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SALMONELLA






THE EFFECT OF SOURCE HERD AND ABATTOIR FACTORS ONEPCARCASE

SALMONELLACONTAMINATION EVALUATED BY MULTILEVEL MODELLING

F.M. BAPTISTA", J. DAHL AND L.R. NIELSEN

SUMMARY

In Denmark, a Surveillance-and-Control Programme Salmonellain pigs has been in
place for several years. This study investigatetiofa associated witBalmonellapig carcase
prevalence, measured in pools of five carcase saatples. A total of 20,128 pooled carcase
swabs collected in 22 Danish abattoirs, from 2@02Q08, were included in a multilevel logistic
regression model.

Study results indicate that the probability 8&lmonella positive carcases is mainly
influenced by weekday, estimated daily numbeiSafmonellaseropositive pigs delivered to
slaughter and averagalmonellaseroprevalence of the source herds that deliveaeti of the
five pigs contributing to the pool that was sampted the day of slaughter. Model results
suggest that risk-mitigation actions at the abatoch as improved practices including hygiene
and staff training, logistic slaughter and decontetion might result in a further reduction in
carcase podbalmonellgprevalence.

INTRODUCTION

In 1993, Denmark implemented a National Surveikaaod-Control Programme for
Salmonellain pigs, which has since then undergone sevejakamdents (Mousing et al., 1997,
Alban et al., 2002).

In Denmark, a target has been set to reduce tlddodl carcase prevalence $almonella

in pork to below 1%. According to Sgrensen et200() a conversion factor of 3 can be applied
to calculate the individual prevalence from a pdofgevalence. Hence, the pooled carcase
prevalence should be kept below 3%. Carcase cong&imn might result from intestinal
carriage of the pig itself, but also from contadtvother infected or contaminated pigs, carcases
or the environment in the abattoir (Botteldoorrakt 2003). Carcase prevalence is an indicator
of public health risk, since it reflects ti8almonellaload at the end of the slaughter process.
Consequently, abattoir hygiene and managementigeacare expected to have an important
impact on carcase contamination.

Filipa Matos Baptista, Department of Large AnimatiéBces, Faculty of Life Sciences,
University of Copenhagen, Grgnnegardsvej 8, DK-187€deriksberg C, Denmark; CIISA,
Faculdade de Medicina Veterinaria, TULisbon, Av.Ufdversidade Técnica, 1300-477 Lisboa,
Portugal. E-mailbaptista@life.ku.dk
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In the last few years, post-harvest decontaminatioethods have been investigated
including hot-water decontamination, steam cleamind application of organic acids (Huffman,
2002; Lawson et al.,, 2009). Since 2001, pigs fromh hseroprevalence herds have been
decontaminated with hot-water in one abattoir immark. Prior to chilling, carcases are treated
with 80°C water for 15 seconds. Published resuitswvsthat hot-water decontamination can
reduceSalmonellaon pig carcase up to two log units, as well as roffeghogens of human
concern (Jensen & Christensen, 2001).

This study aimed to investigate herd and abattgtars associated witBalmonellapig
carcase contamination.

MATERIALS AND METHODS

The DanishSalmonellaSurveillance-and-Control Programme in finisherspigcludes both
herd and fresh meat surveillance. Surveillance date@ring a period from 2002 to 2008 were
obtained from the Danish Agricultural & Food Coundilerd surveillance is based on the
serological level in meat-juice samples collectedskaughter which enables the monthly
classification of herds into three levels, basedaocalculatedSalmonellaindex. Fresh meat
surveillance consists of bacteriological testingfieé pooled carcase swabs collected daily at
slaughter, after chilling (Sgrensen et al., 208Aimal movement data were also used to collect
information on herds and number of pigs deliveethe abattoirs on each day of sampling.

A multilevel logistic regression model was usedirigkinto account the hierarchical data
structure and adjusting the parameter estimatégetcandom variation at the abattoir level. Data
analysis was performed using the glimmix procedurthe software SASv. 9.1.3. (SAS Inst.,
Inc., Cary, NC). The following variables were eakd: estimated daily number $&lmonella
seropositive pigs delivered to slaughter, avelagenonellaseroprevalence of the source herds
that delivered each of the five pigs contributiry the pool, weekday (Monday, Tuesday,
Wednesday, Thursday, Friday, Weekend), year, seasdrabattoir size (small, medium, large
abattoirs). Samples collected on Saturday and Sunmgae merged as “Weekend” due to the
small number of observations compared to the wgrklays. Abattoir size was based on the
average number of pigs slaughtered per day: smallo® pigs; medium 1,001-6,000 pigs; large
>6,000 pigs). Samples collected in one abattoirevexcluded since no positive samples were
found (N = 68). Different patterns of seasonaligrevtested including a sine-cosine function. In
total, 20,128 pooled carcase swabs collected inDaRish abattoirs were included in the
analyses.

RESULTS

Convergence criteria were satisfied and residuatsptid not indicate departures from
model assumptions. Only weekday, the estimateq dainber ofSalmonellaseropositive pigs
delivered to slaughter and aver&@g@monellaseroprevalence of the source herds that delivered
each of the five pigs contributing to the pools evsignificantly associated with the probability
of Salmonellapool positivity. No other factors were found to significant (p >0.05) (Table 1).
No significant random effects for slopes were fqumadicating that the effects of the
explanatory variables were the same for all abattdlo seasonal variation was found to be
significant.
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The effect of two different interventions was ewtd. Figure 1 presents the effect of 1)
improved underlying practices at the abattoir adapplying hot-water decontamination
compared to the probability ddalmonellapool positivity for an average abattoir. Effect of
improved underlying practices at the abattoir wiasukated by using the calculated average
intercept of the five abattoirs with the lowest Ipabilities of Salmonellapool positivity in the
final multilevel model. A 90% reduction was assunfiedthe hot-water decontamination effect
(Jensen & Christensen, 2001).

Table 1. Multilevel logistic model of the probabyliof Salmonellgpositive carcase pools after
chilling in 22 Danish abattoirs from October 2002tecember 2008

VARIABLES VARIANCE S.E.
RANDOM EFFECT
Abattoir 0.20 0.09
FIXED EFFECTS ESTIMATE P — VALUE

Constant -3.7
Estimated number of seropositive pigs delivereslaaghter 0.13 P <0.01
Average seroprevalence of the source herds thiaeded 3.8 P <0.01
pigs contributing to the pool
Weekday P <0.01

Monday -0.33

Tuesday -0.33

Wednesday -0.44

Thursday -6.3

Friday -6.2

Weekend 0
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Fig. 1 Plot of the predicted probability oSalmonellgpositive carcase pool versus the number
of seropositive pigs delivered to slaughter in g fba three scenarios: an average abattoir
(Average), underlying abattoir practices improvedhe level of the five best abattoirs
(Improved abattoir practices), or subjecting atceaes to hot-water decontamination (Hot-
water decontamination)

DISCUSSION

To our knowledge this was the first study takingpiaccount multiple factors influencing
Salmonellacarcase contamination in finisher pigs, including overallSalmonellainput to the
abattoir, in a large number of abattoirs, overrgylperiod of time.

Salmonellaherd seroprevalence was significantly associaiéu Salmonellgpool positivity
indicating the importance of the source herds. #eollected during the weekend presented
higher odds of being positive compared to workiraysd suggesting compromised hygiene
practices or a highalmonellanput to the abattoir over the weekend. This highput could be
explained by longer periods in lairage which hasnbg&how to increasealmonellashedding (Lo
Fo Wong et al., 2002). Even thou§almonellanfections in humans are significantly correlated
to season (Hald & Andersen, 2001), some studies hiready failed to prove a seasonal trend
in Salmonellaseroprevalence in pigs (Lo Fo Wong et al., 20@h<€hop et al., 2008).

Variation between abattoirs might be related to ewlythg practices at the abattoir,
including hygiene conditions and staff trainingidstudy indicates that if abattoir practices can
be improved, carcase contamination might be redwesdlting in lower carcase prevalence.
However, if a very low prevalence is aimed for,esthisk-mitigating actions should be applied.
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Hot-water decontamination has shown to be an efficitool to significantly reduce the
proportion ofSalmonellapositive carcase pools. However, for a small alyatihe costs per pig
are much higher compared to large abattoirs (1W0@seversus 0.17 euros). Hence, in small
abattoirs this might not be a cost-effective sttateOverall, if the number of seropositive pigs
delivered in a day can be kept low (<50) in smbHt#oirs, a 3% target for the pool prevalence
might be achieved. Pre-harvest interventions asly}cand research has shown that a reduction
in the number oSalmonellaseropositive pigs in individual herds have a mummimpact in the
number of positive carcases found in an abattomrdHet al., 2008). In medium-to-large
abattoirs where th8almonellainput to the abattoir is high on average, intetigrs conducted

at the abattoir level, including decontaminationginti have a higher value than pre-harvest
interventions.

In conclusion, the results of the study suggesdtithproved practices at the abattoir might
lower the risk ofSalmonellacarcase contamination. This study shows that réiftestrategies
should be in place depending on herd and abatt@racteristics. Hence, targets aiming for
protection of public health should be set at cardasel. Cost-effectiveness analysis should be
conducted in the future, taking into account cog/ndigional differences, i.e., he@almonella
seroprevalence and herd and abattoir structureer@grontamination techniques should also be
investigated.
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EARLY DETECTION OF ASALMONELLADUBLIN OUTBREAK IN CATTLE IN GREAT
BRITAIN USING SPATIO-TEMPORAL EPIDEMIOLOGICAL METHDS

C. PAPADOPOULOU*, R.R.L. SIMONS, A. VIDAL-DIEZ, D.FTWOMEY, M. MILLAR,
A.J. COOK AND P. SEWELL

SUMMARY

SalmonellaDublin is an endemic cause of significant morlyidit cattle herds in Great
Britain (GB), affecting both adult cattle and calv@he Veterinary Laboratories Agency (VLA)
applies an early warning system to surveillance diedm clinical cases in GB livestock and
three potential outbreaks & Dublin in cattle were identified between Marchdaiune 2009.
This system has been in use since 2006 on routineeifance data in order to detect early
changes irsalmonellareporting from livestock in GB.

The potential outbreaks were investigated furthex spatio-temporal study conducted using
SaTScan software, which identified a statisticaignificant (P=0.002) cluster d& Dublin
cases in cattle in the South West of GB. The oatbneas considered to have taken place
between December 2008 and June 2009 and involvethlymanmature cattle with
gastrointestinal disease.

INTRODUCTION

Salmonellosis due t8almonellaDublin infection in cattle results in high morkiyin both
adults and calves (Wray et al., 1989); hence, 1t lva a cause of economic loss and welfare
concern in infected cattle herds (Ersbgll & Niels2008).

Risk factors forS. Dublin infection in cattle herds include: contagth infected animals or
their excretions (e.g. faeces and milk), for examfiirough animal trade or contact with
neighbouring herds and contaminated equipment; bBex@l concurrent bovine viral diarrhea
virus (BVDV) infection; certain feeding strategiesimate; and liver fluke infestation (Aitken et
al., 1981; Wray & Roeder, 1987; Morisse & Cotte949Losinger et al., 1997; Vaessen et al.,
1998; Van Schaik et al., 2002; Nielsen et al., 20BAdemic strains dbalmonellacan persist in
calf-rearing units and cause recurrent outbreakd @ven & Wray, 1991).

SalmonellaDublin infection in cattle can be latent with nofew clinical signs (Wray &
Davies, 2000) and long-term carriers can be pradluCarriers can contribute to the spread of
infection within herds by either continuously ortamittently sheddingS. Dublin into the
environment through faeces or milk (Veling et 2000; Nielsen et al., 2004). Herds with the

*Christina Papadopoulou, Centre for Epidemiologg &isk Analysis, Veterinary Laboratories
Agency, New Haw, Addlestone, Surrey, KT15 3NB, WEKmail:
c.papadopoulou@vla.defra.gsi.gov.uk
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highest risk of carrier development are those withical disease outbreaks (Nielsen et al.,
2004). Carriers may start to shed bacteria duriegods of stress such as calving (Counter &
Gibson, 1980) and transportation (Wray et al., 3991

SalmonellaDublin, which is considered to be a host-adaptgd\ar in cattle (Pullinger et
al., 2007), is endemic in cattle herds in Greatasri (GB) and it has been the predominant
serovar reported from cattle since 1999 (Papadopo&ilKidd, 2008; VLA, 2008)S. Dublin in
cattle has been associated with severe gastromdkdisease, particularly in adult animals, and
abortion, and clinical cases usually peak in tie gautumn and winter months (Papadopoulou &
Kidd, 2008). This has been associated with incikdsecal contact during the housing period,
housing stress and stress associated with an sedteaumber of calving and abortions seen at
that time. Althouglt. Dublin is not a strain commonly associated witimian infections, it has
been reported to be very invasive and to haveaively high mortality rate when infections
occur, usually after consumption of milk produdtatthave not been pasteurised properly or of
insufficiently cooked meat (Humphrey et al., 20B@jms et al., 2003; Foley & Lynne, 2007).

MATERIALS AND METHODS

An overview of theSalmonellaEarly Detection System

An Early Detection System (EDS) f@almonellaoutbreaks in livestock production in GB
has been in use at the Veterinary Laboratories égdiWLA) since September 2006. The
system was developed in order to detect early admngSalmonellareporting from livestock
for a specific time period, and in particular fogr@vars associated primarily with human
infections and public health. The EDS does not iptefuture outbreaks, but alerts to
contemporary aberrations in expected reportindhabttmely consideration may be given to the
investigation of potential outbreaks. Data are\@&tifrom various sources, including incidents
of Salmonellaoriginating from clinically ill livestock specie§.his EDS has been described in
detail previously (Kosmider et al, 2006). Brieflyjs a generalised linear model (GLM), based
on a Poisson regression model (Farrington et 806)l which, after inputting the previous 5
years’ and 12 years’ data into the detection allgorj compares the number of observed
incidents with an expected value, accounting fasseaality and past outbreaks.

The model is used to estimate the expected counthfo current month,. Upper and

lower confidence limits (such that the interval @ons the expected count with 95% probability)
are also calculated. A value above the upper loait be considered statistically different from
the expected count. Thus, the upper limit is defi@s the threshold valué). These are
compared to the current observed coygtto derive an exceedance scofe,

X = yO _{'\IO ,
U -4,
If the exceedance score is greater than 1 thenrlisates that the current count exceeds
the threshold value and a warning is triggeredgsesting that a potential outbreak may be

occurring in the field.

Follow-up action is taken as appropriate, e.g. eration of raw data, consultation with
experts, on-farm epidemiological investigations, ¢ assess whether the ‘flags’ triggered are
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due to emerging outbreaks, i.e. the occurrencasés of iliness clearly in excess of expectancy
over a defined period of time. Further investigatimay indicate that the warnings are not
associated with a field outbreak but could be eelaio changes in reporting procedures or
increased reports resulting from extensive invasitgs of a previous incident.

Statistical analysis for disease clustering ingggion

The potential outbreaks indicated by the EDS medak investigated further in a spatio-
temporal study of disease clustering conducted gusithe SaTScan software
(http://www.satscan.orly/ A prospective space-time permutation method Ig€uff et al., 1998)
was carried out. This analysis assumes a constgntlgtion across time as it does not require
population data.

Statistical analysis of disease clustering is irtgodrin three main situations (Lawson &
Kulldorff, 1999):

) In epidemiological research to study the aetiolofjglisease;
i) In public (or veterinary) health as part of geodpiapl disease surveillance;
i) In response to disease cluster alarms to evaluag¢her thorough epidemiological

investigations are warranted.

A definition of clustering given by Knox (1989) i&a geographically bounded group of
occurrences of sufficient size and concentratiooetainlikely to have occurred by chance'’.

Various statistical tests have been developed fgrothesis testing of spatio-temporal
clustering. Some of these are non-specific and atoseek to estimate the spatial locations of
clusters but simply to assess whether clusteringpisarent in a study region. In contrast,
specific methods seek to assess the locationaitgteuof clusters (Lawson & Kulldorff, 1999).
This study used the spatial scan statistic whicla ispecific method. It was proposed by
Kulldorff and Nagarwalla (1995) and Kulldorff (199@nd employs a likelihood ratio test for
the comparison of the number of cases found irstin@y region population (the null hypothesis)
to a model that has different disease risk depgnoimbeing inside or outside a circular zone.

Study population and data

The target population for the spatio-temporal asialyncluded all cattle holdings in GB
from which there had been a clinical cas&oDublin reported between January 2005 and June
20009.

Salmonellainfection is a reportable zoonosis in livestock @Great Britain under the
Zoonoses Order 1989. All laboratory isolations egported to and collated by the VLA.
Through this reporting system, data are made aiailan the isolation oBalmonellaserovars
from domestic livestock. Data may originate fronffedent sources, for example from
investigation of clinical disease or from voluntasyrveillance activities. This scanning
surveillance system records the clinical data foattle holdings which were used in this study.
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RESULTS

Salmonella&EDS ‘flags’

Three potential outbreaks 8f Dublin in cattle in GB occurring in March 2009, a009
and June 2009 (Table 1, Fig. 1) were indicatechbyBDS model.

Table 1. Description of three potential outbreakS.@ublin in GB cattle, identified by VLA’s
Early Detection System in 2009

Observed Expected Threshold Exceedance
Month
Value® value’ Value® Scord
March 27 16.61 25.21 1.21
May 31 15.48 23.8 1.87
June 35 17.57 26.39 1.98

#0bserved value is the actual number of repoBaithonellaincidents each month.

®Expected value is the number@dimonellancidents calculated by the EDS model that woddkpected
to be reported each month accounting for seasgraalil past outbreaks.

“Threshold value is the upper 95% confidence lirhthe expected value calculated by the EDS model.

dExceedance score is a value derived by the EDS Irbgdmmparing the expected value and the threshold
value to the observed value. An exceedance scageeafer than 1 indicates that the current couceeds

the threshold value and a warning is triggeredgesting that a potential outbreak may be occuinrthe

field.
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Fig. 1 Number ofs Dublin incidents reported from clinically ill & in GB from June 2004 to
June 2009 and the expected and threshold valuesagstl by the Early Detection System
model from June 2006 and onwards
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Spatio-temporal analysis results

The spatio-temporal analysis using the SaTScawaddtidentified a statistically significant
(P=0.002) cluster o5 Dublin cases in cattle in the South West of GBupgng between
December 2008 and June 2009. The spatio-tempoaadcteristics of the cluster are presented
in Table 2 and its location is presented in Fig. 2.

Table 2. Description of cluster identified by th&TScan procedure for ttg Dublin outbreak in
cattle in Great Britain (Cartesian coordinatesuesed)

Radius Centre Centre Time frame Number Number  P-
(km) Coordinate Coordinate of cases Of. value
locations
X Y
Cluster 32.94 324928 128660 01/12/080/06/09 29 23 0.022

S. Dublin Reports
® 1
A 2

Fig. 2 Location of cluster d&. Dublin cases in GB cattle holdings identifiedtbg SaTScan
procedure; maximum spatial window was set to 108tiaglcoverag@and maximum temporal
window was 20% of the study period. The map prestm holdings at random within the
yellow circle, therefore anonymising the holdingsene the incidents occurred)

23



Descriptive analysis

The cluster comprised of 28 incidents. Twenty-thca#le holdings were included in the
cluster. Fourteen (61%) of these premises kepy daittle, eight (35%) kept beef cattle, and for
one (4%) the type of enterprise was unknown. Eght€/8%) of the holdings reported one
incident each, while five (22%) reported two incitke each. Seventeen (61%) of the reports
involved immature cattle, of which 12 (71%) had ex@nced gastrointestinal disease, nine
(32%) of the reports involved adult cattle, of whisix (67%) had also experienced
gastrointestinal disease, one (4%) involved bothltadnd immature cattle, and one (4%)
involved cattle of unspecified age. Twenty-six (9286 the reports were db Dublin strains
fully sensitive to all the antimicrobials testedanstandard panel (VLA, 2008), one (4%) was
resistant to streptomycin, and one (4%) showed pbata-resistant phenotype ACSSuT
(ampicillin, chloramphenicol, streptomycin, sulplomde compounds, tetracycline). The
diagnostic material had been submitted by 14 diffewveterinary practices and there was no
obvious link to a single private veterinary surgeon

Assessment of the epidemiological situation

This information was reviewed by VLA's Veterinarpviestigation Officers and disease
experts, in particular in relation to changes a ttational level in the submission rates of
diagnostic material and diagnoses of fascioliasisich is a disease historically known to be
associated with bovine salmonellosis. The numbetiagnoses oFasciola hepaticancreased
markedly during 2008, followed by an increase inibe S. Dublin diagnoses at the end of 2008
and in the first few months of 2009 (data not shpwrhe increase in bovin& Dublin
infections diagnosed by VLA in the South West of @Bs communicated to the farmers and
private practitioners via VLA’s routine monthly seillance reports to raise awareness and
facilitate clinical diagnosis.

DISCUSSION

The aim of this study was to conduct an initialdatrgation in response to the aberrations in
reporting ofS. Dublin in clinically ill cattle indicated by VLA’sveterinarySalmonellaEDS
model and to evaluate whether thorough epidemio&gnvestigations were warranted.

VLA'’s veterinary SalmonellaEDS model was developed based on a statisticalitdm
previously applied to public health data (Farrimget al., 1996). Even though this model has
been applied since September 2006 to a selectioacafining surveillance data, the first
aberration in reporting (‘flag’) of. Dublin from clinically ill cattle was in Decemb&008,
followed by a second ‘flag’ in January 2009 (daté shown). Initial investigation conducted at
that time included a descriptive analysis of the data e.g. assessment for unusual age of the
affected groups of animals, unusual clinical singsjsual antimicrobial resistance profiles, and
examination of morbidity and mortality rates. Noidpiunusual was found, hence a decision was
taken that no further action was needed at thag¢.tiBubsequently, there were three further
‘flags’ triggered by the EDS model, from March 200® May 2009. These results were
consistent with spatio-temporal analysis using $a8 Scan software which also indicated a
cluster of cases occurring in the field betweenddduer 2008 and June 2009.

The EDS demands a sufficient amount of observe@ dat an important change in
occurrence to be detected. VLA routinely utilizeghoa 5 year and a 12 year baseline with our
EDS which only triggered ‘flags’ when using thetléise years of historical data as a baseline.

24



This could be explained by the lower number of ol cases in recent years as shown in Fig.
1. When only five years of historical data were sidared, more emphasis was placed on the
lower number of cases reported in recent yearstlaugla lower threshold value was estimated
than when 12 years of historical data were used.

The spatial scan statistic is a robust techniquefploratory analysis of spatial clustering.
Its advantages include examination of a potentialfinite range of zone sizes that it accounts
for the multiple testing inherent in such a progedand that it relies on a formal model of null
and alternative hypotheses. Its limitations relatehe use of circular regions, which tend to
emphasize compact clusters, and so the methoWwgsower against other alternatives such as
a long and narrow cluster along a river or mairdraa a large number of very small clusters at
very different locations (Lawson & Kulldorff, 1999Another potential problem identified by
Ward and Carpenter (2000) is the definition of skanning window that should be used in the
analysis, which ideally should be defined on thaidbaf the biology of the disease, but
subjectivity in defining this window can affect thalidity of the results. Becau§&Dublin is an
endemic infection in the cattle population of GBwas decided to set the maximum size of the
spatial cluster size to 10% of the population sk and to set the maximum size of the temporal
cluster size to 20% of the study period to avoidppropriate SaTScan reporting of large
outbreaks which may reflect endemic levels of ititet

Although theS Dublin clusters may have been attributable taremeased incidence of
fascioliasis, an assessment of risk factors forilbeeased reported incidence ®fDublin was
outside of the scope of this studyascioliasis should therefore not be implicatedhouit
consideration of other potential risk factors.

This study demonstrates the value of routine sliaveie data and how simple
epidemiological analytical tools can assist in yadentification of animal disease outbreaks.
However, further studies should be conducted t@stigate in more detail the aberrations in
reporting and the clusters indicated by tBalmonellaEDS and spatio-temporal analysis,
including identification of risk factors and souscef infection as well as analysis of data on
cattle movements from/to the holdings in the af#fddrea.
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PREDICTIVE MODELLING OF THE WIND SPREAD OEULICOIDESSPECIES - AN
INNOVATIVE APPROACH WHICH MAY CONTRIBUTE TO IMPROVID
VACCINATION SCHEMES

GUY HENDRICKX*, YVES VAN DER STEDE, ESTELLE MEROGENOIT DURAND
AND ELS DUCHEYNE

SUMMARY

Culicoides biting midges can be passively dispersed over Idistances by prevailing
winds leading to rapid spread of the diseasestliggtcarry. In this paper we describe, based on
two previously developed descriptive models, theetigpment of a third generation predictive
wind model to predict the short distance local agrand medium distance wind spread of
bluetongue. The BTV1 epidemic of 2008 in South-Wrrsince is used as an example. First the
known BTV1 2008 outbreak was modelled, then themixl spread of an outbreak in Brittany
and Normandy was simulated, and finally the furtherthward spread of BTV1 in 2009 was
predicted taking into consideration the known vaation coverage in France in May 2009.
Given the information available in June 2009 andumsng that vaccination induced full
immunity in herds, it was predicted that Beneluxl &ermany were not at risk from short and
medium-range wind-induced spread of BTV1. Nevedselit was also suggested to remain
extremely vigilant regarding the possible long-rangtroduction of BTV1 positive animals
(through transport) with the potential to cause raubreaks in regions beyond the predicted
risk-zone and/or where no vaccination was perfornduls work was conducted as part of a
study to assess the risk of wind driven northemeaqh of BTV1 in general and the introduction
of BTV1 in Belgium in particular funded by CODA/CER/VAR (Brussels, Belgium).

INTRODUCTION

Culicoideshiting midges can be passively dispersed over thsignces by prevailing winds
(Sellers, 1992; Braverman and Chechik, 1996) lepthnrapid spread of the diseases that they
carry. Sellers et al. (1985, 1978) associ&edicoidesincursions and wind events qualitatively
in Cyprus, Turkey and Portugal. Alba et al. (200¥)estigated and confirmed the possibility of
introduction of infected midges on the Baleari@hgls from Sardinia during the 2000 outbreaks
using a formal backward trajectory analysis. Thipraach was further extended and quantified
in a first generation model by Ducheyne et al. Y0f@r Greece and Bulgaria. They inferred
movement patterns of midges indirectly from pateoh the spread of bluetongue outbreaks
between farms and then matched these to concuvredtpatterns.

" Guy Hendrickx, Avia-GIS, Risschotlei 33, 2980 ZamrBelgium, Email: ghendrickx@avia-
gis.be
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During the BTV8 epidemic of 2006 Hendrickx et &008) developed a second-generation
wind density model based on the previous work ieeGe and Bulgaria. Six-hourly forward
wind trajectories were computed at a pressure le/&50 hPa (typically 1450m altitude) for
each infected farm as from the recorded onset wipsyms. The trajectories were filtered to
remove wind events that do not contribute to pdssspread of the vector. The suitable wind
events were rastered and aggregated on a weekly toasbtain weekly wind density maps.
Next to this, cumulated wind density maps wereudated to assess the overall impact of wind
dispersal of vectors. A strong positive correlatisas established between wind density data
and the horizontal asymmetrical spread patternhef 2006 BTV8 epidemic in temperate
Europe. It was shown that short, medium and losgadce spread have a different impact on
disease dispersal. Computed wind densities wekedino medium/long distance spread whilst
short range spread was mainly driven by adcBuéicoidesflight.

In this paper we describe the development of altheneration predictive wind model to
predict the short distance local spread and mediistance wind spread of bluetongue, taking
the BTV1 epidemic of 2008 in South-West Franceragxample. First the known BTV1 2008
outbreak was modelled, then the potential spreaahajutbreak in Brittany and Normandy was
simulated and finally the potential northward spreaBTV1 in 2009 was predicted taking into
consideration the known vaccination coverage imégaThis work was conducted as part of a
study to assess the risk of wind driven northemeaxqh of BTV1 in general and the introduction
of BTV1 in Belgium in particular.

MATERIALS AND METHODS

The developed third generation predictive BTV s@reaodel is described in detail in
Ducheyne et al. (submitted), and summarised below.

Model input data include:

* Epidemiological data for the 2008 BTV1 epidemicHrance which were provided
by AFSSA at the municipality level and were usedd&ive the epidemiological
curve.

* Denominator data for France which were providedAIBRSSA at the municipality
level: i.e. number of susceptible farms per mumilifp. Farm coordinates were
modelled within Land Cover classes suitable foestock (Corine Land Cover data,
JRC, 2000).

* Percent vaccination coverage per department fo© 200ich were provided by
AFSSA.

* Entomological data on the flight behaviour@ilicoideswhich were obtained from
two main sources: data collected between 150m @O laltitude using an airborne
trapping device (Goossens et al., submitted), atd collected at ground level with
OVl traps and at 12m using a Rothamsted suctign(ffassotte et al., 2008).

* Wind data which were obtained from the European ti@efor Medium term
Weather Forecast (ECMWE).

The model was defined in terms of a nundfgrarameters:

32



The weekly incidence was calculated from the epidgical curve and fitted
using a least square estimator to the Verhulsttigeawth function (Verhulst, 1845).

As in Hendrickx et al. (2008) a distinction was radmetween local mainly midge-

flight driven, and medium range mainly wind drivepread: 50% of the weekly

incidence is observed within a range of 4km (latsilance spread) and an additional
45% of the weekly incidence is observed within mgeaof 22km (medium distance

spread). The remaining 5% longer distance spresesaae not accounted for.

The slowing impact of slope on medium distance wdpcead (Bishop et al., 2000,
2005; Ducheyne et al., 2007; Hendrickx et al., 200&s taken into consideration by
reducing the wind magnitude relative to the slope.

Based on available entomological data ©@ulicoides flight the following wind
parameters were included to restrict medium digtawmind spread: (a) highest
Culicoidesactivity during the period prior to sunset (Fatsat al., 2008) and (b)
highest density of airborn€ulicoides at an altitude of 150m (Goossens et al.,
submitted).

To identify the model seed cases, introduced cases starting the epidemic, first the
different spatio-temporal clusters in the epidemmder study were identified using a
retrospective space-time permutation mo&gl &,... $). Based on this, the location
and starting time of the seed cases in each ofgh&o-temporal clusterssy, tsy...

tsp) were determined.

The model is described in Fig. 1 and progressesi¢ih the following steps

M1: Model cases in the first week starting with tieed cases in the first clustér (
t51:O):

Calculate farm infection probability for first week

0 Local infection probability (DS;on) for all farms within 4km around each
seed case.

o Wind infection probability WDSyop) for all farms within 22km around each
seed case including slowing effect slope whereicgiple.

Randomly select (weighted according to probabilitfected farms according to
fitted incidence first week:

0 50% from farms with LD§op > 0 G0% ING=s1).

0 45% from farms with WD&op > 0 @5% ING=isy).
Add randomly selected infected farms to seed cas®4d.
M2: Model cases next week starting WL

M2 is repeated for each subsequent westcording tdNC; until the starting date of
the next cluster is reached. At that time the eelateed cases are added to the
modelled output of the previous week avi@ is again repeated on a weekly basis
until the next cluster starting date is reachedndil the end of the epidemic.
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Fig. 1 Model flowchart

In this paper first the known BTV1 outbreak in Swrh France was modelled, then the
potential spread of an outbreak in Brittany and mimndy was simulated and finally the
potential northwards spread of BTV1 in 2009 waslmted taking into consideration the known
vaccination coverage in France.

RESULTS

Modelling the 2008 epidemic

South-West France

Three distinct spatio-temporal clusters were ideatiwithin the dataset (Fig. 2). The initial
cluster (p=0.001) starting on July 17 and finishargAugust 20, 2008 had a relative risk ratio
(RR) of 5.02. The second cluster (p=0.001), whitarted on August 14 and ended on
September 3, had a RR of 1.88. The final clustenrnenced on September™.and ended on
December ¥ and had a RR of 1.73. While the epidemic curvethénfirst and second cluster
follow a near-Gaussian distribution, the third tdushas a peak in the beginning of September.
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Fig. 2 Spatio-temporal clusters during 2008 BTVidepic in France. In the top row the
temporal histograms for each cluster are depi¢tedmap shows the spatial extent of the

clusters.

The model output shows a good overall match with dbserved spread (Fig. 3a). In the
predicted pattern three high case density areaskamerved (Fig. 3b): first in the initial zone of
introduction, second along the Pyrenees, and taudth of the Massif Central. Predicted case
densities are higher than during the observed apaé-ig. 3a), mainly near the initial zone of
introduction (counties of Haute-Pyrénées and Géms)he Landes a large area with low case
densities was observed. The spatial extent of thdigted epidemic is also slightly larger than
the reported cases observed epidemic. This isctefleby the predicted surveillance zone
extending about 100km more northwards (solid lim@pposed to dotted black line in Fig. 3b).
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(b)

Fig. 3 Observed (a) versus predicted (b) BTV1 eid in France in 2008. The dotted line
shows the actual restriction zone limit; the stihé indicates the predicted limit.
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Brittany and Normandy

In Brittany, three cases were observed during thienan of 2008. Because they arose later
in the yearj.e. toward the end of th€ulicoidesactivity season, these presumably did not give
rise to a recorded spread. Nevertheless non-repotter clinical cases have been observed in
the same area (Lancelot, personal communicatiamsifulate the potential spread given that
the initial case had occurred at the beginnindhef'bluetongue season’, the model was run from
the last week of July. Results show (Fig. 4a) thahis case the entire peninsula of Bretagne
would have been covered. To assess the risk ohdpie Belgium, the simulation was also
repeated in Normandy starting with an arbitrargsild seed case near the border with Brittany.
Obtained results show (Fig. 4b) a predicted spreathly along the coast, consistent with the
dominant wind patterns. Importantly the predictesitriction zone also covers part of Belgium,
thus suggesting that Belgian farms near the Freoatler would then be at risk.

Fig. 4 Simulated BTV1 outbreaks in 2008 in Brittgay) and Normandy (b ).

Predicting the spread of BTV1 in 2009

The predicted spatial extent of a possible 200€aic (August-November), taking into
consideration the vaccination status in France as kmown in May 2009, and using as seed
cases 8% of the positive herds reported at theoétigde 2008 epidemic, is shown in Fig. 5. In
May 2009 a maximum of 2500 cases were predictedsditases were anticipated to cause a
wind-blown extension of maximum 300km northwardstloé total area covered by BTV1 in
France in 2008, suggesting Belgium would not bedtly at risk of wind-blown introduction of
BTV1.

DISCUSSION

This model first attempts the prediction of thetlier spread of bluetongue during the next
‘bluetongue season’. Other models such as thespihaoic dispersion models by Gloster et al.
(2007) are used to analyse in retrospect the pessiroduction of the disease within a
previously disease-free region. However, thesenateused operationally for modelling the
spread of disease after the initial introduction.

Whilst further investigation of the various factor@epidemiological parameters,
entomological parameters) which may affect the iguaf the model outputs is ongoing, it may
at this stage be concluded that the current modsdigtions are a major step forward as
compared to the previously proposed first genemadiod second generation model (Ducheyne et
al., 2007; Hendrickx et al., 2008). A Health Dep#ht having this tool available at the start of
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the 2008 epidemic would have been capable of pradithe spatial extent of the epidemic and
would have been able to use it for planning antingsemergency vaccination strategies to
prevent disease spread optimally. Further scenesiting is still part of ongoing research.

Fig. 5 Predicted extension of the infected BTV1eanFrance in 2009. Circled dots are
selected seed cases (relicts from 2008).

In the first simulation exercise in Brittany, wensilated a scenario where the disease started
in July instead of in late autumn. It can be semmfthe obtained output that under these
conditions a uniform spread across the peninsutabsaexpected. The developed Normandy
scenario also clearly shows that starting from tagion and given prevailing wind patterns, the
Benelux is at risk.

In all cases it is important to note that disseramaof cases over longer distances, possibly
initiated by the transport of infected animalsnat included in the proposed model. Therefore it
remains essential that, next to the decision whetihenot to vaccinate a certain region or
country given the model results, imported animadsusder strict control.

Since this is ongoing research, comparing the ptedifurther spread of BTV1 in France
with observed data on the field is still ongoind.tAis stage of our analysis it seems that the
model is overestimating the actual number of case2009. This may be due to a variety of
reasons the most important being that the actuaéaed vaccination coverage was higher than
as reported in May 2009. It seems that the achiéxegls of vaccination may have prevented
the build up of an epidemic starting from residcedes from 2008. This may be consistent with
an earlier analysis of the effect of vaccinationtlve BTV8 epidemic (Ducheyne, personal
communication) indicated that in order to signifitg reduce the geographical extent of
bluetongue the level of vaccination should be asti&0%.

38



ACKNOWLEDGEMENTS

The BTV1 simulation study has been funded by COERVA; the model development
was funded by BELSPO under contract SR/00/102. Data kindly provided by AFSSA,
France.

REFERENCES

Alba, A., Casal, J. and Domingo, M. (2004). Possibitroduction of bluetongue into the
Balearic Islands, Spain, in 2000, via air streavfet. Rec. 155, 460-461.

Bishop, A. L., Barchia, I. M. and Spohr, L. J. (B)OModels for the dispersal in Australia of the
arbovirus vector,Culicoides brevitarsisKieffer (Diptera: Ceratopogonidae)Prev. Vet.
Med. 47, 243-254 .

Bishop, A. L., Spohr, L. J. and Barchia, I. M. (B)OEffects of altitude, distance and waves of
movement ofCulicoides brevitarsiKieffer (Diptera: Cerotopogonidae)Prev. Vet. Med.
65, 135-145.

Braverman, Y. and Chechik, F. (1996). Air streamd #&e introduction of animal diseases
borne onCulicoides(Diptera, Ceratopogonidgeanto Israel. Rev. Sci. Techn. OIE 15, 1037-
1052 .

Ducheyne, E., De Clercq, E. M., Goossens, E. anddHekx G., (submitted). A stochastic
predictive model to predict neighbourhood and wspdead of BTV1 from Southern France
Vet. Res.

Ducheyne, E., De Deken, R., Becu, S., Codina, BxniMou, K., Mangana-Vougiaki, O.,
Georgiev, G., Purse, B.V. and Hendrickx, G. (200@uantifying the wind dispersal of
Culicoides species in Greece and Bulgaria. Geaddéalth 2, 177-189.

Fassotte, C., Delécolle, J.C., Cors, R., DefraiiceDe Deken, R., Haubruge, E., Losson, B.,
2008, Culicoides trapping with Rothamsted suctiapg before and during the bluetongue
epidemic of 2006 in Belgium. Prev. Vet. Med 87,831-

Gloster, J., Mellor, P. S., Manning, A. J., WebskérN. and Hort, M. C. (2007). Assessing the
risk of windborne spread of bluetongue in the 260&reak of disease in northern Europe.
Vet. Rec. 160, 54-56.

Gloster, J., Mellor, P.S., Burgin, L. Sanders, @ &arpenter, S. (2006). Will bluetongue come
on the wind to the United Kingdom in 20077 Vet. REg0, 422-4261

Goossens, E.M.C., De Clercq, E.M., VerstappenFhlssotte, C. and Hendrickx, G. (submitted)
A novel tool and strategy to sample insect popoitetiin the lower troposphere. Vet. Res.

Hendrickx, G., Gilbert, M., Staubach, C., Elbers, Wintiens, K. and Ducheyne, E. (2008). A
wind density model to quantify the airborne spre&culicoidesspecies. Prev. Vet. Med.
87, 162-18.

Joint Research Centre, (2000). Corine Land Coassdication.

39



Kulldorff, M., Heffernan, R, Hartman, J., Assun¢&b,and Mostashari, F. (2005). A space-time
permutation scan statistic for disease outbreakctien. PLoS Medicine, 2(3): e59.

Sellers R. F. (1992). WeatheCulicoides and the distribution and spread of bluetongue and
African horse sickness viruses. In Walton TE, OsbiBil, eds. 1992. Bluetongue, African
Horse Sickness, and Related Orbiviruses. Boca R&tarCRC. 1042 p.

Sellers, R.F. and Pedgley, D.E. (1985). Possibledlorne spread to western Turkey of
bluetongue virus in 1977 and of Akabane virus iidQ Hygiene (Lond) 95, 149-58.

Sellers, R.F., Pedgley, D.E. and Tucker, M.R. (39P&ssible windborne spread of bluetongue
to Portugal, June-July 1956. J Hygiene (Lond) &B-36.

Verhulst, P.-F. (1845). Recherches mathématiques lau loi d'accroissement de la
population. Nouv. mém. de I'Academie Royale des &delles-Lettres de Bruxelles 18, 1-
41.

40



DIFFERENT GEOGRAPHICAL PATTERNS OF ATYPICAL AND CL3SICAL SCRAPIE
IN FRANCE

A. FEDIAEVSKY’, D. ABRIAL, D. CALAVAS AND C. DUCROT

SUMMARY

Atypical scrapie (AS) is a recently discovered forafi transmissible spongiform
encephalopathy of sheep and goats. It exhibitsqgifipit and epidemiological differences from
the classical form of scrapie (CS). Whether AS astagious or not remains an open issue,
whereas some arguments favour the hypothesis theduid occur spontaneously, without
infectious exposure.

To address this issue the spatial distributionheftivo diseases was studied, applying two
different methods to the French active surveilladata from 2003 to 2007. First, the Kulldorff
scan statistic was applied to detect low and higihalusters. Second, smoothed relative risks of
each disease were mapped according to Bayesianitiooatl autoregressive hierarchical
models.

The two diseases differed by their spatial distidoupatterns. The relative risk of AS was
diffuse across the whole country except in one ai#ia moderately increased risk. In contrast,
several areas with high or low relative risk of @&e identified. The results do not indicate that
the two diseases are spatially associated. Morediverrelatively homogenous distribution of
AS is not characteristic of a contagious disease.

INTRODUCTION

Scrapie is a transmissible spongiform encephalgp@I®E) of sheep and goats that has
been recognised since, at least, the eighteenttiurgefComber & Morborne, 1772).
Surveillance of transmissible spongiform encephatojes (TSES) in sheep and goats was
intensified in the threat of BSE. This led to thiscdvery of atypical scrapie (AS) first in
Norway, followed by many European countries (Bemgset al., 2008). The disease form
showed incompatible diagnostic test results andurect in sheep genetically resistant to
classical scrapie (CS) and unusually old animaldy @arely AS has been described in goats
therefore this study focused on scrapie in sheep.

