecutive transmission
seasons, as described in previous section). Thtegir for sampling and to avoid this issue
consisted on focusing on individuals still seroriegabefore the vaccination’s onset and on
estimating the level of seroconversion in this jporiof the host population. However, based
on the results of those surveys, we had no infaonatbout the status of the animals between
the two surveys, and it may well be that some alsiware infected at one point between the
screenings and became seropositive because ofhati@ction, and not as a consequence of
vaccination. These are the reasons why in thisesuanimals were also tested by RT-qPCR.
Nevertheless, given that BTV-8 RNA can be detedtedattle for at 150 days following
infection, it is possible that some animals wered®ICR positive at one point between the
two screenings and then became negative beforesdhend survey was carried out. In
conclusion, the sampling design which was usetattime was not adapted to reach its main
goal. An alternative approach could have been tectea representative sample of
seronegative cattle and to test them with RT-qPQRenfrequently throughout the year (e.g.
every 4 months) to exclude infection and to prdwa seroconversion was due to vaccination.

This kind of repeated surveys organized in the shends over the years is an adaptive form
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of sentinel network surveillance and might be uséfu different objectives in certain
epidemiological circumstances (0.a. prove freedbdisease).

VIII.I11.4. Proof of freedom from infection

When the epidemic has ceased following effectivetrod actions and/or a natural fade-out,
for OIE listed diseases such as BT, it is essemtiaictively substantiate freedom from
infection in order to lift trade restrictions. Tleéore, the purpose of the surveillance actions is
now the same as before the emergence, hence, dot deé potential presence of infected

individuals in host and/or vector populations.

Guidelines to demonstrate freedom from infectiotera BTV epidemic in the EU are
informed in Commission Regulation (EC) No 1266/2@0W set conditions to prepare the
sampling design of the surveillance survey. Camearmh Baldock (1998) proposed a method
based on statistical formulae which may be useH twtalculate sample size and to interpret
accurately the results of freedom of infection sys: This method takes into account the
performance of the diagnostic test used (DSe ang) @Bd provides the exact probability of
observing the obtained results under the null Hypsis (that the disease is present in the
population) and under the alternative hypothesiat(the population is free from the disease).
Freedom of infection surveys imply that again atslvirom a representative sampling design
towards a more targeted sampling is done. The nurobenimals to be sampled was
calculated to detect a minimal incidence of BT\kittfon of 2% with 95% confidence in each
geographical unit of reference in accordance withRegulation No 1266/2007. This value
has recently been reviewed in an EFSA Scientificn@p and it was shown that it was
slightly higher than the median observed valuenieiademically infected area (EFSA, 2011).

We have already seen so far that repeated crosersdcsurveys were useful in order to
organize sentinel systems (early detection) anestonate the spread of an epidemic. From
the end of 2010, repeated cross-sectional survaye lalso been organized every three
months in the same cattle farms with the objeabiveroving the absence from BTV infection
(Chapter VI). This particular type of sentinel netk usually causes less practical constraints
and is thus often more appreciated by farmers aterimarians than the traditional system for

which the same animals need to be sampled at eagbliag round.
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However, the system has been confronted to seiastas during the analysis of its outputs,
related to the recent infectious history of thgéarmpopulation. When implementing this type
of sentinel network, it is essential to keep in diihat, at this stage, the host populations have
considerably changed since the emergence. Congéqubis has an impact on the choice of
the diagnostic test used and on the individuals dha to be sampled. Indeed, a serological
testing was of no longer use to monitor the infatin the highly immunized population. In
consequence, RT-gPCR was selected as the diagnestito be used. However, because
vaccination, which has been carried out compulsloinyng three consecutive year in Belgium
(from 2008 to 2010), may interfere with RT-gPCRutess(De Leeuw et al., 2013), the correct
recording of the vaccination history of the animmampled is a critical parameter to allow a
correct interpretation of the results. Unfortungtéhe vaccination data at animal level is not
centralized in Belgium, leaving room for potentiaisrecordings and/or interpretation errors.
Because the positive samples were to be confirrsedyuhe c-ELISA, it was also essential to
make sure that animals were free of maternal agigsan order to avoid interference with the
Cc-ELISA results. Therefore, after having evaluated average age of maternal immunity
decline, and having observed that by the age obiitihs maternal antibodies had disappeared
in most animals, it was decided to focus on céigisveen 8 and 14 months in non-vaccinated
herds, keeping in mind that it is still possible dwtliers to occur. Again, the interpretation of
the results is totally dependent on the availabditd validity of administrative data.