In its classical form, scrapie is a contagious aigethat transmits mostly from ewes to
lambs (Konold et al., 2008; Lacroux et al., 2008c&et al., 1998). This rare disease principally
spreads between flocks through introduction of dtdd animals (Detwiler & Baylis, 2003).
However, some feed contamination could have ocdusefore the meat and bone meal ban for

" Alexandre Fediaevsky, Direction Générale de I'Adimation, Ministére de I‘Agriculture, 251
rue de Vaugirard 75017, alexandre.fediaevsky@ altmireugouv. fr
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ruminant feed (Philippe et al., 2005) or possilbisough feed recycling of milk products from
infected ewes (Lacroux et al., 2008); transmissloough a contaminated environment could
also be possible (Georgsson et al., 2006).

In contrast to CS, some facts suggest that AS coalg a non infectious origin (Benestad
et al., 2008). AS is experimentally transmissildlesheep (Simmons et al., 2007) but there are
doubts about whether AS is contagious in naturatitmons (Benestad et al., 2008; Benestad et
al., 2003; Fediaevsky et al., in press; Fediaeetlal., 2009; Hopp et al., 2006; Simmons et al.,
2009). From an epidemiological point of view tigsparticularly supported by rare additional
cases in infected flocks (Fediaevsky, et al., mspr Lihken et al., 2007) and risk factor studies
(Benestad et al., 2008; Benestad et al., 2003;aegdky et al., in press; Fediaevsky et al., 2009;
Hopp et al., 2006; Simmons et al., 2009).

Usually infectious diseases present heterogenestrgdtion in time and space because the
pattern of transmission of the disease dependshenrdlationship between animals which
depends at least on flock structure, flock denaitg flock practices. On the other hand, the
presence of a spatial pattern in the distributibraadisease does not necessarily imply an
infectious process since other factors can causerdgeneity such as demographic features
(age, genetics, and surveillance pressure) or@mwiental risk factors.

Therefore the aim of this study was to test if AfSas were randomly distributed given the
population at risk and to compare spatial distitoutof AS and CS cases with the latter
considered as reference disease.

MATERIALS AND METHODS

The study was based on the results of the TSEeastiweillance in France for the period
2003 to 2007. The surveillance was based on rageinés laid out by European Regulation
999/2001 (European Commission, 2001). Every yesaaple of adult sheep (over 18 months
old) slaughtered for human consumption (healthugh#er: HS) or collected in farms as dead
animals for rendering (fallen stock: FS) was raniyoselected for investigation. Brainstem
samples were screened for TSEs using rapid diagrnests. Not all used diagnostic tests were
recommended for the detection of AS on brainstemp$es, so the denominator for AS
detection comprised only tests performed with reo@mded kits which represented 60% of the
total tested population (European Food Safety AiytoP005a, b; Fediaevsky et al., 2008). The
denominator for CS detection consisted of all ttsteimals. Positive cases were confirmed at
the national reference laboratory where the typscofpie was determined using biomolecular
techniques (Agence Francaise de Sécurité Sanitagdliments, Lyon, France).

In addition to TSE screening, approximately 0.3%tleé animals tested were randomly
selected for genotyping at codons 136, 154 and Tfis. was performed using a Tagman probe
that did not allow for the distinction of ARQ andRA alleles.

Animals from flocks where a case was identified avekcluded from active surveillance.
Only index cases were considered and animals frifectad flocks were excluded from the
analyses if tested after the detection of the inthese. The animals were assigned to the centroid
of their municipality of origin based on their idéitation number.
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The spatial distribution of AS and CS were studgdwo statistical approaches: the search
for clusters through the Kulldorff scan statisticu(ldorff, 1997) and the mapping of smoothed
relative risks based on hierarchical Bayesian model

For the Kulldorff scan statistic, the distributiohthe number of cases in each municipality
was assumed to be binomial. High and low risk eltisstvere searched and the maximum size of
clusters was set to 10% of the population testeldrger clusters are assumed not meaningful
for scrapie. Estimation of the likelihood of obsesvcase numbers in each circle was based on
999 simulations of the null hypothesis of randonsnasd only clusters with a p-value lower
than 5% were selected.

The hierarchical Bayesian model was conducted ariyito the method presented by Abrial
about the distribution of BSE (Abrial et al., 200%his technique provides smoothed relative
risks by taking into account the spatial struciofréhe geographical units through a spatial prior
named Conditional Auto Regressive (CAR) componeased on Gaussian distributions
(Clayton & Kaldor, 1987). The territory was dividado a grid of hexagonal cells of 40km wide
that covered France. The size of the cells wasdetoff between minimizing the number of
geographical units including no tested animal amel least spatial scale of possible disease
spread.

The number of caseg in each geographical unif was assumed to follow a Poisson
distribution with parametet; (mean number of cases) defined as the produdieokexpected
number of caseg andthe local relative risk;. The relative risk; represented the variation of
the risk of disease in unitcompared to a baseline risk evaluated for Franbe. r€lative risk
was composed of a spatial CAR prigtbased on the spatial contiguities between geograph
units which followed a normal distribution with paneterst, , mean of the spatial components

in the set of geographical uni@ adjacent (neighbouring) to geographical unitand
variance,, .

In order to take into account the parameters ofsilneeillance, the expected number of
cases were standardised using the intra stratalprese so that the total number of expected
cases equals the total number of observed casdd)Eq

2007

3
q = Z Z Z z pyear,streamdentition production [N year,streamdentition production (1)

year=2003 stream dentitiorl  production
X HS,FS} { Dairy,Nondairy}

Where Pear stream,dentition,productioh€fers to the prevalence in angkMstream dentition productiot0 the
number of animals tested in the strata definedhayyear from 2003 to 2007, the stream of

surveillance (HS and FS), the category of denti{taro to four definitive incisors, five to seven
definitive incisors and eight definitive incisom)d the category of production (dairy production
or not).

In a second step, the genetic structure of theedepbpulation was introduced as an
adjustment factor. The sample of animals genotypethg the same period (n=3,459) was used
to estimate the proportions of animals carryingaheles ARR, ARQ/H (noted ARQ hereafter),
VRQ and AHQ for each geographical unit. For thiag, proportions observed at the municipality
level were interpolated on the grid of hexagonkibging, using a spherical semi-variogramme
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(Cressie, 1993). The terciles of the frequenciegawth allele in each geographical unit were
introduced in the model as linear predictorg;¢L.awson et al., 2003) as shown in Eq. (2)

InA =Ine +u + 4 ARR + 5, ARQ + BVRQ + 3, AHQ )

The improvement in model fit by adjusting to theseariates was assessed by comparing
the deviation information criteria (DIC) of the nmeddvith and without the variables and we kept
the model with the lowest DIC (Besag et al., 1991).

Hierarchical models were fitted by Markov chain Me®rCarlo method based on Gibbs
sampling (Mollie, 1999); 400,000 iterations werenran three chains and the last 5,000
iterations were sampled to estimate the parametdiee model. The convergence was checked
graphically and tested using the Heidelberger-Welghvergence diagnostic (Heidelberger &
Welch, 1983).

The relative risks were displayed using chloroplethps. Categories were defined by
classes of same range. The units with 95% credibdevals not including one were outlined.
RESULTS

There were 359 cases of AS out of 648,879 test8rdcases of CS out of 1,108,817 tests
(Table 1). AS and CS were not randomly distributedpace since significant clusters were
detected with p-values lower than 0.01.

Table 1. Significant space-time clusters of AS @%&lIcases detected by active surveillance
programme between 2003 and 2007 in mainland France.

Scrapie Level No cases No cases No tests
observed expected

AS Baseline 359 648879
cluster 1 0 14.68 26729
cluster 2 5 31.29 62302
cluster 3 46 14.08 25485

CS Baseline 257 1108817
cluster 4 21 2.36 12574
cluster 5 0 15.32 89909
cluster 6 0 16.46 88406
cluster 7 0 17.89 87378
cluster 8 26 3.83 18373
cluster 9 29 3.65 15746
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There were two low risk and one high risk clusfersAS (Fig.1) and there were three low
risk and three high risk clusters for CS (Fig.2).

Cluster

low risk

[ nighrisk 1
RR
025-0.75 2

0,76 -1,25
1,26-1,75 O
1,76-2,25

D RR different from 1

Fig. 1 Distribution of AS clusters and smoothedtiek risks detected by active surveillance
programme between 2003 and 2007 in mainland France.

Cluster ¢
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[ nigh risk ~
RR 5

0-0.25
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0.76-1.25

1.26-1.75 7

176-225 3 @ O
P 226-275
B 27s-325 9
Bl 325-375 g
Bl ss-425
] rRr different from 1

Fig. 2 Distribution of CS clusters and smoothedtreé risks detected by active surveillance
programme between 2003 and 2007 in mainland France.
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The cluster 3 of AS was the only high risk clustgth a relative risk (RR) of 3.3. It was
located besides the main dairy sheep productioa iar&rance. It overlapped a smaller cluster
of CS (cluster 8) with a RR of 6.5. Cluster 9 wasvall cluster of CS with a RR of 7.3 that was
located in the Basque country, which is the seqoadh dairy sheep production area in France.
Cluster 4 of CS was located in the Northwest of dbentry and was associated with a RR of
10.5.

The low risk clusters (1, 2 for AS and 5, 6 for)@Serlapped and were located in the mid-
west side of France, which is an area with intemsneat sheep production. The low risk cluster
7 of CS covered the large region of South Eastacterised by uphill extensive sheep grazing
systems.

The Bayesian model for AS did not have a betteaffiér adjustment on the genetics, so the
simplest model was selected. The RR of AS presentedll variations only (Fig.1). The
magnitude of variation of the relative risks wanited since the RR ranged from 0.25 to 0.75 in
9 cells, from 0.75 to 1.25 in 392 cells, from 1t@5..75 in 39 cells and from 1.75 to 2.25 in only
one cell. Only five cells had RR significantly heghthan one (i.e. more than 95% of simulated
values higher than 1). Overall the Bayesian modelided similar results to the cluster
analysis.

For CS, the model with the genetic adjustment wascted since it had a better fit. In
contrast with AS, CS presented important geographw@riations throughout the country
(Fig.2). There were several areas of high risk Whi@re in similar locations to those detected
in the cluster analysis. There was a large zorlewfrisk in South-East matching cluster 7 and
two regions with moderately reduced risk that mattckhe low risk clusters 5 and 6. The RR
varied from 0 to 0.25 in nine cells, from 0.25 t@®in 222 cells, from 0.75 to 1.25 in 148 cells,
from 1.25 to 1.75 in 22 cells, from 1.75 to 2.22cells, from 2.25 to 2.75 in eight cells, from
2.75to 3.25 in six cells, from 3.25 to 3.85 in e@lls, from 3.85 to 4.25 in one cell. There were
13 cells that had RR significantly higher than anel 38 cells had a RR significantly lower than
one.

DISCUSSION

Spatial analysis revealed differences in the distion patterns of AS and CS. None of the
diseases was randomly distributed and low and higk clusters were detected for both.
However, after standardisation on demographic factihe spatial structure of the RR of AS
was weak and only one larger zone appeared sligbie at risk than the rest of the country.
The spatial heterogeneity was not explained byvtretions of the proportions of the alleles
defined on three codons.

The difference between the spatial distributiorthef RR of AS and CS indicated that the
two diseases might not have the same determina@héssmaller range of RR of AS compared
with CS suggests that AS has weaker spatial detamts than CS and was more evenly
distributed. This was also found by Green et ake@d et al., 2007) in Great Britain and
corresponds to prevalence levels found across Earopountries which were similar for AS but
differed for CS (Fediaevsky et al., 2008).

The results from cluster analysis and Bayesianyargalvere congruent even though they

presented slight differences. These could be exgthiby standardisation on parameters
influencing the results of the active surveillarady for the Bayesian analysis. In addition,
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methodological particularities of the two approacimeight also contribute to differences, the
clusters associated to Kulldorff scan statistic eireular and have mobile centres while the
hexagonal grid of the Bayesian analysis is static.

The most important source of spread of CS betwémkd is usually considered to be
animal trade (Detwiler & Baylis, 2003; Green et, &007). Purchase of infected animals
between neighbouring flocks should be a major caorepbof local increased risk, resulting in
areas with high RR. For AS, trade networks andotimrehase of animals have not been found to
be risk factors (Fediaevsky et al., 2009; Greemlgt2007; Hopp et al., 2006). It would be
surprising that the observed widespread distriloutd AS in France would be due to natural
transmission without considering that the diseemesimits well. If the disease transmitted well,
the prevalence could be expected to be higherleaat more heterogeneous as it is for CS.

A widespread infectious exposure to AS could beodated with feeding. Feeding
proprietary concentrates was found to be a sigmticisk factor for CS in a case control study
(Philippe et al., 2005). However since the feedigroprietary concentrates contaminated by
BSE agent was evidenced to be heterogeneous (Abrél, 2005), one could expect to find the
same result for proprietary concentrates contamthdity scrapie agent. Thus, this type of
exposure is not very likely to explain the pattefnAS. In addition, two case-control studies
carried out on AS (Fediaevsky et al., 2009; Hopal €2006) do not suggest feed contamination
as risk factor for the disease. However it is ies#ing to notice that there was an increased risk
of CS in regions where there has been an increaslkedf BSE (Abrial et al., 2005). But this
should be interpreted with caution since exposefaidively should have stopped in 2000.

Overall the results suggest a non infectious origin AS. However we should remain
prudent as some limited heterogeneity was founds Tdould be associated to limited
contagiousness. Subtle infectious transmission avdad difficult to evidence and it would
require longer period of observation with more aateidata on the structure of the population.
On the other hand this also could be associatedntoronmental effects or demographic
structure of the population. Regarding the firspdtyesis, two case control studies detected an
association between AS and the feeding of vitamohraineral intakes (Fediaevsky et al., 2009;
Hopp et al., 2006). The demographic structure ef gbpulation, especially genetics and age,
could influence the distribution of the RR of ASda@S. Although available data were used to
account for these factors but might have been mfficent particularly for AS where
information on codon 141 was missing. That couldlax why adjustment on genetics did not
improve the model for AS whereas it was efficiemt €S. In addition, the accuracy of the age
categories estimated through the dentition is &dhiéspecially to distinguish categories among
old animals. For both reasons, it is possible #hiagtter adjustment of the spatial distribution of
AS to age and genetics would reduce the spati@rdgeneity of AS. Geographical selection
bias in the active surveillance programmes couso aiterfere, because submission of animals
to rendering plant and to healthy slaughter was mmmogenous (Cazeau et al., 2008;
Fediaevsky et al., 2008). The possible effect ghduas was reduced by standardising on major
parameters of the surveillance system.

In this study, CS presented important clusters amtrast to AS. The geographical
distribution of AS suggested a non-contagious diseand the absence of a link between AS and
CS. Some areas presented a moderately increadedfriaS and would be worth further
investigation.
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APPLICATION OF EPIDEMIOLOGICAL TOOLS TO THE INVESTBATION OF A
WILDLIFE DISEASE

J.A. DREWE' K.T.D. EAMES, J.R. MADDEN AND G.P. PEARCE

SUMMARY

Wildlife diseases present particular challengethtoepidemiologist. Free-ranging animals
are often difficult to locate, catch and sampled aapeated targeted sampling of the same
individuals over time is rarely possible. In addlitj interpreting the results of diagnostic tests in
wildlife can be difficult due to lack of validatedeference tests or knowledge of disease
prevalence. This paper discusses some applicatindslimitations of three epidemiological
tools for studying wildlife diseases: social netlw@nalysis, Bayesian statistics and dynamic
network modelling, using a study of bovine tubeosig (TB) in a population of 300 wild
meerkats $uricata suricattain the Kalahari Desert in South Africa as an egln

Social network analysis is a tool for examining te@h patterns between animals and is
particularly suited to the study of infectious @ise transmission. Analysis of three types of
interaction (aggression, foraging and groomingeeded meerkat social structure to be stable
over time. Clustering (a network measure of loealisonnectedness) was positively correlated
with group size for both aggression (Pearson’setation,r = 0.73, p = 0.04, n = 8 groups) and
grooming interactionsr (= 0.71, p = 0.04). This has important implicatidosthe transmission
of infectious disease within meerkat networks, ®stjgg that infections may spread locally
within clusters of interacting individuals but benited from infecting all members of large
groups by an apparent threshold in connectionsdmtwlusters.

A limitation of TB diagnosis in wildlife is low sesitivity of diagnostic tests in live animals.
A Bayesian approach for estimating the accuracthde TB tests (two serological tests and
mycobacterial culture) in the absence of a golasdded was employed using data from 581
sampling events. Tests were individually of limitghsitivity or specificity, but interpreting the
results from two tests in parallel achieved a dosgic sensitivity of 83% (95% CI: 67-93%),
high enough to inform the development of a transiais model. Empirical data were used to
construct an individual-based weighted network nadd B transmission in a meerkat group.
The results indicated that grooming (both giving a&ceiving) was more likely than aggression
to be correlated with TB transmission and that ¢iheomers were at higher risk than the
groomed.

" Julian Drewe, Centre for Emerging, Endemic andtiex@iseases, Royal Veterinary College,
Hawkshead Lane, North Mymms, Hatfield, Herts, AITA7 UK. Email: jdrewe@rvc.ac.uk
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INTRODUCTION

Infectious diseases in wild animals may pose atheglk to domestic animals, humans and
wildlife as well as threatening global biodivers{yaszak et al., 2000). Studying and managing
diseases in wildlife presents particular challengeee-ranging animals are often difficult to
locate, catch and sample, and repeated samplirigpeotame individuals over time is rarely
possible. In addition, interpreting the results dignostic tests in wildlife can be difficult
because both the true infection status of indiMgllend the prevalence of disease in the
population are often unknown. These challenges itltt@nding, standard epidemiological
tools may be used to gain insights into diseaseamyes in wildlife populations. This paper
discusses some applications and limitations ofetle@demiological tools for studying wildlife
disease using a study of TB in free-ranging wilcerkats in South Africa as an example.

Globally, many wildlife species are infected wNtycobacterium bovisand some such as
Eurasian badgerdvieles melesare implicated in its transmission to cattle. €onhof TB in
domestic animals is constrained by the lack of peddable science base addressihgoovis
transmission in both livestock and wildlife (Crastsal., 2004; Defra 2007; Gilbest al., 2005).
The social structure of animal populations consildbr influences the transmission dynamics
and persistence of infectious diseases, yet thastmgf host behaviour on the transmission of
infectious diseases is rarely quantified. Consetiyiedisease transmission models are often
limited to a theoretical exploration of the inflleenof host ecology on disease transmission (e.g.,
Keeling 2005; Lloyd-Smithet al. 2005). This is particularly true for wildlife spesi due to
inherent difficulties with collecting empirical gate.g., Bohm et al2008; Cross et al., 2004).
The role of social interaction in infectious diseasnsmission is an area which is crucial to
understand if effective management strategies iggades such as TB in populations of wild
animals are to be developed.

It is often assumed that all animals within a papoh are equally susceptible and
infectious for diseases. However, studies of humiiseases show that the distribution of the
number of infections caused by an individual i®sity skewed, whereby most individuals do
not infect anyone, whilst a few infect many (Anders May 1991). Such heterogeneities are
also likely to apply to wildlife populations (Crossal., 2007) and thus need to be considered in
any epidemiological analysis. Social network analys the study of interactions between
individuals or groups within a population — is ane¥ging tool that currently is underused to aid
our understanding of animal sociality and diseasesmission (Krauset al., 2007). Network
analysis focuses on the relationships amongst dsiratner than on their attributes (Wasserman
& Faust 1994) and in doing so avoids the errondmiscommon assumption of homogenous
mixing of individuals. Further, multiple interactis between animals may be studied
concurrently and across time. Importantly, theuefice of host contact patterns on infectious
disease transmission may be examined using a rletpproach, for example TB in brushtail
possums Trichosurus vulpecutaCorner et al., 2003), trypanosomes in bumblel{Besnbus
impatiens Otterstatter & Thomson 2007) and devil facial tumdisease in Tasmanian devils
(Sarcophilus harrisiiHamede et al., 2009).

Meerkats are small (< 1 kg) mongooses from the segidiregions of southern Africa. They
live in groups of up to 40 individuals consistinjaodominant female and male and a variable
number of subordinates of both sexes that aidanng the young (Clutton-Brocét al., 1999).
Interactions between individuals may be antaganistich as aggressive dominance assertions
(Kutsukake & Clutton-Brock 2006a), or placatoryclkuas grooming (Kutsukake & Clutton-
Brock 2006b). A population of wild meerkats livimg southern Kalahari Desert has been the
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focus of detailed behavioural ecology studies sit@®3. Tuberculosis due to infection with a
member of the animal-adapted lineage ofNfyeobacterium tuberculossomplex (probably.
bovig is endemic within this study population (Drewe at, 2009). Habituation of these
meerkats to the presence of humans offers a unapmortunity to apply a range of
epidemiological tools to the study of TB transnussin a wild animal population. The results
aid our understanding of infectious disease epidlEgy in other species of wildlife, domestic
animals and humans.

MATERIALS AND METHODS

Study site and population

Data and samples were collected at the KalaharirkdeeProject in the Northern Cape,
South Africa (26°58’ S, 21°49’ E). A free-rangingpulation of 300 meerkats in 14 groups has
been habituated to close (<1m) observation by rekees allowing individual identification via
small marks of hair dye, confirmed when necessgrgdanning of subcutaneous microchips.
Further details of the study site and populatiangiven in Clutton-Broclet al. (1999).

Behavioural data collection

Detailed behavioural observations of 134 meerkatight social groups were made over 24
months from January 2006 to December 2007. Gromp singed from 10 to 32 individuals
(mean = 17). Interactions between meerkats wererdedad libitum by a single observer as
part of an established data collection protocou(t©h-Brocket al., 1999). Data were collected
on three distinct forms of behaviour: aggressivieractions such as biting, wrestling and
hitting; foraging competitions which included sqbbds over prey; and grooming interactions
between two or more meerkats. The identities ofrfimtor(s) and receiver(s) were recorded in
all cases. For further details of interaction débins, see Madden et al. (2009). Each group was
visited on at least four days each week, with olzdém periods lasting for at least three hours
in the morning after the meerkats emerged fronr theirows, and for at least one hour before
they re-entered their burrow in the evening. Tooaot for a slightly unequal number of visits to
each group (the least visited group received 80%hefnumber of visits of the most visited
group), data were standardised by multiplying veitborrection factor (the number of half-days
in the study period divided by actual number ofdaly visits made to the group) to ensure that
comparisons between meerkat groups were basedndarsamounts of observation time.

Biological sample collection

Two hundred and forty meerkats were each sampledvidence oM. bovisinfection, up
to eight times every three months between Janu@®$ 2nd December 2007 (a total of 581
sampling events). Meerkats were caught by handaaadsthetised with isoflurane (Isofor; Safe
Line Pharmaceuticals, Johannesburg, South Africhhimistered by face mask. Blood was
collected and subjected to two serological testdetect presence of mycobacterial antibodies: a
lateral flow immunoassay and a multiple antigemipimmunoassay (see Drewe et al., 2009 for
details of these tests). A tracheal wash was paddrand a submandibular lymph node aspirate
was collected from each meerkat for mycobactendiuce. Following anaesthesia, meerkats
were placed on a layer of sand in a dark plastie tw recover, after which they were
immediately returned to their group by releasingnthin close vicinity and sight of other group
members. Mean (sd) duration of anaesthesia froracimmh to full recovery was 14.5 (3.5)
minutes (range: 6 to 31 minutesz»70 sampling events where complete data werédaina).
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Social network analysis

Relationships between networks of the same typmtefaction over different timescales
were tested using a quadratic assignment proc€@A®f) in UCInet for Windows (Borgatgt
al., 2002). QAP involved computation of Pearsorosrelation coefficients for corresponding
cells of two data matrices (each matrix coding tore network), followed by random
permutation of one matrix and re-computation ofrBaals correlation coefficients. This was
repeated 50,000 times in order to calculate thgg@tmn of times that coefficients from
randomly-arranged networks were larger or equ#tiecobserved Pearson’s coefficient, and thus
generate an associated probability value thatefeionship between the networks was due to
chance. This analysis accounted for autocorrelabetween data points in the network.
Relationships between social network measureseatjithup level and meerkat group attributes
were evaluated using Pearson’s correlations cdeudilan SPSS version 15.0. Group-level
network measures for each of the eight meerkatpgatere generated from data collected at the
same time point. For intra-group interactions, gowere considered independent of each other.

Bayesian analysis

The sensitivity and specificity of each of the thrdiagnostic tests were estimated in the
absence of a gold standard using Bayesian stati@ianscum et al., 2005). This model was
previously described by Drewe et al. (2009). lbatd for dependency between the serologic
tests but assumed these were conditionally indegeraf culture. Data from 110 meerkats were
analysed using WinBUGS software (Lunn et al., 20@0yun a Markov chain Monte Carlo
model with uniform (0O, 1) priors on all parameteZe®nvergence was monitored using two over-
dispersed chains, each initiated by random samfiorg the prior for each unknown parameter.
Estimates of sensitivity and specificity were geed from 20,000 posterior samples collected
after thinning the chains every 50 iterations fadlog a burn-in of 1,000 iterations. Convergence
was assessed by visual checking of trace plotethf ¢hains for each parameter.

Transmission model

An individual-level weighted network model was ctasted using empirical data from one
group of meerkats (n = 37 animals). The model washsistic and dynamic with a time-step of
three months. The study period was divided intdteifpree-month intervals in an effort to
match network construction to the dynamics of tlehpgen being studied and because
networks were stable over this time frame (Table Fgur types of contact network were
included, all of which were weighted and directgcboming outdegree (where a focal meerkat
groomed another individual); grooming indegree deaf meerkat was groomed by another);
aggression outdegree (a focal meerkat was aggeetsixards another); and aggression indegree
(a focal meerkat was the subject of aggression foaother).

For each of the eight time points, each type ofraattion,X, was represented as a graph
consisting of a set of nodes (individual meerkgais)ed by edges (where contact occurred). For
each graph, an adjacency matriXg, was constructed whereby for each pair of meerkatsl
], theijth entry of the matrix took the value of the numb&mteractions that occurred between
meerkats andj. Thus, ¥ was >0 where contact occurradd O if there was no interaction. For
each relation, directionality of interaction wasimtained such that each adjacency matrix was
asymmetric about the diagonal, that igwas not necessarily equal tp. ¥he assumption was
made that a meerkat could not infect itself, tHudiagonal values were zero, i.g. X 0.
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A SEIR compartmental model was developed, where Susceptible, E = exposed
(meerkats infected witM. bovig, | = infectious (meerkats sheddiMy bovig and R = removed
(due to death from TB or other causes). This matidign was chosen in order to retain
information about the latent period i bovis(the time interval between infection and onset of
shedding of the pathogen). Maximum likelihood pchoes were used to estimate the latent
period using serologic data, and the infectiousogeusing culture data. The rate at which
meerkati became infected is given by:

Bi =% I (Tain - X + Taout. X% + Tain . XM + Taout - X*%) (1)

where | = 1 if meerkat] was infectious and O otherwise; Gingrooming indegree; Gout =
grooming outdegree; Ain = aggression indegree; Aoaggression outdegree; and T = rate of
transmission per interaction per time-step (ratéegawith each type of interaction). The ‘true’
(i.e. measured) infection status of each meerkatinuted at the start. The model was run with
a range of transmission values, initially from 0dt@nd subsequently up to 25, to estimate the
relative importance of each of these four contgpes in the transmission ®f. bovis The
model was run 800 times for each combination ofgmaission values, a total of 500,000
iterations each time. Model output accuracy wasuated by comparing the number of
meerkats allocated to each compartment of the mtmlé¢he ‘true’ infection status of each
meerkat at the end of each three-month period.seh@f transmission values which produced
the most accurate classification of individual nke#s over the entire two-year period provided
an indication of the relative importance of iniinaf and receiving grooming and aggression in
acquiringM. bovisinfection within a social group of wild meerkats.

RESULTS

Social network analysis

Networks constructed from interactions betweenstime meerkats occurring over 1 day, 1
week, 1 month and 3 months were significantly datesl with each other across all four time
intervals for all three social interactions (Tahb)e
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Table 1. Stability of meerkat social networks otieme. Correlations between networks
constructed from data collected over four differemte intervals are shown, for three types of
social interaction. For all correlationsg< 0.001, assessed from 50,000 matrix permutations.

1 week 1 month 3 months
Aggression 1 day 0.81 0.69 0.74
1 week 0.88 0.87
1 month 0.93
Foraging competitions 1 day 0.48 0.34 0.58
1 week 0.76 0.66
1 month 0.67
Grooming 1 day 0.94 0.80 0.71
1 week 0.92 0.79
1 month 0.89

Network density (the proportion of potential ed@ess) between nodes that actually exist)
was negatively correlated with size of meerkat gréar all three types of interaction (Fig. 1)
indicating that the larger the group, the smalter ¢hance of group members interacting with all
others in the group. Clustering coefficients (a suea of the extent to which two neighbours of
a focal animal are themselves neighbours) showedsitive correlation with group size in
networks of both aggression (Pearson’s correlation, 0.73, p = 0.04, n = 8 groups) and
grooming interactionsr (= 0.71, p = 0.04; Fig. 2). Thus, as groups gajdargroup members
tended to interact more in localised cliques rathan on a group-wide scale.
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Fig. 1. Relationship between group size and netwlerisity for three different types of social
interaction in eight meerkat groups.
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Fig. 2. Relationship between group size and clusgeroefficient of grooming interactions in
eight meerkat groups.

The tenure of the female dominant meerkat was igekjtcorrelated with both clustering
coefficient ¢ = 0.77, p = 0.03) and network distance (a measitiee directness of interactions)
(r =0.69, p = 0.06) in networks of foraging competis. This implies that the longer a female
stays dominant, the more likely that other memloérthe group will form stable and localised
cliques within which they compete against eachrmothe
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Diagnostic test performance

All three diagnostic tests fdvl. bovisinfection were of limited sensitivity or specifigit
when used independently. By interpreting the restutim the two serological tests in parallel
(whereby both tests were run concurrently with sifpee diagnosis requiring that only one test
result be positive) serological test sensitivityswastimated at 83% (95% CI: 67-93%) and
specificity was 0.73 (95% CI: 0.62, 0.82). Thesaatgd to a likelihood ratio of a positive test
result of 3.1 (95% CI: 1.8, 5.0), and a likeliho@dio of a negative test result of 0.23 (95% CI:
0.09, 0.53) (data from Drewe et al.,, 2009). Whitsit perfect, this represented a good
improvement over use of the tests independentlg,iawas considered high enough to inform
the development of a simple model to examine TBsmaission between wild meerkats.

Model output

The best fitting transmission parameters were 25,079 (Tain), 4 (Taout) and 1 (Tain). This
suggests that a grooming encounter was associatiedipvto 25 times more risk of transmitting
TB than was an aggressive encounter. Grooming grgdg/grooming of others) was the type of
social contact most likely to be associated widmsmission oM. bovis Model performance
was consistent when the model was run 100 timesiare. The accuracy of the model in
allocating individual meerkats to the correct i@ status declined linearly with time until the
last time point, when accuracy increased (Fig.T3)e best performing model had a mean
accuracy across all time points of 58% (range: 4%
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Fig. 3. Accuracy of the best-fitting individual-kedynamic network model. Each grey line
signifies a single iteration of the model. The Bléne represents the mean model accuracy,
based on comparison of the model output with thasueed infection status of meerkats.

DISCUSSION

This paper illustrates how a suite of epidemiolabtools may be applied to the study of a
wildlife disease to provide answers to simple goest of disease transmission. Given the
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unique challenges that arise when working with liféddiseases, not all of these techniques will
be suitable for every wildlife disease study. Somhehe main benefits and limitations of the
epidemiological tools used in the present studysaremarised in Table 2.

Table 2. Some benefits and limitations of thre@emiiological tools for the study of infectious
diseases in free-ranging wild animal populations

Tool

Benefits

Limitations

Social network
analysis

Bayesian statisticse

Epidemiological
modelling

Allows comparison of multiple
interaction types and their
influence on disease
transmission. .
Can formally compare networks
over time.

The effect of intrinsic and
external processes on network e
structure may be determined.

No prior knowledge of diagnostice
test performance or disease
prevalence is required. .
Useful where no gold standard
reference test exists.

Simple to perform.

Provides insights into processes ¢
that may be difficult to observe or
measure directly in free-living
populations. .
May indicate the relative effect of
different intervention strategies
on the transmission of disease. e
Does not necessarily require
detailed data on all individuals.

Requires individual identification
of animals (or groups) in order to
make repeated observations.
Associations and contacts must
be epidemiologically meaningful,
and matched in timeframe to the
disease being studied.

May be difficult to obtain
sufficiently detailed contact data.

May require a large amount of
empirical data.

Probability intervals may be wide
and there may be a high degree of
uncertainty in the system if no
prior information is available.

There may be many unknown or
immeasurable parameters in
wildlife populations.

Requires detailed data on a
representative sample of
individuals.

Sensitivity analysis may be
challenging to perform.

Implications of meerkat social structure for infeak disease transmission

Meerkat social structure was very stable over timigh networks constructed from data
collected on one day being significantly correlaigth networks containing data from the same
groups collected over three months. This pattedd kreie for all three types of interaction
studied, suggesting that data collected over gimdframes will allow valid extrapolation and

conclusions to be drawn for intragroup interactionlving the same individuals over longer
time periods. Further, predictions about TB trarssmoin could be made from short-term
sampling programmes. Stability was more pronounogghtterns of aggression and grooming
than in foraging competitions, although all thregeraction types were significantly correlated
over all timeframes examined. Consistency was foandetworks based on both unweighted
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data (recording who interacts with whom) and wesghtdata (recording by how much
individuals interact with others). However, stajiin network structure depends on consistency
in group composition such that networks can onlydapared using this correlational method
if the number and identity of individuals within group remains constant. This is fairly
straightforward for species that live in stableigbgroups such as meerkats and badgers. For
species with unstable social structures, such asaf buffalo Syncerus caffemwhich lives in a
fission-fusion society (Cross et al., 2005), carekiection of study timeframes is crucial to
ensure networks may be meaningfully compared.

For social animals living in tight-knit groups, abvious question is whgon't all group
members become infected once an infectious diseaters a social group? Networks of
interactions between meerkats became less densgoap size increased suggesting that
individuals were limited in the number of interacts they could participate in. A concomitant
increase in clustering coefficient implied thatgasup size increased, individuals became more
likely to interact locally with a subset of otherather than trying to maintain group-wide
interactions. Clustering has been shown to be ¢meirthnt effect controlling the growth rate of
epidemics (Keeling 1999) with increased clusteniaducing R, the basic reproductive ratio
(Cross et al., 2007). This has important impliaagidor the transmission of infectious diseases
such as TB within meerkat networks; such diseasag spread locally within clusters of
interacting individuals but be limited from infeag all members of large groups by an apparent
threshold in connections between clusters.

Use of diagnostic tests in the absence of a galddsird in wildlife

A Bayesian statistical approach to estimating disgin test accuracy seems particularly
suited to wildlife, where often no validated testsst. A prior knowledge of the infection
prevalence and likely test performance is not dg&deas uniform prior distributions (“flat”
probability distributions with equal probability ssgned to a large range of parameter values)
may be applied (Branscum et al., 2005). The lonigial nature of the meerkat study with
repeated sampling of the same individuals servedniprove diagnostic accuracy on an
individual level, especially in meerkats repeatetiting negative (Drewe et al., 2009).
Although the tests used in this study were indigifluof limited diagnostic use, interpreting the
results of two tests in parallel produced estimatiesensitivity and specificity that were high
enough to usefully inform decision making when deiaing exposure to TB in wild meerkats
and potentially other species in which this infertposes a diagnostic challenge.

Network modelling as a tool to provide insightifiB transmission in wild animals

Network modelling of interactions between humanwédl established (Read et al., 2008).
Network-based models that incorporate heterogengitycontact structure between animal
groups or individuals are increasingly being usedriderstand disease transmission (Carrington
et al., 2005). To date, animal models have prinlgip@cused on the role of farm-to-farm
movements in the spread of disease between donfigestock (e.g., Bigras-Poulin et al., 2006;
Vernon & Keeling 2009). Few empirical network-basedodels of infectious disease
transmission in wild animal populations exist. Thesdespite the huge threat that diseases in
wildlife pose to humans, livestock, wildlife andbfhl biodiversity (Daszak et al., 2000).

The results of the model developed in the preseiolyssuggest that a grooming encounter
between meerkats carries more risk of transmittindovisthan does an aggressive encounter.
Since grooming occurs more commonly than aggresasimahinvolves a higher proportion of
meerkats (Madden et al., 2009), the importanc®.obovistransmission through grooming is
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likely to be high in meerkats. Of the four socialeractions studied, grooming outdegree (the
process of grooming others) was markedly the mmgtortant. This supports the findings of
Drewe (2010) who found the probability of testin@ positive in the same population of
meerkats was positively correlated with groomingdegree in the previous three months.

The best fitting model was 58% accurate acrosgirakk points. When the transmission
parameters from the best fitting model were usedetterate a new time series and the model
fitted to this time series, accuracy rose sliglity62%, indicating that the majority of the
misfitting was due to stochasticity. This suggebtt the model developed in the present study
is good. The increase in model output accuracyndutie last three months of the study period
appears to be due to an actual increase in deatkodrauses other than TB in this period. Since
fewer meerkats died in reality during the earlytmdrthe model (which assumed a constant risk
of death) than would be expected due to chancentigel tended to ‘overkill meerkats during
this period. When these meerkats did actually thie,model appeared to become more accurate
simply because the classification of ‘dead’ forsdeneerkats was now correct. For this reason,
the overall mean score was used to judge the ancofahe model, rather than accuracy at any
particular time point.

A limitation of the network model presented her¢his assumption that a positive serology
result indicates an animal is infected rather tindectious (for which mycobacterial culture was
used). Whilst a positive serologic test result ¥orbovisgives information on the presence of
antibody and therefore indicates that an animal been exposed, a combination of the late
production of antibody and the intermittent exametof M. bovisin infected badgers suggests
that the main use of serology in this species igadly in the detection of animals likely to be
sheddingM. bovisand therefore infectious to others (Chambers.e2@02). It is quite possible
that a similar pattern occurs in meerkats but ias possible to say this with confidence in the
present study due to the lack of meerkats knowheton early stages of infection at time of
sampling. A similar limitation may be present inngavildlife disease studies.

Intermittent excretion oM. bovisis a feature of TB in many species (Bent#98; Clifton-
Hadley et al.1993). Culture of tracheal washes collected frara &nimals is therefore likely to
result in an underestimation of the infectious ptipn of the population (Chambers et al.,
2002). In the present study, meerkats were coraiderfectious forM. bovisfrom their first
positive culture result onwards, even if subsequeitures of samples from the same animals
proved negative foM. bovis Whist this is likely to have increased the chanoé correctly
classifying individuals in later stages of sheddig infectious, it will not have improved
detection of animals in early stages of infecti@mssn The application of other tests that may
detect early stages M. bovisinfection, such as the gamma interferon test (padkeal., 2008),
is one possible solution. Logistical limitationscBuas the remoteness of the study site precluded
the use of this test in the present study.

CONCLUSION

In summary, this paper shows how a suite of epidigical tools may be applied to the
study of a wildlife disease to provide answers itopte questions of disease transmission.
Imperfect diagnostic tests and the practical litrotes of field research mean that understanding
the epidemiology of infectious diseases in wildligelikely to remain an ongoing challenge.
However, a lack of knowledge of both disease pexwa# and the true infection status of
individuals need not preclude meaningful investaye of infectious diseases in wild animals.
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USING BIOINFORMATICS TO IDENTIFY RISK FACTORS FOR@MPLEX DISEASES

F. I. LEWIS*, F. BRULISAUER AND G. GUNN

SUMMARY

A key issue in identifying risk factors for diseasen separating out those factors which are
directly related to infection from those variablekich, while correlated with infection, are not
risk factors. Standard statistical approachesidamtify factors correlated with infection but do
not discriminate between correlation and direct edelence. An illustrative case study is
presented which explores risk factors for expogarbovine viral diarrhoea virus (BVDV) in
cow-calf herds using Bayesian Network (BN) graphivadelling. Using a generalised linear
modelling approach it was found, for example, tiet presence of relief stockmen on farms
with cow-calf herds is correlated with exposuréBMDV. Using a BN analyses, however, it is
possible to objectively discard relief stockmenaassk factor. The ability of BN modelling to
visually summarise complex multivariate dependenonakes it a potentially powerful tool for
epidemiological investigations.

INTRODUCTION

The identification of risk factors for disease is @ssential part of many epidemiological
studies. Typically, such studies seek to identi@yiables which are statistically significantly
correlated with some response variable denotingptksence of, or exposure to, a pathogen.
Linear statistical modelling (e.g. generalised dinmodels, generalised linear mixed models), is
the most commonly used method for identifying clates to disease. Recent examples of these
types of studies are Namata et al. (2009); Assa. ¢2009); and Silverlas et al. (2009). In a risk
factor analysis what are actually sought, howeaes,not simply correlates to disease, but rather
those factors which directly influence disease.

To discriminate between correlation and direct deleace it is necessary to estimate the
joint probability distribution of all variables afiterest. A joint probability distribution can be
described as a graph, specifically a Directed AcyGraph (DAG). A DAG is an intuitive visual
representation of the dependency structure betwaetsom variables. Figure 1 shows a very
simple DAG describing the joint probability distition between two variables, X and Y. The
arc from Y to X denotes that X is conditionally @epdent upon Y, that is, the probability that X
takes on any particular value is dependent upowahee of Y. An interpretation of Fig.1 is that
the probability of disease X being diagnosed issdelent upon on the presence of symptom Y.

*Fraser Lewis, Scottish Agricultural College, Kiaduildings, West Mains Road, Edinburgh,
EH9 3JG. Email: fraser.lewis@sac.ac.uk
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Disease
X

Fig.1 Simple Directed Acyclic Graph (DAG) betweagrmo random variables, X and Y

Bayesian Network (BN) modelling (Heckerman et dl995) is a machine learning
technique designed to elucidate complex probaigiligiationships, and seeks to estimate the
joint probability distribution of random variableBNs are visually represented as DAGs. In
recent years, BN modelling has been rapidly adopi@dss areas of biomedical science, in
particular in the analyses of genetic data (e.gnPet al., 2007a; Poon et al., 2007b; Jansen
et al., 2003). BNs can tease apart direct deperedémen correlation, and therefore are a
potentially powerful epidemiological tool.

To illustrate the application of BN modelling totegnary epidemiology, a short overview
of the steps required when fitting BN models toadat provided, along with a very brief case
study which uses BN modelling to examine potemisM factors for bovine viral diarrhoea virus
in cow-calf herds.

MATERIALS AND METHODS

A BN model comprises a DAG, e.g. a network strusttiogether with a set of parameters
specific to that DAG. Fitting BN models to observéata can be split into three inter-related
parts: i) parameter learning; ii) network scoriagg iii) structure learning. In i) the individual
parameters in a BN are estimated conditional aresd fnetwork structure, which leads onto ii)
where it is estimated how well the given networkusture fits available data. In iii) the
objective is to search for good fitting (high sog) network structures amongst the vast number
of networks possible.

Parameters in a BN

BN models estimate the joint probability distrilmuti of random variables. As a simple
example consider the two binary random variabteandY, from Fig.1 where each variable can
take the value tru€el] or false F). The DAG says thaX is conditionally dependent updh The
joint probability of X andY both equalling T iP(X=T,Y=T)=P(X=T|Y=T)P(Y=T), that is, the
conditional probability oX=T given thatY=T, multiplied by the probability that=T. Similarly,
the joint probability ofX=T andY=F is P(X=T,Y=F)=P(X=T|Y=F)P(Y=F). This gives a total of
three free parameters which require to be estimadedP(Y=T); ii) P(X=T|Y=T); and iii)
P(X=T|Y=F). If either, or both, variables were instead nmdtnial rather than binomial then the
number of parameters to be estimated increasesab\dous way.

A Bayesian model must have priors defined for egemameter, and the standard
assumption in BN modelling is to use independertaBeiors for binomial data at each node,
and equivalently independent Dirichlet priors farxdes with multinomial data. Importantly,
these parameter priors are conjugate priors fasrbial and multinomial data respectively, and
hence allow for the posterior distribution to bé&atated analytically.

68



Network Scoring

In most practical circumstances the network stmectaf a BN is not known a priori, and
must be estimated from available observed dataekample, in Fig.1 it was assumed a priori
thatX andY were conditionally dependent. Depending on tha datilable, however, statistical
independence wherB(X=T,Y=T)=P(X=T)P(Y=T) may be more strongly supported, in which
case there would be no arc connectihgndY in Fig.1. If the network structure is not known
then in order to choose between alternative comgetetworks it is necessary to estimate the
goodness of fit of any given BN to available ddthe goodness of fit of a BN is summarised by
its network score, this is typically the margin&kelihood of the data given the model. Marginal
likelihood is the standard Bayesian goodness afrifierion and is equivalent to the Bayes factor
when comparing models with equal priors (CongddQ13. Using standard assumptions it is
possible to readily calculate the network score doy BN in closed form (see p.212 in
Heckerman et al., 1995). In practice, it is usu#tlg log network score which is used to avoid
numerical accuracy issues.

There are various network scoring metrics availabtere these differ in the parameter
priors used. The Bayesian Dirichlet equivalence €Bhetric and the K2 metric are the two
most commonly used (see Buntine, 1991, and Heckemhal., 1995). In the BDe metric the
prior for each node (variable) is defined in terofsan equivalent sample size, this is also
referred to as the imaginary data base size. Thevalgnt sample size denotes the number of
prior observations which are assumed to have bbsareed at each node, and the weight of
these prior observations is distributed acrossitdevidual parameter priors at each node. In
contrast to the BDe metric, the K2 metric takesfi@mnt approach. Rather than assume a prior
equivalent sample size at each node, the K2 mgirply assumes all parameter priors at each
node are uninformative, e.g. Beta(1,1) or in thdtivariate case Dirichlet(1,...,1).

Structure Learning

Having briefly described the parameters in a BN ehodnd scoring metrics, a remaining
aspect is how to search for optimal BN models gigeset of data. Structure learning is
computational extremely demanding; for example, dodata set of ten variables there are

approximately 18 different possible DAGs (Korb & Nicholson, 2004gr too many to
exhaustively search over no matter what computespurces are available. The local search
method suggested by Heckerman et al., (1995) isstablished, simple and potentially highly
effective method of finding optimal BN models. Tloeal search method proceeds as follows: i)
choose a random DAG, calculate its network scard,designate this as the current network; ii)
iterate over all networks which are a single “pdsation” away from the current network, that is
they differ by either the removal, addition or resed of a single arc; iii) if one of the perturbed
networks has a greater network score then replaceurrent network with this network and go
to step ii), if no such network exists then thealogearch is terminated. This search process is
repeated until it is not possible to improve theéwwek score. Other structural learning
approaches are possible, in particular the useaafetraveraging via Markov chain monte carlo
methods (e.g. Madigan & York, 1995 and Friedmand@lé&t, 2003).

The final part of the local search process is sunsing the results from many different
local searches. While each local search may tetmiaa a different optimal BN, there is
typically a great deal of commonality across thesegvorks. One method of building a single
“best” network from all locally optimal networks t® use the idea of a majority consensus
network, this is where a single network is conggdacomprising of all the arcs which appear in
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at least a majority of all locally optimal networKshis is the approach used by Poon et al.,
2007a and is borrowed from phylogenetics, whereinglas method is used to construct
evolutionary trees (e.g. the MrBayes software pgek&luelsenbeck & Ronquist, 2001). In the
subsequent case study this consensus idea isdakkgatly. Instead of building a consensus
network from all majority supported arcs, an alédive is to choose the locally optimal network
with the highest network score, and then removehalarcs in this network which have less
than majority support across all other locally oyl networks. The latter approach is analogous
to the idea of pruning in decision tree analysisl(hbold & Schapire, 1997).

Software for fitting BNs

There are relatively few software packages avasléin fitting BNs to data. Two options are
the deal library (Boettcher & Dethlefsen, 2003) éige within the R programming environment
(R Development Core Team, 2006) and the free Bhlgttoolbox for Matlab written by Kevin
Murphy  (http://people.cs.ubc.ca/ murphyk/SoftwaidiBont.html). There is also the
commercial business decision support tool calledir(http://www.hugin.com) which is based
around BN modelling. In the case study analysesr lptesented the model fitting was done
using computer code written by the authors in Gigighe GNU Scientific Library (Galassi
et al., 2006) and is freely available on request.

Case Study — Data

In Brulisauer et al. (2009) a prevalence studydgposure to bovine viral diarrhoea virus
(BVDV) in Scottish cow-calf herds was presentedwits found that three distinct prevalence
classes exist in the Scottish beef cattle populatierds with exposure-free young stock; herds
with very high seroprevalence in young stoe#®§% exposed); and herds with intermediate
levels of seroprevalence in young stoeBZ% exposed). Using the method in Briilisauer &t al.
was straightforward to allocate each of the 30Hstiarms into one of the three prevalence
classes using maximum likelihood. In the followingpdelling results the three classes are
labelled: DF - disease/exposure free; Pl - the lpgkvalence class is assumed related to the
presence of a persistently infected (Pl) animall dmwansient - the third class denoting
intermediate seroprevalence respectively. The praga study also comprised a farm
guestionnaire detailing management practices and fzharacteristics. This data is used to
provide a brief, but realistic, illustrative exaramf how to apply BN models to epidemiological
data.

RESULTS

Case Study - BN Results

Figure 2 presents a BN model for analysing poténsk factors for exposure to BVDV in
cow-calf herds. In the case study data 33 variablese used. Rather than use a single
multinomial variable denoting seroprevalence clésis, was coded into three binary variables.
Splitting multinomial variables into separate binaariables greatly aids visual interpretation,
and adds flexibility since different arcs can nosvaditached to each different class. This can be
seen in Fig.2; the seroprevalence class variablesTbansient and PI all have different arcs
connected to them, if this variable had been kepa &ingle multinomial variable (with three
classes) then the network structure would haveetdhe same for each class. An important
consequence, however, of this approach is thatabias DF, Transient and Pl are not
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independent since if it is known that a farm is B&t or Transient then it is certain that it must
be Pl. Dependence will therefore exist betweenethemiables and to prevent the structural
search process from adding arcs between theseblemiawhich is both computationally
wasteful and not real in the sense that this degrerel has been introduced as a by-product of
allowing more flexibility into the model, the selrprocess is prevented from considering arcs
between these variables.

Two “diagnostic” variables were included in the lysas, denoted in Fig.2 by BVD and
PI5. These are questionnaire responses from threefaasking, firstly, if he or she were aware of
a BVD problem in their herd, and secondly, whethery had had a Pl animal in the herd in the
last five years. These questions are effectivetgatliproxies for prevalence class, and there
inclusion in the analyses is mainly as a commorseseaheck that the modelling results are
sensible. Both BVD and PI5 variables have threedyq response: yes, no and don’'t know; and
were split into separate binary variables with drasned between them.

Initially, 10,000 searches were conducted on tree cudy data. A summary network was
produced using the results from all 10,000 searcires then an additional 90,000 searches were
run and the results compared. Using all 100,006ckea the summary network differed slightly
from the same network found using 10,000 searchAefurther 100,000 searches were run,
giving a total of 200,000 search results in alleummary network produced from 100,000
searches was identical to that from all 200,000cées, and hence supports that our results from
100,000 searches are statistically robust.

While each search may terminate at a unique, ogtimal network, it is likely that these
networks will share a great many structural featuFégure 2 shows a summary network over all
200,000 searches. This network was created bygakmm single highest scoring network across
all searches and trimming all arcs which did nqiesp in at least a majority (50%) of all other
locally optimal networks. Using the BN in Fig.2 asir single best description of all the
relationships within the data, the aspects of nmistest are: i) which covariates are related to
which other covariates; and ii) how strong aredhsociations between variables and are these
positive or negative relationships.

A simple measure of association in a BN is to usdbagbility ratios, for example, K~Y
and these are both binary variables then this eaddiined a(X=T|Y=T)/P(X=T|Y=F). This
ratio can be easily calculated from the BN modelapeeters, and using simulation it is
straightforward to estimate 95% confidence intes\as the posterior distributions for each of
P(X=T|Y=T) andP(X=T|Y=F) are known. The numerical values in Fig.2 arentlean probability
ratios for each individual arc. For example, thisra positive association between farms which
attend shows and those which sell animals for lingedand the mean strength of this
association, as measured by the probability rati@.i. Hence, farms which attend shows are
twice as likely to sell animals for breeding asriarthat do not attend shows. The two diagnostic
variables, BVD and PI5, both give intuitively reaable results; farms with Pl level
seroprevalence in their young stock are positiasigociated with answering yes to having had a
Pl animal in the last five years. Similarly, farmvith DF level seroprevalence in their young
stock are positively associated with having ansdere to a known BVD problem. A similar
result is that those farms which said they didmiow whether they had had a BVD problem,
also said that they didn’t know whether they had &#1 animal in the last five years. Again, an
intuitively reasonable result.
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Fig.2 A BN model for analysing potential risk faxddor exposure to bovine viral diarrhoea
virus in cow-calf herds. Arcs connecting variabdesotes conditional dependence between

them. Mean probability ratios are shown for eachvildlual arc. Arcs with dotted lines had

ratios whose posterior density contained unitywleen the 2.5% and 97.5% quantiles).
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As a technical footnote, two of the arcs in the swary BN (Fig.2) had probability ratios
whose 95% confidence interval included unity. Tisisnot contradictory to using a majority
consensus network to ensure that each arc iststallis robust. A 95% confidence interval for
the (marginal) strength of association of eachigarsimply a different criteria of robustness.
From an interpretation point of view, it is obvibpslesirable if these two criteria strongly
overlap, as is indeed the case in Fig.2.

Case Study - GLM Results

As a contrast to the BN approach, a typical gerssdllinear model (GLM), e.g. binomial
response and logit link function, was fitted to tte#a. This was done separately for each binary
“response” variable DF, Pl and Transient. In the mbidel, the variables directly related to any
of the prevalence class variables were housedawagtrictaccess, deerproof and
bloodscreening. Using generalised linear models stime four variables were statistically
significant (at at least 5% type one error) agaatdeast one of the prevalence class response
variables, however, also strongly statisticallynffigant was reliefstockmen (p-value 0.014).
Examining the BN model, this implies that while ie&tockmen may be correlated with
Transient it is not directly related. This corre@atof reliefstockmen can be explained away by
its relationship to bloodscreening, where it is ldteer that is directly related to Transient.

DISCUSSION

A brief overview of how to use BN models to explapidemiological data has been
presented. Arguably the single greatest practitahgth of using BN modelling is its intuitive
graphical nature, which allows ready interpretawbthe possibly highly complex relationships
with a given data set. This is a unique aspechisf powerful methodology. BNs can also be
used for formal statistical inference as each airat feature has posterior parameter estimates
available from which various measures of associatam be calculated if required.

A drawback of BNs as opposed to less holistic apgnes, such as GLMs, is that they
require considerable computing resources. For elgnipe BN in Fig.2 is the culmination of
almost 80 hours of computer time on a quad coréel(lI€ore2 Extreme CPU X9650 @
3.00GHz) workstation. In contrast, even highly céempgyeneralised linear mixed models can be
fitted in seconds. These methods are, howevergorapetitors, but rather complementary. BNs
are excellent at exploring the dependencies in idiiensional data, and the separation of
correlation from direct dependence. Results fronBN analyses can then inform further
analyses focused more specifically at individuapmnse variables, for example by retaining
only directly dependent explanatory variables.
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ASSESSMENT OF THE OVERALL RISK FACTORS FOR A COMPIOE OUTCOME
USING MULTIBLOCK MODELLING. ILLUSTRATION ON LOSSESN BROILER

CHICKEN FLOCKS

S. BOUGEARD, C. LUPO, S. LE BOUQUIN, E.M. QANNARI AND C. CHAUMW

SUMMARY

Research in veterinary epidemiology may be conckméh assessing risk factors of
complex animal health issues described by sevemaliabMes. Moreover, veterinary
epidemiological data are usually organized in savielocks of variables, consisting in a block
of variables to be explained and a large numbeexpianatory variables organized in some
meaningful blocks. We propose an innovative metimodhe multiblock framework, called
multiblock Redundancy Analysis, which is designedhtindle most specificities of complex
veterinary epidemiological data. The interest agldwance of multiblock Redundancy Analysis
is illustrated using a dataset whose aim is tosastlee overall risk factors of losses due to
mortality and condemnation in broiler chickens,ald®d by four variables. The main aim is to
jointly assess the impact of the different produttstages on the whole losses and the specific
risk factors for each element of losses.

INTRODUCTION

Research in veterinary epidemiology may be conckméh assessing risk factors of
complex animal health issues described by sevemaliabMes. Moreover, veterinary
epidemiological surveys usually consist in datahgedd from animal characteristics, farm,
transport conditions, slaughterhouse features aiwbratory results. As a consequence,
explanatory variables may be organized into meduirdocks related to the production stages.
In a more formal way, veterinary epidemiologicaltadare organized in (K+1) blocks of
variables, consisting in a block of variables to délained (Y) and a large number of
explanatory variables organized in K meaningfulcki (X, ..., Xk). All these variables are
measured on the same epidemiological ungsanimals or farms. Considering the aim and the
specificity of such complex data, the research Wockises on methods related to the multiblock
modelling framework. We propose an original methaottl shall refer to it as multiblock
Redundancy Analysis (Bougeard et al., 2008). Thaetging principle is that each dataset is
summed up by latent variables which are linear aoatlons of the variables in the dataset

*Stéphanie Bougeard, French Agency for Food SaféfySEA), Pig, poultry and fishes
Veterinary Research Center, Department of Epidergigl Zoopole, BP 53, 22440 Ploufragan,
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under consideration. It gives valuable tools foe #xplanation and the investigation of the

relationships among variables and datasets. Theciassd models, based on orthogonalised
regressions, explain each variable in Y with exatary variables. As the method aims at

describing datasets with a large numbers of vaglthe epidemiologist needs to sum up the
complex links between them and between the data®etxall indices and graphical displays

associated with different interpretation levels as® proposed.

MATERIALS AND METHODS

Multiblock Redundancy Analysis

An original method, called multiblock Redundancyadysis, is proposed in the multiblock
modelling framework, adapted to the setting in Wwhéblock Y of several variables is to be
explained by K explanatory variable blocks;(X.., Xk). The main idea is that each dataset is
summed up by a latent variable (or component) wisch linear combination of the variables
derived from this dataset (Fig. 1). More precis¢he method derives a global componéht t
related to all the explanatory variables mergethendataset X=[N...|Xx], closely related to a
component ¥, linear combination of the variables in Y. Morenwiie component sums up
the partial components,ft, ..., &) respectively associated with the blocks, (X., X).

Variables

Xp - Xp4 X5y e X3 ¥y e s 2T
1 X %12 Fal ($
. 1 X3 tl _/ ——

X, X, Y — ™ () Y

X9y e | ¥a
X2 >( tn“)\
X- \-_/

Observations

H
~
P

Fig. 1 Example of multiblock data structure andoassgted conceptual scheme of multiblock
Redundancy Analysis, highlighting the relationstbpswveen the variable blocks (XX, Y) and
their associated componentg'{t ™, u¥) for the first dimension

These components are computed by maximizing aiomtéased on the squared covariance
between the global componefit and the component®) following the maximization problem:

K K

i [} o ] i ] [} |!
cov?lu't t't) with t'i':EEZEaEZE}fL thiJ 't =yy®, tk-.i :théi’. E ah:L =1 and E||tf;“||=||v(“||=1

k=1 k=1

The solutions are derived from the eigenanalysia ofatrix which involves the datasets Y
and (%, ..., X«), i.e. v the eigenvector oF Y X (XX XY associated with the largest
eigenvalue. Thereafter, the partial componentt, t..., k) are therefore given by the
normalized projection of i=Yv®™ on each subspace spanned hy X, X« respectively. The
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coefficients @~ are given by W \ . For further details, refer to

(Bougeard et al., 2008).

In order to improve the prediction ability of theodel, higher order solutions are obtained
by considering the residuals of the orthogonal goiapns of the datasets (X .., Xk) onto the
subspace spanned by the first global compor&nSubsequent component&(t..., t) are
found by replacing the datasets with their resiglual the same maximization. This allows
orthogonalised regression which takes into accalinthe explanatory variables. The final
model may be obtained by selecting the optimal remalb components (or model dimension) to
be retained, with a validation technique such asswvalidation (Stone, 1974).

For the optimal number of components h, the expiaeof the regression coefficients
associated with each explanatory variable and gadhble to be explained are interpreted as
Incidence Rate Ratio (IRR). Bootstrapping simuladicare performed to provide standard
deviations and tolerance intervals, associated thighregression coefficient matrix. However, if
the number of variables in Y is large, the epiddagist needs to sort the explanatory variables
in a global order of priority. The Variable Impantae for the Projection (VIP) proposed in the
PLS regression framework may be a relevant tooll@\M®94; Chong & Jun, 2005). As the VIP

N

indices verify, for a given dimension, the prope:;% P where P is the total number of
variables in X, they can be expressed as percentafgsociated standard deviations and
tolerance intervals, computed using bootstrappsdltee may additionally be computed. For the
optimal dimension h, each explanatory variableoisstdered as significantly associated with the
Y block if the 95% tolerance interval associatedhvthe VIP does not contain the threshold
value 0.8 (Gosselin et al., In Press). Finallys ialso interesting for the epidemiologist to asses
the contributions of the explanatory blocks to tmedelling task while using the Block
Importance in the Prediction, BIP (Vivien et al00®), based on the weighted average values of
the coefficients (&7, ..., &«™?). As the BIP indices verify, for a given dimensidne property

isfﬁg _,

E=1 K where K is the number of explanatory blocks, thean be expressed as
percentages. Associated standard deviations andratme intervals, computed using
bootstrapped results, may be given. It follows tleach block X is considered to be
significantly associated with the overall block Ywaith each variable in Y, if the 95% tolerance
interval associated with the BIP does not contaénthreshold value 0.8.

lllustration dataset

The study population consists in a cohort of bratleicken flocks slaughtered during 2005
in the main French regions of production (for dstan data collection, refer to (Lupo et al.,
2009)). A large number (404) of broiler chickencks are randomly selected by a two-stage
sampling, stratified per slaughterhouse and basethmdom selection of the day of slaughter
and of the flock sequence number in the slaughgesanedule of that day. From the 404 broiler
chicken flocks, 351 are retained for this studystdering the occurrence of missing data. The
aim is to assess the overall risk factors for apasite outcome: the losses in broiler chickens
(Y), described by four variablese. the first-week mortality rate, the mortality rataring the
rest of the grow out (8 week to slaughter), the mortality rate during thensport to the
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slaughterhouse and the condemnation rate at sknhghise. The explanatory variables are
firstly selected on the basis of the main fact@ported in the literature and on an earlier
univariate screening step applied to each varitblee explained. These 68 selected variables
are organized in four thematic blocks related tomfastructure and systematic husbandry
management practices {XL6 variables), flock characteristics and on-fdnistory of the chicks

at placement (¥ 14 variables), flock characteristics during tharmg period (% 17 variables)
and catching, transport - lairage conditions, dteidouse and inspection features, (21
variables). Indicator (dummy) variables are consddor the categorical variables. All the 68
putative explanatory variables are included in mheltiblock analysis, fitted with a manual
backward-selection procedure.

As all the variables are expressed in differentsurihey are column centered and scaled to
unit variance. It is worth noting that as the erpl@ry variables have been standardized to unit
variance, the total variance in each block is etmahe number of variables in this block. This
motivates the block weighting in order to put thecks to the same footing (Wold et al., 1996;
Westerhuis & Coenegracht, 1997). Each of the (Kexgp)lanatory block is accommodated by an
isotropic scaling factor to set them to the santal teariance (chosen equal to 1/K). Therefore,
the merged explanatory dataset XfP¥|Xs|X4] has a total variance equal to one. In the same
way, the total variance of the Y block is alsotsebne. Moreover, within the Y dataset, the four
variables to be explained do not have the samertapae for the epidemiologist. As a matter of
fact, the loss is more important for the condenumatat slaughterhouse than for the early
mortality. While keeping the Y total variance setdne, the variance of each variable in Y is
weighted according to its relative impact, estirdat®nsidering the amount of live weight
(kilograms) lost at each stage. It turns out that variance is set equal to 0.03 for the early-
mortality rate, 0.4 for the mortality rate duringetrest of the grow out, 0.11 for the mortality
rate during the transport to the slaughterhouse @dib for the condemnation rate at
slaughterhouse. These weightings affect all theltegiven in the section.

RESULTS

Preliminary analysis

First of all, the 68 explanatory variables are uidleld in a multiblock analysis where each
variable in Y has the same weight, this model beimgge stable. Among the 68 explanatory
variables, 20 are significant risk factors foreddt one element of the losses and are retained for
the final model (see variable description in TableAmong these 20 variables, five pertain to
the farm structure and the systematic husbandryagement practices )X four are selected
from the flock characteristics and the on-farmdngtof the chicks at placement {)Xsix relate
to the flock characteristics during the rearingiqer(Xs) and five relate to the catching,
transport - lairage conditions, slaughterhouse iasdection features X The detailed results
concerning this model are given in (Bougeard et @ibmitted). Therefore, these 20 selected
variables are included in a weighted multiblocklgsia, where each variable in Y is weighted
according to its relative loss. The cross-validati@sults led us to a model with (h=3)
components (=500 cross-validated resamples). This model expl@RPb6 of the variation in
Y.

Overall risk factors for losses
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A predictive model is set up by regressing eaclabéa to be explained on the basis of the
first three global components. The regression gmeffts, transformed into Incidence Rate Ratio
(IRR), the associated standard deviations and dlexaince intervals (pe=500 bootstrapped
resamples) of the 20 explanatory variables are coeapfor each variable to be explained. Table
1 gives the explanatory variables which are sigarftly associated with the four variables
related to the losses. Each variable in Y is sigaiftly related to a specific set of explanatory
variables, except the first-week mortality rate s#oweight in the analysis is too weak.
Furthermore, in order to sort these explanatoryabées in a global order of priority which
reflects their overall contribution to the explaonatof the Y block, the Variable Importance for
the Projection (VIP) are given. Figure 2 gives YHE?, expressed as percentages, of the main
explanatory variabled,e. VIP>>3%, with their 95% tolerance interval. It turns dhat three
explanatory variables have a significant impacttibe overall losses: the stress occurrence
during rearing (VIPsyess15.4% [6.3;24.5]), the carcass withdrawal at thésaeration line
(VIP?eyis=11.6% [6.0;17.3]), the type of loading system (sRiryp=9.0% [3.1;14.9]).

Table 1. Contribution of the explanatory varialtleshe explanation of the four variables related
to the losses, through significant Incidence RaBdIRR) associated with their 95% tolerance
interval (351 chicken broilers)

First- Mortality rate Mortality rate
week duri y during the Condemnation rate
. uring the rest of
mortality transport to at slaughterhouse
the grow out
rate slaughterhouse
Weight in the analysis 3% 40% 11% 46%

X4 block: Farm structure and systematic husbandry maagement practices

Total area for chicken on the farm NS NS 0.21[0.08;0.34] 0.34 [0.07;0.60]

Cleaning step in decontamination NS -0.27 [-0.42;-0.12] -0.17 [-0.30;-0.04] -0.32 [-0.56;-0.08]
of chicken house: yesg¢no)

Heating system in the chicken NS -0.24 [-0.42;-0.04] NS NS
house: gas heaterqradiant)

Sorting practice: yes/$ no) NS NS NS 0.24 [0.01,0.47]
Age of the facilities: >12 years NS NS NS 0.30 [0.05;0.54]

(vsrecent or renovated)
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X, block: Flock characteristics and on-farm history ofthe chicks at placement

Vitamins and minerals during the NS -0.15 [-0.29;-0.02]
starting period: yes/é no)

Frequency of farmer visits during NS NS
the starting period

Homogeneity of chicks at NS NS
placement: yesv6 no)

Number of chicks at placement NS NS

NS

NS

NS

0.21[0.10;0.32]

-0.16 [-0.30;-0.03]

-0.31 [-0.48;-0.14]

NS

NS

Xsblock: Flock characteristics during the rearing peiiod

Production type: standardg NS 0.39[0.15;0.62] NS
othef)

Homogeneity of chickens at the NS NS 0.14 [0.03;0.26]
end of rearing: yes/6 no)

Genetic strain: X (vs other) NS -0.64 [-1.00;-0.27] -0.13 [-0.25;-0.01]
Locomotor disorder observed: NS 0.56 [0.1;0.97] NS

yes {/sno)

Stress occurrenteéuring rearing: NS 1.00[0.64;1.35] 0.17[0.01;0.33]
yes {/sno)

Frequency of farmer visits during NS NS NS
rearing

-0.32 [-0.58;-0.07]

-0.44 [-0.71;-0.17]

-0.37 [-0.60:-0.14]

0.37 [0.04;0.69]

0.38 [0.11:0.65]

-0.32 [-0.49;-0.16]

X block: Catching, transport - lairage conditions, shughterhouse and inspection features

Type of loading system: NS NS
mechanical s manual)

Meteorological conditions during NS NS
lairage: rain and/or windsg
neither rain nor wind)

Stocking density in transport NS 0.23[0.04;0.42]
crates

Average duration of waiting time NS NS

on lairage

Withdrawal of carcasses at the NS NS

evisceration line: yes/§no)

0.35[0.19;0.51]

0.16 [0.03;0.29]

0.20 [0.02;0.39]

0.16 [0.01;0.30]

NS

NS

NS

NS

-0.24 [-0.43;-0.06]

0.66 [0.44:0.89]

NS means “Non Significant”.
b “Others” includes light or heavy production types.

¢ Stress occurrence gathers feeding system defeeliectrical defect, etc.

81



Stress

Evisc

LoadType

Strain

Area| @ e B EIEEBEEREREEEE

Homochicken

] Xl (Farm structure)
] }Cz {On-farm history at placement) M
-X3 (Flack characteristics) |
-X4 (Catch.,, transp., Iairage, slaughter.)

1121314151617 18 19 2021 22 23 24 25

Fig. 2 Contribution of the main explanatory vare(VIP>3%) to the explanation dfie
overall losses, througifariable Importance for the Projection (\IExpressed as percentages)
associated with their 95% tolerance interval

Block importance in the explanation of losses

Figure 3 depicts the relative importance of therfauoduction stagesi.e. the four
explanatory blocks, in the overall losses explamathighlighting the significant importance of
two blocks (in our example, the BiRsignificant limit is 16%). More precisely, 45.0%
[34.6;55.4] of the overall losses variation are lax@d by the flock characteristics during the
rearing period (¥) and 28.5% [20.1;36.9] by the catching, transpottirage conditions,
slaughterhouse and inspection featureg).(¥ addition, the relative importance of the four
production stages in the explanation of each el¢mktihe losses are given in Table 2. Neither
the farm structure (¥ nor the on-farm history at placement)Xhave a significant impact on
any variable of the losses. The most importantifigsl are that the mortality rate during the rest
of the grow out and the condemnation rate at skaeungbuse are mainly explained by the flock
characteristics during rearing {X and that the mortality rate during the transptot
slaughterhouse is mainly related to the catchirapsport - lairage conditions, slaughterhouse
and inspection features {X
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Fig. 3 Contribution of the four explanatory blodks, ..., X4) to the explanation of the overall
losses, througBlock Importance in the Prediction (BiExpressed as percentages) associated
with their 95% tolerance interval.

Table 2. Contribution of the explanatory blocks,(X., Xs) to the explanation of each variable
related to the losses, through Block ImportandiénPrediction (BIPexpressed as
percentages) associated with their 95% tolerarteevial.

Mortality rate
during the
transport to

slaughterhouse

Condemnation
rate at
slaughterhouse

Mortality rate
during the rest
of the grow out

First-week
mortality rate

Weight in the analysis 3% 40% 11% 46%
Farm structure and 15.6 [6.5;24.6] 11.2[3.8;18.5] 15.6[6.4;28.8] 16.9[5.6;28.1]
systematidusbandry NS NS NS NS

management practices {X

Flock characteristics and on- 12.4 [5 2;19.7] 9.7[3.8;15.6] 15.1[5.4;,24.8] 11.9[4.9;18.9]
farm history at placement NS NS NS

(X2)

Flock characteristics during 44 [18.4;69.6] 59.0 14.3[0.0;32.1] 54.9
rearing (%) * [46.7;71.3]* NS [39.3;70.5]*
Catching, transport, lairage, 28.0 [5 7;50.4] 20.1 55.0 16.3 [6.5;26.2]
slaughterhouse (X [11.2;29.1]"°  [37.1;72.8]* NS
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DISCUSSION

Multiblock Redundancy Analysis is a relevant anéfuktool to handle the specificity of
complex veterinary epidemiological data, as it emes their interpretation and unveils new
information for the epidemiologist. It makes po$sito assess, with a single analysis, the overall
risk factors for a composite outcome: the lossdsrailer chickens, described by four variables,
i.e. the first-week mortality rate, the mortality rataring the rest of the grow out"faweek to
slaughter), the mortality rate during the transgorthe slaughterhouse and the condemnation
rate at slaughterhouse. Moreover, the method altowsgeight each variable in Y, according to
its relative impact, estimated considering the ambhaef live weight lost at each stage. The
obtained risk factors are consistent with thosenfepecific studies reported in the literature, but
most of these studies focused on one particulargsging step and are moreover related to each
specific element of losses. In addition, this mdthoakes it possible to shed light on the
significant explanatory variables affecting a cosipo dependent variable and to detect the
overall location of the problems in the variouslexgtory blocks.

Multiblock Redundancy Analysis allows the use oflasge number of variables and
individuals in a single model, and restricts thekly and unsatisfactory selection of variables in
comparison with usual statistical processes. Maegahe method uses additional information
available for grouping the variables into meanihdfiocks and allows to be explained several
variables at the same time. This avoids to set earate models or to combine several
dependent variables which might result in a losisf@irmation.

However, multiblock methods present some limitagion comparison with Generalized
Linear Models and further investigations will bedentaken to handle more epidemiological
data specificities. For instance, multiblock moihgjldoes not efficiently handle the information
from relevant external variables, such in HierazahiGeneralized Linear Models. Furthermore,
further developments in multiblock analysis shoaltbw new breakthrough in the statistical
processing of veterinary epidemiological data. Mldck Redundancy Analysis can be directly
adapted to more complex dagag.explain several blocks of health events, eachgodescribed
by several variables, or the evolution of a comgiealth event at different times. These kinds
of methods can also be extended to the case wiherxplanatory blocks of variables are linked
with each others. These developments together thi¢h increase of the volume and the
complexity of data in biology will certainly conute to make the use of multiblock modelling
more and more popular.
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A CLUSTER-RANDOMISED CONTROLLED TRIAL TO EVALUATE WOWLEDGE-
TRANSFER INTERVENTIONS FOR RURAL WORKING EQUID USERIN ETHIOPIA

A.P. STRINGER, C.E. BELL, R.M. CHRISTLEY, F. GEBREAB, G. TEFERK, REED, A.
TRAWFORD AND G.L. PINCHBECK

SUMMARY

A cluster-randomised controlled trial (c-RCT) wased to evaluate the effectiveness of 3
knowledge-transfer interventions on knowledge cleaagout equid health, in rural Ethiopian
working equid users. Groups were exposed to eghaudio programme, a village meeting or a
diagrammatic handout, and were compared to a dogtoup who received no intervention.
A total of 516 randomly selected participants utatsk the pre-intervention questionnaire and
504 of these undertook the post-dissemination guesdire, a follow-up response rate of 98%.
All interventions significantly improved the ovdrdchange in knowledge’ score on the
guestionnaire compared to the control, with thegdimmatic handout (coefficient (coef) 9.2,
s.e.= 0.6) and the village meeting (coef 9s7e.= 0.5) having a greater impact than the audio
programme (coef 5.2s.e.= 0.6). This study should aid others in the desijreducation
materials for adult learning amongst working equseérs in a developing country.

INTRODUCTION

There are estimated to be 1.8 million horses, 307 Gules and 4.3 million donkeys
working in Ethiopia, the largest population of degk in Africa and the second largest donkey
population in the world after China (Anon, 2007helr role in the socio-economics of the
country is substantial, with the majority of thehiBpian population dependent on traditional
subsistence agricultural production (DFID, 2006jvelihoods are predominantly based on
agriculture, which accounts for 85% of employme% of national income and over 90% of
export earnings, but Ethiopian agriculture stilnans low-input, low-value and subsistence-
oriented (DFID, 2006). Equids are used for the dpamtation of goods, people and in some
areas for agricultural purposes (Gebreab, 1993uiBaret al., 2007). They have a direct effect
on the lives of rural people by reducing the tramspurdens of water, fuel wood and goods
(Garuma et al., 2007). Although often consideredeaondary animal in relation to oxen,
donkeys provide an effective entry point for assgstvomen in both domestic responsibilities
and income generating activities (Marshall & AQIr).

Working equids in Ethiopia suffer from low prodwdty as a result of prevalent parasitic
and infectious disease, low nutritional standanmis poor management practices (Yilma et al.,

"Andrew Stringer, School of Veterinary Science, Facwof Health and Life Sciences,
University of Liverpool, Leahurst Campus, ChestégtHRoad, South Wirral, CH64 7TE, UK.
E-mail: stringer@liv.ac.uk
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1990). These causes contribute to the short lifenspf Ethiopian donkeys (9-13 years)

compared to a possible 37-40 years in the UK (Ssemd1994). Due to their perceived low

social status, and their single purpose role witlanming systems, few farmers keep more
donkeys than are needed to fulfil their immediatekmequirements (Tesfaye & Smith, 2000).

Farmers who do not own a donkey have a relativedgkveconomic base compared to those
who own donkeys, and also own fewer other lives{@ddkmayehu et al., 2000).

Wounds are one of commonest health concerns tdctafflorking donkeys in many
countries (Curran et al., 2005; Pritchard et 2002, Biffa & Woldemeskel, 2006; Burn et al.,
2007; Sells et al., 2009). In addition, studiesl@fikeys in Ethiopia have demonstrated that back
sores and wounds are the most commonly observdth prablem (Tesfaye & Curran, 2005).
The majority of these wounds are iatrogenicallysesl) which is in contrast to the majority of
wounds on equids in developed countries which aeelgninantly due to accidental injury.
Wounds in working donkeys are seen on the legt),dail, saddle and wither regions (Pritchard
et al., 2005; Sells et al., 2009). These wound®tem caused by a combination of poorly fitting
and designed tack or harnesses, beating with strids improper management practices
(Pearson et al., 2003). Differences in wound sgvend location can often be attributed to the
different uses of the donkeys: for example, they rha ridden, carry packs or be used for
draught, and also to differences in saddle anddsardesign (Sells et al., 2009).

One approach to decrease the prevalence of wosrttsough education of donkey users.
Ethiopian farmers have themselves identified a needyreater knowledge through training
(Tesfaye et al., 2005). However, there is limitatlshed work available that evaluates the
impact of different knowledge-transfer methods dallearning in developing countries, and to
the authors’ knowledge no published work is avd@ahat evaluates the effect of knowledge-
transfer interventions on the education of work&nmid users. A variety of knowledge-transfer
methods have been widely used for educating peopléthe developing world including:
handouts and leaflets (Tu & Giang, 2002); ruraiogialente et al., 1994; de Silva & Garforth,
1997; Chapman et al., 2003); drama (Harvey e28D0; Soldan, 2004); video (Rimm, 2003);
information and communication technology (ICT) (Bmn & Joof, 2005) and community
educators (Klepp et al., 1997). However, few stsidiave utilised randomised controlled trials
to assess the impact of knowledge-transfer inteéiwes on their target audience (Eaden et al.,
2002; Kelly et al., 2003; Thomas et al., 2003; Blal., 2005). The aims of this study were to
develop a number of different knowledge-transféenventions for rural working equid users in
Ethiopia and, subsequently, to assess the effichthyese on knowledge change using a c-RCT.

MATERIALS AND METHODS

Content and design of knowledge-transfer interosrsti

Both the focus of the education programme, anddbsign of the knowledge-transfer
interventions were informed by a Participatory &iton Analysis (PSA) (Stringer et al., 2009).
The PSA gathered information on the perceptionwaiking equid owners on the health and
disease concerns about their animals, and thestiegicontact and social networks. The PSA
identified wounds as an important owner perceiveshcern about their donkeys. This
information was then triangulated with both clilicecords from a veterinary non-governmental
organisation (NGO) involved in providing free vetary care for working equids in Ethiopia,
and with available published literature. Resultsh# triangulation process then informed the
development of ten learning objectives, designeddadress key issues associated with wounds
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and wound management in donkeys, including theirses, sites, treatment, prevention and
relevance (Table 1).

Table 1. Learning Objectives on the topic of wouadd wound management in donkeys in
Ethiopia used to develop knowledge-transfer intetioas.

LEARNING OBJECTIVES
Be able to list 4 causes of manmade wounds.

Identify 4 common sites/areas affected by manmauleas.

Be aware of good and bad topical treatments fomasu

Describe how to prepare an appropriate salt seldtiocleaning wounds.
Be able to list 3 steps involved in cleaning wouagpropriately.
Recognise 2 signs of an early harness wound.

Select appropriate material as a base layer fonaneess.

Describe 3 important features of the padding orhdraess.

Describe an important feature of harness base tayer

Recognise 3 disadvantages of your donkey havinghdsu

© 0O NO Ok WN P

[N
o

These ten learning objectives were then incorpdraito the design and development of
three different knowledge-transfer interventions; audio programme (A), a village meeting
facilitated by an animal health worker (VM) and @agfammatic handout (HO). The
interventions chosen for inclusion in the c-RCT svémformed by results of other relevant
published studies, and future sustainability, ecoice and logistical considerations. All
interventions were designed with content that wath loulturally and socially acceptable. Each
intervention underwent extensive phases of preigspiloting and reverse translation prior to
release to study participants.

The diagrammatic handout was designed to be preduety image-based with as little text
as necessary, having taken into consideration ale lévels of literacy and visual literacy
identified amongst study participants during theAP&1d pretesting phase. The handout
consisted of four laminated colour pages of A4 pgpeailable on request), containing high
quality photos with background detail removed usidobe Photoshop CS2. Text on the
handout was limited to single words or short sergenin Oromo (regional language of the
Oromia region). The handout was distributed toipi@dnts on an individual basis at the end of
the pre-intervention questionnaire, and was nobmpanied by any discussion or clarification
of the content.

The audio programme was developed in the format ghort (12 minute) radio drama
which comprised of a discussion in Oromo betweemise old livestock owner and a young,
inexperienced owner, and was recorded by recogihsed radio actors. This programme was
recorded using digital software (Audacity 1.28ttp://audacity.sourceforge.neatnd was
broadcast via an MP3 player and loudspeakers tpaaticipants in a village on a group basis
following administration of the pre-interventionegtionnaire.

The village meeting consisted of a standardisdd datompanied by both visual ‘poster’
displays and demonstrations given by a local, §edlianimal health worker in Oromo. It was
delivered to all participants in a village as aug@after the pre-intervention questionnaire and
also involved a short question and answer sessiomlérification at the end of the meeting
which could be in either Oromo or Amharic.
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Design of c-RCT

A c-RCT design was used to compare the effectbreetknowledge-transfer interventions
with a control group (that received no knowledgeisifer intervention) on change in knowledge
of equid users. Villages (Kebeles) and rural donksgrs were randomly selected and the same
intervention was randomly assigned to all partiotpa within each village. Cluster
randomisation was necessary to prevent “contancimatbetween owners belonging to one
village via sharing of information. Identical quesinaires were administered both pre- and
post-dissemination to assess changes in knowleegelsl Follow up questionnaires were
administered 11-18 days post intervention (medémiode 14).

Sample size calculation

Sample size calculations were performed for a etest design using a cluster sample size
calculator (Campbell et al., 2004). An estimatethed variance at village level from previous
studies in developing countries (Bell et al., 20885 used, giving a design effect of 2.3 and an
intra-cluster correlation coefficient of 0.14. Atabof 8 villages each with 15 owners (total 480
participants) per type of intervention were reqdite detect a 30% change in knowledge (e.g.
an increase from a baseline of 20% to 50%) with @6¥%fidence and 80% power. Therefore 32
villages with at least 25 owners per village weskested to allow for potential loss to follow up.
A blocked design was used such that, within eatcho@& randomly selected villages, each
knowledge-transfer intervention and control wasgaesl randomly to two villages. This was to
avoid runs of one type of intervention being selddbdy chance, as we hypothesized that season
and seasonal job activities of farmers may affleetresponse rates.