Concerning SBV, the duration of maternal-derivedibmaies against the virus is not yet
known, but Tsutsui et al. (2009) studied the doratf maternal immunity against Akabane
virus in calves and found that 4-5 months is thereded age when the maternal antibodies
decay with a 90% probability. In a recent studydfs et al. (2013) found an average duration
of 6 months between birth and first appearances#ranegative status in young calves (min:
4 months; max: 8 months). If we were to organiztualy to prove freedom from disease for

SBV, we could thus also select young calves oldan 8 months of age.

After Belgium re-gained its BTV free status, th@eated surveys were replaced by annual
cross-sectional surveys which took place once a geang winter (January-February) 2012
and winter 2013 (unpublished data). As mentioneyipusly, if using only RT-gPCR to test
the animals only once a year, it is possible tosrs@me animals infected during the previous
year. Also, because of the aforementioned reagessing cattle only by c-ELISA, will not
always constitute a sufficient proof of infectioaminfection either. In consequence, the best
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option would be to use the two types of tests iralpe to gather enough information to
decide on the real status of the samples.
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Along this thesis, it has been clear thatafiorABV surveillance system to be effective, an
integrated approach of the three components -cglsgrology/virology and entomology - is
fundamental. To anticipate a potential new ABV eageece, it is therefore advisable to
organize regular simulation exercises with all @ned animal-health professionals
(farmers, veterinarians, entomologists, laboraspriepidemiologists and the veterinary
authorities). This thesis also demonstrated theontapce of tailoring surveillance activities
specifically to the objectives evolving with theidgmic stage. In addition, the surveillance
system should be adapted continuously to the efagpidemiological knowledge (e.g. using
adapted ICC and design prevalence). Table 2 surmesathe specific recommendations
which were made in this thesis for BTV-8 and SBWsillance.

To ensure early detection of an ABV epidemic, clhisurveillance is fundamental but
depends highly on the level of morbidity of theadise and on disease awareness. To answer
these two limitations it is therefore advisablelpincrease surveillance especially in animal
categories more prone to show clinical signs anid@pase globally disease awareness from
farm to lab, for the principal threats identifiedy defining and communicating (via
education, internet, etc) updated case definittonanimal-health professionals facilitating
access to differential diagnosis and communicatahgarly information on reporting
procedureslt is also essential (also for an unknown disedseflesignate beforehand a
Reference Laboratory responsible to follow the abgesituation and its evolution across the

world.

Next to this, when a risk of emergence has beegsasd, it is also essential to implement an
active component such as sentinel surveillancefalfmy this. The latter ideally should be
organized both in vector and animal populationse $éntinel program should ensure that the
virus is absent from the vector population and @lewegular updates on vector counts to
define periods at risk for introduction. The anirearveillance system should focus more
specifically on: 1.host species more prone to jmos&d to the virus and 2.risk zones/periods
of introduction identified through risk assessment.

In order to describe the impact of an ABV epidemicis useful to gather and analyze
population-level data and conduct individual epiddagical surveys in outbreak herds to
estimate mortality/morbidity rates, timing of infem, etc.
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To describe the extent of an ABV epidemic and prepfture potential control and
surveillance strategies, it will be important t@anize at the end of vector-active seasons,
cross-sectional surveys representative of the rnagt population(s). These surveys greatly
depend on the availability of unbiased samples Wwhoan be ensured through the
development and management of serum banks. Thé&yqo#alinformation and registration
systems of these samples and animals is alsoieatptarameter to conduct correctly these
surveys. A continuous investment of time and mofoeyimprovement of data quality and
electronic systems (Laboratory information managdansystem) to manage the data is

recommended.

In order to assess the control progress, it isntisse¢o design and carry out a survey tailored
to answer the specific question (e.g. what is #hecination coverage and its impact?) taking

into account the characteristics of the infectiod af the diagnostic test which will be used.