Study sites and participants

The c-RCT was carried out between November 2008 Jahyl 2009 in one of the seven
regional zones of Ethiopia (Oromia). Within thigjien, one zone (Arsi) was selected due to: a
lack of previous exposure to an equine veterinaBO\a known high density of donkey users,
and logistical considerations. Within this arearfaworedas (administrative departments) (Sire,
Hitosa, Tiyo, Degeluna Tijo) were selected and mmlete list of villages within the woredas
was obtained from each woreda agricultural offitieirty two villages were randomly selected
using random numbers generated in a spreadshegtprme Microsoft Excel 2007 (Microsoft
Cooperation, USA). Villages were excluded if thesmes no road access; the Development Agent
(DA) was deemed too inexperienced or new to thiddige; if there were inadequate villager
records or if selected villages shared a major Btadt which contamination may occur.
Development agents were recruited to liaise witkheaelected village and to aid in the
participant recruitment process. Lists of villagehabitants were obtained from village
agricultural offices or municipality offices, an@nticipants in villages were randomly selected
using random numbers generated in Microsoft Exdc72(Microsoft Cooperation, USA).
Participants were eligible for inclusion in the &Rif they were male, owned or used a donkey,
over 18 years of age, and able to attend the stigig. All participants were recruited on a
volunteer basis and were free to refuse partiopabtr leave the trial at any point. Once
recruited, participants were assigned a unique ubber and ID card, and were also paid a
nominal monetary incentive for participation in Batudy visit. The visit dates for both the pre-
intervention visit and the follow up visit were petermined and DA’s were responsible for
ensuring that participants were informed of theetrdate and time.
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Data collection and analysis

Baseline data were collected at the pre-interventigsit which included age, formal
education level, radio use, literacy ability (Oromod Amharic), number of donkeys owned,
length of donkey user-ship, other animals ownedjshy of donkey, exposure to equine
veterinary NGO'’s, responsibility in household aedponsibility for decisions regarding donkey
management. Participants’ knowledge-change was urezhsising 12 closed questions about
donkey wounds and wound management. These questamssponded to the ten defined
learning objectives, and were identical in both-iptervention and follow up questionnaires.
The 12 questions required participants to volunbetween one and four correct responses per
guestion, to achieve a total maximum score of 28gflonnaires were extensively piloted and
reversed translated. All questionnaires were aditared on an individual basis by one trained
animal health worker (AHW) in either of two regidnanguages (Oromo and Ambharic) in a
consistent and controlled manner with no additioclatification. To avoid contamination of
later participants by individuals who had alreadynpleted the questionnaire, all participants
were kept in two separated groups until the timat #ther a group intervention could be
administered (in villages allocated as either audio village meeting intervention), or
participants who had completed the questionnaivéddeave the village (in villages allocated as
either control groups or handout interventions)e Edministrators of the questionnaires and
those assessing the outcomes of the trial werblmated due to nature of this intervention trial.

Data were entered into a spreadsheet (Microsofe E2@07, Microsoft Cooperation, USA).
Data were analysed using SPSS v17 (SPSS Inc, @hidligois, USA) and MLwiN v2.02
(Centre for Multilevel Modelling, Bristol, UK). Datanalysis included comparison of baseline
data between intervention groups to check for aa@grandomisation using Chi-square tests for
categorical data and Kruskal-Wallis and Mann-Whyttests for continuous data. The primary
outcome measure used was a continuous variabkctieff the change in score between pre-
and post-intervention questionnaires. The changscore of individual respondents for the
different knowledge-transfer interventions was ased using multilevel linear regression
models to allow for clustering of individuals withivillages. Analysis was carried out per-
protocol due to no data being available on the mute of those participants lost at short term
follow up. However due to the small number of gaptnts lost (n=12) it is unlikely to have a
large effect. The effects of all covariates thatied at baseline were also considered.
Continuous variables (age and pre-interventionejomere centred by subtraction of the sample
mean from all observations. A backward-step proeessused, with covariates remaining in the
model if they were statistically significant, ortifey altered the effect of other covariates.

RESULTS

Descriptive Results

Eighty villages were assessed for eligibility addvizere excluded due to lack of road access
(n=9), the Development Agent (DA) was either toexjperienced or new to village (n=2),
inadequate villager records (n=3) or due to theaigsbaof a major market (n=10). From the
remaining 56 villages 32 were randomly selected iatefventions randomly assigned (Fig. 1).
A total of 516 participants from 32 villages unaek the pre-intervention questionnaire; 504 of
these participants undertook the post-interventipuestionnaire, a response rate of 98%.
Reasons for seven of the 12 participants who wese &t follow-up were obtained; these
included personal and family illness, funeral at@me and late arrival at the follow-up visit
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(Fig. 1). There was no significant difference ire tproportion of participants lost across
intervention groups.

Allocation Enrolment

Follow Up

Villages assessed for eligibility = 80

A 4

Eligible villages = 56
Villages selected =32

Excluded

No road access =9
Shared market = 10
Inadequate records = 3
Inexperienced DA =2

v

v

v

v

AUDIO HANDOUT V. MEETING CONTROL
8 Villages 8 Villages 8 Villages 8 Villages
n=119 n=128 n=139 n =130
A 4 1
AUDIO HANDOUT V. MEETING CONTROL
8 Villages 8 Villages 8 Villages 8 Villages
n=114 n=124 n=137 n=129
2 = late 1 = funeral
1 = family illness 1 =illness 1 =illness
2 = unknown 2 = unknown 1 = family illness 1 = unknown

Fig. 1 c-RCT flow diagram indicating number of pagants and villages
at each stage of the trial.

Table 2. Age and pre-intervention score, and corsgaracross intervention groups for 516
participants in a c-RCT in Oromia region, Ethiopia.

INTERVENTION
Variable Overall Control Audio Handout Village  Kruskal-
Meeting  Wallis
P value
Age Mean 45.66 44.45 48.85 42.27 47.01 0.01
Median 45.00 43.00 48.00 40.00 48.00
Percentiles (25) 33.00 33.00 36.00 32.00 32.00
Percentiles (75) 57.00 54.25 60.00 50.75 60.00
Pre-intervention Score Mean 6.28 6.40 6.69 5.95 6.10 0.08
Median 6.00 6.75 7.00 6.00 6.00
Percentiles (25) 5.00 5.00 5.00 5.00 4.00
Percentiles (75) 8.00 8.00 8.00 7.00 8.00
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Baseline information on participants (Tables 2 @)drevealed low formal levels of
education, with the majority of participants havimgy attended formal schooling until primary
level. The majority owned one donkey, with a largajority owning cattle and oxen as well.
Baseline information revealed low levels of literagvith a greater proportion of participants
unable to read Oromo than Amharic. The majorityhef participants listened to the radio daily.

Table 3. Baseline information and comparison aciraesvention groups for categorical data
516 participants in a c-RCT in Oromia region, Efiéo

INTERVENTION
Variable Overall  Control Audio Handout Village Chi-
Meeting square
P value
(%) n (%) n (%) n (%) n (%)
Education level No Education 24.6 26 (20) 30 (25) 34 (27) 37 (27) 0.6
Adult Education only  14.5 14 (11) 21 (18) 19 (15) 21 (15)
Primary 33.3 49 (38) 33 (28) 40 (31) 50 (36)
Junior 13.8 19 (15) 18 (15) 15 (12) 19 (14)
Higher 13.6 22 (17) 17 (14) 19 (15) 12 (9)
Other (Advanced) 0.2 0 (0) 0 (0) 1(1) 0 (0)
Literacy No 78.5 101 (78) 99(83) 102(80) 103 (74) 0.4
(Oromo) Yes 215 29 (22) 20 (17) 26 (20) 36 (26)
Literacy No 44.6 50 (39) 53 (45) 56 (44) 71 (51) 0.2
(Amharic) Yes 55.4 80 (62) 66 (56) 72 (56) 68 (49)
Listen to radio daily No 20.0 25(19.2) 23(19.3) 19(14.8) 36 (25.9) 0.2
Yes 80.0 105(80.8) 96 (80.7) 109 (85.2) 104 (74.1)
Number of donkeys O 6.0 6 (4.6) 8 (6.7) 7 (5.5) 10 (7.2) 0.04
1 52.1 60 (46.2) 79 (66.4) 60 (46.9) 70 (50.4)
2 27.9 43 (33.1) 22(18.5) 41 (32.0) 38(27.3)
3 10.3 19(14.6) 6(5.00 13(10.2) 15(10.8)
>3 3.7 2(1.5) 4 (3.4) 7 (5.5) 6 (4.3)
Own horse No 71.1 71(54.6) 76(63.9) 109 (85.2) 111 (79.9) <0.001
Yes 28.9 59 (45.4) 43(36.1) 19(14.8) 28(20.1)
Own mule No 97.5 124 (95.4) 116 (97.5) 128 (100) 135(97.1) 0.1
Yes 2.5 6 (4.6) 3(2.5) 0 (0) 4 (2.9)
Own cattle/ox No 6.4 5 (3.8) 6 (5.0) 11(8.6) 11(7.9 0.3
Yes 93.6 125(96.2) 113 (95.0) 117 (91.4) 128 (92.1)
Own sheep No 37.0 33(25.4) 37(31.1) 69(53.9) 52(37.4) <0.001
Yes 63.0 97 (74.6) 82 (68.9) 59 (46.1) 87 (62.2)
Own goat No 74.2 107 (83.3) 96 (80.7) 82(64.1) 98(70.5) <0.001
Yes 25.8 23 (17.7) 23(19.3) 46(35.9) 41 (29.5)
Own dog No 27.9 18 (13.8) 35(29.4) 36(28.1) 55(39.6) <0.001
Yes 72.1 112 (86.2) 84 (70.6) 92 (71.9) 84 (60.4)
Own Poultry No 21.9 30(23.1) 25(21.0) 22(17.2) 36(25.9) 0.4
Yes 78.1 100 (76.9) 94 (79.0) 106 (82.8) 103 (74.1)
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Baseline comparison of randomisation

Analysis of baseline data to check the randomisaficocess showed that a number of
variables (age, number of donkeys owned and owiredodthorses, sheep, goats and dogs) were
significantly different between intervention grou@ables 2 and 3) and pre-intervention scores
approached significance. Further analysis revetilatthe pre- intervention scores of the audio
group were significantly higher than those of bdtle handout and village meeting groups.
Baseline comparison of age amongst the intervergronips revealed significant differences,
with the audio group being older than the contrad &andout intervention groups. The village
meeting intervention group was significantly oldean the handout intervention group. The
effects of these differences were explored in téiwariable analysis.

Multilevel linear regression analysis

All interventions significantly improved the overahange in score between pre- and post-
intervention questionnaires compared to the conffable 4), with the handout and village
meeting having a significantly greater impact titla audio programme. The initial model only
considered the interventions (Model 1). The finadal (Model 2) considered all intervention
types and those covariates which were significaritageline comparison. The only covariates
shown to have a significant effect on the outconsgewage and pre-intervention score. The
higher the pre-intervention score and the olderate of participant, the less the change in score
at follow-up. However, although both had a sigrifit effect on the outcome (change in score)
they had a minimal effect on the intervention coedhts (Table 4).

Table 4. Multilevel linear regression models shayine impact of different interventions on
a change in score between questionnaires in 5@i¢ipants in a c-RCT in Oromia region,

Ethiopia.

Model 1 Model 2
Intervention Coefficient (S.E) P value Coeffici¢SBtE) P value
Control (intercept) 0.6 0.6
Audio 4.8 (0.6) <0.001 5.2 (0.6) <0.001
Handout 9.5 (0.6) <0.001 9.2 (0.5) <0.001
Village meeting 9.7 (0.6) <0.001 9.7 (0.5) <0.001
Age (years} -0.07 (0.009) <0.001
Pre-intervention score -0.4 (0.06)  <0.001
Village variance 0.5 (0.3) 0.6 (0.3)
Individual variance 10.7 (0.7) 9.3 (0.6)

#Indicates variables were centred. Therefore trexdrpt represents the change in score for condfols
average age and average pre-intervention score.

DISCUSSION

To the authors’ knowledge this is the first studyetvaluate the effectiveness of different
knowledge-transfer interventions for adult learniagnongst working equid users in a
developing country. All interventions improved padervention knowledge of the target
audience, however, the handout and village meetimgoved these scores by approximately
twice as much as the audio programme. The finalaihskowed that the age of the participant
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and pre-intervention score (baseline knowledge) draéffect on the outcome variable (change
in score) but these had a minimal effect on theatly of the intervention. This is consistent
with another study, suggesting that older age ggdugve a lower literacy proficiency than
younger adults (Desjardins, 2003), which could leéada reduced ability for knowledge
acquisition. There are few comparable studies i@ literature which utilise randomised
controlled trials to show the efficacy of differdatowledge-transfer interventions, however, our
results are supported by one study that shows amdse in knowledge with a variety of
interventions amongst Tanzanian smallholder dargners (Bell et al., 2005).

The use of defined learning objectives to guide dbsign and development of all three
interventions was essential to ensure that the conéent of each was consistent, and that their
effect on knowledge change could then be objegtiedaluated (Ramhani, 2006). Learning
objectives can provide an explicit overview of bethat ‘the learner has achieved’ and ‘what
should be assessed’ at the end of an educatioogiggmnme, and it is recommended that they are
formulated at the start of an educational progrartoreed robust curriculum design and delivery
(Harden, 2002).

Both the formal education levels and literacy levef the target audience were expected to
be low, and this was considered during the desighdevelopment phase of the interventions
prior to commencement of the c-RCT. There were atswerns over the visual literacy ability
of our target audience. Research carried out dubnth the PSA and the piloting of
interventions identified low levels of literacy &ty amongst the target audience in both regional
languages (Oromo or Amharic), suggesting that aendeagrammatic/pictorial intervention was
required. The success of the handout in this stugygests that the considerable efforts made
during the piloting and development phase resultethe production of a handout that was
understandable and appropriate to the visual titeod the study participants.

The village meeting provided the largest changekmowledge of the three study
interventions. The combination of an oral presémtatvith demonstrations and visual images
were likely to have accommodated all levels ofréity, visual literacy and language issues. The
participants in our study revealed low levels tdricy, with a greater percentage of participants
unable to read Oromo than Amharic. Despite this,imerventions were designed in Oromo as
this is the official language of the region, thedaage currently being taught at school and the
language that the majority of our target audienomraunicate in (even if illiterate in this
language). However, the opportunity for a questam answer session within this format
allowed participants to clarify any areas of cordnor any missed messages in either language.

The audio programme was designed to simulate dljp@dature radio broadcast. Previous
studies have shown high radio ownership amongstdtmlds within Ethiopia with regular radio
listeners (Farr et al., 2005) and this was consistéth our findings which showed that 80% of
participants listened to a radio on a daily bassmats using a drama performed by local actors
were shown to be most popular amongst farmerslisgeto agricultural extension programmes
(Chapman et al., 2003) and the effect of this farem@wn to be greatest among uneducated (no
formal education) individuals (Valente et al., 199Phis concurs with the findings in this study
that showed a greater improvement in knowledge ghamongst participants with a lower pre-
intervention score, with those with the lowest priervention score being those with the lowest
levels of education. Although the audio programméhis study had the least impact on change
in knowledge when compared to the two other intetieas it still significantly improved
knowledge. The potential benefits of a successtdia intervention may be the ability to
‘reach’ thousands of listeners with relative ea$ea@ministration and low cost, which may
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outweigh or complement the greater knowledge ingpaat the more labour intensive
interventions.

All data in this study were gathered via questioranterviews with participants in either
of two regional languages (Oromo or Amharic). Aligh the questionnaires utilised closed
guestions, the accuracy of all the data must besidered carefully, especially as the
information required by the authors was translaialiability of participant information was not
validated and may be imperfect or biased by paditi reporting of perceived correct answers.
However due to the study design (c-RCT), we woulgkeet this bias or measurement error to be
randomised across all participants, in all intetwen groups, and therefore to have minimal
effect on the estimates of the effects of intermer® Randomisation is designed to equally
distribute potentially confounding factors acrosteivention groups; whether or not to present
adjusted or unadjusted results is a subject ofvactiebate (Dohoo et al.,, 2003). Results
presented in this study have been adjusted fonpateonfounders and are presented in Model
2 which shows that they had a minimal effect on ititerventions. Use of a control group
allowed us to monitor participants for the ‘HawtherEffect’ (that a participant in the control
group receiving a pre-intervention questionnaireuMtosubsequently have a greater level of
knowledge at the follow up visit) (Campbell et al995). Little evidence of the ‘Hawthorne
Effect’ was seen in this study as the average ingor@nt in the control group was only 0.6
marks and was not significant.

In future, knowledge-transfer interventions develor rural equid users in this region of
Ethiopia should consider the formal education lelisdracy/visual literacy ability and age of
audience as key issues, and should be thoroughdyegi and refined before final release.
Although this study showed that direct contact veitepecifically trained animal health worker,
in combination with a mixture of demonstration, g@etation and question and answer session
was the most effective knowledge transfer methodgrventions based on visual images,
designed and piloted with the intended audiencege halso been shown to be successful.
Ethiopia, with its large population of equids, geally placed to benefit from appropriate
education or extension programmes for the ownedsusmers of equids. The results from this
study may be beneficial to other populations oéstock owners, particularly in sub-Saharan
Africa, however, it is likely that different issuemssociated with learning across different
communities may exist, and these must be careftdiysidered when designing education
programmes.
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LONGITUDINAL STUDY OF ANTIMICROBIAL RESISTANT ESCHERICHIA COLIN
THE FAECES OF HORSES ADMITTED TO AN EQUINE HOSPITAL

T. MADDOX', N.J. WILLIAMS, P. CLEGG, A. O'DONNELL, S. DAWSOMND
G. PINCHBECK

SUMMARY

The increasing prevalence of antimicrobial resistbacteria represents a significant
problem for human and veterinary medicine, withistasice inEscherichia colifrom horses
documented in commensal and pathogenic bacterahst A longitudinal study of 103 horses
in an equine hospital was conducted, with faecaipas cultured for antimicrobial resisteat
coli. High sample prevalence for resist&ntcoli was identified for several antimicrobials. The
prevalence of resistance was lower at admissiemgion days 2 and 4 post admission. Risk
factors were identified using multilevel, multivable modelling and included the day the
sample was obtained, antimicrobial treatment in ghevious seven days, location within the
hospital and the total daily dosages of cotrimoazwescribed in the hospital. High levels of
multidrug resistant (49.2% of samples) and extergfgettrump-lactamase producing. col
(28.7% of samples) were recovered; such bacteuddammplicate treatment if they were the
cause of infection.

INTRODUCTION

Escherichia colis a Gram-negative bacteria of tRaterobacteriaceaéamily and part of
the normal commensal gastrointestinal flora of namsials and humans, including horses (van
Duijkeren et al., 2000). As a commendal,coli is frequently exposed to antimicrobial agents
used in the treatment of infections caused by obhganisms, potentially allowing it to acquire
resistance determinants and act as a reservoiesstance genes (Hart et al., 2006; Karami et
al., 2007).

Antimicrobial resistance amongst bacteria is re@®Egh as an important and increasing
problem in human and veterinary medicine, with gigant economic implications, as well as
increased patient morbidity and mortality (Paladétal., 2002). Resistance i coli isolated
from animals was identified as an emerging probtesr forty years ago (McKay et al., 1965).
Shortly after this, multidrug antimicrobial resista (resistance to three or more antimicrobial
drug classes) was identified in equike coli isolates, in addition to extensive resistance to
tetracycline (Harihara & Barnum, 1973). Multidrugsistant (MDR) bacteria, includirtg coli,
have been the cause of disease outbreaks in elqagpetals on several occasions (Ward et al.,
2005; van Duijkeren et al., 2009).

*Thomas W. Maddox, National Centre for Zoonosisdesh, School of Veterinary Sciences,
University of Liverpool, UK, CH64 7TE. E-maiLhomas.Maddox@liverpool.ac.uk
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Bacterial resistance to antimicrobials can benstd or acquired. Intrinsic resistance is the
consequence of a structural or functional traieihg tolerance of an antimicrobial drug by all
members of a bacterial group; it is usually expdsby chromosomal genes and vertically
inherited. Acquired resistance is a trait assodiatgh only some strains of a bacterial species or
genus and is due to genetic change in the bactgeiabme. This may be via chromosomal
mutation or more usually by horizontal acquisitioh foreign genetic material, including
resistance genes on conjugative plasmids or othayilen genetic elements (Hall & Collis,
1995).

Extended spectrufd-lactamase (ESBL) enzymes producedebyoli represent a resistance
mechanism of particular significance, providingisesce tg3-lactam antimicrobials, including
the third-generation cephalosporins (e.g., cefotaxiceftriaxone, ceftazidime). The majority of
ESBL enzymes are mutations derived from the clakJIEM or SHV 3-lactamases (Payne et
al., 1989) and, being plasmid-borne, have becondespread within many bacteria species.
However, cefotaximase enzymes (CTX-M) represenisiindt class of ESBLs, which have
become prevalent iB. colifrom humans and other animals (Liebana et al.6200

Several factors have been found to be associatdd amtimicrobial resistanE. coli in
animals. The use of antimicrobial drugs is gengralicepted to increase the prevalence of
resistance; some environmental factors and incgeage (for very young animals) have also
been associated (Berge et al., 2005). The usemé smtimicrobial drugs and hospitalisation
were found to be associated with antimicrobial stesice in 216 horses in a North American
study (Dunowska et al., 2006).

The aim of this study was to determine the prewadenf antimicrobial resistari. coli in
horses on entry to an equine hospital and durirgpitedisation and to identify risk factors
associated with its presence.

MATERIALS AND METHODS

Study overview

Repeated faecal samples were collected from harsas equine hospital over an 18-month
period (from December 2007 through May 2009). Arthobial resistanE. coli were isolated
from samples and investigated to determine thescegtibility to a panel of seven antimicrobial
agents. The presence of resistance in samples malgsad using multilevel multivariable
modelling.

Study population

The study population consisted of horses admittethé University of Liverpool’s Philip
Leverhulme Equine Hospital (PLEH). Horses admiftadess than 48 hours were excluded, as
were patients undergoing radioactive gamma scagigic examination, un-weaned foals and
mares with un-weaned foals. Recruitment days welected on a convenience basis, but on
these days all eligible horses were enrolled. mix ethical consent was obtained from all
owners.

The primary study hypothesis was that exposurentongcrobial treatment in the hospital
would increase the odds of a horse having antirhiataesistank&. coliin its subsequent faecal

103



samples. Sample size estimates for a study inastgy horses exposed and non-exposed to
antimicrobials were conducted using the Epilnfawafe package (Epilnfo version 6 Epilnfo 6,
CDC & WHO, Geneva). Assuming a ratio of 1:2 forneated:treated with antimicrobials and
an expected prevalence of antimicrobial resistasfcB0% in the unexposed group (as pilot
studies indicated prevalence would be high), d witd44 horses would be required to detect
odds ratios of three or more, with 95% confidenoa 8% power.

Sample collection

A fresh faecal sample was obtained from each hwitheén 12 hours of admission and then
subsequently every two days until discharge from hlospital. Signalment data, admission
reason, previous veterinary history, details of bimese’s home yard and management were
collected by a questionnaire administered to theesw

Information from hospital database records

Whilst hospitalised, details of drug administratioreterinary procedures and location
within the hospital were recorded for each horgentthe PLEH clinical records system the
total number of horses hospitalised and the totahlver of defined daily doses (DDD)
prescribed for all antimicrobials were determineddach day of the study period. DDD per day
was calculated as the daily total amount of amantobial prescribed divided by the total daily
dose required for an average (500kg) horse; adafrmu the standard World Health
Organisation calculation used for determining dedirdaily dosages for human drugs (WHO,
2007).

Sample processing

From the samples, 2.5g of faeces was added to aviddume of brain-heart infusion broth
containing 5% glycerol and mixed using a stomagB¢omacher 80, Seward). The surface of
one eosin methylene blue agar (EMBA) plate and MaeConkey agar plate were inoculated
for confluent bacterial growth and seven antimicblmpregnated discs (MAST Ltd, UK) were
applied to the surface, in accordance with thectliptating method of Bartoloni et al. (2006).
The antimicrobials used and their potencies werapiaillin (10ug), co-amoxiclav (3(Qg)
ciprofloxacin (3ug), gentamicin (1fg), nalidixic acid (3Qg), tetracycline (3@g) and
trimethoprim (2.51g). The faecal suspension was streaked onto thréeef EMBA plates; one
plate containing the cephalosporin cefotaximgg(inl), one containing ceftazidime y@/ml),
and one with no antimicrobials incorporated. Aftesubation, bacterial growth morphologically
consistent withE. coli was subcultured for further testing. From the Mawkey and EMBA
plates with antimicrobial discs applied, any coémgrowing inside the general inhibition zone
of each antimicrobial disc were selected. At least colony was taken from each of the EMBA
plates with cefotaxime and ceftazidime (if bactegeowth had occurred), and three colonies
were randomly selected from the EMBA plate withambimicrobial.

Antimicrobial sensitivity testing

Isolates were prepared for antimicrobial sensitiiiésting in accordance with British
Society for Antimicrobial Chemotherapy (BSAC) guides. The surface of one Iso-Sensitest
agar plate was inoculated for semi-confluent bzdtgrowth and the same seven antimicrobial
discs detailed previously were applied. After inatidn, the diameter in millimetres of the zones
of inhibition around each of the antimicrobial disgas recorded.
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Suspected ESBL-producing isolates taken from théENlates containing cefotaxime or
ceftazidime were subjected to the paired disc sliffa test (MAST Ltd, UK) in accordance with
the method of M'Zali et al. (2000). An Iso-Senditagar plate was inoculated for confluent
bacterial growth and three pairs of antimicrobiadcd were applied to its surface. The
antimicrobial pairs used and their potencies wereefpodoxime (3Qg) and
cefpodoxime/clavulanic acid (30/4Q), ceftazidime (3Ag) and ceftazidime/clavulanic acid
(30/1Qug), cefotaxime (30g) and cefotaxime/clavulanic acid (30{4f). An increase in
inhibition zone size of 5mm or more in the presentelavulanic acid for any or all of the
antimicrobial pairs indicates confirmation of ESBtoduction.

Identification ofE. coli

Isolates with biochemical profiles consistent wih coli were confirmed by polymerase
chain reaction (PCR) assay for tBecoli specificuidAgene (McDaniels et al., 1996)

Statistical analysis

Independent (risk factor) variables were deriveminfrinformation obtained from owner
guestionnaires, clinical and hospital records, aeddetailed in Tables 1-3.

Faecal samples were considered the level one timterest, the binary outcome for each
sample was the presence or absence oE.awoli isolate with resistance to one of seven
antimicrobials. Resistance to each of the sevemmambbials was considered as a separate
outcome. Additionally, the presence in a samplardg. coli with multidrug resistance (to three
or more antimicrobial classes) or with ESBL-mediatesistance were considered as two further
outcomes. Due to repeated measures, data wereereldswithin horses (level two units);
therefore, factors affecting the occurrence ofraitiobial resistanE. coliwere examined using
separate multivariable, multilevel models with adwnial distribution and logit link function.
Within-horse clustering was accounted for as aeandhtercept in all models. In order to make
allowance for the autocorrelation of repeated messdata, an additional variable was created
(resistance in previous sample), defined as theepie or absence of the resistance outcome in
the preceding faecal sample.

For continuous variables witR-value <0.25, the functional form of the variablaethw
respect to each outcome was assessed using gseeératiditive models (GAM). The GAM
models were fitted using cubic spline smootherthan S-Plus software package (S-plus 2000,
Mathsoft Inc). The functional forms of the relatstips were then used to inform the
polynomial fits (of centred data) in the multivdoi@ logistic regression models, which were
then tested for significance.

All variables that showed some association with firesence of resistari. coli in
univariable analysis (aP-value <0.25) were considered for incorporationoira final
multivariable model for that outcome. For any pivariables with a correlation coefficient of
>0.70, only the variable with the smalléstvalue was considered for further analysis. Thalfin
models were constructed by a manual backwards sepwocedure where variables with a
Wald P-value <0.05 were retained in the model. The rasc in previous sample variable was
retained for all final models. First order interantterms were tested for biologically plausible
variables remaining in the final models.
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Data were analysed using the MLwiN statistical wafe package (MLwiN Version 2.1
Centre for Multilevel Modelling, University of Biigl). Initial univariable and multivariable
calculations were performed using penalised quksiihood estimates (2 order PQL). The
final models were fitted using Monte Carlo Markokiah utilising Metropolis Hasting sampling
with diffuse priors, a burn in period of 10,000r&gons and a run of 500,000 iterations. The
number of iterations required was determined byremang the MCMC diagnostics, including
the Brooks-Draper and Rafferty-Lewis Nhat stats(iBrowne, 2009).

Table 1. Dichotomous variables considered for isid in the final multilevel multivariable
models, with the number and percentage of sampleacdh category.

0
Variable Number of samples (%)

No Yes
Any antibiotic on sampling day 332 (72.6) 125 (27.4)
Penicillin on sampling day 376 (82.3) 81 (17.7)
Gentamicin on sampling day 449 (98.2) 8 (1.8)
Trimethoprim on sampling day 416 (91.0) 41 (9.0)
Ceftiofur on sampling day 453 (99.1) 4 (0.9)
Enrofloxacin on sampling day 449 (98.2) 8 (1.8)
Any antibiotic in previous 2 days 313 (68.5) 144 (31.5)
Penicillin in previous 2 days 351 (76.8) 106 (23.2)
Gentamicin in previous 2 days 448 (98.0) 9 (2.0)
Trimethoprim in previous 2 days 411 (89.9) 46 (10.1)
Ceftiofur in previous 2 days 453 (99.1) 4 (0.9)
Enrofloxacin in previous 2 days 450 (98.5) 7 (1.5)
Any antibiotic in previous 7 days 284 (62.1) 173 (37.9)
Penicillin in previous 7 days 308 (67.4) 149 (32.6)
Gentamicin in previous 7 days 443 (96.9) 14 (3.1)
Trimethoprim in previous 7 days 401 (87.7) 56 (12.3)
Ceftiofur in previous 7 days 450 (98.5) 7 (1.5)
Enrofloxacin in previous 7 days 451 (98.7) 6 (1.3)
Surgical procedure in 24hr prior to sample 435 (95.2) 22 (4.8)
Surgical procedure in 48hr prior to sample 401 (87.7) 56 (12.3)
Prior hospitalisation in previous 3 months 405 (88.6) 52 (11.4)
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Table 2. Categorical variables considered for isich in the final multilevel multivariable
models, with the number and percentage of sampleadh category.

Variable Categories Number of samples (%)
Day of hospitalisation Day 0 103 (22.5)
Day 2 103 (22.5)
Day 4 99 (21.7)
Day 6 71 (15.5)
Day 7 or later 81 (17.7)
Sex Female entire 150 (32.8)
Male entire 25 (5.5)
Male neutered 282 (61.7)
Admission condition Musculoskeletal 140 (30.6)
Medical 120 (26.3)
Gastrointestinal (medical) 162 (35.4)
Gastrointestinal (surgical) 16 (3.5)
Soft tissue surgery 19 (4.2)
Hospital yard on sampling day Medical yard 163 (35.7)
Orthopaedic yard 22 (4.8)
Overflow yard 44 (9.6)
Colic/intensive care 39 (8.5)
Pony yard 46 (10.1)
Mixed yard 132 (28.9)
Temporary yard 11 (2.4)

Table 3. Continuous variables considered for isiol in the final multilevel multivariable
models, with the median values and interquartitgyeafor each variable.

Variable Median Value (IQR)
Antimicrobial doses prescribed in hospital: 0-24hr prior to sample 6.6 DDD (0, 29.6)
24-48hr prior to sample 8.7 DDD (0, 35.8)
Penicillin doses prescribed in hospital: 0-24hr prior to sample 0.8 DDD (0, 8.2)
24-48hr prior to sample 1.5 DDD (0, 8.2)
Cotrimoxazole doses prescribed in hospital0-24hr prior to sample 0 DDD (0, 11)
24-48hr prior to sample 0 DDD (0, 13)
Gentamicin doses prescribed in hospital:  0-24hr prior to sample 0 DDD (0, 1.9)
24-48hr prior to sample 0 DDD(0, 2.1)

Total number of horses hospitalised: 0-24hr prior to sample 23 horses (8, 30)
24-48hr prior to sample 22 horses (8, 30)

Age of horse 6 years (9,12)

Number of horses on home yard 15 horses (8, 35)

IQR = interquatile range; DDD = defined daily do¢ese Materials and Methods)

RESULTS

Descriptive statistics

In total 110 horses were enrolled in the study; seven watsegjuently excluded as they
remained hospitalised for only one night. A tota67 faecal samples were collected from the
remaining 103 horses; the median duration of habgdtion was 6 days (IQR 2-4 days).
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At least one antimicrobial resistdht coli isolate was recovered from 309 of the faecal
samples (67.6%; 95% confidence interval (Cl) 63B9). The total number of non-duplicate
resistantE. coli isolated from all samples was 694, with a total4@f distinct antimicrobial
resistance phenotypes identified. The overall deaxa of resistanE. coli isolates in faecal
samples was over 25% for all the antimicrobials nex@d except co-amoxiclav (8.1%).
Multidrug resistante. coli (resistant to three or more antimicrobial classes)e identified in
49.2% of samples. ESBL-produciiig coli were recovered from 131 samples (28.7%; 95% CI
24.5, 32.8). The sample and isolate prevalenceegitance to each antimicrobial, multidrug
resistance and presence of an ESBL produ€ingpli are detailed in Table 4.

Table 4. Number and percentage of isolates andlsamjith resistance to all antimicrobials
tested, multidrug resistance and ESBL-mediatedtaste.

Isolates (n= 694) Samples (n=457)

No. resistant % (95% ClI) No. resistant % (95% ClI)
Ampicillin 466 67.1 (63.7, 70.6) 232 50.8 (46.2, 55.3)
Co-amoxiclav 56 8.1 (6.0, 10.1) 36 7.9 (5.4,10.3)
Ciprofloxacin 169 24.4 (21.2, 27.5) 121 26.5 (22.4, 30.5)
Gentamicin 298 42.9 (39.3, 46.6) 164 35.9 (31.5, 40.3)
Nalidixic acid 228 32.9 (29.4, 36.3) 147 32.2 (27.9, 36.4)
Tetracycline 418 60.2 (6.6, 63.9) 226 49.5 (44.9, 54.0)
Trimethoprim 644 92.8 (90.9, 94.7) 297 65.0 (60.6, 69.4)
Multidrug 422 60.8 (57.2, 64.4) 225 49.2 (44.7, 53.8)
ESBL mediated 142 20.5 (17.5, 23.5) 131 28.7 (24.5, 32.8)

95% CI = 95% confidence intervals

Prevalence figures for each day of admission aoevshin Fig. 1. A distinct pattern of
antimicrobial resistance during hospitalisation whewn for all drugs. On admission there was
consistently low prevalence of resistance, wittharg increase observed on days 2 and 4, and
then a slight decrease for samples collected or6dayater.

Generalised Additive Models results

The GAMs constructed showed that total number Gfraorobials doses prescribed (DDD)
in the previous 0-24 and 24-48 hours, and the tataiber of horses hospitalised in the previous
0-24 and 24-48 hours demonstrated a significantlinear relationshipg <0.05) with some of
the outcomes examined. Appropriate polynomial temese considered during the multivariable
analysis for the relevant outcomes, however thasales did not remain in the final models.

Univariable analysis

Univariable analysis found many of the variablesadied in Tables 1-3 to be significantly
associated with the outcomes considered (data Inoivrg). Individual horse antimicrobial
treatment within the previous 24 hours, 48 hous sgven days were all significantly correlated
with each other. For all outcomes considered, divargimicrobial treatment in the previous
seven days was determined as the best fit for theets. Similarly, antimicrobial defined daily
dosages prescribed in the hospital in the previdnw@gl and 24-48 hours were significantly
correlated, as were undergoing a surgical procedurthe previous 24 and 48 hours. The
variable pertaining to exposure in the previoushd@rs proved to be the best fit for the model
for all of these variables.
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Variables including number of horses in the hospitathe 0-24 and 24-48 hours before
sampling, and undergoing surgery in the 24 and d8rsh before sampling, were highly
significant on univariable analysi$ (<0.0001) but failed to remain in the final modéls.
addition age, sex and previous hospitalisation very found to be significantly associated
with outcomes considered on univariable analysis.

Proportion resistant samples {95% Cl})

AMP AMX-CL CIP GM NA TET TMP  MDR  ESBL

Antimicrobial

mDay0 Day 2 mDay4 m Day6 m Day 7 or later

Fig. 1 Sample prevalence of antimicrobial, multgiand ESBL-mediated resistances for each
day of sampling in 457 faecal samples from 110 hakged horseAMP = ampicillin; AMX-
CL = co-amoxiclav; CIP = ciprofloxacin; GM = gentenim; NA = nalidixic acid; TET =
tetracycline; TMP = trimethoprim; MDR = multidrugsistant, ESBL = ESBL mediated).

Multivariable analysis

The final multivariable, multilevel logistic regrsen models are shown in Tables 5 and 6.
For all outcomes except trimethoprim resistanc& tlay the sample was obtained was
significant, with increased risk of resistance Bamples taken on day 2 or later. For all
outcomes except ESBL-mediated resistance, havidgahnéimicrobial treatment in the seven
days prior to a sample also significantly increasedrisk of resistance. The amount prescribed
(DDD) of cotrimoxazole in the hospital in the 24-A8urs prior to a sample was a significant
risk factor for all outcomes except ciprofloxactatracycline, and ESBL-mediated resistance.
Patients admitted for gastrointestinal surgery wateincreased risk of nalidixic acid and
particularly ciprofloxacin resistance. Horses i thrthopaedic yard were at increased risk of
trimethoprim and ciprofloxacin resistaBt coli and those on the mixed yard were at increased
risk of ESBL-mediated resistaBt col..

As expected, there was significant clustering efstance outcomes within horses; however,
random slope effects were not significant, sugggsthat there was no major difference in
covariate effects in different horses. No signfficanteractions (WaldP-value <0.05) were
found for the variables remaining in the final misdeThe MCMC diagnostics performed
(Browne, 2009) indicated that the fits were smaaid regular, with adequate mixing of chains
for all fixed effect variables. Sufficient iteratis were performed to give certainty about the
estimates for the model parameters.
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Table 5. Results of multivariable multilevel anasy®r the outcomes of tetracycline, ampicillin, ltdrug and gentamicin resistance in 457

faecal samples from 110 horses admitted to theépAteverhulme Equine Hospital, University of Livex.

Variable Tetracycline resistance Ampicillin resistance Multidrug resistance Gentamicin resistance
OR 95% CI P OR 95% CI P OR 95% CI P OR 95% CI P
Day of sample Day O (Ref) - - (Ref) - - (Ref) - - (Ref) - -
Day 2 401 17,945 <0.001 3.15 1.21,821 0.02 518 1.81,149 0.002 6.57 2.15,20.1 <0.001
Day 4 9.33 3.22,27.0 <0.001 9.66 2.90,32.3 <0.001 14.1 3.55,559 <0.001 16.5 4.22,64.8 <0.001
Day 6 445 1.72,17.2 0.004 6.21 1.69,22.8 0.005 8.34 1.99,34.9 0.003 9.69 2.31,40.7 0.002
Day 7+ 3.06 1.04,9.03 0.04 390 1.21,126 0.02 4.27 1.16,157 0.03 52 1.36,19.9 0.02
Resistant at previous sample 196 0.86,4.44 0.1 240 098,586 0.05 249 096,664 006 259 1.1,6.08 0.03
Antimicrobial previous 7 days 417 1.97,8.82 <0.001 3.64 1.77,7.49 <0.001 3.54 1.67,7.48 <0.001 3.63 1.73,7.9 <0.001
Cotrimoxazole doses prescribed
(DDD) in hospital previous 48hrs - - - 1.02 1.01,1.04 0006 102 10,103 004 102 10,103 0.03
Variance (standard error) 2.0 (0.9) 2.2 (1.0) 2.6 (1.3) 1.9(1.1)

95% CI = 95% credible intervalB;values are from the Wald chi-squared test
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Table 6. Results of multivariable multilevel anagy®r the outcomes of nalidixic acid, ESBL-meddteimethoprim and ciprofloxacin
resistance in 457 faecal samples from 110 horsedted to the Philip Leverhulme Equine Hospital,ikémsity of Liverpool.

Variable Nalidixic acid resistance ESBL-mediated resistance Trimethoprim resistance Ciprofloxacin resistance
OR 95% ClI P OR 95% ClI P OR 95% CI P OR 95% CI P
Day of sample Day 0 (Ref) - - (Ref) - - (Ref) - - (Ref) - -
Day 2 435 1.37,13.8 0.01 27.1 5.63,131 <0.001 0.89 0.39,2.03 0.7 6.25 1.6,24.3 0.008
Day 4 9.0 28,289 <0.001 97.8 17.2,555 <0.001 265 1.0,6.98 005 306 7.0,134 <0.001
Day 6 6.47 1.86,22.5 <0.001 94.6 15.0,595 <0.001 251 0.85 74 0.1 17.9 3.63,88.8 <0.001
Day 7+ 46 135,157 0.01 36.2 6.42,205 <0.001 142 052,385 0.08 13.1 2.82,61.2 0.001
Resistant at previous sample 3.69 1.84,7.41 <0.001 1.25 0.48,3.25 0.6 283 125,639 001 111 042,292 0.8
Antimicrobial previous 7 days 457 2.28,9.18 <0.001 - - - 4.36 2.04,9.33 <0.001 12.8 3.84,42.5 <0.001
Cotrimoxazole doses prescribed
(DDD) in hospital previous 48hrs 1.01 1.0,1.03 0.04 - - - 1.02 1.01,1.04 0.01 - - -
Admission  Soft tissue surgery (Ref) - - - - - - - - (Ref) - -
condition Musculoskeletal 1.83 0.82,4.07 0.1 - - - - - - 3.69 094,144 0.06
Medical 069 0.34,142 0.3 - - - - - - 1.18 0.34,4.18 0.8
Gastrointestinal (surg) 7.06 1.29,38.7 0.02 - - - - - - 114 4.9,2590 0.003
Gastrointestinal (med) 1.72 0.39,7.58 0.5 - - - - - - 10.0 0.59,169 0.11
Hospital yard ~ Medical yard - - - (Ref) - - (Ref) - - (Ref) - -
Orthopaedic yard - - - 771 0.78,76.0 0.08 494 1.13,21.5 0.03 9.71 141,669 0.02
Overflow yard - - - 259 0.39,17.0 0.3 0.75 0.25,2.21 0.6 0.57 0.10,3.17 0.5
Colic/intensive care - - - 1.88 0.26,13.3 0.6 245 0.67,9.01 0.2 0.21 0.03,1.74 0.2
Pony yard - - - 473 0.79,283 0.09 196 0.64,598 0.2 273 058,129 0.2
Mixed yard - - - 11.6 2.75,48.8 <0.001 1.22 0.56,2.67 0.6 1.11 035,355 0.9
Temporary yard - - - 423 0.39,46.5 0.2 445 0.49,398 0.2 406 0.49,332 0.2
Variance (standard error) 0.3(0.4) 4.1 (1.9) 4.2 (1.7) 2.7 (1.46)

95% CI = 95% credible intervalB;values are from the Wald chi-squared test
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DISCUSSION

The overall prevalence of antimicrobial resist@ntoliin horse faecal samples identified in
this study was high (67.7%), but similar studiesehahown comparable prevalence levels. A
study from Ireland showed a prevalence for multdresistant. coli of 65% in hospitalised
horses (Bryan et al., 2008), whilst a North Amarmieguine hospital reported resistance in 62%
of E. coli isolated from horses (Dunowska et al., 2006). phevalence of ESBL-producing
bacteria identified in this study was higher thapezted, with 53.4% of horses having at least
one ESBL-positiveE. coli isolated during hospitalisation. ESBL-produciig coli have been
identified in diagnostic submissions of pathogesmates from horses in the Netherlands; all
were of the CTX-M type (Vo et al., 2007). A furthetudy looking at commensal. coliin a
Czech equine hospital reported a prevalence of 927 horses sampled on a single occasion;
again they were of the CTX-M typBdlejskaet al., 2008).