In order to demonstrate freedom of infection afer ABV epidemic, it is essential to

organize targeted sampling taking into account fiet that the population is not naive
anymore. The implementation of repeated crossea@tisurveys is a convenient approach.
Bad quality administrative data such as vaccinaktigtory may jeopardize the effectiveness
of the system and lead to unwanted misinterpretasisues. It will be important to study and
define the age of maternal immunity fade out.
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Table 2. My recommendations for the surveillance activitidsch could have been carried out in Belgium dutimg BTV-8 (2006-2012) and the SBV
epidemics (winter 2011-2012)

Surveillance stage

Strategy BTV-8

Strategy SBV

1. Early detection

2. Impact

description

3. Control progress
assessment

4. Proof of freedom
from infection

-Improve disease awareness and reporting systems
(especially for sheep population).

-Risk-based cattle (dairy) sentinel system basedoon
specific RT-gPCR testing every 4 months, coveratg (
least) vector active season.

-Culicoides monitoring prior to 2006-emergence to define

vector active season and places at risk.
-abortus protocol : testing for BTV with RT-qPCR

-Representative cross-sectional surveys at theewekctor
active season based on c-ELISA in both cattle hrds
-To further measure clinical impact: use cliniegborting+
results of surveys in outbreak herds+ mortality abdrtus
protocol data.

-To estimate vaccination coverage: representativese
sectional survey based on c-ELISA + to prove that
immunization is not due to infection: repeated sros
sectional surveys every 4 months (from start toafnd
vaccination campaign) survey in seronegativeeaftion-

vaccinated and between 8-14 months) based on RRqgP!

-Control clinical reporting and results of aborfrstocol

-Risk-based repeated cross-sectional surveys in non

vaccinated cattle (verify status) between 8 anthvdths of

age (verify identification) based on RT-qPCR arelldSA
in parallel every 4 months (confirmation as soop@ssible
in case of positive result).

-Control clinical reporting and results of aborprstocol.

-Improve reporting systems.

-Culicoides monitoring prior to 2011 to define periods/places
at risk of newCulicoides-ABV emergence.

-Organize structured syndromic surveillance (esina

fertility data).

-abortus protocol

-Representative cross-sectional surveys at thekewector
active season based on ELISA testing in both catttesheep.
-To further measure clinical impact: use clinicgorting+
results of surveys in outbreak herds+ mortality abdrtus
protocol data.

-To estimate vaccination coverage: representativese
sectional survey based on ELISA + to prove that
immunization is not due to infection: repeated sresctional
survey every 4 months (from start to end of vadaina
campaign) surveys in seronegative cattle (non-vated and
between 8-14 months) based on ELISA testing.

-Control clinical reporting and results of aborfustocol

-Risk-based sentinel system based on ELISA in sgpative
cattle every 4 months (confirmation as soon asiplest
case of positive result).

-Control clinical reporting and results of aborfustocol.
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Arthropod-borne viruses or arboviruses (ABV) are vira pathogens transmitted among
vertebrate hosts by hematophagous arthropod vectors. More than 150 ABV are known to
cause human and/or animal diseases. Bluetongue virus (BTV) is a virus which belongs to the
genus Orbivirus and is transmitted to ruminants by midges of the genus Culicoides. Its
emergence in 2006 in North-Western Europe was a magjor and unexpected animal health
event. Five years later, history seemed to be repeating itself with the emergence of another
virus affecting also ruminants in the exact same geographical area; research teams identified a
novel ABV, the Schmallenberg virus (SBV), closely related to viruses from the Simbu
serogroup part of the Orthobunyavirus genus and shown to be also transmitted to ruminants

by Culicoides.

In light of the increased risk of ABV emergence in Europe linked to globalization and climate
change, it has become imperative for animal-health professionals to proactively improve the
surveillance process aimed at producing data designed to guide decision-making. The
objectives of surveillance applied to an emerging ABV usualy follow the evolution of the
epidemic curve: l.early detection, 2.impact description, 3.control progress assessment and
4.proof of freedom from infection. An overview of ABV emergence and its surveillance was
described in Chapter 1.