The identified increase in the prevalence of ardiobial resistanE. coli after admission
could occur via a number of means. Possibilitieduithe: acquisition of resistal. coli from
other hospitalised horses or the hospital enviratmeacquisition of genetic resistance
determinants from similar sources; an increasesistank. colialready present (but previously
undetectable) in the gastrointestinal flora or s¢fan of resistance determinants from other
members of the gut flora. The two most importangéniified risk factors were day of
hospitalisation and treatment with antimicrobiafs the seven days prior to a sample. An
association with antimicrobial treatment agreeshw# study that included a group of
hospitalised horses (Dunowska et al., 2006), wiigntified aminoglycoside, cephalosporin
and cotrimoxazole administration as risk factors &mtimicrobial resistance irkE. coli
Resistance was not restricted to samples for wthelne was antimicrobial treatment in the
previous seven days; the sample prevalence oftaases for the majority of outcomes was
higher than the proportion of samples with previan8microbial treatment (37.9%). Dunowska
et al. (2006) identified hospitalisation as an peledent risk factor (in addition to antimicrobial
treatment) on comparison of resistdnt coli prevalence in groups of hospitalised and non-
hospitalised horses.

Few animal studies have attempted to documentfheence of hospital-level factors such
as number of hospitalised animals or total antiob@l usage on the presence of resistance,
although this is more common for human hospitatlissi (de With et al., 2006; Pakyz et al.,
2008). The number of horses in the hospital wasansignificant risk factor for any outcome.
However, for most outcomes the number of dosescpbesl in the hospital of cotrimoxazole
was a significant risk factor. As previously statede present study suggests that at an
individual horse level, antimicrobial treatmentuks in an increased prevalence of resistant
coli in its faecal samples. This could translate to @éighumbers of such bacteria present in the
hospital environment, increasing other horses’ syp® to these bacteria (or their resistance
determinants) and increasing the likelihood fonsraission.

The decrease in resistaBt coli prevalence noted from day six onward is intergstin
Regardless of exactly how it occurs, the incregseslalence of resistait. coli associated with
hospitalisation may signify some form of disturbanaf the horses’ normal gastrointestinal
flora. The subsequent decrease identified coulcesgmt the re-establishment of a more normal
bacterial population, particularly if the cause tife disturbance occurs early during
hospitalisation or the selection pressure is nahtased.
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Reason for admission was a significant risk factay for nalidixic acid and ciprofloxacin
resistance; for both outcomes admission for a eargjastrointestinal condition represented
increased risk. It is unclear whether the condittealf or some aspect of subsequent treatment
is the important factor. Non-surgical gastrointestidisease did not represent increased risk and
undergoing surgery was not a significant risk fadty any outcome. It is uncertain whether
hospital yard represents a direct environmentabfaar is merely a reflection of the reason for
admission, type of treatment or severity of diseAdthough the descriptions given to the yards
represent their primary intended use, they arestraitly adhered to and the yard is more likely
to represent an environmental factor. One yarch{@aedic) was shown to be significantly
associated with increased risk for ciprofloxacird arimethoprim resistance, and the mixed-
purpose yard (which also houses the largest nuoibleorses) was also significantly associated
with ESBL-mediated resistance. Environment samplimga Czech equine hospital study
isolated multidrug resistai. coli from most water troughs sampldab(ejskaet al., 2008).

The emergence of multidrug resistant bacteria imals is a concern for public health as
well as veterinary medicine (Barza, 2002). TransfdE. coli from animals to in-contact people
is difficult to confirm but household members, uding pets, have been shown to sHareoli
strains (Murray et al., 2004; Damborg et al., 20@8d a longitudinal study documented
repeated transfer of pathogeikic coli strains between a pet and members of its ownellyfam
(Johnson et al., 2008). Similar opportunities faccterial transfer may exist for horses. The
antimicrobial resistanE. coli recovered in this study were not causing diseadeage likely to
represent commensal strains of the organism. Haweweer certain circumstances such strains
may be able to cause disease, either through tipeisitton of virulence determinants or via
inoculation of a non-gastrointestinal site. Isatatguch as the multidrug resistaat coli
identified in this study could prove refractory teeatment by most of the antimicrobials
available for use in equine medicine. Additionalljymans involved with the care of
hospitalised horses are frequently in close conté@btthe animals and their faeces, representing
considerable opportunity for potential transferedistanE. coli strains to humans.

ACKNOWLEDGEMENTS

The authors wish to thank Gill Hutchinson, RRtyvar, Amy Wedley and Thelma Roscoe for
technical assistance. This work was supported gy Bhansby Home of Rest for Horses
(Registered Charity No: 1075601) and the UK Departifor Environment, Food and Rural
Affairs (Defra).

REFERENCES

Bartoloni, A., Benedetti, M., Pallecchi, L., LarssoM., Mantella, A., Strohmeyer, M. and
Kronvall, G. (2006). Evaluation of a rapid scregnmethod for detection of antimicrobial
resistance in the commensal microbiota of the §tans. R. Soc. Trop. Med. Hyd00,

119-125.

Barza, M. (2002). Potential mechanisms of increadiséase in humans from antimicrobial
resistance in food animals. Clin. Infect. 084, S123-S125.

113



Berge, A.C.B., Atwill, E.R. and Sischo, W.M. (2005%Animal and farm influences on the
dynamics of antibiotic resistance in faecal Esaéai coli in young dairy calves. Prev. Vet.
Med. 69, 25-38.

Browne, W.J. (2009). MCMC Estimation in MLwiN, v&1 Centre for Multilevel Modelling,
University of Bristol.

Bryan, J., Leonard, F.C., Katz, L.M., Duggan, Vddmanning, S. (2008). The development of
multiple-antimicrobial resistance in commensal &deEscherichia coliof hospitalised
horses. In, 48th British Equine Veterinary AssaomiCongress, Birmingham, 244p.

Damborg, P., Nielsen, S.S. and Guardabassi, L.9)2@scherichia coli shedding patterns in
humans and dogs: insights into within-householdsmaission of phylotypes associated with
urinary tract infections. Epidemiol. Infedt37, 1457-1464.

de With, K., Maier, L., Steib-Bauert, M., Kern, &d Kern, W.V. (2006). Trends in antibiotic
use at a university hospital: Defined or prescridaidly doses? Patient days or admissions as
denominator? InfectioB4, 91-94.

Dolejska, M., Duskova, E., Machkova, G., Kohoutokaand Cizek, A. (2008). Detection of
ESBL-producing Escherichia coli in horses, persoagll the environment within a
veterinary teaching hospital. In, Conference prdoegs; Antimicrobial Resistance in
Zoonotic Bacteria and Foodborne Pathogens, Copenh&gnmark, pp. 57-58.

Dunowska, M., Morley, P.S., Traub-Dargatz, J.L.aHyD.R. and Dargatz, D.A. (2006). Impact
of hospitalization and antimicrobial drug admirasion on antimicrobial susceptibility
patterns of commensal Escherichia coli isolatethftbe feces of horses. J. Am. Vet. Med.
Assoc.228, 1909-1917.

Hall, R.M. and Collis, C.M. (1995). Mobile Gene Gaties and Integrons - Capture and Spread
of Genes by Site-Specific Recombination. Mol. Mlua. 15, 593-600.

Harihara, H. and Barnum, D.A. (1973). Drug Resistaamong Pathogenic Enterobacteriaceae
from Animals in Ontario. Can. J. Public Heafifh, 69-69.

Hart, W.S., Heuzenroeder, M.W. and Barton, M.D.0@&0 A study of the transfer of
tetracycline resistance genes between Escheriochia¢he intestinal tract of a mouse and a
chicken model. J. Vet. Med. Series B-Infectiouseases and Veterinary Public HeahB,
333-340.

Johnson, J.R., Clabots, C. and Kuskowski M.A. (2008ultiple-Host Sharing, Long-Term
Persistence, and Virulence of Escherichia coli Eofrom Human and Animal Household
Members. J. Clin. Microbiold6, 4078-4082.

Karami, N., Martner, A., Enne, V.l., Swerkersson, A&dlerberth, 1. and Wold, A.E. (2007).
Transfer of an ampicillin resistance gene betw&en Escherichia coli strains in the bowel
microbiota of an infant treated with antibioticsAhtimicrob. Chemothe60, 1142-1145.

Liebana, E., Batchelor, M., Hopkins, K.L., Clift¢tadley, F.A., C. J. Teale, C.J., A. Foster, A.,
Barker, L., Threlfall, E.J. and Davies, R.H. (2006pngitudinal Farm Study of Extended-
Spectrum beta -Lactamase-Mediated Resistancein].Mitrobiol. 44, 1630-1634.

114



M'Zali, F.H., Chanawong, A., Kerr, K.G., Birkenhedal and Hawkey, P.M. (2000). Detection
of extended-spectrum beta-lactamases in membersheffamily Enterobacteriaceae:
comparison of the MAST DD test, the double disc amel Etest ESBL. J. Antimicrob.
Chemother45, 881-885.

McDaniels, A.E., Rice, E.W., Reyes, A.L., Johns@nH., Haugland, R.A. and Stelma, G.N.
(1996). Confirmational identification of Escheriahcoli, a comparison of genotypic and
phenotypic assays for glutamate decarboxylase atal-glucuronidase. Appl. Environ.
Microbiol. 62, 3350-3354.

McKay, K.A., Ruhnke, H.L. and Barnum, D.A. (1969)he Results of Sensitivity Tests on
Animal Pathogens Conducted over the Period 195@-106n. Vet. J6, 103-111.

Murray, A.C., Kuskowski, M.A. and Johnson, J.R.@2} Virulence factors predict Escherichia
coli colonization patterns among human and animakkhold members. Ann. Intern. Med.
140, 848-849.

Pakyz, A., Powell, J.P., Harpe, S.E., JohnsonE@mond, M. and Polk, R.E. (2008). Diversity
of antimicrobial use and resistance in 42 hospitathe United States. Pharmacotherapgy
906-912.

Paladino, J.A., Sunderlin, J.L., Price, C.S. andeftag, J.J. (2002). Economic consequences of
antimicrobial resistance. Surg Infect (Larch@ytR59-267.

Payne, D.J., Marriott, M.S. and Amyes, S.G.B. ()988utants of the Tem-1 Beta-Lactamase
Conferring Resistance to Ceftazidime. J. Antimictéhemother24, 103-110.

van Duijkeren, E., Moleman, M., Sloet van Oldruliergh-Oosterbaan, M., Multem, J.,
Troelstra, A., Fluit, A.C., van Wamel, W.J.B., Hoers, D.J., de Neeling, A.J. and
Wagenaar, J.A. (2009). Methicillin-resistaBtaphylococcus aureugs horses and horse
personnel: An investigation of several outbreaket. Wiicrobiol.In press.

van Duijkeren, E., van Asten, A. and Gaastra, VO0(®. Characterization of Escherichia coli
isolated from adult horses with and without enigri¥et. Q. 22, 162-166.

Vo, A.T.T., van Duijkeren, E., Fluit, A.C. and Gaas W. (2007). Characteristics of extended-
spectrum cephalosporin-resistant Escherichia cali lelebsiella pneumoniae isolates from
horses. Vet. Microbioll24, 248-255.

Ward, M.P., Brady, T.H., Couetil, L.L., LiljebjelkeK., Maurer, J.J. and Wu, C.C. (2005).
Investigation and control of an outbreak of salmimses caused by multidrug-resistant
Salmonella typhimurium in a population of hospiati horses. Vet. Microbioll07, 233-
240.

WHO (2007). Guidelines for ATC classification andDD assignment 2007. WHO
Collaborating Centre for Drugs Statistics Methodglcavailable at: www.whocc.no/atcdd.
Accessed 10 October 2009.

115



USE OF SOCIAL NETWORK ANALYSIS TO CHARACTERISE EQNE MOVEMENTS
AND IDENTIFY PREMISES AT HIGH RISK FOR DISEASE INTBDUCTION AND
SPREAD IN SPAIN

B. MARTINEZ-LOPEZ, A.M. PEREZ AND J.M. SANCHEZ-VIZCAINO

SUMMARY

Social network analysis (SNA) and graph theory haseently been used to describe
movement patterns and to identify premises that ptay an important role in the introduction
or spread of animal diseases. Because of theueljatiecent introduction of SNA in the field of
veterinary medicine, SNA has never been used toactexize the network of contacts among
equine premises. SNA was used here to exploreghme network of movements, to identify
premises highly connected with other premises ariliustrate the potential risk of introduction
and spread of equine diseases in Castile and L@y (egion of Spain. Characteristics of the
equine network were also compared with pigs antiecagtworks in CyL. Results may be used
to update contingency plans for management of dardiseases such as African horse sickness
or West Nile fever and, ultimately, to establisskrbased surveillance and control programs in
Spain or other EU countries.

INTRODUCTION

The equine industry of developed countries has ntgceundergone a remarkable
transformation. Horses were replaced by motorissdcles in practices traditionally associated
with equines and, conversely, there was an incremahe number of horses used in alternative
activities such as sport, entertainment and meatymtion. Changes in the scope and objectives
of the equine industry resulted in a reductionhef world horse population by almost 14 million
animals during the first part of the last centuHowever, the world horse population has
remained stable at around 58 million horses sir®89 {FAOSTAT, 2009). Approximately 7%
of the world horse population is located in thedpg&an Union (EU) and Spain, with 424,000
animals, holds the fourth largest population ofsesrin the EU (WAHID, 2009).

The horse industry is threatened by a large nurobdiseases and syndromes. There are 21
infectious diseases to which equines are suscep@ibdd that are notifiable to the World
Organisation for Animal Health (OIE). Eleven of $lee (African horse sickness (AHS),
contagious equine metritis, dourine, Western equemeephalomyelitis, equine infectious
anaemia, equine influenza, equine piroplasmosignegqhinopneumonitis, equine viral arteritis,
glanders, and Venezuelan equine encephalomyektict equines exclusively. The ten

" Beatriz Martinez-L6pez, Centro de Vigilancia Samétd/eterinaria (VISAVET) and Animal
Health Department, Complutense University of Mad#d. Puerta de Hierro s/n. 28040,
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remaining horse diseases for which reporting isdatory to the OIE and that affect multiple
species are Eastern equine encephalomyelitis, dapa@ncephalitis, new world screwworm
(Cochliomyia hominivorax old world screwworm@hrysomya bezziapaQ fever, rabies, surra,
tularemia, vesicular stomatitis, and West Nile fe{@IE, 2009). The complexity of the equine
industry, relatively high frequency of internatibmaovements, limitations of current horse
disease surveillance systems and shortage of EsaHlocated to the prevention and control of
equine diseases make Spain and other EU countg@siparly vulnerable to the introduction
and spread of horse diseases.

The objective of this study was to apply socialwwek analysis (SNA) to explore the
patterns of the equine network of movements andtifyeimportant premises which may be
targeted for control and surveillance systems. Hanegion of Spain for which complete and
updated data were available was used to illusthetenethodology and type of results that could
be obtained. The analysis and methods describeddoeitd be easily expanded to other regions
and countries and may be useful to develop riskeda®ntingency and surveillance programs
for management of equine diseases.

MATERIALS AND METHODS

The region of Spain selected for the study wasatitenomous community of Castile and
Leon (CyL) (Fig. 1). CyL was selected because @f willingness of regional authorities to
make all data required for the analysis availablerse shipment records included information
on the day of shipment, number of equines shippetilacation (latitude and longitude) and
production type of the premises of origin and daedton of the shipment. Location (latitude and
longitude), production type and the number of heige. premises size) were also available for
every premises in CyL.

T T
0 75 150 Kilometers

0 250 500 Kilometers

Fig. 1 Location of equine premises in CyL regiorSpain
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The horse population of CyL included 49,036 homissributed over 2,135 premises (Fig.
1). Horse premises were classified, according #ir thbjectives, as production farms (78.2%),
entertainment, game or sport facilities (15.2%ggefgrazing farms (2.2%), markets (1.5%),
dealers (0.9%), slaughterhouses (0.8%), bullri®g®%) and non-specified purpose (1%). The
mean (S.D.) herd size was 57 (70) for dealers, 48 {or production farms, 14 (30) for
entertainment, game or sport facilities, 10 (2X)ffee-grazing farms and 10 (20) for farms with
non-specified purpose, whereas there was no pemhgpulation of horses in markets,
slaughterhouses and bullrings.

SNA and graph theory were used to estimate prersigesific indicators of the frequency
of live horses shipments into CyL. A review of SMAd graph theory and their application in
preventive veterinary medicine is available elsawh@®lartinez-Lopez et al., 2009a). Briefly,
SNA may be defined as the analytical approachititahds to describe the nature and extent of
the interactions among the elements of a groupderao understand the collective behavior of
the network (Laumann & Pappi, 1976; Anderson & JH985). Graph theory provides the
theoretical framework to study the characteristm®perties and important components of the
network. SNA and graph theory have recently beesd us preventive veterinary medicine to
assess the patterns of animal movements and imftiods into a region in studies that could
have important applications, for example, to foratel risk-based surveillance programs
(Martinez-Lépez et al., 2009a,b).

In this study, two directed networks were creatsmhgi premises as nodes or vertices and
equine shipments as links or connections (Martirezez et al., 2009a). Shipments with origin
in a premises located outside CyL and with destinain a premises located within CyL were
used to construct a network referred to as thereadt@etwork (EN). Shipments with origin and
destination within CyL were included into a so-edllinternal network (IN). Thus, the EN and
IN were proxies for the risk of disease introductend spread in CyL, respectively. Relative
importance for introduction and/or spread of diseafsevery horse premisesvas estimated by
computing thedegree(Dc;) andclosenes$Cc) centrality measuredDegree centralityrefers to
the number of contacts that a premises has. Daewttworks have two measures of degree
centrality, one for the incoming contacte-egree, IDg and other for the outgoing contacts
(out-degree, ODE. Generally, the relative or normalized in- and-degree centrality measures
(RIDg, RODg) were used, which consider the total number ofiees in the networkN) and
were computed d®ci/N-1 andODG/N-1, respectivelyCloseness centralitfCg) is an estimate
of how closely connected a vertex is to all othentices of the network. The formula to compute
the closeness centrality of verteis

1
Co;=a———
Z_;.: 1 d (ﬂ’i ﬂ’}']

where E?=i d(m;) is the sum oshortest path lengthisom vertexi to all other vertices in
the network. Similar to the degree centrality, dieel networks have two closeness centrality
measures referred to as in- and out- closenesghwhiere computed similarly to the above
equation but using the sum shortest path lengthsf the incoming and outgoing contacts,
respectively (Martinez-Lopez et al., 2009a). Allnguutations were performed using Pajek
v.1.23 (Batagelj V. and Mrvar A.,University of Ljlilana, Slovenia).
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RESULTS

The EN included 47 (2%) premises and 103 shipmaurits,a total of 655 horses introduced
into the CyL region (Fig. 2). The mean (S.D.) numisehorses moved per shipment was 6 (10).
The mean (S.D.) number of equine shipments per wesk? (2) and 28% of the shipments took
place on Fridays. The distance covered by 50%, @B&l95% of the shipments was 66.4 km,
122.6 km, and 393.8 km, respectively. Entertainmngatne or sport facilities, production farms,
free-grazing farms, slaughterhouses, markets, dealed bullrings received 33%, 28%, 17%,
16%, 3%, 2% and 1% of the shipments, respectivEe largest in-degredlc; = 12) was
estimated for an entertainment, game or sportifiacithe average (median) valuelBfc; was 2

().

() (b)

S5 )¢ ‘ /
i

Fig. 2 Network of equine shipments with origin ithher regions of Spain and destination within
CyL, referred to as external network (EN) (a) anthwrigin and destination within CyL,
referred to as internal network (IN) (b)

The IN included 2,118 (99%) premises and 3,645mhbigs (Fig. 2). The mean (S.D.)
number of equine shipments per week was 69 (34)tlaa®8% of the shipments occured on
Friday. The mean (S.D.) number of equine movedspgiment was 4 (6). The distance covered
by 50%, 75% and 95% of the shipments was 37.9 khf§ Km and 173.9 km, respectively.
Specifically, production farms, entertainment, gasmeport facilities and markets accounted for
73%, 11% and 8%, respectively, of the shipmentiénIiN. The destination of 48%, 22%, 12%
and 10% of the shipments corresponded to produtions, markets, entertainment, game or
sport facilities and slaughterhouses, respectivete highest probability of contact was among
production farms (0.34) and from production farmsrarkets (0.18) (Table 1).
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The largest in-degre¢c; = 270) and out-degre®Dg = 80) for the IN were estimated for
markets. Premises with high in- and out- degre¢rakines were also found to have high in- and
out-closeness centrality values, respectively (Bjg.Conversely, most premises with high in-
degree and in-closeness values did not correspdahdovemises with high out-degree and out-
closeness values, respectively (Fig. 3).

Premises with high values of in- and out- degre@ elnseness centrality measures were
broadly distributed throughout CyL (Fig. 4).

Table 1. Probability of contact among differentdgmf equine premises into Castile and Leon
(CyL) region of Spain during 2008.

DESTINATION
Markets Entertainment,Slaughterhouse ProductionOther TOTAL
game or sport

ORIGIN Market 0.000 0.009 0.001 0.067 0.004 0.081
Entertainment, 0.030 0.024 0.002 0.044 0.008 0.109
game or sport
Production 0.184 0.084 0.066 0.335 0.062 0.730
Other 0.009 0.006 0.028 0.033 0.005 0.080
TOTAL 0.222 0.122 0.097 0.479 0.079 1.000
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Fig. 3 Relationship between in- and out- relatiegrge and closeness centrality measures for
the internal network (IN) in CyL region of Spain
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inverse distance weight (IDW)
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DISCUSSION

Implementation of effective surveillance progranmed at early detection of incursions of
foreign animal diseases into equine populationSSpéin and Europe has been impaired by
factors inherent in the complex dynamics of theimgjindustry and by the shortage of resources
available to official veterinary services for desigf equine disease control and prevention
programs. Here, we present a relatively simple yaical approach aimed at identifying
premises at highest risk of introduction or sprea@quine foreign diseases in a region. Such
areas and periods of time may be selectively tathes part of an active disease prevention
program in order to increase the sensitivity anfkotfveness of the surveillance system.
Although the approach could be applied to any megiod easily adapted to any equine disease,
here it was used to identify high risk premisesifidroduction and/or spread of equine diseases
in a limited region of Spain.

One of the most important drawbacks for the impletaggon of active surveillance
programs for equine diseases is the relative sh@mé financial and human resources available
to veterinary services for horse disease contrdl pmevention programs, compared with the
poultry and livestock sectors. The characterizatainthe contact patterns among equine
premises in this study may be useful for the dgualent of policies to prevent and control
equine diseases.

Compared to the networks of swine and cattle césmtac CyL, previously described by
Martinez-Lépez et al. (2009c), the equine netwdricyl included a lower number of premises
and shipments (2,118 premises and 3,645 shipmantkei equine network compared with
24,442 and 220,337 in cattle and 8,457 and 78,88®igs, respectively). However, an
interesting observation is that most equine presn(86.2%) had at least one shipment per year.
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This is not the case in the cattle and swine indessin which the percentage of premises with at
least one shipment per year was 80% and 30%, ragglgc Equine shipments covered longer
distances than cattle shipments but similar digane swine shipments (50%, 75% and 95% of
the shipments covered 37.9 km, 74.6 km and 173.¢hkime equine network; 25.7 km, 55.1 km
and 140 km in the cattle network and 40.5 km, Ksnland 172.8 km in the swine network) and
were more homogeneously distributed throughoutyds than cattle and swine shipments.
Equine premises were more heterogeneous, includorg diverse production types than cattle
and swine premises and being more frequently cdaedeto markets than cattle and pig
premises, which may result in higher risk for dgeaspread compared to cattle and pigs.
Slaughterhouses were also less important in thepten of shipments from equine premises
than for swine and cattle networks. Specificall3%, 11% and 8% of equine shipments
originated from production farms, entertainmentmgaor sport facilities and markets,
respectively, whereas in cattle 98.5% originatednfiproduction farms and 1.5% from markets,
and in swine 100% originated from production farmgstination of shipments in the equine
network was distributed as 48%, 22%, 12% and 10%ptoduction farms, markets,
entertainment, game or sport facilities and slaeigfituses, respectively, whereas in the cattle
network the distribution was 50.4%, 39.2% and 10t8%laughterhouses, production farms and
markets, respectively, and in the swine networkl%3.and 26.9% of shipments were to
slaughterhouses and production farms, respectivEhose differences in the nature and
structure of the equine network of contact patteormapared with other livestock animals should
be considered in the development and implementaticarveillance and control programs.

The analytical approach developed here may be weprdoy the addition of certain
epidemiological data that were not available at tinge of the analysis. For example, one
assumption of the prototype presented here wasthieatisk of disease introduction or spread
was the same for every movement, regardless obrigen of the shipment. Alternatively, risk
assessment may be used to quantify the risk thppesth horses were infected at the time of
introduction into the premises in order to weighe tshipments by their risk of infection of
certain equine diseases. However, there is a reotatk of information on the prevalence of the
diseases in endemic regions, which prevented ttlasion of those factors into this analysis.
The analysis here was restricted only to horse mewts. However, the risk associated with
introduction of other susceptible species may d&soconsidered. Inclusion of other equine
species may be particularly important for diseaseh as AHS, where the disease mortality rate
is quite high in horses (House, 1993; Meiswink@€98) but certain susceptible species, such as
donkeys or zebras, show negligible clinical sigmsich may increment the risk of introduction
associated with these species. Thus, introducti@goine species other than horses, which was
assumed to be nil in CyL but may be important imeotregions of Spain and Europe, may be
considered in order to enhance the sensitivityhef dpproach. Another potential expansion of
the work here is the combination of SNA with tecjugs for identification of clusters in time
and space to develop compartmentalisation and mabigation strategies with application in
prevention and control of disease spread. Such lgective is beyond the scope of this
manuscript, but see, for example, Martinez-Lépeal e(2009b), for an example of how SNA
and cluster analysis techniques allow identifiaatidd not only relations, but also areas and time
periods at higher risk of introduction or spreadiskease.

In conclusion, the study here is the first to udAS0 identify premises at high risk of
equine diseases introduction and/or spread ineg@m of Spain. Methods and results presented
here may be used to update contingency plans fdy datection of incursions of foreign
diseases such as AHS or West Nile fever in CyL, altichately, to establish cost-effective
strategies to enhance the sensitivity of survatkgprograms in Spain and other EU countries.
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MODELLING PCV-2 WITHIN-HERD DYNAMICS:
A FOCUS ON PIG-MANAGEMENT PRACTICES

M. ANDRAUD", N. ROSE, B. GRASLAND, A. JESTIN AND F. MADEC

SUMMARY

Porcine Circovirus type 2 (PCV-2) is commonly reaisgd as the aetiological agent of Post-
weaning Multisystemic Wasting Syndrome (PMWS) igspiEpidemiological studies suggest
that within-herd PCV-2 dynamics could be a pivdtaitor for PMWS development. The aim of
this modelling study was to assess the impact fiérdnt management practices and batch-
rearing procedures on PCV-2 dynamics within a fafto-finish pig herd. A stochastic
individual-based model was built to simulate th@udation dynamics within a typical farrow-
to-finish pig farm and coupled with an epidemiotmdimodel describing the PCV-2 infectious
process. Specific experimental trials were carroed to estimate the PCV-2 transmission
parameters (direct and indirect transmission, tependent transmission rate). A clear effect of
the batch-farrowing system on within-herd cours®®@WV-2 infection was found, independently
of husbandry practices, the risk being increased20% for the weekly-batch farrowing
procedure compared to the three-week system. Mamagepractices were also found to play a
major role in infection spread by modifying the tamt structure between individuals with
different infectious statuses.

INTRODUCTION

Porcine Circovirus type 2 (PCV-2) is a small singieanded DNA virus commonly
recognised as the aetiological agent of Post-weadiuntisystemic Wasting Syndrome (PMWS)
(Allan & Ellis, 2000; Segalés & Doming@002; Madec et al2008. However, retrospective
studies have evidenced that PCV-2 has been prasethmte field for decades without any
reported clinical consequen@dagar et al.2000; Rodriguez-Arrioja et aR003. There is no
clear relationship between PCV-2 infection and PM@¢8urrence and additional factors seem
to be necessary for clinical signs to develop. &@dht PCV-2 genotypes, with possibly different
pathogenicities, have been distinguished rece@tierson et al.2004; Allan et al.2007% but a
clear demonstration of strain-related virulenckadking.

Deviations in management procedures in the eafey df growing pigs were rapidly
identified as possible triggering factors of the W outbreak in France in the late 9(Nadec
et al, 2000; MacKenzie & Bishgm200]). Several epidemiological studies of risk factoos f
PMWS have been carried out during the last dedadse et al2003; Lopez-Soria et aR005;
Rose et al.2009. These studies showed that the younger the pigs intected, the higher the
risk of developing clinical PMWS, suggesting thathin-herd PCV-2 dynamics could be a
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pivotal factor for PMWS development. Risk factoabsis confirmed that husbandry practices,
such as intensive cross-fostering or mingling pecast and pen-size in the nursery facilities,
could enhance within-herd PMWS spread.

In France, farrow-to-finish farms are usually onged according to a batch-segregated
rearing procedure. This system makes it possibkeparate contemporary piglets into different
batches that are then grown in separate rooms. eiléhe farrowing, nursery and fattening
rooms are organised according to an all-in / atl-policy that facilitates cleaning and
disinfection and allows a down period of the fdil before a new batch is brought in. The
most common batch-rearing systems are based oneeB4interval between batches (7 batches
of sows) or on a 1 week-interval (21 batches ofsdar larger farms. This latter system results
in shorter down-periods in the different sectorg d¢i the short interval between batches. The
influence of the batch-rearing system has neven glored but previous epidemiological
studies have shown that larger farms are usuallerikely to be PMWS affected (Rose et al.,
2003).

The aim of this work was therefore to determine ithpact of the batch-rearing system,
together with husbandry practices, on within-he@/F2 dynamics using a modelling approach.
For this purpose, a stochastic individual-basedehags developed to represent the population
dynamics within a farrow-to-finish pig farm and wesupled with an epidemiological model
describing the PCV-2 infectious process. This epidégical model was built in accordance
with data from the literature. Moreover, two tramssion experiments were carried out to
accurately characterise PCV-2 transmission anctarpeterise the epidemiological model. The
first one (Andraud et al.2008 was designed to investigate the difference instraasion by
direct and indirect contact (within- and betweemn-p@nsmission), and in the secqéshdraud
et al, 20093 serial transmission experiments were conductedefme the transmission rate in
terms of time elapsed since infection . In thigigfl?2 batch-farrowing systems (based on 1-week
and 3-week intervals respectively), with differéatels of mixing in the farrowing and nursery
facilities that might influence the within-herd P&\V/course of infection, were compared. The
impact of the different management strategies eratie at which individuals became infected,
known to be a major risk factor for PMWS, was staldi

MATERIALS AND METHODS

Population dynamics model

A stochastic individual-based model was developedidscribe the population dynamics
within a farrow-to-finish pig farm and has been adsed in detail in Andraud et ai2009b;
2009¢. However, in these studies the herd was manageaiding to a 3-week batch-farrowing
system and recent modelling improvements now perapresentation of a weekly batch-
farrowing system. Major modifications of the modaelncern the herd size, which has been
increased to a mean number of 567 productive sastshdited between 21 batches, and the
number of rooms within the pig-farm (5 farrowing, ursery and 18 fattening facilities
compared with 2, 3 and 5 rooms respectively for 3eeek batch-farrowing procedure).
Briefly, all animals are individually representeding a set of variables describing their
physiological status and their location (room aed)pat each time-step (day) of the simulation.
The contact structure (within pens, between penkhown and used at each time-step to assess
the transmission occurrence. Events directly inmguhe animals, such as deaths, abortions or
insemination failures, are modelled stochasticadiyng Monte-Carlo procedures.
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Epidemiological model

The epidemiological model was developed in accardawith data from the literature
concerning the PCV-2 infectious process and has hély described in Andraud et €009¢.
Briefly, the model is based on a classical SEIR ehoGusceptible, Exposed, Infectious,
Recovered), to which 5 infectious states were adiecccount for both pseudo-vertical
infections (through infected semen) and passive umity in new born piglets. The model
parameters were mainly derived from specific expental trials designed to analyse: (i)
transmission in pseudo-vertically infected pigletsl the effect of passive immunifose et a).
2007%; (i) transmission according to the contact sinoe between individuals (within- and
between-pen transmissiogsndraud et al.2008) and (iii) the evolution of transmission with
time since infectiofAndraud et al.2009a. Six different transmission rates, depending an th
type of infection (horizontal or pseudo-verticahydathe location of each infected individual,
were identified. These transmission rates were esgamd in terms of time elapsed since
infection. The within-pen force of infectionwas then computed daily taking into account the
within and between-pen interactiodndraud et al. 2009¢, the infectious process being
governed by Monte-Carlo processes.

Pig management practices

As the population dynamics model was developedromdividual basis, it was possible to
focus on the impact of different management strage@qvolving individual movements (i.e.,
cross-fostering and post-weaning mixing in nurgeys) on the course of infection, which have
been identified as major risk factors for clinieAMWS occurrence.

Batch-farrowing system§wo batch-farrowing systems, based on one- arekttveek intervals
between two successive batches, were considertisistudy. For both systems, the sow cycle
was fixed at 147 days including 114 days of gestat?8 days of lactation and a weaning-to-
oestrus interval of 5 days. The herd charactesisticcording to these two batch-farrowing
systems are given in Table 1.

Table 1. Herd characteristics according to batclef@ng systems

THREE-WEEK ONE-WEEK

Sow cycle (days) 147 147
Mean number of productive sows 166 567
Number of batches 7 21
Number of farrowing rooms 2 5
Number of farrowing crates per facility 25 30
Number of nursery rooms 3 6
Number of fattening rooms 5 18

The following husbandry strategies were tested tfer two batch-farrowing systems to
analyse the effect of management modifications lve age-related probability of PCV-2
infection.
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Cross-fosteringThree levels of cross-fostering were represented:

0] No cross-fostering allowed

(i) 15% cross-fostered piglets, corresponding to cfostering of piglets from large
litters

(i)  Random-mixing of piglets to obtain homogeneouselitsize (percentage of
foster-piglets >15%)

Nursery managemen®nce weaned, the piglets were transferred tmtingery room where they
were grouped into pens. As in the previous stydydraud et al.2009¢, two pen sizes were
tested:

0] Small pens housing 20 to 40 pigs
(i) Large pens housing 40 to 70 pigs.
In each case, the piglets could either be groupdidteér or randomly mixed.

Statistical analysis

Experimental desigrm complete factorial experimental design was usetst the influence of
the batch-farrowing systems combined with managérmsteategies on the within-herd course of
PCV-2 infection, resulting in 24 combinations ofsbandry practices. One hundred simulations
representing a 1-year period were carried outdgheombination of management practices.

Survival analysis of age at infectiohe age at infection was studied by recording from
simulations the ages at which piglets were infecldee age-to-infection events were subjected
to survival analysis (Proc Lifetest, SAS 9.1. SAStitute Inc., 2000). Batch-farrowing systems
and management strategies were tested by modéientgme-to-event using a Cox proportional
hazard model with a sandwich estimate of the vadanovariance matrix to take into account
the non-independence of pigs within batches (PHREG, SAS 9.1.SAS Institute Inc., 2000).
Modifications of management practices were ent@®danain effects in the Cox proportional
hazard model. All interactions between main effeutse tested and were removed from the
model using a backward procedure until a final nheges obtained with all factors significant
(p<0.05).

RESULTS

All the main effects (batch-farrowing system, créestering, grouping practices and pen
size in nursery) were found to be significant ia fimal model. The effect of the batch-farrowing
system was not modified by any of the other prastias all interaction terms involving this
variable were insignificant. Thus, the risk of garifection, whatever the other practices, was
increased by 20% (HR=1.20 [1.03; 1.38]) in a herdnaged according to a weekly-batch-
farrowing system as compared to a herd managed @waek basis with equivalent
management practices. However, significant inteast between cross-fostering, grouping
practices and pen size in nursery were found (Tapl&hus the effects of these variables on
time-to PCV-2 were influenced by the other pradicEo facilitate interpretation, hazard ratios
were calculated for different combinations of thessen effects (Table 3).
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Rearing piglets in large pens (50 pigs/pen) inrtbesery was found to drastically increase
the risk of early infections mainly when the otlpeactices were at a low risk level. When there
was no cross-fostering and the piglets were groupeltitters in the nursery, the risk of early
infections was increased by 35% (HR=1.35 [1.319]).@hereas when the piglets had already
been mixed intensively (>15% cross-fostering amdioan grouping of piglets), the risk of early
infections was only increased by 9%. Cross-fosteswas found to play a major role in the
course of PCV-2 infection, especially if the prapmm of cross-fostered piglets exceeded 15%
(HR=1.20 [1.13; 1.27]). Moreover, the influence grbuping practices was moderate for low
levels of cross-fostering whereas it dramaticallyréased the risk of early infections when more
than 15% of the piglets were cross-fostered. Ih ¢hae, the effects of high-level cross-fostering
and random-grouping practices were not only addetdthe interaction between these two
practices led to a hazard ratio of 1.58 [1.50; ]L.66

Table 2. Final Cox proportional hazard model ofeitn PCV-2 infection with significant
variables and estimated coefficients

VARIABLE ESTIMATE (§) SE{) P-VALUE
Batch-farrowing system
3-week - -
1-week 0.18 0.07 0.02
Cross-Fostering (CF)
No - -
15% 0.04 0.02 0.07
>15% 0.18 0.03 <0.0001
Group
Grouped by litters - -
Random-mixing 0.05 0.01 0.001
Pens
Small - -
Large 0.30 0.02 <0.0001
CF*Group
No and litter-mixing -
15% and random-mixing0.05 0.02 0.006
>15% and random-mixing0.23 0.03 <0.0001
CF*Pens
No and Small - -
15% and Large 0.00 0.02 0.86
>15% and Large -0.07 0.02 0.0006
CF*Pens*Group
No, Small and Litter-mixing - -
15%, Large and Random-mixing0.05 0.01 <0.0001
>15%, Large and Random-mixing0.15 0.01 <0.0001
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Table 3. Hazard ratio estimates according to huddygoractices

VARIABLES
CROSS- GROUPING PENsize  HR  Cl(95%)
FOSTERING PRACTICES
No By litter Small 1.00 -
Large 1.35 (2.31; 1.39)
Random Small 1.05 (1.02; 1.08)
Large 1.42 (1.33; 1.50)
15% By litter Small 1.04 (2.00; 1.09)
Large 1.40 (1.34; 1.47)
Random Small 1.15 (1.10; 1.20)
Large 1.47 (1.40; 1.54)
>15% By litter Small 1.20 (1.13; 1.27)
Large 1.51 (1.44; 1.59)
Random Small 1.58 (1.50; 1.66)
Large 1.73 (1.64; 1.82)

DISCUSSION

PCV-2, commonly recognised as the aetiological agd¢nPost-weaning Multisystemic
Wasting Syndrome (PMWS), is mainly related to dseeexpression by the age at infection: the
earlier the infection, the higher the riglopez-Soria et al2005; Rose et al2009. Husbandry
practices were also shown to be related to thdiliked of PMWS occurrence (Rose et al.,
2003). The aim of this study was therefore to as®lthe effect of husbandry practices and
batch-farrowing procedures on the course of PC\i2ction, by means of a modelling
approach, to see whether the relationship betwdW$® and management could be explained
by the observed modifications in the course of PLMfection. A stochastic individual-based
model representing the population dynamics withifaraow-to-finish pig herd was developed
and coupled with an epidemiological model repraagnthe PCV-2 infectious process. The
main parameters of the latter were based on lusratdata and specific transmission
experiments, to limit the degree of uncertaitiyndraud et al.2008; Andraud et al2009a.
Moreover, the good consistency of the model strectand parameters was confirmed by
comparing the outcome of the simulation model wWiehd serological data (Andraud et al.,
2009c).

The two batch-farrowing systems most commonly foumBrance, based on three week- or
one week- intervals, were tested in this study. [Hter batch-rearing procedure is adapted to
large herds and even if the batch-size is congistith the 3-week system, three times more
batches are produced in the same amount of time.a Aonsequence of this increased
productivity, the intervals between batches arertshod the down periods are drastically
reduced which leads to increased infection pressiaialy in the farrowing sector.

The effects of twelve combinations of managemeattwes on the within-herd course of
infection were investigated taking into accountfediént levels of mixing in the farrowing
(cross-fostering) and nursery facilities (groupipgn size). A clear relationship between cross-
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fostering and the nursery-grouping policies wasldisthed: the higher the level of cross-
fostering, the greater the impact of random mirggbih piglets in the nursery pens. This could be
explained by a direct modification of the contattisture between individuals with different
infectious statuses (highly influenced by crossdorsg) when entering the nursery room. The
in-nursery contact structure could also be moditigdincreasing the pen-size in the nursery
rooms, leading to a higher number of pigs per peth iacreasing the probability of PCV-2
transmission compared with small groups of segeebptgs. This sole structural modification,
with no cross-fostering and the pigs gathered tigrliincreased the risk of early infection by
35%. Hence, all the efforts to keep piglets withithittermates in the early days of life could be
greatly jeopardised by the subsequent constitutiolarge groups in the nursery. Conversely,
the effect of pen size decreased (to 15%) wherpithe had already been intensively mixed in
the farrowing and nursery rooms. Mixing policiesofs-fostering and random-grouping in the
nursery) are thus of primary importance with regdadthe course of PCV-2 infection.
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THE INFLUENCE OF CONTACT STRUCTURE ON DISEASE TRANMISSION IN A
DAIRY HERD USING PARATUBERCULOSIS AS AN EXAMPLE

C. MARCE, P. EZANNO, H. SEEGERS, D. U. PFEIFFER AND C. FOORON

SUMMARY

Pathogen transmission occurs by direct or indiceatact between susceptible and infected
animals. The population structure is known to iefloe disease spread and persistence. The
objective of this study was to evaluate how herchaggment influences contact structure and
Mycobacterium aviunsubspecieparatuberculosigMap) transmission within a dairy herd. A
stochastic compartmental model Map transmission in a closed herd was developed. dntir
transmission via the environment was explicitly miéetl. Calves were housed in individual or
group pens and different levels of exposure of émlto a contaminated environment were
studied. It was found that, calf contact structdueing the first weeks of life influencedap
prevalence. In addition, it was found that redudimg exposure of calves to adults had a larger
impact onMap prevalence than hygiene measures and could lehe fadeout of infection. The
systematic analysis of contact structure used locare be applied to other diseases when
developing realistic models to support decision imgk

INTRODUCTION

Pathogens can spread within a herd either throurgittdcontact between susceptible and
infected animals or via contaminated materials,clwigan either be mobile (e.g. farmer boots,
vehicles, vectors) or not (e.g. environment, dmigkirough). When disease spread is studied, the
term contact structure usually includes direct aotst such as nose-to-nose contacts and indirect
contacts through ingestion of faeces or milk, fearaple. In a typical dairy farm, contacts are
important because dairy herds are structured intiphell groups, depending on age and
production characteristics. Therefore, all aninmddsnot contact each other to the same extent.
The influence of housing and management on contatiseen young and adult animals and
contacts between animals of the same age is impgddaconsider, as well as hygiene measures
if indirect transmission is possible. Dependinglom pathogen being studied, the key features of
the contact structure within a herd which are lohke pathogen transmission may vary.

Modelling has been used to study the influence estltstructure on disease transmission
(Turner et al., 2003; Ezanno et al., 2008). Dutheofact that paratuberculosis infection occurs
mainly in young stock and is characterised by @ llatency period (1 ta 15 years) before any
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clinical signs may arise, field studies investiggtithe transmission d¥flycobacterium avium
subspeciesparatuberculosis(Map) are difficult and expensive. Field studies arether
complicated by the low and varying sensitivity ahghostic tests. Epidemiological models are
suitable for studyingMap transmission within a herd, taking account of thain factors
influencing disease transmission such as contagttste. SeveraMap transmission models
already exist and have been reviewed in Marcé. ¢2@l0b). However, the effect of dairy herds
being managed as multiple sub-groups has neverdiadied. In this study, the impact of totally
or partially decreasing exposure of calves to faeeas considered. In particular, the focus was
on reducing exposure to other calf faeces via mgimethods and to adult faeces through the
use of different housing facilities.

Mycobacterium avium paratuberculosssibspecies is indirectly transmitted through the
ingestion of contaminated faeces (faecal-oral trassion), or contaminated milk or colostrum
(Taylor et al., 1981; Chiodini et al., 1984; Stexeet al., 1995). However, there is limited
information on the effect of environmentdhp contamination on transmission. It has long been
thought that only adults could shed the bacterid&ir faeces (Chiodini et al., 1984). However,
Map faecal shedding has now also been described ingystock (Bolton et al., 2005; Antognoli
et al., 2007), as has calf-to-calf transmissionn(N\Roermund et al., 2007). The importance of
this transmission route on within-herd infectiomdsnics has not yet been evaluated. Calf-to-
calf transmission occurs locally and indirectly algh contamination of the shared pen
environment, whereas adult-to-calf transmissianfisenced by a contaminated environment of
the whole farm. Adult-to-adult transmission is assd not to exist for paratuberculosis because
calves are the main susceptible group.

In this study, a new model that incorporates aatdlf transmission and explicitly
represents indirect transmission via local and glabntaminated environments was developed.
The objective was to assess the effect of contasttsre onMap transmission in persistently
infected dairy herds and to specifically assesseffext of calf isolation from other calves and
from adults during the first weeks of life.

MATERIALS AND METHODS

To represent both the population dynamics andpheasl ofMiap within a dairy herd of 110
cattle, a stochastic compartmental model was dpeelowith a time step of one week (Fig. 1).
It was assumed that farmers raise their own replaoé cattle for economic and bio-security
reasons, thus closed herds were modelled; tharlg tommon in France. Initially one infected
heifer was introduced into these primarily susd#eticlosed dairy herds. This study then
focused on endemic infected herds; endemic infelogeds being defined as herds still infected
25 years after pathogen introduction. Each simaatvas run 400 times, from which 122 were
persistently infected in the reference scenario.

In contrast, to other models published on dairglb¢nat considered faecal-oral indirect
transmission as being directly linked to the presenf infectious animals (Marcé et al., 2010b),
the persistence dflap in the environment was considered here by modgéimvironmental
contamination explicitly. Two types of environmeavere differentiated: the local environment

of a pen, and the global environment of the faralv€s are separated in groups (i), each having
its specific local environment; B5grepresents the global environment of the farm.
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The parameters for herd management as well agimfiewere derived from published data
and expert’s knowledge in order to obtain a realigpresentation of a dairy herd infected with
Map. A detailed description of the full model is prded in Marcé et al. (2010a). The model
was implemented in Scilab 5.1.
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Legend: 5, = ‘general’ indirect transmission parametgg; = group specific indirect parametet; =
Direct transmission parameter (milk/colostrum irigen; q = exit rate ofMap; » = shedding rate in
faeces x = exit rate of cattle; 1yt = mean time spent in T compartment;yl/= mean time spent in L

compartment; 1§ = mean time spent iry compartment; 1) = mean time spent i kompartment;
1/ = mean time spent in S compartment

Fig. 1 Flow diagram representing thlycobacterium avium paratuberculogidap)
transmission model, incorporating the infectiodest, S: susceptible; T: transiently infected; L:
latently infected; Is: subclinically infected; Idinically infected; R: resistant and transitions

between states

Within-herd spread dflap

In the model, only animals under 1 year old werua®ged to be susceptible to infection; the
younger, the more susceptible. An exponential @serén susceptibility with age was modelled.
It was assumed that both infected adults and calwels be infectious. However, the quantity of
Map shed was assumed to vary depending on the age ahimal and its infection statiap
can be shed in colostrum, milk and calf and achdicés and survive for several weeks in the
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environment; these factors were incorporated. Tress®on was assumed to ocaéarutero or
horizontally by ingestion dflap. Indirect faecal-oral transmission occurred whattle ingested
bacteria from a contaminated local or global envinent.

Within the model, calves can be born transientfgated or susceptible. If susceptible, a
calf can become transiently infected by ingestibMap. Contamination of colostrum and milk
can occur directly (direct shedding by an infeated) or indirectly (presence of faeces in the
liquid). A transiently infected calf can shithp for 25 weeks before becoming latently infected.
A latently infected animal will not sheldlap until it becomes subclinically infected. The last
infection state for an animal, if not culled, itblinically infected state. If not infected at one
year old, an animal was considered to be resid@mi¥lap infection. It was assumed that
recovery from infection was not possible.

Within-herd contact structure

Contact structure was defined by the possible @éutlicontacts between animals either
because they shared the same environment at the tsa, or because they shared the same
environment at different periods of time, or beeaws$ the presence of fomites. Infectious
animals shedVap in their faeces and contaminate associated envieots becaus®ap can
persist for a long period of time in the environmesutside the host. The model included 2
types of environment: a local environment, spedii@ach group housing facility and a global
environment to which all shedding animals contbuCalf-to-calf transmission occurred
through the shared local environment; while adadtalf transmission occurred through the
global contaminated environment of the farm.

After the separation from the dam, in the referesmanario, calves were housed 2 weeks in
individual pens before moving to group pens. In ¢tiger scenarios considered, time spent in
individual housing could last from 0 to 8 weeksstated by the European regulation (Council
Directive 91/629/EEC and Council Directive 97/2/EBjter a maximum of 8 weeks spent in
individual housing, calves are moved to a group. devo different types of individual housing
could be used: hutches or single pens. A hutclseparate cubicle in which a calf does not have
direct contact with other calves and does not f@rgact with any environment contaminated
by adults (for example fomites, or water). It waswaned that perfect cleaning was undertaken
between each calf. A single pen is a pen in whicis ipossible that a calf can have social
contacts with calves in contiguous pens throughtrastitch inner walls. They could also be in
contact with the faeces of their neighbour calvethe same way. Cleaning was assumed to be
imperfect between each calf because it is moracdiffin such indoor housing facilities.
Furthermore, contacts with fomites contaminateadiylts could also occur.

In the model, outside grazing occurred from ApoilNovember for animals older than 6
months. Calves and heifers before their first cajwvere grouped, as they often use the same
pasture. Adults were assumed to graze separately.

An all-year round calving system was representetthenmodel. All male calves were sold
between the ¥ and 4" week after birth. All female calves were kept aerpises. Sales of
heifers before first calving could occur to regal#te size of the herd. The mean culling rate of
adults was 35.5% irrespective of the reason fdingylbut varying between parities (27, 25, 31,
31 and 62% for parity 1, 2, 3, 4 and above 5, redmy). Endemic infected herds were
represented, in which nblap control measures were implemented. There was ddi@ual
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culling for subclinically infected cows. The meame spent by a clinically infected adult on the
farm was 6 months.

Herd management scenarios

Three scenarios were defined based on the cortactise within a herd. First, the impact
of adult-to-calf contact was explored by studyireyeral levels of exposure of calves to any
environment contaminated by adults (from on-siteotiesite rearing of calves). Grazing was
allowed or not allowed during the pasture seassultiag in variable exposure of calves to adult
faeces. Second, the impact of calf-to-calf conticture before weaning was studied when
off-site rearing was performed until weaning (nopesure of calves to any environment
contaminated by adults until weaning). Several lewé hygiene were studied to decrease the
exposure when existing. The efficacy of hygiene sness was modelled through the percentage
of bacteria removed from the environment. Thirek tption of isolating calves in hutches for
different periods of time after separation from tteen was studied. This last option combined
several control measures at calf-to-calf and autialf contact structure levels.

RESULTS

Adult-to-calf indirect contacts

Increasing the percentage of bacteria removed fittenfarm every week led to a lower
prevalence of infectious adults over time (Fig. 2ZM)e lower the quantity d¥lap remaining in
the farm environment, the less infection occur@idilarly, allowing cattle above 6 months to
graze led to a lower prevalence, the longer catildd spend outside, the fewer calves less than
6 months were exposed to any environment contagdnay adults (Fig. 2B).
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Legend: Clean20 to Clean100 = Cleaning of 20% @94 0f the global environment of the farm; Graz0
to Graz32 = time spent by cattle older than 6 megtiazing (from 0 to 32 weeks per year)

1 103 205 307 409 511 613 715 817 919 1021 1123 1225

Fig. 2 Mean prevalence of infectious adults in el 110 cows depending on A: the
percentage of bacteria removed from the farm ewemgk, B: the length of time spent by adults
grazing

However, a small reduction of the exposure of su#ole calves to any environment

contaminated by adults had a larger impactMap prevalence than hygiene measures (higher
decrease in prevalence) and could lead to the taaganfection (Fig. 3).
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Fig. 3 Mean prevalence of infectious adults in edhad 110 cows depending on the exposure of
calves to adult faeces

Calf-to-calf contacts

When exposure of calves to adults was delayed omtitling into group pens, the longer a
calf stayed in individual pen, the lower the meaevplence at the end of the simulation (Fig.
4A). A similar effect was not observed when calwese exposed to adults while in individual
pen (Fig. 4B).
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Fig. 4 Mean annual prevalence of infectious adul& herd of 110 cows depending on the time
spent in individual pen when A: there is no expesafrcalves to adult faeces while in individual
pen, B: there is always exposure of calves to ddaltes

Exposure of calves to adults was assumed to elibenot possible before weaning or
possible from birth until weaning, independent loéit housing facilities. In both cases, the
length of the stay in an individual pen (separafimm other calves) did not seem to influence
the final mean prevalence (Fig. 5).
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Fig. 5 Mean prevalence of infectious adults in edie 110 cows depending on the time spent in
individual pen when A: there is no exposure of ealto adult faeces until weaning, B: there is
always exposure of calves to adult faeces

The impact of hygiene measures in individual anougrpens of calves was studied by
varying the percentage dap removed from individual or group pens when aninieés/e the
pen. No effect on prevalence of infectious adulss wbserved (Fig. 6).
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Fig. 6 Mean prevalence of infectious adults in edhe 110 cows depending on A: the cleaning
of individual pens when empty, B: the cleaning miup pens when empty

Combination of control measures

Housing a calf in a hutch combined 3 control measuno exposure of calves to adults until
moving to group pens, no contact with neighbouvesiwhile in a hutch, and perfect cleaning
of the hutch between calves.

The longer a calf spent in a hutch (from 1 to 8 kegethe lower the mean prevalence of
infectious adults (Fig. 7).
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Fig. 7 Mean prevalence of infectious adults in edhed 110 cows depending on the time spent
by calves in individual hutches

DISCUSSION

The management system of a typical dairy farm tesal structuring the population in
groups with relatively little direct interaction amgst groups. How animals encounter or share
an environment may affect disease spread and marses especially if animals are not all
equally susceptible or infectious. Here a systernaialysis of contact structure that could be
applied to diseases other than paratuberculosisuwdsrtaken, developing realistic models to
support decision making. To perform this analykisywledge on the disease and management
of dairy cattle herds to identify all factors indlocing contact structure and therefddap
transmission was summarised. Then, a simulationein@presenting the hypothesis identified
in the previous step was developed. Finally, thelehbehaviour was explored using simulation
of scenarios.

The mathematical model used here is novel in th&é the only one amongst available
within-herd Map transmission models which specifies the contanonatf both the whole
environment of a farm and calf housing facilitieglitly. It was possible to study different
calf management (individugkersusgroup pens) and herd management (grazing, hesjl siz

The study of adult-to-calf contact structure showleat preventing exposure of calves to
adult faeces is essential to conthkdhp transmission within a dairy herd. The study off-tal
calf contact structure before weaning when no exygo$o adults is possible showed that calf
contact structure did not play a significant raleMap prevalence within the herd. In contrast,
delaying the exposure of calves to adults from gkvad until weaning reduced the prevalence
of infection. The combination of several controlaseres as implemented when hutches are
used showed that the use of hutches (as defindtiisnstudy) for a long period of time
(maximum of 8 weeks) decreaskldp transmission within a dairy herd. In persistemtlfigcted
herds, calf-to-calf transmission appeared to beiromnroute of transmission. Environmental
contamination by adults was the main issue. Hygas more important than calf housing
facilities management when it comes to paratubesisiicontrol in practice.
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An interaction between herd size and calf managéwmrd exist. Notable, in larger herds,
raising all the calves in one group pen or sevgralp pens of a smaller size could have an
impact onMap transmission. The next step would be to studyrtfieence of herd size oMap
transmission, and then to study different contércictures among calves. However, as adult-to-
calf indirect transmission was by far the predomtriafection route, it is probable that studying
different contact structure among calves would lesimilar conclusions.

Other modelling studies evaluating the impact aftaot structure on disease transmission
have been performed. For other pathogens, suclowasebBVD virus (Ezanno et al., 2008),
raising adults separately to calves has been atiik@wvever, why such a separation is needed
was different. Susceptible and infectious animaadt belong to the same age category as in
the case of paratuberculosis. Indirect transmissam occur whatever the age, but the risk of
being infected is more important for pregnant eatDecreasing the risk of exposure for
susceptible cattle can thus be performed by limitime exposure of adults to calves; while for
paratuberculosis, calves have to be protected sn&imin adults and also from other calves. In
the present study, the novelty was related todbethat calf housing facilities and different calf
management strategies (which was the susceptilalqtmon here) were modelled. The basic
model structure could be adapted to represent disenses, particularly ones for which calves
are potentially susceptible. In that case, calf ag@ment can be important in the control of
disease.

The study of the effect of contact structure inaarydfarm onMap transmission leads to
advising farmers to delay exposure of calves toltad®ff-site rearing could be useful for
controlling Map transmission provided the location or facilitykispt biosecure from locations
and facilities where cows are raised. However,sd#-rearing is not a common practice in
Europe. An alternative to this type of calf managains to raise calves in a delimited part of
the farm with strict hygiene measures and orgaisatiles: always taking care of calves before
adults, changing clothes and boots before goirnteacaalf part of the farm as is done in poultry
industries. The use of hutches as defined in thidysfor 8 weeks in association with strict
hygiene measures is another way to reduce the foadtéar indirect transmission as it postpones
exposure of calves to adults. An advantage of $wising facilities is based on the fact that
hutches could be moved and kept far away from adalting. However, all changes of housing
facilities within a farm (structural changes) haveost and cannot always be carried out.
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ESTIMATE OF BASIC REPRODUCTION NUMBERR)) OF LOW PATHOGENICITY
AVIAN INFLUENZA OUTBREAKS USING A BAYESIAN APPROACH

A. COMIN*, D. KLINKENBERG, A.J. STEGEMAN, L. BUSANIAND S. MARANGON

SUMMARY

Low pathogenicity avian influenza (LPAI) is a mitisease in poultry with low mortality.
Certain virus subtypes may evolve into the highlgthogenic forms, with devastating
consequences. Characterising the epidemiologidarmeants of LPAI is critical to facilitate
effective control measures. The basic reproductiomber Ry, the average number of new
cases generated by one infectious individual inlly Susceptible population) is an important
epidemiological parameter which summarises thestragsion potential of a disease. IdeaRy,
is estimated from the complete course of an oukhitaking into account the infection times of
each bird and the length of the infectious periddfortunately, onset and duration of LPAI
infections are difficult to establish in the fiedbcause of the mainly subclinical course of the
disease and the high number of birds per flock.ntysiserosurveillance data, a Bayesian
hierarchical model was implemented to estimaief LPAI outbreaks in meat turkey flocks
from the final sizep (the proportion of a population that had beendtdéd by the end of an
outbreak) through the equatiprn= 1 — exp(p Ry). Two different probability distributions fd®
(gamma and lognormal) were compared and test 8atys{as a fixed value or a distribution)
was further included into the model. A lower sdigit increased the estimates &f, but better
allowed for the fact that the data came from aseneillance programme, the results of which
depend on both the true infectious status of thekfland the accuracy of the diagnostic assays.
Based on the deviance information criterion, thst lmodel had a gamma-distributBg with
mean 5.7 (95% CI: 3.3-20.5), and a posterior mediansitivity of 97.6%. The estimated
variance of 12.6 (95% CI: 1.8-382.8) indicates tRain the population of infected flock is
possibly highly variable, an argument in strongofav of the use of field data to estimate
transmission parameters.

INTRODUCTION

Low pathogenicity avian influenza (LPAI) infectiomswused by H5 and H7 subtypes are
widespread, leading to outbreaks in domestic himdseveral countries (OIE, 2009). Although
LPAI strains do not impose a serious concern famahhealth, some subtypes may evolve,
under favourable conditions, into highly pathogesti@ains (HPAI). HPAI outbreaks not only
lead to enormous economic losses due to high nitgrtates and costs of control measures
(Lupiani & Reddy, 2009) but also threaten humarithg&VHO, 2009).

* Arianna Comin, Veterinary Epidemiology Departinbelstituto Zooprofilattico Sperimentale
delle Venezie, Legnaro (PD), Italy. Email: crev.iawo@izsvenezie.it
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It is likely that mutation of H5 or H7 LPAI viruses into HPAI formsappened in the
epidemics occurring in the USA in 1983 (Bean et B985), Mexico in 1994 (Garcia et al.,
1996), Italy from 1999 to 2000 (Marangon et al.02)) Chile in 2002 (Suarez et al., 2004), The
Netherlands in 2003 (Elbers et al., 2004), Canad2004 (Bowes et al., 2004) and the UK in
2008 (Defra, 2008), increasing the importance ofti and eradication of not only HPAI but
also LPAI viruses of H5 and H7 subtypes (OIE, 200Bharacterising the epidemiological
determinants of LPAI is important to optimise sulleace systems and to determine the most
effective control strategies.

The basic reproduction numbeRy), representing the average number of new cases
generated by one infectious individual in a fullysseptible population, is an important
epidemiological parameter which summarises thestréssion potential of a disease in a given
population (Matthews & Woolhouse, 2005). B>1 then, on average, the number of new
infections will grow, whereas iRy<1, new infections will, on average, decline andhajor
outbreak cannot occur. An estimate Rf together with a model of the effects of control
measures can help decision makers drive publi¢thedérventions.

Estimates oy can be obtained by several methods depending odatfacavailable and the
characteristics of the epidemic (Heffernan et2005). Ideally,R, is estimated from the entire
course of an epidemic, taking into account the sifiat animals are infected and the lengths of
the latent and infectious periods. In the casexpeamental infections, these parameters can be
estimated by monitoring the challenged and notiehged animals on a daily basis. However,
experimental settings are usually very differentrrfield conditions and the number of infected
animals is often too low to obtain reliable estiesatin contrast, outbreak data reflect reality, but
they are usually more difficult to collect, managel interpret.

Estimates ofR, have been obtained for several HPAI strains usintbreak data (e.g.
Tiensin et al., 2007; Bos et al, 2009). In thesangxles, generalised linear models have been
applied, using mortality data to extrapolate timeetiof virus introduction. This method can not,
however, be applied to LPAI outbreaks, because LiRf&ctions result in mild symptoms and
low mortality. Van der Goot et al. (2003) estimaigdfor LPAI and HPAI strains from small
scale experiments, applying both generalised lingadelling and final size analysis. The latter
is a robust method that does not require knowlaxfgbe exact time of initial infection or the
length of the latent and infectious periods. Ib&sed on the relationship betwenand the
final size of the epidemic (i.e. the number of sydible animals that have been infected when
the infection chain has ended), through the finaé ssquation and a maximum likelihood
function. However, in that study, estimatesRaffor LPAI were associated with a confidence
interval ranging from 0.0 to 2.5, making it impddei to establish ifRy was significantly
different from the critical value of 1.

In the period 2000-2005, Italy experienced fourdemics of LPAI, mainly involving meat
turkeys. Data from these epidemics provided theodppity to estimatd, for LPAI in turkey
flocks, and the variation iRy between flocks. In this paper, a Bayesian methodsed to
estimate the (within-flock]Ry of LPAI outbreaks in meat turkey flocks, using senweillance
data.
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MATERIALS AND METHODS
Data source

Data came from the Italian intensive surveillanggteam run during the LPAI epidemics that
occurred in 2000-2001, 2002-2003, 2004 and 2005inBuhat period, a total of 6,102 poultry
farms were routinely visited, identifying 495 infed premises (i.e. outbreaks), 88% of which
were rearing meat turkeys. From the 429 outbreaksirkey farms, only unvaccinated flocks
were included (n=204). Although it would have beateresting to investigate the disease
dynamics in vaccinated birds, data were incompatildlcause only unvaccinated sentinels were
sampled from the vaccinated flocks. Furthermordy éimose farms housing birds in a single
shed were included, in order to fulfil the assuimptdf homogeneous mixing as required for the
analysis.

Inclusion criteria

The data editing process led to 64 available oatsefor which multiple samplings had
been carried out. The earliest sample associatddaypositive serological finding was used to
calculate the corresponding seroprevalence (ieenttmber of birds that tested positive divided
by the number of sampled birds). The results aisvisolation in proximity to the serological
testing, were then observed, when available. Iffthek tested negative to virus isolation +5
days from the positive serological testing, thea tlutbreak was assumed to be over and the
seroprevalence was considered to represent theomi@p of the population that had been
infected by the end of the outbreak, i.e. timal size (p). In comparison, the selected
seroprevalences were compared to those with aymositus isolation £5 days from the positive
serological testing.

Model building

The key assumption of this model is the relatiopdietween the final size of an epidemic
(p, the proportion seropositive) and the basic repecdn number, expressed by the final size
equation given in Eq. (1)

p=1-e ™ 1)
which is considered to be valid under very generaumstances (Ma & Earn, 2006).

The serosurveillance data were fitted to a hieiaatimodel (Fig. 1) assuming thgg in the
population of infected flocks followed a probabilidistribution with mearm and variance?s
EachRy; of flock i corresponds to a final sipg backcalculated from the final size equation Eq.
(1) by means of numerical solution. The observetlmer of positive samples in each flock is
then considered to be a sample from a binomiatildigton withn = n; (sample size) anp = p;
(final size).

The model was implemented in WinBUGS software. tforimative prior distributions were
used for the parameters determining the proballggribution ofR,. Posterior inferences were
based on 30 000 iterations with a sampling lag®fafter a burn-in of 15 000 iterations were
discarded. Convergence was assessed by runninglaulhains from dispersed starting values
and using the Gelman-Rubin statistic.
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Fig. 1 Hierarchical model linking serosurveillardaga withR, in the population of infected
flocks, through the final size equation

Sensitivity analysis

A sensitivity analysis was performed by fitting smodels with different assumptions
relating to the probability distribution & and test sensitivity. Two probability distributefor
Ry in the population of infected flocks were conseter

In Models 1,2 and 3

Ro ~ Gamma,p),

with x > 0 (scale parameter) apd> O (rate parameter). The prior distributions #@ndp were
given by,x ~ Gamma(0.01,0.01) anad~ Gamma(0.01,0.01) and the mean and varianceedkefin

by

A

bm| x

In Models 4, 5 and 6

Ry ~ Lognormalfs,0)
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with —0o < <o ando> 0. The prior distributions fqr and o were given byu ~ N(0,0.001)
ando~ Gamma(0.01,0.01)

m= e,u+z72/2
s? = (e -1)e**
In models 1 and 4, the test sensitivity was assutodoe 100%, in models 2 and 5, the
sensitivity was 98% based on lab experience, anthadels 3 and 6, the sensitivity was
estimated from the data, with an uninformative ppmbability distribution (i.e. Beta(1,1)). The

six models were compared by means of the deviamimemation criterion (DIC) where the
smaller the value the better.

RESULTS

Data description

Based on the inclusion criteria, 36 seropositivanterkey flocks negative to virus isolation
were included in the study. Of these 36 flocksw&te tested for virus isolation and antibody
detection on the same day. One was tested for v@alation 5 days before the serological
testing, and 4 were tested 3 to 5 days after thelaggcal testing. The mean detected
seroprevalence was 89.3% [85.7;92.2] (in squarekkta the exact Fisher's 95% confidence
interval).

Six more flocks were tested for virus isolatmm the same day as a positive serological
test result. These flocks were positive. The meateaded seroprevalence in these flocks was
61.7% [50.3;72.3], which was significantly lowerthin the virus negative flocks-test, P <
0.001).

Models and sensitivity analysis

Inference was based on the marginal posteriosities of the parameters and &,
representing the mean and the varianc&gpfrespectively (Table 1). For all six models, the
probability distributions ofRy for the population of infected flocks were plotteding the
medians of the marginal posterior densities of plagametersc and p (under the gamma
distribution assumption), grando (under the lognormal distribution assumptionp(F2).

Assuming that animals which tested positive weng/tinfected (models 1 and 4), the mean
value of Ry (i.e. the median of the marginal posterior disttibn of the parametem) was
estimated to be 3.7 or 4.2, for the gamma and legabdistributions foiR,, respectively. The
variance ofR; (i.e. the median of the marginal posterior disttibn of the parametes’) was
higher for model 4, indicating little more variabjlunder the lognormal assumption. Figure 2
shows that models 1 and 4 gave similar results) éwealues from the lognormal distribution of
Ro were slightly more dispersed towards the right.
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Table 1. Posterior estimates of the mean and \@iafR,, under different assumptions.
In brackets the 95% credible intervals of the eates.

MODEL OPTIONS Ry ESTIMATES DIC
Ro distribution test sensitivity ~mean* (n) variance* §)
model 1 gamma Se=100% 3[2.9;5.4] 3.1[1.0;12.9] 79.04
model 2 gamma Se=98% 5.[8.4,14.4] 9.5[1.8;177.0] 69.01
model 3 gamma Se~Beta(1,1) 5[3.3;20.5]  12.6[1.8;382.8] 62.40
model 4 lognormal Se=100% 4.18.1,7.4] 6.8[1.6;71.5] 78.68
model 5 lognormal Se=98% 6.63.7,18.7]  34.4[3.5;1228]  66.48
model 6 lognormal Se~Beta(1,1) 7[8.6;21.8]  42.1[3.1;1676] 64.74

*median of the marginal posterior distribution of frarameters determining the mean and the var@riRge

Models 2 and 5 assumed that a diagnostic tehkt 9% sensitivity was applied to detect
infected birds. The mean and varianceRafwere 5.2 and 9.5 for the gamma model, and 6.6 and
34.4 for the lognormal model. The higher varianoenpared to models 1 and 4 resulted in
slightly flatter distributions, as shown in Fig. 2.

Finally, a diagnostic test with unknown sensitivitgs assumed in the detection of infected
animals in models 3 and 6. The estimates of thennigawere quite close to those of the
previous assumption of test sensitivity being eqo&@8%: 5.7 for model 3, and 7.0 for model
6. The uncertainty related to unknown test sengjtivas reflected in the higher estimates of the
variance ofR, resulting in flatterR, distributions (Fig. 2). In models 3 and 6, estiesabf test
sensitivity were derived directly from the inputtaland appeared consistent between the two
models and very close to the value of sensitivitgsen for models 2 and 5. The medians of the
marginal posterior distributions of test sensitiwitere 97.6 (95% CI: 93.8 — 99.8) for model 3
and 97.6 (95% CI: 94.1 — 99.8) for model 6.

Model 3 (gamma distribution, sensitivity estimatéom data) had the lowest DIC,
indicating the best fit. According to this moddietfinal estimates are a melagnof 5.7 (95% CI:
3.3 — 20.5), with a variance of 12.6 (95% CI: 1.332.8).

DISCUSSION

For estimation oRy of LPAI in turkeys by the final size equation Ed), some conditions
had to be met. First, data needed to reflect alesipgpulation of well-mixed animals. Most
farms had more than one shed, so data from thess feould have come from different sheds
violating the condition of a single population. @4 flocks consisted of only one shed.
Second, the seroprevalence in the samples shoukpbesentative of the entire flocks. That was
ensured by implementing a hierarchical model inchtthe seroprevalence in each flock was
considered a sample from a binomial distributioped®ling on the final outbreak size and the
sample size of every flock. Furthermore, accordimghe surveillance plan, sampled animals
were randomly selected within each flock. Thirde tutbreak in the flocks should have been
over, i.e. no virus should still be circulating.iFttondition was the reason for only including
flocks with a negative virus test + 5 days from t&y of serological testing. The lower
seroprevalence in virus positive flocks indicates validity of this inclusion criterion, although
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absolute certainty about the final size statushefftocks can never be obtained. If virus were
still circulating in some flocks€R, would have been underestimated.
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Fig. 2 Posterior distributions & modelled under different assumptions.

The DICs indicate that model 3 fits the data béstthat model, test sensitivity was

estimated along witliry, resulting in a median estimate of 97.6%, whicltlsse to the value

suggested by lab experience (98%). Incorporating timcertainty associated with test
performance accounted for the fact that the dat@eclom a serosurveillance programme, the
results of which depend on the true infectiousustatf the flock, the sampling scheme and the
accuracy of the diagnostic assays. In modét,3yas assumed to follow a gamma distribution,
although Fig. 2 indicates that the differences leetwthe gamma and lognormal distributions
are not very large. The median estimates of thennasal variance oRy were 5.7 and 12,
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respectively. This would imply th&, < 1 in approximately 2% of the flocks, and tkgt> 10
in 12% of the flocks. Thus, there is a large vadligtbetween flocks.

In earlier analyses of Al from outbreak data (Tienst al, 2007; Bos et al., 2009) only a
single value ofR, was estimated, under the assumption that thesm isinique value oRy
common to all flocks. This means that the transimisgotential of the infection would be
constant among the flocks. However, what can berobd in the field is a wide range of effects
produced by the same LPAI virus among differentkk Some variation could have been due
to differences between the viruses in differentkly but transmission variability of the virus
could also have been due to characteristics offdhms (i.e. management, housing, animal
density, humidity, etc.) and the age at which cedkroccurred. For example, the density of
birds, which may differ from one flock to anotheaffects the contact rate between birds. The
time at which the virus enters into a flock maytéa&l influence the infectivity and/or
susceptibility of the birds, in relation to theigeg immunological competence and eventual
stress due to the intensive production cycle. Tiyga@ach used here took this variability into
account by modellingy as a probability distribution, and thus letting thansmission vary from
flock to flock.

In conclusion, this paper presents a new tool $timeatingR, for LPAI using outbreak data.
Since LPAI infections are associated with mild syonps and low mortality rates, an alternative
approach alternative to compartmental models basephortality data was necessary to make
use of field data. In addition, the heterogeneitylisease manifestations in the field suggested
that the transmission potential of the disease ditigr from flock to flock, and this should be
taken into account. This study showed tRais possibly highly variable, indicating that proper
use of field data is strongly recommended to ohtaliable estimates of transmission parameters
such asy.
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DEVELOPMENT OF A SYSTEMATIC METHODOLOGY BASED ON MCECULAR
EPIDEMIOLOGY TO ASSESS RISK FACTORS FOR BOVINE TUREULOSIS: THE
EXAMPLE OF BELGIUM DURING THE 1995 TO 2006 PERIOD

M.-F. HUMBLET, M. GILBERT, K. WALRAVENS, M. GOVAERT, M. FAUVILLE-
DUFAUX AND C. SAEGERMAN

SUMMARY

The aims of the present study were to elaborateodemof bTB space-time dynamics
analysis and to identify potential risk factors fbe disease in order to suggest a re-orientation
of surveillance measures. A database includitygobacterium bovistrains isolated during the
1995-2006 period was compiled using three moledylaing techniquesMycobacterium bovis
strains were classified into twelve lineages (Xt): lineage VIl appeared as being predominant
in the country. Several potential risk factors (8F4vere tested thanks to a multiple stepwise
logistic regression. Two approaches were undertaeNl. bovisstrains were considered in the
first step, while the second approach only incluttelpredominant lineage. The first approach
identified a bTB antecedent in the heRk(.001), the distance to an outbreak (neighbouring
effect) P<0.001) and cattle density?€0.001) as significant risk factors. The secondrepagh
highlighted the proportion of movements from areatéd area during the current year as a main
risk factor P=0.007). Several risk factors for bTB were idemptifin Belgium for the first time
thanks to the present study.

INTRODUCTION

The situation of bovine tuberculosis (bTB) remapreoccupant in the European Union.
Some Member States (MSs) even reported recendyemiergence of the disease (EFSA, 2006).
Control measures were successful for the eradicati®oTB in some MSs, while other countries
Officially Tuberculosis-Free (OTF) still notify sekal outbreaks every year (EFSA, 2006).
Belgium was indeed declared as OTF in 2003; negl$ls, between 5 and 10 outbreaks are
notified every year (FASFC, 2008). In 2008, the bemof reported outbreaks increased to 14
(FASFC, 2008).

Risk factors for bTB, including a variety of paraers such as wildlife, contacts between
animals, movements, animal density, etc. were ifiedtaround the world (review in Humblet
et al., 2009). The failure to eradicaté bovistuberculosis in cattle could be explained by

* Research Unit in Epidemiology and Risk Analygmpked to Veterinary Sciences (UREAR),
Department of Infectious and Parasitic Diseases llBaof Veterinary Medicine, University of
Liege, B42, Boulevard de Colonster 20, B-4000 Lj&glgium. Email:
claude.saegerman@ulg.ac.be
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factors such as inadequate control measures, agrmemental factors, wildlife reservoirs and
movement of infected animals (Gilbert et al., 2008) reduction of control measures, by
suppressing testing at purchase and reducing astidd, was recently suggested, partly because
bTB control programmes are economically forcingvéttheless, no study investigated to date
the potential risk factors for bTB in Belgium totdaAnimal movements were indeed previously
identified as a major risk factor for bTB in the Y&ilbert et al., 2005, Gopal et al., 2006).

A database including al. bovisstrains isolated between 1995 and 2006 in thetcpwas
compiled thanks to molecular typing. This databaas first used to analyse the bTB space-time
dynamics in Belgium during the period of interestcomplete review of the literature on bTB
risk factors allowed to identify potential risk facs to be tested in the country. A statistical
model developed for the situation in the UK wasligopto the Belgian context in order to test
these potential risk factors; their identificatimould be valuable for sanitary authorities to re-
evaluate and adapt current bTB control measures.

MATERIALS AND METHODS
Databases

The database of dlll. bovisstrains isolated in Belgium between ttieof January 1995 and
the 3f' of December 2006 compiled the results of samphedyaed by the national reference
laboratory for bTB. The strain was identified byingsthree molecular techniques in parallel:
spoligotyping, RFLP (Restriction Fragment LengtHyRwrphism) and MIRU (Mycobacterial
Interspersed Repetitive Unit) - VNTR/ariable-Number Tandem-Repeat) (Allix et al., 2006;
Durr et al., 2000; Roring et al., 2000). After difiging these strains into XII lineages according
to their molecular profile, Lineage VII appearediie predominant between 1995 and 2006
(Walravens et al., 2006).

The national list of cattle holdings as well asitlamnual inventory (number of cattle heads
per herd, as defined on the®3af December of the civil year, data available fr@00 and
after) were provided by the Federal Agency for $ladety of the Food Chain (FASFC). Data on
cattle movements between 1995 and 2006 were eadrdobm the National Cattle Tracing
System (SANITEL).

Annual estimated populations of red deéervus elaphysroe deerCapreolus capreolys
wild boars Sus scrofg fallow deer Pama damaand mouflonsQ@vis orientali were provided
by the Nature and Forest Division (NFD) and incldidethe model.

Land use and land cover data were also includéldeirmodel (pasture, crops, forests, water
and urban areas) as well as the length of foresttipaedge.

The collection of remotely sensed climate dataudet in the model was previously
described by Hay and collaborators (Hay et al.,6208levation was an additional parameter
used in the model.

Predictors

A complete revision of literature on bTB risk factaallowed to select the potential risk
factors to be investigated in Belgium. A total & garameters, named predictors and derived
from the databases mentioned above, were includedei statistical model and considered as
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potential risk factors for bTB. All predictors weoempiled into a unique database. For the
analysis of bTB dynamics, the temporal unit wasuahnand the spatial unit was defined as
follows: the territory was divided into 5km x 5knells identified by theirX andY Lambert
coordinates. The following predictors were thersaeipled at the 5km resolution: distance to
the centre of an infected cell (short-distance agyewild population densities, land use and land
cover as well as climatic data, cattle movements density. Land cover data included in the
model were expressed as the percentage of a aelpma by the different types of vegetations
(equivalent to ha/kf). BTB persistence (PBTB) was included in the maaefollows: a score
was allocated to each cell, for each year of theiogeof interest according to the
presence/absence of bTB outbreaks. No bTB outbrealesponded to a score of 0, while a
score of 1 meant the presence of bTB. When theepoesof bTB was confirmed, ti. bovis
strain was specified.

Two records were registered for each movementttiecéhe location the animal has moved
off and the location it has moved onto. The treatinod cattle movement data involved pairing
of ‘on’ and ‘off movements, which provided threategories of variables for each cell: the total
number of inward movements, the total humber of emoents from infected areas and the
proportion of movements from infected areas. THei@mce of movements that occurred the
year before a bTB outbreak was first tested. Theaith of movements taking place during the
year of occurrence of a bTB outbreak in a givehwas further investigated. The whole process
led to the building of a unique multi-annual das#ancluding all informations on the 49
predictors, per cell and per year.

Statistical analyses

A stepwise multiple logistic regression was appliedinalyse the relationship between the
occurrence of bTB and the 49 predictors. Gilberd @ollaborators originally built up this
regression model to study the impact of animal mmamts on bTB transmission in Great Britain
(Gilbert et al., 2005). The model was further addpb Belgium, the results of molecular typing
being as well included. Each predictor Wald’s stats quantified its contribution to the model.
The following predictors were first entered in theodel: PBTB and short-distance spread
(number of infected cells in the previous year inSlem in radius window). A positive
relationship between these two predictors and tesgmce of bTB was highlighted. Other
predictors were added to the model using a starelary stepwise procedure. The model was
restricted to variables with the highest predictpaver, and only those presenting more than
1% of log-likelihood change after removal were ied. The best predictors were
systematically tested with others families of pcealis (wildlife, climatic, land cover), in a
descending approach. At each step of the prockespredictor with the lowes value was
discarded. The final step consisted in testing ttugreall predictors showing a positive or a
negative relationship with the presence of bTBfakt, the 49 predictors could not be initially
tested together at the same time because someenf tere correlated. A predictor was
considered as being a significant risk factor wpersenting a positive association wWitk0.05.

Two statistical approaches were performed. The dipproach included aM. bovisstrains
identified in Belgium between 1995 and 2006 whhe second approach focused on strains
belonging to the predominant Lineage VII (Walravehal., 2006).

R software was used to carry out the whole stasisprocess (R Development Core Team,
2009).
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RESULTS

All M. bovisstrains

PBTB, the distance to the centre of an infected aet cattle density were positively
associated with the presence of bTB, as shownbie th, and were thus systematically tested
with other families of predictors. None of the threategories of movements (total number of
inward movements, total number of movements frorfeciied areas and proportion of
movements from infected areas) was associatedtiagtpresence of bTB.

Wildlife predictors were tested in parallel withetlbest predictors (PBTB, short-distance
spread and cattle density) in a descending apprdactmally conserve predictors showing a
significant association. Red deer and roe deeritiendappened to be negatively associated
with the presence of bTB. The same approach wasdavut for land cover predictors: forest
density was negatively correlated with the rishb®B.