The main objective of this thesis (Chapter 11) was to use the recent examples of BTV and
SBV emergences to analyze the surveillance activities which have been implemented in
Belgium in the context of the two epidemics in order to be able to identify key elements and

provide recommendations to enhance ABV surveillance in the future,

In Chapter 111, the emergence of BTV in Belgium was described. At the onset of the
epidemic, case-reporting by the Veterinary Authorities relied amost exclusively on the
identification of herds with confirmed clinica infected ruminants. A cross-sectional
serological survey targeting Belgian cattle was then carried out during the vector-free season.
The first objective of this survey was to obtain unbiased estimates of BTV-seroprevaence
after the first transmission period. The overal between-herd and true within-herd
seroprevalences were estimated respectively at 83.3% (79.2-87.0) and 23.8% (20.1-28.1).
Since under-reporting was suspected during the epidemic, a second objective was to compare
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the final dispersion of the virus based on the seropreval ence estimates to that of the confirmed
clinical cases which were notified, in order to estimate the accuracy of the case-detection
based on clinical suspicion. The analysis showed there was a strong correlation between the
outbreak data and the data from the survey. The case detection system based on clinical
suspicion underestimated the true impact of the epidemic, but indicated an accurate spatial
distribution of the virus at the end of the epidemic.

In Chapter 1V, the evolution and the clinical impact of the 2007 episode of Bluetongue (BT)
in Belgium were analysed. Overall cumulative incidence based on confirmed clinical cases
was estimated at 11.5% (11.2-11.8) and 7.5% (7.3-7.8) % respectively in the cattle and sheep
popul ations and a negative association was found between within-herd seroprevalence in 2006
and the risk of showing clinical signs of BT in 2007. A very high level of correlation was
demonstrated between BT incidence and small ruminant mortality data when shifting the
latter of 1 week backwards supporting the hypothesis that the high increase in small ruminant
mortality observed in 2007 was the consequence of the presence of BT. In contrast, for cattle,
the correlation was not as high. An increase in cattle foetal mortality was a so observed during

the year 2007 and afair correlation was found between BT incidence and foetal mortality.

In Chapter V, a study designed to evaluate the effect of the first vaccination campaign
against BTV was presented and criticized. The results showed that the target of 80% of
vaccination coverage was reached. However, vaccination was carried out in a population in
which a high proportion of animals had already been infected. Because of this, and because no
distinction between vaccinated and infected animals could be made based on serology, the

intrinsic effect of vaccination was hard to evaluate given the sampling design.

In Chapter VI, the design and partial results of the repeated cross-sectional surveys carried
out in cattle from the end of 2010 onwards with the aim to demonstrate the absence from BT
in Belgium were described and discussed. The results demonstrated the absence of BTV
circulation in 2010 at the design prevaence of 2% and 95% confidence level. In addition, the
study of the maternal antibodies in non-vaccinated animals showed that, by the age of 7
months, BTV -specific maternal antibodies had disappeared in most animals.

In Chapter VII, we described the results of a cross-sectional serological survey organised in
the sheep and goat population to study the SBV seroprevalence after the first transmission
period of the virus in Belgium. The overall within-herd seroprevalence and the intra-class
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correlation coefficient (ICC) were estimated at 84.31% (95%Cl: 84.19-84.43) and 0.34,
respectively. The overal between-herd seroprevalence was 98.03% (95%CI: 97.86-98.18). It
was shown that seroprevalence was associated to flock density and that the latter explained
the presence of a spatial cluster with lower seroprevalence. These results provided evidence

that amost every Belgian sheep herd has been in contact with SBV during 2011.