A descending approach involving climatic predictarsd elevation revealed that annual
amplitude of mean middle-infrared (MIR) temperatwe@s positively associated with the
presence of bTB. On the other hand, bi-annual aogdiof mean MIR temperature, normalized
difference vegetation index (NDVI) phase of anncggtle and elevation were negatively
associated with the presence of bTB, as shown liteTh

Once all the families of predictors had been testgmhrately with the three best predictors,
the variables presenting a significant associatoth the presence of bTB were tested all
together. Some predictors then lost their significeffect as for example, red deer and roe deer
densities, percentage of forest cover per pixeleledation.

M. bovis strains strictly belonging to lineage VIl

Only data linked to lineage VII were included inistrapproach. Table 2 resumes the
statistical results of this approach. PBTB and tstimtance spread were still positively
associated with the presence of bTB contrary talecatensity, which was not associated
anymore, except for the year 2001. Thus, only PRMB short-distance spread were tested with
other families of predictors. The proportion of reawents from infected areas during the current
year presented a significantly positive relatiopshith the presence of bTB, as well as crop
surface (percentage of a cell cover). Wild spedassities, especially roe deer, were negatively
associated with the presence of bTB. Regardingationwariables, annual amplitude of MIR
temperature was positively associated with the weage of bTB while Bi-annual amplitude of
mean MIR temperature and NDVI phase of annual cyetee negatively associated with the
presence of bTB (Table 2).

After testing all families of predictors separatedymodel including all variable significantly
associated with the presence of bTB was applied. SEime predictors as in the first approach
(all strains) lost their significant effect. Theoportion of movements from infected areas during
the current year was positively associated whitarmiual amplitude of mean MIR temperature
was negatively associated with the occurrence & @®able 2).
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Table 1. Summary of the predictors significantlgasated with the occurrence of bTB (first
approach including all M. bovis strains)

Predictor P value Significance
Persistence of bTB <2°1° ek
Distance to the centre of an infected cell &9 ok
Cattle density in 2003 7.0°° ok
Red deer density 0.007 **
Roe deer density 0.002 *
Surface of the cell occupied by forests tkm 0.00015 Frk
Land surface temperature annual amplitude (°C) 923 *hk
Land surface temperature bi-annual amplitude (°C) .030 *
Normalised difference vegetation index phase otiahoycle  0.0005 *hk
Elevation 0.002 o

* = P<0.05, ** =P<0.01 and *** =P<0.001

Table 2. Summary of the predictors significantlgasated with the occurrence of bTB (second
approach exclusively including M. bovis strainsdmgjing to Lineage VII)

Predictor P value Significance
Persistence of bTB 2.86%77 Kok

Distance to the centre of an infected cell 9 rrk
Proportion of movements from infected afeas 0.007 o

Roe deer density 0.01 *

Surface of the pixel covered by crops @m 0.002 **

Land surface temperature annual amplitude (°C) 4.00 ok

Land surface temperature bi-annual amplitude (°C) .00D **
Normalised difference vegetation index phase ofiahoycle 0.002 *

* = P<0.05, ** =P<0.01 and *** =P<0.001;from the current year

DISCUSSION

Several predictors presented a significant assatiaith the presence of bTB in Belgium,
and can thus be considered as risk factors, ideatior the first time in Belgium.

The persistence of bTB was shown to be a signifioak factor, as previously observed in
other countries: English scientists demonstratatdliiiB outbreaks occur repeatedly in the same
areas (White and Benhin, 2004). Two hypothesesbeaassumed to explain such observation:
the source of infection is not eradicated and/oma@ent factors may support the re-emergence
of bTB in a particular area.

The distance to an infected cell is a significask rfactor for bTB in Belgium, which
confirms the importance of bTB short-distance sgré&zxiffin and collaborators already noticed
in the Republic of Ireland that, in a short perafdime, bTB outbreaks affect most frequently
several holdings at the same time rather thanalseid (Griffin et al., 1996); they concluded
the contiguity with an infected herd was a risktéac More recently, Denny and Wilesmith
showed in the same country that an outbreak inrtecpkar herd was associated with an infected
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nearby herd (Denny and Wilesmith, 1999). BTB infactin contiguous herds could find its
origin in a common source of infection. Contact$waen infected and healthy animals over
fences were shown to play a key role in the trassion ofM. bovisin North America (Kaneene
et al., 2002; Munroe et al., 1999).

Cattle density was identified as a risk factorhe first approach (inclusion of all. bovis
strains in the regression model), but only forybar 2001 when the statistical analysis focused
on Lineage VII. Intensive farming, involving closepbntacts between animals, has gained
ground during the last decades (Thoen et al., 208§)Airborne transmission is indeed the
principle route of infection in cattle, the risk @preading the disease increased in such
conditions; aerogenic transmission bf. bovis predominates under intensive conditions
(Menzies and Neill, 2000; Gannon et al., 2007).iGand collaborators previously observed
the highest incidence of bTB was generally noticedreas of intensive farming (Cosivi et al.,
1998).

When allM. bovisstrains were included in the model, animal movasiead no significant
effect on the risk of bTB. Nevertheless, considgriineage VII-strains, the proportions of
movements from infected cells from the current yeesre positively associated with the
presence of bTB. Gilbert and collaborators had iptesty identified animal movements as a
major risk factor of bTB occurrence in Great BrtaGilbert et al., 2005). Recently, an
additional study carried out in the UK and focusomgthe analysis of cattle movements between
1985 and 2003, also highlighted the major impacromal movements from an endemic zone
to a free-area on the risk of bTB (Gopal et al.&)00

Wildlife reservoirs would play an important roletime transmission d¥l. bovisto domestic
cattle, e.g. badgers in the UK and Republic ofaindl (Cheeseman et al, 1988; Denny and
Wilesmith, 1999; Griffin et al., 1993) and brusli-taossums in New Zealand (Morris and
Pfeiffer, 1995). Cervids are implicated in the samssion of the disease in North America
(Kaneene et al., 2002), Spain (Aranaz et al., 189@) France (Zanella et al., 2008). Infected
wild boar are frequently reported in Western Eurepgecially in France, Spain and Italy (Parra
et al., 2003; Serraino et al., 1999; Zanella et 2008).M. bovishas not been isolated from
Belgian wildlife so far, but the risk of infecticshould not be left aside. In the present study,
wild species densities showed a negative relatipnsith the presence of bTB. These predictors
were in fact correlated with land covered by fasedVildlife densities and forests are also
located in highest areas of the country, which a&xgl that elevation was also negatively
associated with the risk of bTB. Indeed, few outlisehave been reported in these areas.

Crop density was identified as a significant riaktbr in the approach focusing on Lineage
Vll-strains, which could be explained by the fdtattfarms are generally concentrated around
culture areas for fodder supply.

The environmental survival dfl. bovisis influenced by climate (Phillips et al., 2008he
present study identified annual amplitude of terapge on the earth surface as a significant risk
factor for bTB. Scientists from New Zealand suggddhe environmental survival &f. bovis
would be inversely proportional to mean daily tenaperes (Jackson et al., 1995). Favourable
conditions for M. bovis survival are temperatures just above 0°C coupldith & strong
hygrometry, conditions frequently observed in Westeurope in the wintertime (Artois et al.,
2004). Seasonality and climate changes from one tgeanother would also be related to the
occurrence of bTB, as shown in Wales and Scotl&Moht(et al., 2002). Climatic conditions
may be associated with elevation, as they are s®rere at higher elevations and temperatures
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are lower in the wintertime. Nevertheless, theuafice of climate on the environmental survival
of M. bovisstill needs to be further investigated.

This is the first study to investigate bTB risk tias in Belgium: antecedents of bTB in a
herd or in a small area, the proximity with an ea#k and cattle density were shown to be
significant risk factors for the occurrence of bTBiws, it does not seem judicious to consider
suppressing skin testing at purchase and herehgests animal movements from infected areas
were shown to be at risk for the predominating dipee of strains circulating in the country.
Epidemiological surveillance of wildlife must noé Islackened as the situation in France or in
the UK got worse lately. The importance of envir@minand climate on the survival . bovis
should be given additional attention. Particulanaiss of M. bovis could possibly behave
differently, as suggested by the results obtainetthé present study. Molecular epidemiology is
thus crucial to deepen possible differences oflence betweeM. bovisstrains.
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SHIFTING THE TB-CONTROL PARADIGM: AN EPIDEMIOLOGICA CRITIQUE OF

THE BOVINE TUBERCULOSIS ERADICATION SCHEME

D.A. ABERNETHY', D. GRAHAM, R. SKUCE, A. GORDON, F. MENZIES, P. BINSON,
R. HARWOOD AND N. CLARKE

SUMMARY

Bovine tuberculosis (BTB) remains an intractablely®m in parts of Europe despite long-
term eradication programmes, extensive researchsabdtantial financial investment. EEC
Directive 64/432 (as amended), a trade Directiveyipes the legislative basis for eradication
and stipulates livestock identification and movemesntrol requirements, the nature of BTB
surveillance employed and requisite control measftokowing disclosure of infection.

The epidemiological basis of Directive 64/432 wasessed using results from historical
and concurrent studies in Northern Ireland. Desigepanalyses evaluated the “one-size-fits-all”
approach of the Directive. An observational studgessed the epidemiological value of
confirming infection in test reactors, a key Dimgetcriterion for determining the intensity of
control measures. A retrospective cohort study aneol the long-term risks of BTB exposure
associated with putative latency.

The studies demonstrated that BTB is strongly ehest at strain level, within-herd
prevalence is generally low (median number of @acis two, quartiles = one and four) and
major risk factors for recurrent infection weredtion, a history of BTB and multiple reactors at
the disclosure test. For example, herds with BT&ldsed between 2005 and 2007 were three
times more likely to have an outbreak in 2008 ttteose with a clear history (Relative Risk =
3.6; 95% C.I. = 3.31 to 3.92; p<0.001). Similartile odds of disclosing infection at post-
outbreak tests were doubled in herds with multiplgctors compared to those with no further
positives (Odds Ratio = 2.15; 95% C.I. = 1.88 #62p<0.001).

These studies suggest EC 64/432 is an inadequatedvork for the eradication of TB as it
fails to address key risk factors and constraitsngits to target measures in a more efficient
and cost-effective manner. An alternative approacproposed that will require shifting the
control paradigm from trade to eradication.

INTRODUCTION

Bovine tuberculosis (BTB) was once a disease ohisagnt animal health and public
importance in member states (MSs) of the Europeanr@unity but has since been eliminated
from most, usually through surveillance and erathoaprogrammes. In 1964, legislation (EEC

" Epidemiology Unit, Veterinary Service, DepartmefiAgriculture and Rural Development,
Northern Ireland. E-maildarrell.abernethy@dardni.gov.uk
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64/432) was introduced to govern intra-Communigdé in livestock and its prerequisites for
BTB have formed the basis for BTB eradication pamgmes. Although the Directive has been
altered extensively over the years, the core BTERisues have remained largely unchanged,
including test intervals (annual if herd prevaleegeeeds 1%), movement restrictions for herds
with BTB, test methods and standards, compulsomyoral of test reactors and follow-up
requirements (at least two negative tests 42 ta&@@ apart if infection is confirmed or one
further test after 42 days if unconfirmed).

Northern Ireland (NI) has a population of approxieta 1.6 million cattle among 25000
active, predominantly beef-cow herds. A BTB eratiozaprogramme commenced in 1959 but
despite early successes, elimination of the diséaseproved elusive. Putative risk factors
include substantial between-herd and within-hertllecanovement, farm fragmentation and
renting of pasture, high cattle and herd denséres BTB in the Eurasian badgédlesmeles.
This paper describes recent trends and epidemaabdeatures of BTB in NI. Fundamental
issues of epidemiology and control are highlightbedt must still be addressed if progress
towards eradication is to be achieved and an argunee made for a more flexible,
epidemiology-driven approach to the disease.

MATERIALS AND METHODS

Testing, movement and farm data were extracted filoenDepartment of Agriculture’s
Animal and Public Health Information System whilatal on BTB strains were obtained from
the Northern Ireland Agrifood and Bioscience Inggt a non-Departmental Government Body.
Descriptive statistics and univariate analyses vpemformed using data from 199Glustering
of the ten most prevalent strains identified by \RNWas explored with SatScéversion 3.0.4;
Kulldorff M and Information Management Services .)nasing the location of the main farm
premises as point data with maximum cluster sizeas¢he default 50% of the population at
risk. Logistic regression was used to exploredtfiect of selected risk factors on recrudescence
of BTB in breakdown herds recertified after comipigttheir statutory regimen of short-interval
testing whilst under movement restrictions. Thersonth post-outbreak test was used as the
outcome variable with a positive case being angtogdo the test. The sampling frame excluded
chronic breakdowns, defined for this study as hewith repeated restrictions and no post-
outbreak test for two or more years, and herds evtiez post-outbreak test was superseded by
testing due to additional risk factors. The hereniifier was included as a random effect in the
model as herds may have experienced several breakdiuring the study period.

A retrospective cohort study was undertaken to aepthe long-term risks of putative
exposure to BTB. The exposed cohort was identifisthg two-stage sampling of herds with
more than 20 cattle, confirmed infection and mistipeactors at their disclosure test between
1995 and 2003. Exposed cattle were those presdmegative at both the disclosure test and on
recertification. The first stage sample of unexploserds was selected from a sampling frame of
herds with a proven three-year freedom of infectaod located within three kilometres of
exposed herds. Two unexposed herds were selectieth wach year for each exposed herd and
the first herd test and date within the year usetha reference test and date respectively. The
unexposed cohort thus comprised cattle presenthatréference test. Both exposed and
unexposed cohorts were divided into those that wetaned in, or slaughtered directly from
their herd of birth (“retained” sub-cohort) and skeahat were sold on (“moved out” sub-cohort).
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RESULTS

Northern Ireland experienced a significant increiasBTB herd prevalence and incidence
between 1995 and 2002, from 5.4% to 13.8% and fdoR% to 11.9% respectively. Both
decreased until 2007 (to 8.4% and 6.8% resp.) teemained constant the following year
(Figure 1).

Prev/incid Recurrence
16.0 40

Recurrence (%)

Herd Prevalence (%)
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1204 | -eeeee- Animal Incidence (PPT*)
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Fig. 1 BTB Trends in Northern Ireland, 1995 to 2008

The rise was observed in most (22 of 29) ruralridistouncil districts (RDC) and was
independent of underlying BTB prevalence at thet sifathe period. The annual increases were
similar across most regions but unusually higheases lasting 2 to 4 years and resembling
localised epidemics were observed in four. Thel tatianber of tests performed increased from
an annual mean of 2.2 million in the five yearscpding 2001, or 1.32 tests per animal in the
population, to 2.7 million (1.52 tests per animal}he five years after 2001. However, repeat
testing is biased to certain herds and region20@8, 66.3% of animals were tested once
(72.4% of herds), 21.2% twice (17.4% herds) and%2on three to six occasions (10.2% of
herds). The percentage of recurrent breakdownspddtive herds within each year that were
positive the previous calendar year) increasedni@ With the disease trends (2001 and 2002
were affected by test changes associated with Mig Epidemic), but reduced at a slower rate
when incidence declined (Fig. 1).

Between 1990 and 2008, 45.3% of BTB herds expegra single outbreak, 23.1% had
breakdowns in two separate years while the remgi8ih6% had three or more incidents. The
within-herd prevalence (WHP) increased stronglyweein 1996 and 2002 but the overall
increase across the study period was slight, a&ieby herd size and the disease-status of the
test. Thus, the regression equation for the WH#Rdtia the middle tercile of herds (45 to 103
cattle) was y = 0.029x + 3.82 for routine tests; ¥0.042 = 5.52 for risk-derived tests and y =
0.123x + 3.78 for restricted tests. The median remalb reactors for test-positive herds in 2008
was two (upper and lower quartiles = one and faspr). The cumulative prevalence of
confirmed infection among test reactors was 39.8#6ge 31.4% in 2004 to 48.6% in 1997).

In an analysis of the 10 most prevalent VNTR stagpatial clustering was observed in all,
with a mean radius of 27.7km in the primary clusi@ange: 15.9 km to 46.3 km). Reactor cattle
disclosed with these strains in 2006 or 2007, winncved once between herds in different rural
council districts (and from which fifty BTB isolatehad been obtained), were more likely to
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have a strain consistent with that identified ia RDC of the destination herd than the herd of
origin, irrespective of the duration spent in eitfiee birth or destination herds (65% of 445

cattle;x2 test; p <0.001).

Table 1. Multivariate Model of Risk Factors

Variable Category Odds Ratio 95% C.I.
Outbreak within n/a 1.191 1.065 - 1.332
previous 2 years

Number of reactors at 1 1.000 -
disclosure test 2 1.175 0.990 - 1.393
3-5 1.485 1.269 - 1.739
>5 1.766 1.482 - 2.103
Number of reactors at 0 1.000 -
follow-up tests 1 1.209 0.928 - 1.574
>1 1.840 1.420 - 2.382
Number of Follow-up 0 1.000 -
Tests 1 1.258 1.095 — 1.444
>1 0.937 0.713-1.230
BTB in district <7% 1.000 -
council area 7 to 11% 1.402 1.213-1.621
>11% 2.037 1.775-2.338
Test Herd Size at <37 1.000 -
Disclosure 37-74 1.582 1.317 - 1.901
75 - 137 1.972 1.649 — 2.358
>137 2.698 2.264 — 3.215
Number Cattle 0 1.000 -
Purchased During 1-10 1.122 0.982 - 1.280
Post-outbreak Interval 11 _ 30 1.227 1.038 — 1.450
>30 1.228 1.027 — 1.468

The study of risk factors for repeat breakdowndueed 19871 incidents (12545 herds),
about 70% of all breakdowns in the period. In timalfrandom effects model, herds with more
than two reactors at the disclosure test or moae thne reactor at a follow-up test were at a
significantly higher risk of a further breakdowrathherds with singleton reactors, as were those
with only one further follow-up test. Other sige#int variables were herd size, a history of
BTB, an increased level of BTB in the RDC and asigigin of more than 10 cattle during the
post-outbreak interval (Table 1). Neither confirrmatof infection at the disclosure test nor
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subsequently in the breakdown was statisticallyniigant. In the cohort study, the crude
relative risks of failure were 1.87 in the retairsedb-cohort (95% C.I. =1.84 — 1.91) and 1.35 in
the moved-out sub-cohort (moved out within 180 ¢8%86 C.l. = 1.25 — 1.45).

DISCUSSION

Eradication of BTB has proved elusive in some EaempMSs, most notably the United
Kingdom, Ireland and Spain, where potential wilkdlfeservoirs are present. Despite extensive
research programmes, fundamental questions reroageming transmission routes, the relative
roles of cattle versus wildlife and methods of cohtFor example, most outbreaks in the
Republic of Ireland are attributed to badgers aattive culling is the principal control method
(More, 2009). By contrast, culling in England waslged to be ineffective unless undertaken
repeatedly, over large areas (Donnelly et al., 200 efforts have thus concentrated on
mitigating the risk from infected cattle.

In Northern Ireland, cattle-cattle transmissionstsl viewed by many to be the most
significant means of spread and badger cullingoseamployed. The nature of farming in the
province with high stock densities, high cattle mment and extensive contact at pasture
supports the role attributed to the infected bovirtee increase in BTB between 1995 and 2002
is still not fully understood but a resource-asaterl delayed response was postulated to be a
contributory factor, supporting the role of cattlesed programme management (Abernethy et
al., 2006). A concomitant increase in bovine briese was similarly attributed to reduced
programme measures and field investigations demaigdtthe role of local cattle-cattle contact
in the spread of that disease (Abernethy, 2008erA&f002, the reduction in BTB in the absence
of badger-related measures appeared to supporathe of bovine-related measures, raising the
question as to whether badger-related controls@cessary.

Caution is needed however, before assuming that B3 be addressed solely through
enhanced bovine testing and control measures;dteembint equally to a substantial role for a
wildlife source. Both the observational and cotstudies indicate an ongoing risk in or around
infected herds, but significant lateral spread dedpw within-herd spread is paradoxical. The
consistent, localised clustering of BTB strains pites substantial cattle movement and the
significant proportion of moved reactor cattle witrains matching the areas of destination
suggests a significant role for a localised, nowit® source. It is likely that BTB in NI results
from a complex mixture of both cattle-cattle anddper-cattle transmission pathways. Thus, it is
possible that the rise and fall of BTB between 1888 2007 reflects programme-related, cattle-
associated issues, superimposed on an underlymggeasing trend present since 1986
(D. Abernethy, unpublished observations). It ierasting to observe that such a trend in Nl is
similar to that in Great Britain rather than inléned (where the level of BTB has remained
more-or-less constant), despite greater similaritiefarming and control measures within the
island of Ireland than between NI and Great Britain

BTB eradication within the European Community isgmed by EEC Directive 64/432 and
compliance is monitored by the European Food anénirary Office and through co-financing
arrangements. MSs can exceed the legislative emgemts but may be constrained by
stakeholders who question the legal basis or dojaitapplication of any targeted proposals.
MSs may not, however, apply measures less strinigpamt those stipulated by the Directive,
implying that the legislation must be epidemioladiiz sound or it will be inefficient, failing to
enhance eradication or unnecessarily increasingioatgon costs. The Directive however, has
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certain inherent weaknesses. It is standardisedssdhe EC and thus does not allow for
differences in risk factors between MSs and consetlys in the measures employed to address
them. Thus, for example, contiguous spread hasridatly been considered to be more
important in Northern Ireland than in Great Britafwilesmith & Williams, 1986) while
premovement testing was introduced in certain regjio the latter but deemed to have limited
value in the Republic of Ireland (Clegg et al., 800These differences are not problematic as
the associated measures do not conflict with thediive, although failure to implement pre-
movement testing among other issues of compliam@905 resulted in a five-year withdrawal
of EC funding for the programme in NI. A more funtental issue arises however, when risk
factors in the Directive are not supported by tpelemiological evidence. Thus, for example,
the results of the observational study suggestrthdtiple reactors are a significant risk factor
for further disease in infected herds rather thamfiomation of infection. These findings, albeit
preliminary, are consistent with those of Olea-Fkgend colleagues (2004), who found the
future hazard of a breakdown in Ireland to incresigaificantly with number of reactors, not
confirmation of infection. On this basis it woule prudent to use reactor numbers rather than
confirmation to determine the follow-up strategyoutbreaks but this is not permissible within
current regulations. As a consequence, some imfebEerds may be permitted to trade
prematurely, as the Directive permits recertifioatafter one negative test in culture-negative
herds, irrespective of the number of test reactdiss is likely to increase the risk of spread
through sale of infected cattle. Conversely, hend#h singleton, culture-positive reactors
present little risk and thus do not merit the sdéotlew-up procedures as larger outbreaks. In the
observational study, almost eight percent of hea#tained reactors at their six-month post-
outbreak test and recurrent infection has beemameasing phenomenon in recent years. Such
outbreaks may arise due to residual infection, estijgg the restricted period was too short, or
from ongoing exposure suggesting biosecurity megswere inadequate. In either case, these
herds present an ongoing risk to other herds threade of cattle or contact at pasture. It would
therefore seem prudent to prolong the restrictetbgen such herds and either limit movement
to slaughter for extended periods or permit tragtevben herds of similar status.

Using EEC 64/432 as the sole basis for BTB prograsnreates, by default, a regulatory,
trade-based paradigm that views success in termfree@dom to trade. However, it is unable to
deal effectively with the complexities of BTB ast#tkes no cognisance of wildlife factors,
defines a narrow range of risk factors and impasemiform approach that does not reflect
epidemiological differences between regions or avee.

A new strategy is needed, one that is epidemiottlyiddriven and evidence-based, with
time-bound objectives tailored to the needs ofMi&or region. Such a paradigm shift was seen
as crucial to the success of the BTB eradicatiag@mme in New Zealand (Ryan et al., 2006).
At herd-level, this will mean defining the epidetoigical unit to reflect equivalent risk at
pasture, housing or even locality, rather than etdh‘number” level which, as currently
deployed, does not always reflect that risk adegjyatt will involve assigning a risk status to
each herd based on its farming type, history, locahd outbreak characteristics, and managing
the risk appropriately. Twenty years ago this woltdde been administratively impossible but
modern computational technology, disease modettos, strain typing and GIS systems now
remove much of the administrative burden. At regldavel it will necessitate identification of
high-risk areas - and ensure the risk is managedemerging areas where surveillance and
control measures are intensified to prevent foromatf endemic foci. At a strategic level,
concepts of “control” versus “eradication” must eeplicitly defined, with surveillance and
interventions tailored to each. The experience fidonthern Ireland suggests that the intensity
and quality of testing plays a role in determinBigB prevalence but it is increasingly apparent
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that merely increasing testing is not the answewyas the Irish experience in the 1980s. Indeed,
repeated testing may even be counter-productivé agy result in desensitisation of skin
responses in infected cattle (Coad et al., 201@nv€rsely, testing needs to be optimised,
efficiently conducted and using the full range aftifities available, including parallel testing
and reduced cut-points, but where interpretatiodependent on the epidemiological context
rather than legislative requirement.

BTB eradication is unlikely to be achieved in theitdd Kingdom or Ireland within the
short-term, even with introduction of an efficiemaccine. Fundamental questions remain
regarding the source of BTB outbreaks and thein@ated risk and these must be addressed as
they determine whether an eradication strateggasible and if so, how intervention measures
can be best deployed. Addressing these challentjegguire long-term vision, optimisation of
measures in a resource-constrained world and etierral cooperation.
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EPIDEMIOLOGY AND CONTROL OF LEPTOSPIROSIS IN NEW AEAND

C. HEUER, A. DREYFUS, P.R. WILSON, J. BENSCHOP, S. SUBHARATM.
AYANEGUI-ALCERRECA, F. FANG, J.M. COLLINS-EMERSON WD A.C. MIDWINTER

SUMMARY

Leptospirosis is an occupational disease and diyrdre most important zoonosis in New
Zealand. Vaccination of dairy cattle against lepbassis in the 1990s coincided with a
substantial decline of notified human cases. A meegvease of cases in 2002 was partially
attributed to workers in sheep-only slaughter wrskeThis paper briefly reviews
epidemiological features of the disease and remditait three studies designed to quantify the
risk of human exposure associated with slaughteghgep, to determine prevalence and
incidence of human infection of workers at a sheely-abattoir, and to estimate the duration of
antibody titres for informing occupational safetydapublic health authorities about the risk of
workers to multiple infections over time.

Abattoir sampling and stochastic risk modelling destrated that workers at a sheep-only
abattoir were exposed to 5-25 carcasses/day thag kidney-culture positive fokeptospira
borgpeterseniserovars Hardjo ot. interrogansserovar Pomona. Another sheep-only abattoir
had 9.5% workers with serum antibody (‘infected)the microscopic agglutination test (MAT)
for Hardjo or Pomona. The risk of infection wasHhegfor workers at the first stage of slaughter
(bleeding, pelting) than at the point of handlindnkeys or at meat inspection. Home slaughter
was also a significant risk factor for exposure.pfeliminary 14 months follow-up of 129
seronegative workers resulted in an adjusted arsuraulative incidence of 7.9% (95%CI 3.1-
12.9%) seroconversion to either Hardjo or PomonawéVver, none of the individuals
experiencing seroconversion reported severe signslisease. State transition modelling
revealed that MAT titres would last about 16 morfttrsPomona and 8 months for Hardjo. As
MAT antibody was reported to correlate with proteetcapacity of human sera in an animal
model, the observed titre duration may be an iriindor the time that individuals might return
to being susceptible again after experiencing tidac Observing higher prevalence in farm
animals and shorter titre duration, both associati¢ll Hardjo, is consistent with more frequent
infection with Hardjo than Pomona in notified huncases.

We conclude that sheep carcasses constitute aficigmi leptospire exposure risk for
workers, especially those positioned at the slarghtard, that exposure was associated with
8% annual incidence of infection by Hardjo or Pomoand that MAT titres lasted about 8-16
months and less than 2 years.

* EpiCentre, Institute of Veterinary, Animal anddBaedical Sciences, Wool Building, Massey
University, Priv. Bag 11222, Palmerston North 44¥gw Zealand. E-mail:
c.heuer@massey.ac.nz
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INTRODUCTION

Notified human cases of leptospirosis in New Zedlamcreased significantly in 2002
alerting public health authorities and meat indastralike, and raised considerable public
awareness. It was realised that too little was knaout the distribution of the disease and
sources of infection, thus triggering a numberahac investigations and scientific studies.

Leptospirosis occurs at a higher frequency in Nexal@nd than in countries where the
disease is notifiable. In New Zealand, it is priityaa disease of domestic and wild mammals.
Humans are infected by direct contact or indiredtiyough environmental contamination
whereas human-to-human transmission is considerbé £xtremely rare. Human leptospirosis
is therefore predominantly an occupationally acegiizoonosis (Keenan, 2007 The annual
human incidence in the general population declin@h 17.0/100,000 in 1978 to 2.9/100,000 in
1996-98. However, it was 40-fold higher in meat kevs, 20-fold higher in farmers, and 10-fold
higher in forestry workers. It was argued thatthie of illness among meat processing workers
remained as high as previously: at constant expogsumeat processing worker carries a risk of
1:20 over a service career of 30 years for contrgdeptospirosis of sufficient severity to seek
medical attention. Adjusting the denominator faretexposure to dairy cows, the incidence of
leptospirosis among male dairy farm workers age®4 years was suspected to be as high as
233.8/100,000 equivalent to a 1:14 risk of sevimess over 30 years of occupational exposure
(Thornley et al., 2002; Wilson PR, 1998). However,information is available about the risk of
disease in other occupational groups, especiakly, d&feep and beef farmers, veterinarians and
other farm service personnel.

Public health surveillance data demonstrated thastnhuman infection was caused by
Leptospira borgpetersenserovars Hardjo and Ballum, ahd interrogansserovar Pomona.
Hardjo and Pomona were frequently found in sheepf battle, and deer: 85% deer herds, 70%
beef cattle herds and 44% sheep flocks had evidafnogection with these serovars (Ayanegui-
Alcerreca et al.,, 2007; Dorjee et al., 2008; Heu2009). These observations and the
occupational association suggested that humangrgearily infected by domestic livestock.
Also important but less frequent serovars hreborgpeterseniisv. Ballum in humans and
rodents, andL. interroganssv. Copenhageni and sv. Tarassovi in deer (Populaiind
Environmental Health Group, 2008; Thornley et &002; Wilson PR, 1998). Tarassovi
formerly occurred in pigs, but its finding in hunsahas declined and is now regarded as
unlikely to be prevalent at any significant enderi@eel after the pig industry obliged pig
farmers to control leptospirosis by vaccinationpbrtantly, it appeared that the role of sheep as
a source for human infection has previously beedetgstimated (Blackmore et al., 1982).
Serological evidence has also been found in rodants wildlife (Marshall and Manktelow,
2002).

The decrease of the initially extremely high hunhgptospirosis incidence in the 1970s is
generally believed to be attributable to vaccirgtidairy cows. Vaccination has been
recommended widely and was adopted by about 85% daimers to date after research
demonstrated high infection rates of dairy cows amd associated high risk of infection
primarily through splashing urine during milkingowWever, while vaccination of dairy cattle
and pigs appeared to have reduced the human aadernne until around 1980, there is strong
evidence suggesting that substantial opportunitgares for occupational and possibly non-
occupational human exposure to infected sheep,dadé and deer.

! Report available at: http://www.dol.govt.nz/PDEgptospirosis2007.pdf
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Figure 1 indicates that the population incidencelided further after 1980 and settled at an
endemic level of around 2-3 per 100,000, followgdaln almost two-fold increase in 2002, a
further slow decline until 2008 when another srhall significant increase was reported. Up to
2006, not all laboratory identified cases were fremti but surveillance reports since 2007
indicate that this reporting constraint has besolved recently.
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Fig. 1 Annual case incidence of human leptospirmsidew Zealand (1974 - 2008)

Occupational physicians believe that an unknown bemof individuals with leptospirosis
will not seek medical attention or remain undiagrtbbecause the symptoms are mild, of short
duration, due to difficulties accessing medicalvees or due to doctors not suspecting
leptospirosis if an exposure to animals was notligly stated (Thornley et al., 2002).
Moreover, the laboratory confirmation of a clinicalispect diagnosis may lack sensitivity
because serologic tests are often negative in thke astage of disease and testing during
recovery may not likely be undertaken.

This paper therefore reports findings from recerd angoing studies about the extent of
occupational exposure and the prevalence and imogdef infection in abattoir workers
processing sheep. It uses these findings to et duration of antibody titres through
mathematical modelling with the intention of infarng public health authorities, occupational
physicians and meat industries about how soondjredected meat workers might return to
becoming susceptible again to new infection. Moegpthe knowledge of titre duration would
allow estimating incidence rates from relativelwioost prevalence studies.

MATERIALS AND METHODS

Study 1: Exposure of abattoir workers to infectkdep carcasses

The aim of this study was to estimate the leptespiposure risk for workers in a sheep-
only abattoir. Sampling and testing procedures j@&oet al., 2008) and risk analysis methods
(Dorjee et al., 2009) were described. Briefly, 98ughter lines and 2,758 individual sheep
carcasses were randomly selected and tested farmsantibody againstLeptospira
borgpeterseniiserovar Hardjo anteptospira interroganserovar Pomona by the Microscopic
Agglutination Test (MAT). Kidneys were culture tedtfor the presence of leptospires. The
study lasted 14 months and covered two periodsglarisk period (May-Nov 2004) after an
extensive flood had occurred in summer (Feb 208dY, a low-risk period in the subsequent
season with typical, low rainfall (Dec 2004 - Jud03). A stochastic spreadsheet model was
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developed in @RISK to assess the daily number of infected carcassesegsed by
eviscerators, meat inspectors and offal-handlensigthese two seasons.

Study 2: Prevalence and incidence of infectionbatiir workers processing sheep

To estimate prevalence and associated risk facdarsyss-sectional study was conducted in
meat workers at an abattoir slaughtering and psicgssheep in February-March 2008. Sera
were tested by MAT with a titre cut off of 1:24,ing serovars Pomona and Hardjo as antigens.
Age, sex, previous clinical episodes of leptosp#osetails of occupational and ex-factory
exposure were recorded. The descriptive resultshisf study have recently been reported
(Benschop et al.,, 2009). A follow-up study testedrkers, who had been seronegative to
Pomona or Hardjo in 2008, again in April-May 20@8Idwing identical procedures. It was
intended to estimate the annual infection incidebcghese two serovars. The incidence for this
14-months period was standardised to an annualance risk by multiplication with 12/14.

Study 3: Titre duration of abattoir workers

Estimates of prevalence and annual incidence dctidn from study 2 were used to
estimate the length of time that MAT antibody Strerere maintained by the host. It was
assumed that infection could not occur while titnese above a cut off of 1:24 or 1:48. Thus,
this study aimed to approximate the time after Whidfected abattoir workers would return to
being susceptible for re-infection. Two states weeéined, antibody negative = ‘susceptible
(S), and antibody positive = ‘infected (I)’. Indduals changed from S to | by the incidence of
seroconversion measured in study 2. The rate ofinfagtions was assumed to be independent
of the density of already infected individuals hesmadirect transmission between workers was
highly unlikely. Infected individuals would beconseisceptible again by the rate of titre loss
calculated as the inverse of the titre duration @Yyange of D was modelled to determine the
duration that best reproduced the observed presalend incidence. The prevalence at endemic
equilibrium was the one measured at the first samgptvent in 2008 (study 2). As seasonal
rainfall and temperatures were reasonably typicaing the past four years, prevalence was
assumed to have been constant over time. A schemgiresentation of the transitions at
equilibrium is:

Inc*S

S B — I

‘—
1/D*

At equilibrium, Inc*S = 1/D*1, and since P=I/N arid-P = S/N, it follows that:

D = P/[Inc*(1-P)]

This approximation works well when prevalence amcldence are small. However, when
they are not small, such as when the risk periddng (as in this study), the approximation is

! Software version 5.5.0, 2009 (Palisade Corporatitaw York, USA)
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biased. In that case, the use of derivatives pesvithore accurate estimates. We therefore
expressed the endemic state by the following diffgal equations:

dS/dt = -Inc*S + 1/D *I
di/dt = -1/D *I + Inc*S

Titre duration was modified such that the obsenmévalence at equilibrium was
reproduced by the observed incidence. As incidevace measured with error and titre duration
is known to be subject to considerable individuaiiation, the rates of new prevalent and new
susceptible individuals were assumed to follow esgmn distribution with means of observed
incidence and inverse of titre duration, respetyivEhe stochastic form of the two differential
equations for each of 50 simulations (i = 1... 503 wapressed as:

newP[i] = dt*poisson(inc)*S[i] — dt*poisson(1/D)*R[
newS[i] = dt*poisson(1/D)*P[i] — dt*poisson(inc)*§[

where ‘newP’is the number of new prevalent caseewS’ is the number of new
susceptible individuals, dt is the time intervaliak for transition (year/10,000), ‘poisson(inc)’
is the distribution of the observed incidence, §s0in(1/D)’ is the distribution of the rate of
newly susceptible, S[i] and P[i] are the numberscsptible and prevalent, respectively, at
simulation [i].

The prevalence resulting from a range of titre tans was plotted and mean and
confidence interval for titre duration were intelgted from adjacent, corresponding values of
observed prevalence. This was repeated for botvaey, Pomona and Hardjo, at two MAT titre
cut offs, 1:24 and 1:48.

RESULTS

Study 1: Exposure of abattoir workers to infectkdep carcasses

The abattoir processed on average 25-40 lines g@i®b-X1,728 sheep per week. Median
daily exposure risks during high and low risk pdsavere 11 (95%CIl 5-19) and 3 (95%CI 1-8)
kidney culture positive carcasses/day for evisoesatl8 (9-29) and 6 (2-12) for meat
inspectors, and 54 (32-83) and 18 (8-31) for dftaldlers (Figure 1), respectively. Stochastic
risk modelling provided strong evidence that preo®s of sheep carcasses exposed meat
workers regularly to live leptospires which, inrexhe seasons, could be about four fold above
the level of a season with typical summer rains.
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Fig. 2 Frequency distributions of 10,000 simulatioms of the daily risk of exposure of an offal
worker to carcasses potentially shedding live lgpites during 18 May - 30 June 2004 (high risk
season, empty bars) and 01 November 2004 - 0420i0% (low risk season, solid bars)

Study 2: Prevalence and incidence of infectionbatiir workers processing sheep

The overall seroprevalence to either serovars @f drticipants was 9.5% (95%CI 5.8—
13.2%). At a titre cut offs of 1:24 and 1:48, 1@a@hworkers were positive to serovar Hardjo
(titres 1:24-1:192), and 14 and 12 were positiveséoovar Pomona (titres 1:24-1:768),
respectively (Table 1). Seroprevalence was 13.1864ah% in men and women, respectively.
The median age for seropositive workers was 54syedile that for seronegative workers was
48 years; 23 workers (9.5%) reported a leptossrdsiease episode 1-35 years previously, and
14 (60.9%) of these were seropositive in the stwdhereas 219 could not remember a disease
episode including 9 (4.1%) seropositive workerseFof 23 workers with a history of clinical
leptospirosis stated that they had been ill twitentervals of 3-5 years. A preliminary risk
analysis (Heuer et al., 2009) revealed that worlegrshe beginning of the slaughter board
(bleeding, pelting) were more likely to be seropwesi than workers further down the line
(popping kidneys, meat inspection), but any workesitioned at the slaughter board had
substantially higher odds of being seropositive parad to workers in separate rooms (boning,
cutting, chilling, freezing, rendering). Home slatgy was the strongest off-work risk factor.

A total of 129 and 124 workers who were seronegdfiiv serovars Hardjo and Pomona in
2008 participated again in 2009. The 12-monthssadguincidence risks of seroconversion to
Hardjo and Pomona is shown in Table 1. Of 119 werkénho were negative to both serovars in
2008, 11 (7.9%; 95%CI 3.1-12.8%) converted to eif®eovar at a titre cut off of 1:24, and 8
(5.7%; 95%CI 1.5-9.8%) to either serovars at ctitlof8. Overall, the data indicated that the
average annual risk of infection to either HardidPomona was about 6-8% in this sheep-only
abattoir, and that this incidence established atemic prevalence level of about 8-10%. Few
workers reported mild, flu-like symptoms typicat feptospirosis during the 14 months between
samplings.
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Table 1. Seroprevalence (Prevalence) to leptospisesovars Hardjo and Pomona in 2008 and
annual incidence risk (Incidence) of seroconvergiom 2008 to 2009 at titre cutoffs 1:24 and
1:48, respectively

N MEAN  95% CONFIDENCE INTERVAL
PREVALENCE
Hardjo 1:24 242 0.041 0.016 — 0.066
Hardjo 1:48 242 0.037 0.013 -0.061
Pomona 1:24 242 0.058 0.028 — 0.087
Pomona 1:48 242 0.050 0.022 - 0.077
INCIDENCE
Hardjo 1:24 129 0.066 0.024 - 0.109
Hardjo 1:48 129 0.047 0.010 - 0.083
Pomona 1:24 126 0.048 0.011 -0.086
Pomona 1:48 126 0.041 0.006 — 0.075

Study 3: Titre duration of abattoir workers

To maintain the endemic prevalence for serovargoHamd Pomona as shown in Table 1,
titres were required to last about 8-10 monthsHardjo and 15-16 months for Pomona (Table
2). The uncertainty about these estimates was phymdependent on the relatively wide
confidence intervals around endemic prevalence,taradlesser extent on the selected titre cut
off or stochastic variation (Figure 3).

Table 2. Estimated titre duration (months) for sars Hardjo and
Pomona and cutoff titres of 1:24 and 1:48

MEDIAN  95% CONFIDENCE INTERVAL

Hardjo
1:24 7.8 29-128
1:48 10.1 3.5-16.8
Pomona
1:24 16.2 7.2-23.8
1:48 15.3 6.6 —24.3
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DISCUSSION

In presenting these three studies, we intendedkpiore the role of sheep as a potential
reservoir for human infection. Sheep had not bemTsidered an important species with regard
to the zoonotic risk of leptospirosis in the 198Btackmore et al., 1982). But in recent years,
meat industries got increasingly concerned abouotamuleptospirosis in workers at sheep only
abattoirs, especially in Gisborne and Hawkes Bgjores (Keenan, 2007).