In Chapters VIII and I1X, we have discussed that athough concerns concerning the
possibility of BTV emergence had been expressed beforehand, only limited resources and
expertise were available in Belgium before 2006. As a result, the country was not truly
prepared to face the problems posed by the ABV epidemic. It was observed that even though
the BTV experience did not contribute to prevent SBV from becoming established, it
considerably facilitated the follow-up of the epidemic. In addition, the different surveillance
activities carried out during the BTV and SBV epidemics were reviewed in detals. In
summary, this highlighted the need to integrate continuously the three surveillance
components -clinic, serology/virology and entomology- and demonstrated the importance of
tailoring surveillance activities specifically to the objectives evolving with the epidemic stage
and the state of epidemiological knowledge. We proposed concrete recommendations for the
different surveillance activities which could have been carried out in Belgium during the BTV
and SBV epidemics.
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Arbovirussen (ABV) zijn virale pathogene micro-onganen die door hematofage arthropode
vectoren overgedragen worden onder gewervelde gyasthMeer dan 150 ABV die humane
en/of dierziekten veroorzaken werden beschreven.bldewtongvirus (BTV), een virus dat
tot het genu®rbivirus behoort, wordt naar herkauwers overgedragen doottém van het
genusCulicoides. Het opduiken van dit virus in Europa in 2006 was &elangrijke en
onverwachte gebeurtenis in de dierengezondheid ja4y later, leek de geschiedenis zich te
herhalen met het opduiken van een ander virus W&aieens runderen aantastte op precies
dezelfde geografische locatie; onderzoeksgroepemtifdceerde een nieuw ABV, het
Schmallenberg virus (SBV), dat nauw verwant blegk/irussen van de Simbu serogroep van
het Orthobunyavirus genus, en dat ook overgedragen bleek te wordenheskauwers door

Culicoides.

In het licht van het verhoogde risico tot opduikean ABV in Europa, gelinkt aan de
globalisatie en de klimaatsverandering, is het vabergeneeskundige professionals
noodzakelijk geworden om proactief het bewakingspsp dat gegevens tracht te verzamelen
om de besluitvorming te ondersteunen, te verbeterBe objectieven van een
bewakingsprogramma, toegepast op een opduikend ABNen meestal de evolutie van een
epidemische curve: 1. vroegtijdige detectie, 2cheping van de impact, 3. beoordeling van

de vooruitgang in de beheersing en 4. bewijs vgherd van infectie ljoofdstuk 1).

Het belangrijkste doel van dit doctorahb¢fdstuk 11) was de recente voorbeelden van de
BTV en SBV uitbraken te gebruiken om de bewakingigideiten, die in Belgié werden
geimplementeerd in het kader van de twee epidemieéamalyseren zodat sleutelelementen
kunnen gedefinieerd worden en aanbevelingen kungemaakt worden om de ABV

bewaking in de toekomst te verbeteren.

In hoofdstuk Il werd het opduiken van BTV in Belgié beschrevenn Aat begin van de

epidemie steunde het rapporteren van casussenddodiergeneeskundige autoriteiten bijna
enkel op de identificatie van beslagen met bevestldinisch geinfecteerde herkauwers. Een
cross-sectionele serologische studie, gericht dgif# rundvee, werd vervolgens gedurende
het vector-vrije seizoen uitgevoerd. De voornaanddtelstelling van deze studie was
onpartijdige schattingen van de BTV-seroprevaletdieverkrijgen na de eerste transmissie
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periode. De algemene bedrijffsseroprevalentie enwdee binnen-bedrijfsseroprevalentie
werden respectievelijk geschat op 83.3% (79.2-88n023.8% (20.1-28.1). Aangezien tijdens
de epidemie onder-rapportering verwacht werd, vibgksbmend beoogd de accuraatheid in te
schatten van de op klinische verdenking gebaseeedeis-detectie. Hiervoor werd de
uiteindelijke spreiding van het virus gebaseerddepseroprevalentie schattingen vergeleken
met de uiteindelijke spreiding van de gemelde b@y@s klinische casussen. De analyse
toonde een sterke correlatie aan tussen de uitpegakens en de data van de cross-sectionele
studie. De casus-detectie, gebaseerd op kliniseh#gerking, onderschatte de ware impact
van de epidemie maar gaf echter wel een accuratgakgpdistributie van het virus aan het

einde van de epidemie aan.

In hoofdstuk 1V werd de evolutie en de klinische impact van de 228fisode’ van BTV in
Belgié geanalyseerd. De algemene cumulatieve intelewerd in de rundvee -en
schapenpopulatie respectievelijk geschat op 11.5%2{11.8) en 7.5% (7.3-7.8) %. Een
negatieve associatie werd aangetoond tussen derbbedrijfsseroprevalentie in 2006 en het
risico tot vertonen van klinische symptomen van BiiV2007. Een sterke correlatie werd
aangetoond tussen de BTV incidentie en mortalgegsvens van kleine herkauwers wanneer
laatstgenoemde 1 week vroeger werd verplaatst,ydetihese ondersteunend dat de sterke
mortaliteitsstijging bij kleine herkauwers die wekdargenomen in 2007 het gevolg was van
de aanwezigheid van BTV. In tegenstelling tot deapenpopulatie was deze correlatie bij het
rundvee niet zo uitgesproken. Een stijging in detdt® rundvee-sterfte werd eveneens
waargenomen tijdens het jaar 2007 en een matigelabe werd beschreven tussen BTV

incidentie en foetale sterfte.

In hoofdstuk V werd een studie, ontworpen om het effect van dete&accinatiecampagne
tegen BTV te evalueren, kritisch bekeken. De raseit toonden dat het doel van 80%
vaccinatiedekking werd gehaald. De vaccinatie weecter uitgevoerd in een populatie
waarin een groot deel van de dieren reeds geimfiecteas. Hierdoor, en omdat er voorlopig
geen serologisch onderscheid gemaakt kan wordeseriugevaccineerde en geinfecteerde
dieren, was het intrinsieke effect van de vacomatnoeilijk te evalueren in deze

steekproefopstelling.

In hoofdstuk VI werden het ontwerp en de resultaten besproken gahechaalde cross-

sectionele studies, uitgevoerd in rundvee vanafelred van 2010om de afwezigheid van
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BTV in Belgié te staven. De resultaten toonden fieezigheid van BTV circulatie in 2010,
aan een verwachte prevalentie van 2% en een 95%ubdtaarheidsniveau. De bijkomende
studie naar maternale antistoffen in niet-gevaerite dieren toonde aan dat, aan de leeftijd

van 7 maanden, BTV-specifieke maternale antistdfipde meeste dieren verdwenen waren.

In hoofdstuk VIl werden de resultaten beschreven van een crossssgletiserologische
studie die werd georganiseerd in de schapen eengepulatie om de seroprevalentie van
SBV na de eerste transmissieperiode van het viruBelgié te bestuderen. De algemene
binnen-bedrijfsseroprevalentie en de ICC (Intrasslaorrelation coefficient) werden geschat
op respectievelijk 84.31% (95%CIl: 84.19-84.43) en.340 De algemene
bedrijfsseroprevalentie was 98.03% (95%CIl: 97.8888 De seroprevalentie bleek
geassocieerd te zijn met de kuddedensiteit, waatevezigheid van een spatiale cluster met
significant lagere binnen-bedrijfsseroprevalenterklaarde. Deze resultaten leverden het

bewijs dat bijna elk Belgische schapenbeslag inamtrwas gekomen met SBV in 2011.

In hoofdstukken VIII en I X werd aangehaald dat, ondanks dat de bezorgdhdigmnhet
mogelijk opduiken van BTV op voorhand werd gedeedtbchts beperkte middelen en
expertise beschikbaar waren in Belgié voor 200@rddior was het land niet echt voorbereid
om de problemen betreffende een door vectoren edeagen epidemie aan te pakken.
Ondanks dat de expertise van de BTV epidemie hatstrgken van SBV niet heeft kunnen
voorkomen, vergemakkelijkte ze de opvolging vars&¥/ epidemie aanzienlijk.

Bijkomend werden de verschillende bewakingsaciiete uitgevoerd tijdens de BTV en
SBV epidemieén, bekeken. Dit onderstreepte de ramdpm continu de drie surveillance
componenten - klinische presentatie, serologielgie en entomologie - te integreren en
toonde het belang aan van het aanpassen van bgsagiiviteiten volgens de objectieven,
evoluerend met de epidemiologische fase en hetaniwean epidemiologische kennis.
Concrete aanbevelingen werden voorgesteld vooredechillende bewakingsactiviteiten die

in Belgié uitgevoerd hadden kunnen worden tijden8@V en SBV epidemieén.
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