Two previous studies had investigated the distiaoudf leptospires in sheep with almost
identical methods and findings, albeit presentiqgesely contradicting inferences. The first one
was carried out in 19882 at 3 abattoirs and redaoatéarm prevalence of 46% for Hardjo and
51% for Pomona including all age groups, and cargaevalence among lambs of 2.9% for
Hardjo and 2.5% for Pomona at titre cut off 1:48eTprevalence substantially increased with
age. It concluded that sheep were unlikely to dtista significant reservoir for infection of
other species. A more recent study of slaughtebsafound 45% farms to be positive for Hardjo
or Pomona at cut off 1:24, and 5% and 1% positigecasses for Hardjo and Pomona,
respectively. Despite similar results, it was noanduded that the study demonstrated the
presence of a definite risk of occupational expesof meat workers in a sheep-only
slaughterhouse. Using the data of Dorjee et aD&20wve developed a stochastic risk model to
quantify the daily exposure of workers at differpositions at the slaughter board (study 1). The
result showed that the daily number of infectedasses was clearly greater than one. On most
slaughter days of an ‘average’ season, each wonmkex in contact with several infected
carcasses. The risk model also suggested thatregasiation could increase this contact rate
4-5 fold.

Pomona 1:24

Prevalence
I
o
()]
L

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Titre Duration (months)

Fig. 3 Relationship between titre duration and plernce within the stochastic envelop of 50
simulations (dotted line) at estimated mean inatgemsk of 0.045 for leptospira serovar
Pomona at a cutoff of 1:24. Horizontal lines indecthe prevalence at equilibrium (solid line =
mean; dashed lines = lower and upper 95%Cl).
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These findings consequently raised the questiomhat extent the observed exposure rate
would result in infection (study 2). Infection wemstially measured as prevalence of workers at
an abattoir that almost exclusively processed shééen it turned out that 9.5% of the workers
showed evidence of past infection, the questionuatie rate of new infections over the course
of a slaughter season was raised by the plant reamag. It was initially attempted to explore
this by estimating incidence from assumed titreatlan and observed prevalence. This resulted
in incidence estimates ranging from 2-15%. It waglent that this range was too large to draw
any useful inference. Reported MAT titre duratievexe highly variable ranging from 6 months
to 5 years and were based on repeatedly testedcssibyho were initially seropositive and lived
in environments where leptospires were endemic.elehgr, different tests were employed
measuring different antibody fractions or celluitfamune response (Cumberland et al., 2001).

Hence, an estimate of actual incidence was requinedthe face of economic risks
associated with export trade and potential negatn@ications for the meat industries, further
studies appeared unlikely to be politically feasiat first. However, the widely publicised death
of a meat worker in mid 2007 raised considerableimneterest and eventually triggered the
request for investigating incidence and associatigith potential infection sources. This study
is currently ongoing and involves eight abattoirsgessing sheep, cattle and/or deer. Study 2
presents the first result from a sheep processiagt,pthe same plant that gave rise to the
reported prevalence. Results were available onealezad of the other plants because over 200
workers were known to be serologically negativemirthe previous prevalence study. The
annual incidence of infection was around 5-8% whiels similar to the initial estimate but with
a much smaller confidence interval. Whereas thie saipported concerns about sheep as an
effective source for human infection, the fact thaly few workers reported mild, flu-like signs
of disease implied that the risk of severe leptass might be relatively low in view of
infection as frequent as this. Hence, new questasis® about specific causes and supporting
factors conducive to the development of the seeéngcal manifestation of humans infected
with leptospires. Such factors probably includenbenber of leptospires at contact (i.e. dose of
infection) and the level of immunity acquired thgbua previous contact.

A key interest is therefore in immune mechanisnisrda@ning the outcome of infection. Of
particular importance herein is the duration oftpcve immunity after an infectious contact.
The knowledge about titre duration would inform |uthealth workers about the need for
continued protection against infection, even fodiwiduals who had experienced clinical
leptospirosis or had worked in an exposed envirarinfer long periods during which
seroconversion could be assumed to have occutreghpkars that agglutinating antibodies of
the MAT are serovar-specific and indicate protextivnmunity. This was inferred from
exposure of hamsters to MAT positive sera from hsnand subsequent challenge (Adler and
Faine, 1978). The duration of MAT antibodies appHyedepends to a great extent on the
severity of leptospirosis and may last several yé@umberland et al., 2001). This implies that
the MAT titre of workers who seroconverted but aidt remember any signs of disease
indicative of leptospirosis might only last for shperiods. Study 3 was appropriate to explore
the question about titre duration of workers thatravinfected but did not develop any, or at
least no severe disease symptoms. It was imposwblaeasure titre duration by repeated
sampling of seropositive workers, firstly becaus#icient compliance would have been hard to
achieve, and secondly because it had to be asstinaedepeated exposure might have occurred
several times a year. In the presence of frequembseaire, titres would be expected to remain
high due to natural booster. This was evident imesqgublished studies that reported titre
durations of 1-5 years (Blackmore et al., 1984;itdupt al., 1991) whereas one study tested 61
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patients with confirmed leptospirosis of whom o8lyetained high MAT titres 13 months after
the acute stage of disease (Romero eta l., 1998).

Thus, modelling the duration based on measuredajgege and incidence was the only
feasible way for estimating the duration of MATrés (study 3). The result suggested that a sub-
clinical type of infection induced relatively low AT titres (>1:100) for periods of 2-24 months.
The duration was only about half as long for serd¥ardjo (8 months) as it was for Pomona
(16 months). In view of such short duration, theidence observed in study 2 might have been
underestimated as some workers might have serodedvearly in the year and become
seronegative before follow-up sampling. The sharaton further implies that exposed workers
could get infected several times and may explairy widividuals can repeatedly develop
clinical disease as was stated by 5 workers inysPud\nother explanation for repeated infection
and/or disease is the lack of cross-protectionggfiidinating antibodies to different serovars
(Adler & Faine, 1978).

Consequently, workers may be well advised to mairaaigh level of protection as long as
they remain in an exposed environment. In additibe,knowledge of titre duration can be used
to estimate incidence rates from prevalence studiies implementation of prevalence studies is
more feasible and of lower cost than incidenceistudhich usually suffer substantial loss to
follow up. This was evident in our study 2 where&//B312 (44%) of the initial participants did
not come forward for the second blood samplinga left the work space one year after first
sampling.

We conclude that workers were exposed to sevelatted sheep carcasses throughout the
slaughter season on a daily basis, that exposuseassociated with about 10% prevalence and
8% annual incidence of leptospirosis infection tludHardjo or Pomona, and that MAT titres
lasted about 8-16 months and unlikely longer thae&s. Further research should explore the
determinants for the development of clinical diseasinfected individuals as well as options
for effective protective measures.

More work is currently in progress: preliminary wkds of a cross-sectional survey of
leptospirosis among 1,895 farmers in 2008 showeat the annual human leptospirosis
incidence was higher on farms where leptospirosis diagnosed in deer, and was lower when
livestock were vaccinated against leptospirosis mamed to farms not using vaccination. The
incidence also increased with the herd size ofydairbeef cattle on farms with more than 400
animals (Verdugo and Heuer, unpublishedVulti-locus-sequence-typing (MLST) and real-
time PCR procedures were pre-tested and calibratexlr laboratory to be used for source
attribution and shedding studies. Investigatiomscarrrently underway to serotype farmers, farm
workers and animals on the same property with tfiention to explore the animal-human
transmission pathway and to evaluate risk factor$ifiman and animal infections.

Vaccination of livestock appears to be the mostative means for controlling leptospirosis
in animals and humans. In the absence of publisidigs for the control of human leptospirosis,
vaccination of livestock needs to be financiallyrattive for farmers to achieve sufficient
population coverage. Initial results of the effimg of production increase through vaccination
in deer suggested a highly economical effect ofaup.5kg body weight at slaughter on farms
where substantial natural challenge existed. Thegefvaccine efficacy studies in sheep and

! Report available athttp://www.jdrc.co.nz/documents/EpiSurveyReport2.pd
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beef cattle are the subject of current funding psats, whereas vaccination of dairy cattle and
pigs has already been adopted by about 90% of peoslu
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MANAGEMENT PRACTICES REDUCING THE TEST-PREVALENCERO
PARATUBERCULOSIS IN DANISH DAIRY HERDS

S.S. NIELSENAND N. TOFT

SUMMARY

A risk-based control programme on paratuberculwsiBanish dairy cattle was initiated in
2006. This study assessed the effect of differeariagement practices on test-prevalences in the
programme.

A questionnaire on management practices was disébto all 1258 participating herds in
January 2009. The questionnaire was returned frO82 1(87%) herd-managers. Repeated
prevalence data from 1063 of the herds were availabd included in the present analyses. A
hierarchical logistic model was used to assess gdwrmn test-prevalence from the start of
interventions for six different management measucesling of repeated antibody-positive
cows; separation of cows in calving area; fast nemhof calf from dam; cleaning of calving
area; use of colostrum and waste milk from higk-dams.

The overall test-prevalence was reduced from 95.686. Multivariable analyses suggested
that only culling of repeated antibody-positiveraals and use of waste milk from specific cow
groups influenced the reduction in test-prevalences

INTRODUCTION

Paratuberculosis in cattle is a chronic infecti@used byMycobacterium aviunsubsp.
paratuberculosis (MAP). Mycobacterium aviumsubsp. paratuberculosis infections are
widespread among dairy cattle in Europe, and caiga@ficant economic losses (Ott et al.,
1999). These losses are primarily due to reducétkeva slaughter (Kudahl & Nielsen, 2009),
reduced milk yield, premature culling (Raizman let 2009) and indirect effects (Kudahl et al.,
2007). Therefore, several control programmes haen lestablished to reduce spread of MAP
(Benedictus et al., 2000; Kennedy & Nielsen, 2007).

Transmission of MAP is thought to occur primariliavhe faecal-oral route, although
infectionsin utero and via ingestion of MAP contaminated colostrumnolk are also likely
routes of transmission (Sweeney, 1996). Calvescansidered more susceptible to infection
than adults, although animals of all ages are sk mf becoming infected (Windsor
&Whittington, 2009). Therefore, efforts minimisirgalves exposure to faeces, colostrum and
milk of MAP infectious adult animals should resuit a decrease in the incidence of MAP
infections. Control strategies have primarily bestudied using simulation studies, and most

* Sgren Saxmose Nielsen, Dept. Large Animal Sciendeisersity of Copenhagen,
Grgnnegardsvej 8, DK-1870 Frb. C, Denmark. Emaii@life.ku.dk
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findings suggest that focus should be on manageprantices to reduce transmission, possibly
in combination with test-and-cull procedures. Hoem\t has been claimed that test-and-cull
procedures alone are not enough to reduce thelpreea(Groenendaal et al., 2003; Kudahl et
al., 2007). Therefore, the Danish control progranoneparatuberculosis focuses on both test-
and-manage and test-and-cull combinations. Howevdras not yet been evaluated, if the
conceptual risk factors addressed through the rewamed strategy in the programme actually
reduce the prevalence of MAP.

The objective of this study was to assess wheth@rinsherd test prevalences of MAP-
specific antibodies were reduced with different agement strategies in Danish dairy herds.

MATERIALS AND METHODS

The Danish control programme on bovine paratubesisl|

The Danish control programme on bovine paratubestsiiwas initiated in February 2006.
The programme is risk-based, and animals are divid® High-Risk and Low-Risk animals
based on four annual herd screenings using a milkady ELISA (Nielsen, 2009a). High-Risk
cows are defined as animals with an ELISA-positigeult among the last four test-results,
whereas Low-Risk cows are those without any pasit@sults in the last four tests. Furthermore,
High-Risk animals are divided into Red and Yelloaws, where Red cows have been test-
positive on the last two tests, or on three ofl#st four tests. Low-Risk cows are also denoted
Green, and considered non-infectious, whereas Red Yellow are potentially infectious.
Details about the classification scheme are giverNielsen (2009b). An in-house ELISA
(Nielsen, 2002) was used until October 15, 2008, ancommercial test (IDScreen, IDVet,
Montpellier, France) was used after that date. ifHeouse test was considered positive at an
optical density reading of 0.3, and the commengat was considered positive at a sample-to-
positive ratio of 0.2. These cut-offs were chosemiake the tests as sensitive as possible,
thereby potentially resulting in more false-possy

The number of participants in the programme has lbsefollows: July 31, 2006: 621 (12%
of all Danish dairy herds); Dec. 31, 2006: 1002%20July 31, 2007: 1,136 (23%); Dec. 31,
2007: 1,195 (25%); Dec. 31, 2008: 1,261 (28%) (dé&el 2009b). Participating farmers are
advised to reduce the risk of transmission thrahgtfollowing recommendations:

- Red cows should be slaughtered prior to next cglgm they do not enter the calving
area;

- High- and Low-Risk cows should calve in separateicg areas, and the calving area
should be cleaned after the calving of High-Risks0

- Calves born to High-Risk cows should be removedas as possible and preferably
within 2 hours after birth;

- Milk and colostrum from High-Risk cows should n& bised for feeding of heifer calves
staying in the production system for more thandrye
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Questionnaire data

Mailed questionnaires were sent to the 1,261 heuadicipating by Dec. 23, 2008.
Reminders were sent twice to the non-respondessltigg in a total of 1092 responders (87%).
The questionnaire included one page of questiegarding how the farmer followed the
recommendations to reduce transmission and regpuailiing practices. The responses to the
guestions were re-organised into six categoricabbes used as independent variables in the
further analyses. These were:

1. Culling of Red cows: a) No Red cows calve againSbijne Red cows calve again; or c)
Most Red cows calve again.

2. Fast removal of calves from dam: a) Calves sepdfaden Red and Yellow dams within
2 hours; b) Calves separated from Red dams, buteltaw dams, within 2 hours; or c)
Calves not separated from High-Risk dams withiro@rh after birth.

3. Calving area cleaning : a) Calving area cleaningrd®ed and Yellow cows’ calving; b)
Calving area cleaned after Red, but not Yellow, £osalving; or c) Calving area not
cleaned after High-Risk cows’ calving.

4. Cows’ separation in calving area: a) Red and Yeltmws separated from Green in
calving area; b) Red, but not Yellow cows, separfitem Green cows in calving area;
or ¢) No separation of High- and Low-Risk cows @iving area.

5. Colostrum usage: Colostrum for feeding of heifdves used form: a) Green cows only;
b) Yellow and Green cows, but not Red cows; olllgjaws.

6. Waste milk usage: Waste milk used for feeding ofenecalves occurs from: a) Green
cows only; b) Yellow and Green cows, but not Reds;cor ¢) all cows.

A total of 1092 herds (87%) provided responses,diuhese, 31 had ceased production
since the questionnaire data were obtained. Therel®63 herds provided both questionnaire
and prevalence data. Some farmers responded “D&kmm#” to some questions and were
considered not having established procedures tadavansmission (i.e. were classified as
worst-case). The distribution of responses in eatkgory among the 1063 herds is shown in
Table 1.

Prevalence estimation

ELISA data for prevalence estimation were obtaifrech the Danish Cattle Database by
December 1, 2009, covering the entire programmegetInfortunately, initial explorative
descriptive statistics examining test-prevalencesaafunction of time since start in the
programme (TIME), overall and stratified by testspwed that the apparent prevalence of the
two tests differed to an extent, which discouradether modelling of the full dataset.
Therefore, only test results of the second tesS¢i@efl) were used for further analyses. Data
were not obtained from herds, which had ceasedugtamh. Herds in the control scheme were
tested by antibody ELISA through the milk recordsahpeme, where milk samples are obtained
6 or 11 times per year in each herd. Four of thesé rounds were used for prevalence
estimation at each sampling point. Because milkptasnwere used, only lactating animals were
tested. At each test-date, the prevalence wasndigked as the number of ELISA-positive
among animals tested.
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Table 1. Results of univariable logistic analyskethe probability of testing positive in
Mycobacterium aviursubspparatuberculosispecific antibody ELISA for Danish dairy cows
tested at different time points (TIME) after fitest-results were available in herds with
different management practices.

Risk factof Nierds Estimat® Standard error P-valfie
Red cows calve again
Intercept -2.25 0.06
Most 208 -0.07 0.03 0.002
Some 707 -0.15 0.02
None 148 -0.21 0.05
Separation of cows in calving area
Intercept -2.24 0.06
No separation 470 -0.15 0.03 0.761
Red from Green 281 -0.15 0.03
Red & Yellow from Green 312 -0.13 0.03
Calves removed within 2 hours from
Intercept -2.24 0.06
No cows 158 -0.13 0.03 0.098
Red cows 187 -0.189 0.03
Yellow & Red cows 718 -0.134 0.02
Calving area cleaned after
Intercept -2.24 0.06
No cows 582 -0.13 0.02 0.112
Red cows 211 -0.19 0.04
Yellow & Red cows 270 -0.14 0.03
Colostrum used from
Intercept -2.24 0.06
Red, Yellow & Green cows 109 -0.10 0.04 0.244
Yellow & Green cows 273 -0.17 0.03
Only Green cows 681 -0.14 0.02
Waste milk used from
Intercept -2.23 0.06
Red, Yellow & Green cows 137 -0.14 0.04 0.013
Yellow & Green cows 211 -0.21 0.03
Only Green cows 715 -0.13 0.02

*Red”, “Yellow” and “Green” cows are categoriesafimals based on their test-results, where Red omws
repeated antibody positive, Green cows antibodwatieg on up to last three tests, and Yellow cowt wther test-
combinations based on repeated results.

® The estimate for each stratum represents the sIbPEME variable within that stratum.

“The P-value gives the significance of the intemacti.e. different slopes betwestrata), the main effect of TIME
was highly significant in all analyses.
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The 1,063 herds contributed a total of 3,774 hemyenations, with 551,591 cows tested
using the IDScreen® test. Thirty-eight herds wesstedd one time, 68 herds two times, 333
herds three times, 519 herds four times, and 108shfve times. Among the 3,774 herd-
examinations, the median number of animals tedtedeh herd-examination was128 (range 11-
1087).

Descriptive statistics

A semi-parametric analysis was performed usingGié procedure in SAS version 9.1
(SAS Institute, Cary, NC, USA), with the test-prierece as the outcome and TIME, stratified
by each of the six risk factors (one at a time),aasovariate modelled with a univariate
smoothing spline with 4 degrees of freedom. Thesalyaes were used to explore the
relationship between test-prevalence and TIME. HEmalyses suggested, based on visual
inspections that an approximate linear relationsfag appropriate for all risk factors.

Furthermore, two-way cross-tabulations of the sigk rfactors were made. Some
combinations of outcomes were not possible, eagifegy colostrum from Red dams if these did
not calve again. Therefore, it was decided notxamene all possible interactions between risk
factors as data did not permit this.

Statistical analyses

To account for the clustering within herd, a logisinalysis using a generalised linear
mixed model approach was carried out. Essentia#yirtitial model for each of the 6 risk factors
was as shown in Eq. (1).

logit(p) =a+ RF+ TIME + TIME x RF+ Herd Q)

where p is the probability of testing positive in heerd (modelled using number of
positive/number tested per herd per test roumiy;the common intercept; RF is the fixed effect
of one of the 6 potential risk factors; TIME is thme since start in the programme; and Herd is
a first order auto-regressive AR(1) correlatiorustire used for the working correlation of the
Generalized Estimating Equations (GEE) analysectmunt for clustering of repeated measures
within farm. For each analysis, the main effecth# risk factor was assessed and removed if
non-significant (p>0.05), whereas the interactienmt was kept even if it was deemed non-
significant and results were reported as estimaitéise slope of the linear function of TIME for
each of the strata of the risk factor, with a PJeateflecting the test of significance of the
interaction.

The analyses were carried out using the GENMOD qutoe in SAS version 9.1. First,
univariable analyses were carried out. Subsequeatfprward selection procedure using the
significant univariable effects was carried ouestablish a multivariable model.

RESULTS

Results of the logistic analysis showed that oVetta test-prevalence decreased from 9.7%
to 5.6%, as measured by the IDScfetst (Fig. 1).
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Fig. 1 Estimated overall prevalence (with 95% @lits) and individual herd prevalence
estimates. Approximately 30 observations betweeartb36% are not shown.

The estimates from the univariable analyses arengin Table 1. In Fig. 2, the association
between apparent prevalence and TIME is illustrdtedthe univariable analyses, where a
significant effect of the stratum interaction withME was found.

For the multi-variable analysis, only the risk farst regarding whether Red cows calve
again and the use of waste milk were examined.S=adsulation suggested that it was possible
to examine the interaction of TIME, calving and uske waste milk. The results of the
multivariable analyses are shown in Table 2 angstithted in Fig. 3. For all models, the
estimated autocorrelation was approximately 0.d§gesting that there is a strong within herd
effect on the prevalence.
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Table 2. Results of multivariable logistic analyséshe probability of testing positive in
Mycobacterium aviursubspparatuberculosispecific antibody ELISA for Danish dairy cows
tested at different time points (TIME) after fitest-results were available in herds with
different management practices.

Risk factof Estimaté Standard error P-valbie
Intercept -2.25 0.06
Red cows calve Waste milk used from 0.002
again
Most Red, Yellow & Green -0.06 0.05
cows
Yellow & Green cows -0.22 0.04
Only Green cows -0.03 0.03
Some Red, Yellow & Green -0.16 0.05
cows
Yellow & Green cows -0.19 0.04
Only Green cows -0.14 0.02
None Red, Yellow & Green -0.30 0.07
cCows
Yellow & Green cows -0.26 0.10
Only Green cows -0.18 0.06

*Red”, “Yellow” and “Green” cows are categoriesafimals based on their test-results, where Red omns

repeated antibody positive, Green cows antibodwatieg on up to last three tests, and Yellow cowth wther test-
combinations based on repeated results.

® The estimate for each stratum represents the sISPVE variable within that stratum.

“The P-value gives the significance of the intemacti.e. different slopes betwestrata), the main effect of TIME
was highly significant in all analyses.
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Fig. 2 lllustration of the estimated associatiohwsen test-prevalence and TIME for each
stratum of the ‘Red cows calve again’ and the ‘Wasilk used from’ risk factors. Shading
indicates the associated 95% CI of each stratumifgppredictions.
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Fig. 3 lllustration of the multivariable associatibetween test-prevalence and TIME stratified
by the interaction of the waste milk and removdiqies

DISCUSSION

Reduction in the prevalence of MAP infections isally considered to occur via changes in
management, and not test-and-cull alone (Groenémdad., 2003; Kudahl et al., 2007). The
results from this study suggest that culling ofe@ed test-positive animals (Red cows) does
contribute significantly to a reduction in the pa#nce, whereas the effect of the other
management factors seem to be somewhat uncertaeptefor use of waste milk, which have
previously been shown to have limited effect ontthasmission of MAP (Nielsen et al., 2008).
The results on use of waste milk also providesreointting results, because “use of waste milk
from Green cows” (considered best practice) redutidess test-prevalence reduction than “use
of waste milk from Yellow and Green cows” (conseltsecond-best practice) (Table 2 and Fig.
2). Several potential risk factors yielded simgantradictory results in the univariable analyses
(Table 1), but these findings were non-significatdwever, the findings from the univariable
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analyses point to an interesting result: The carsidl second-best practice resulted in faster
prevalence reduction than the considered bestipeact several instances. For example, for the
risk factor “Calving area cleaned after.....” yieldedower estimate when the calving area was
stated cleaned only after Red cows, compared tedstaleaning after both Red and Yellow
cows. This may suggest that farmers stating theinthg was done only after Red cows were
more honest about their actual practice, or mowgotigh when managing Red cows, than
farmers stating that they cleaned after both RedYasllow cows. However, it could also merely
be an effect of confounding.

Furthermore, these findings point to one of theanayeaknesses in this study: Use of
questionnaires at one time-point. Non-differentiailsclassification is very likely to occur,
resulting in lack of association or even reverdathe hypothetical association (Rothman &
Greenland, 1998). Many management practices diftan animal to animal, and over time
within a herd. For example, removal of calves franHigh-Risk dam within 2 hours is less
likely to occur during the night than during theydand new staff may change the management
over time. We only asked about management praciicese time-point. The questionnaire was
kept short to increase the proportion of respondadsto reduce complexity, but at the cost of
being unable to detect dynamics in management.|ditgee sample size may to some extent
correct for this on long term, when more prevalet@ta have been collected.

So far, prevalence data covers the period of O yeats after availability of the first test-
results. Many infected animals may only becomebaxiy-positive after reaching the age of 4
years due to the long incubation period. Therefeame of the longer-term effects may only
show within the next 5-10 years, requiring that pnevalence is monitored longer and that the
analyses are repeated, when more data become ldeail@e discarded many observations
because the antibody test was replaced, and thelsmgduld not adequately take this into
account, because of differences in (the partiatlgnown) misclassification bias provided by the
two tests. This suggests that it would be benéfici@ontinue with the same test throughout the
following period to avoid this effect or to adopyeBayesian methods which are more capable
of addressing the issue of misclassification. Femtiore, as more data become available, more
information about the course of the infection withine individual herds will be obtained, thus
necessitating a more flexible model for the changarevalence through time. Future modelling
capturing non-linear effects might be needed tdampthe current linear (on the logit scale)
model, with a model that allows for a potentialgmnsteady state prevalence within a herd when
the reductions that can be obtained from the appdiet of management practices has been
harvested.

Although relatively few observations from each hexgre available, there was still
significant evidence of the clustering within heFadirthermore, it is apparent from Fig. 1 that
there are large variations in the actual withindhenevalences.

Prevalence estimation and choice of model have beglmallenge, because we expected a
time-lag in the decrease in the prevalence. Thiedag was expected because it would take a
while before risk-factors affecting transmissionulbbe detectable, since animals are tested as
cows but are generally presumed to be infectedass. However, the data suggested that there
was an immediate drop in the prevalence, probabtabse of a significant effect of culling of
Red cows. These cows also have a theoretical inngiaét on the infectious load in the herd,
since antibody-positivity is a predictor of bacatrshedding of major amounts of MAP.
Although a short term effect in the reduction ieyalence can be attributed to culling of Red
cows, the long term effect must primarily be dudhe removal of infectious animals thereby
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reducing transmission rather than due to cullimpal If transmission is not broken, there will
continuously be new infected cows becoming tesitipes and culling alone would not be
expected to keep up with these new infections.i@uibf Red cows may have a greater impact
because antibody-positivity may often precede majacterial excretion of MAP (Nielsen,
2008), thereby being an early indicator of infeginess, allowing for the farmer to respond to
the test-results prior to the cow becoming a rsthe herd.

To conclude, culling of repeated antibody-positbaavs can be associated with a decrease
in the test-prevalence over a period of 4 yearse Pphevalence reduction appears almost
abolished if use of waste milk from repeated amtippositive cows is practised when most of
the repeated antibody-positive animals calve agdmother management factors could clearly
be demonstrated to be associated with a reductiathe prevalence of MAP-infections, but
longer-term studies are required to elucidate tleffeets.
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USING ENTERPRISE GROSS OUTPUT AS AN ARGUMENT FORERMIC DISEASE
CONTROL AT FARM LEVEL

A. G. GANSER, F. BRULISAUER, B.J.J. MCCORMICK, G.J. GUNN ANDW. STOTT

SUMMARY

A longitudinal study was used to investigate thility of enterprise gross output analysis for
disease impact assessment and provision of penfmenadicators to enable informed decisions
on endemic disease control at the farm level. Boglimformation available through the British
national cattle tracing system was used to caleuli@e consecutive annual enterprise gross
outputs for 22 beef enterprises. The economic mé&ion was then linked to bovine viral
diarrhoea herd status. This approach allowed assedgsof disease mortality and reduced
fertility on performance within farms and benchmagkbetween farms. Furthermore, it can be
adapted to include information on individual livest weights thus enabling assessment of
morbidity on performance. Contracting active infeetwith bovine viral diarrhoea virus was
associated with reductions in enterprise grossutugginging from 3% to 35%. For farms with
prolonged infection, production risk increased asasured by greater variation in enterprise
gross output.

INTRODUCTION

Endemic infectious disease has been recograsedn integral part of animal production
(Mclnerney, 1996) and can pose substantial comssrain livestock productivity by reducing
the efficiency of input transformation (Morris, 99). Although losses due to endemic
pathogens have been assessed through both empagmlstudies (Duffell et al., 1986; Barber
and Nettleton, 1993; Penny et al., 1996) and whata are scarce, through models (Bennett,
2003; Stott et al., 2003; Gunn et al., 2004), dhisr significant resistance to uptake of best
practice to prevent or minimise such losses on $amGreat Britain (GB) (Gunn et al., 2008).
The reluctance to act upon such estimates miglattodbutable to the fact that losses derived
from models and empirical observations deemed woaddreporting mostly focus on rare,
“outbreaks” of epidemic proportions. This neitheflects the range of situations producers
might experience nor allows stakeholders to idgmtiith these “worst case” scenarios (Stott et
al., 2009). Another contributing factor is that mandemic diseases exhibit few characteristics
or overt clinical signs and hence livestock prodsicere unaware of or underestimate their
impact on production. This in turn can further tiedief among farmers that only “unskilled”
livestock keepers experience disease problems €Hhefih et al.,, 2008). In addition, neither
consulting veterinarians nor livestock producers eonvinced of the feasibility of endemic

* Antonia Ganser, Epidemiology Research Unit, SACEaesh, King’s Buildings, West Mains
Road, Edinburgh EH9 3JG, UK. Email: antonia.gans&@ac.uk
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disease control and prevention at the individaahflevel (Gunn et al., 2008). These
observations have led us to investigate an altemnatethod to provide incentives for disease
control through longitudinal combined assessmenerapirical animal health and economic
information. As tactical management decisions comng herd health are generally taken by the
livestock keeper (Wilson, 2001), the chosen economiethod had to be familiar and
interpretable for this target group. Secondly, adfipmaximisation was assumed to be a major
driver for the target audience (Rushton et al.,9)9%rovision of a performance measure
indicative of the productivity of the livestock emprise and its contribution to overall farm
profit (Turner and Taylor, 1998) was desirable.rdly, the performance measure should enable
longitudinal assessment of achievements from yegear within farm, as well as comparison
between farms (Turner and Taylor, 1998; Wilson,1J0Gourthly, the measure should account
for important disease effects thus adequately ctifig the risk of income variation due to
presence of disease (Rushton et al., 1999; Hardsladr, 2004). Lastly, the data used to derive
the performance measure should be universally abdailfor all livestock enterprises (Upton,
1989; Favier and Dodd, 1991; Wilson, 2001).

The first postulate of familiarity has led us éxplore traditional farm accounting methods
used to assess the achievements of individualmrges in relation to total farm profit such as
enterprise net margins (ENM) (Barnard and Nix, )97%nterprise net margins however
requires detailed records - rarely available fag thusiness type considered here - to allow
inclusion of overhead cost (Wilson, 2001). Overheasts can be omitted to arrive at enterprise
gross margins (EGM), a method proposed for econalisiease impact assessment (Rushton et
al., 1999). Again, specifically for business typegh grazing livestock — such as the beef
enterprises predominant in Scotland and Northengldhd - attribution of variable feed costs is
problematic (James and Carles, 1996). Omissionadfble and overhead costs leads to the
basic element for both net and gross margin caionlathe enterprise gross output (GO). This
is the total value of production from the enterprizver an accounting period, usually one year.
As explained by Barnard and Nix (1979), it includgoss output, which is sales plus
(allocatable) subsidies plus/minus any increaseédse in valuation, less purchases of
livestock. However, it also includes any producestoned on the farm (assumed negligible
here) and the value of any transfers to or fromttaroenterprise on the farm. GO therefore
ascribes financial performance to components ofdlm business, making it easier to identify
strengths, weakness and any changes over timgtidisg management. An important premise
of this paper is that endemic disease has an imomfluence on GO, thus GO analysis is a
potentially powerful tool for disease preventiordagzontrol at farm level. The components
necessary to derive GO are recorded for legal angtirposes, thus making them universally
available for the census of livestock enterprisesBovine viral diarrhoea (BVD) has been
selected to investigate the utility of GO analysisdisease impact assessment and provision of
performance measures enabling informed decisionsndiemic disease control and prevention
at farm level.

MATERIALS AND METHODS

The BVD status of 25 beef livestock enterprig@s monitored between October 2006 and
October 2009. Senior veterinary staff from contiilbg veterinary practices in Scotland and
Northern England, who form part of the team revieyapproaches to BVD control, selected
these farms from their client base. Selection wased on the veterinarians’ judgement of their
suitability for and likely interest in a study dii$ type, i.e. they were not a random sample.
Disease effects on fertility and mortality of therths were estimated through calculation of GO
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using official herd register and cattle movemertad@o evaluate the economic impact of BVD
on individual farms, annual relative changes in @ cow (RCGO) were associated with BVD
status and state transitions. The results fromviddal farms were collated to assess the
variability of disease effects. Presence or absehegtive BVDV infection in individual herds
was established and monitored using a combinaticanoual whole herd and sentinel group
sampling (Houe, 1992). All samples were testedderedited laboratories with commercially
available ELISA tests for both antibody and antigen  Bovine viral diarrhoea herd status
“BVD” (active infection) or “FREE” was assigned wheonclusive test results were available.
Herds were classified as “UNKNOWN” when informati@ras insufficient to assign a state.
Information was collected for the three direct ef§eof BVD: fertility, mortality and morbidity.
Livestock keepers were asked to provide animaltheaformation and consent to usage of
information contained within the official GB cattteacing system (CTS). The CTS records
cattle identities, animal numbers present on faamwell as livestock movements, births and
deaths. Livestock keepers are legally bound tofynatiovements on and off the farm within
days of occurrence (httpMivw.bcms.gov.Qk Data and metadata utilised in the current study
were released through the Defra RADAR team withgalmission of the farmers concerned.
(http://www.defra.gov.uk/foodfarm/farmanimal/disessetsurveillance/radar/project.hjm

The study population for each of the 25 hera@s stratified into gender and 7 age groups
using half yearly increments until the age of 36nths was reached. Animal numbers in each
age category at the start and end of the defineihéss year, births and deaths as well as
movements on and off farm occurring during the yeare extracted from RADAR data files. A
disease effect of economic importance is reducedvtty;, hence animal weight at sale was
included into the analysis. Sales weights of livektwere available for the majority of farms
through mart or abattoir records. A subset of faweghed their calves at weaning and at sale.
Due to the variety of records and incomplete weighdrmation for years prior to onset and
during the study, standard weights for animals wd& months were derived from a generic
growth curve (de Behr 2001). Weights for animalgeolthan 18 up to 30 months of age were
approximated based on the SAC Farm Management téakd?009/10 (Anon, 2009). Animals
older than 30 months were assumed to be breednely sind valued at a fixed current market
price, again derived from the SAC Farm Managemaridbook 2009/10 (Anon, 2009). Gross
output was subsequently calculated for all age ggand five consecutive business years from
1% April 2004, to 3% March 2009 (Eq. (1)). (Note that all age groupsemdtimately combined
into one GO for the purposes of our analysis. TGS was ascribed to the ‘suckler cow
enterprise’. For a specific farm business, GO dhdad divided up into separate GOs for each
additional enterprise on the farm. These mightudel heifer rearing, production of store cattle
and production of finished beef cattle. In our ¢case have applied the GO concept to age
groups within an enterprise and reduced the notimed step from one year to six months in
order to more accurately assemble the final GOraakke best use of the CTS data available.)

Gross output = (Number of animals sold * value mhaals sold) — (Number of animals
purchased * value of animals purchased)* (Closalgation — opening valuation)
1)

Internal movements, so called “transfers” are mobrded in CTS, but need to be included
in GO; hence animal numbers transferred from one g@up to the next were calculated
starting with age group 1 (0-6mths) for each yé&ay. (2)).
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Transfers “out” of age group 1 = (Animals at st#ryear in age group 1 + births + movements
onto farm into age group 1) - (movements off faum af age group 1 +deaths in age group 1
+animals at end of year in age group 1)

(2)

As transfers “out” of one age group equal trarssfer” to the next higher age group, all
subsequent “out” transfers could be calculated. Vdae of an animal within an age group at
opening and closing valuation, purchase, transfeate up to 30 months was calculated as (Eq.

(3))
Animal value = (Weight of animal (kg) * Live weigptice per kg) (3)

The live weight price per kg of £1.65 for femalesle&£ 1.70 for males was obtained from
the SAC Farm Management Handbook 2009/10 (Anon9R8a0d used for all years to minimise
the effect of price fluctuation on GO. Specificraai values were used for the internal transfers
at 6, 12, 18, 24, 30 and 36 months as these weedlan predicted weight for age at transfer.
Animal values at purchase or sale were based orageneights within the respective age
group as exact age and hence weight of individoiahals was not known.

The number of female breeding stock servedhasdenominator for calculation of the
performance indicator to reflect the resource agsimg production (Upton, 1989; James &
Carles, 1996) (Eqg. (4)).

GO per female breeding stock = (GO / ((female birepdtock at start of period + female
breeding stock at end of period) / 2)

(4)

After calculation of the GO per cow and year, theGO compared to the previous year was
calculated, allowing longitudinal performance asggnt. Relative changes in GO per cow for
individual farms in any one of the three possiliges and BVD state transitions were explored
by year and collated over the entire study perisidgidescriptive statistical measures. RADAR
data extracts were manipulated using MatLab (Vei®ioGross output and summary statistics
were calculated in MS Excel (Office 2007). Plotgevproduced in R (version 2.9.2).

RESULTS

Gross output analysis was performed for 22hef 25 herds initially recruited. Three herds
had to be withdrawn from the study as for varicessons they did not sufficiently conform to
the generic farm business model implicit in ouicadtion of GO described above. Assignment
of herd status “BVD” or “FREE” to study farms wasgsible through sampling and testing from
the business year 2006/07 onwards. Herd statubmédbusiness year 2005/06 could be deduced
for 7 of the 22 study farms as “BVD” through idéication of Pls and the period of early
gestation of the respective Pl carrier dams, wiwie herds were classified as “FREE” based on
sero-negative home bred replacement heifers. In4/P680 21 herds were classified as
“UNKNOWN” and one herd through health scheme tests“FREE”. Results for the final
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business year 2008/09 were excluded from furthexdyais for one farm, as a confirmed
outbreak of another endemic disease caused coallddosses (Fig. 1).

Number of herds in different BVD states by year

25

20 -
o
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L 15 4
= -
g OUNKNOWN
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= @ FREE
Z,

EBVD
5 .
0 =
2004/05 2005/06 2006,/07 2007/08 2008/09
Business vear

Fig. 1 Number of study herds (n=22) in BVD stateREE”, “BVD” and
“UNKNOWN” for five consecutive business years

The results obtained show that absolute GO valaeigd substantially over time within farm
and between farms (Fig. 2 and Fig. 3).
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Variations in gross output for a farm with status "BVD"
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Fig. 2 Within herd variation in GO per cow for ady farm remaining actively BVD infected
for 4 years

Variations in gross output for a farm with status "FREE"
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Fig. 3 Within herd variation in GO per cow for ady farm remaining “FREE” from BVD

Relative changes in GO per cow were calculated f20®5/06 onwards and evaluated for the

three BVD states (Fig. 4). Furthermore, RCGO wa®eaated with BVD state transitions (Fig.
5).
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Fig.4 RCGO box plots associated with the statesDBVFREE” and “UNKNOWN” for all
years
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Fig.5 Box plots visualising RCGO associated withB$tate transitions for all years
bb: BVD — BVD, bf: BVD — FREE, fb: FREE- BVD, ff: FREE— FREE, ub: UNKNOWN
— BVD, uf: UNKNOWN — FREE and uu: UNKNOWN- UNKNOWN
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DISCUSSION

The purpose of this study was to validate ausblmethod for monitoring the economic
impact of endemic disease by using existing, ridiatata sources and providing performance
indicators to enable informed decisions on endaiigease control and prevention at the farm
level. Data available across all study farms cdedisof official herd register and animal
movement data recorded through the GB CTS. The @@eatl from CTS data presented here
primarily served as an indicator for herd fertilagd mortality; two important disease effects of
BVD (Houe, 2003). Morbidity and resulting econonfisses due to reduced growth have not
been evaluated in the current study, as necessatey \@ere not available for all farms.
Therefore, standardised animal weights were use®& calculation. However, the presented
method is designed to incorporate individual encpireinimal weights, which allows inclusion
of morbidity effects into the financial assessment.

In the present study, GO varied between anthinvifarms over time. Regardless of this
variability and the elementary input data, the rodtlyielded unambiguous results for the
assessed enterprises. Contracting BVDV infectios agsociated with negative relative changes
in GO, while prolonged active infection was asstadawith a wider variation in GO, thus
indicating increased production risk for affectadnfs.

Eighteen of the 22 livestock enterprises cosipg the study population experienced state
transitions from “UNKNOWN?” or “FREE” to active BVDnfection with the relative reduction
in GO ranging from 3% to 35%. The variability ofetfoutput losses within and between
enterprises observed in this study based on erapdlata is in line with the predicted range of
losses by Stott et al. (2009) using a modellingraagh to investigate different epidemiological
scenarios. The GO for farms remaining actively BVDNected for consecutive years showed
wide variation over time. These findings show teademic diseases like BVD can have
detrimental effects on business performance. Theradictability of losses associated with
livestock disease increase business risk and hedcees the viability of affected farms.

In contrast herds experiencing state transtithom either “UNKNOWN” or “BVD” to
“FREE” or herds free from BVDV infection for sevéraonsecutive years showed
predominantly positive average relative changeS@ Furthermore, variation in GO over time
and thus production risk was lower for herds remnairiree from BVDV. However, the number
of “FREE” farms fluctuated from year to year. Tleetf that state transitions from “FREE” to
“BVD” were observed despite high disease awarenasdsregular monitoring of disease status
throughout the study period underlines that BV isonstant threat and difficult to evade for
individual farms when no systematic regional olioral control is applied (Lindberg and Houe,
2005).

For the initial two business years, includegtovide both insight into GO fluctuations for an
extended time period and a baseline for calculatiditure relative changes in GO, most farms
were classified as UNKNOWN. By the third year ewéd, all herds could be classified as
either “BVD” or “FREE”. When comparing the resulté the RCGO in the “UNKNOWN”
category to both “BVD” and “FREE”, farms classifiad “UNKNOWN” were closer to “FREE”
farms. These findings indicate that herd healtiustshould be assessed and monitored by
adequate veterinary measures to ensure that adisggse control is targeted and resources are
invested effectively.
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In the presented study, one GO was calculatedlf beef cattle present on the farm, to allow
for inclusive assessment of disease impact. Howeker presented method lends itself to be
applied to individual enterprises within farm; esgickler cows, store and finishing cattle and
breeding of replacements; or separation of comrakacid pedigree stock. Specifically for large
farms with several distinct units, one herd lev&iBstatus and one gross enterprise output
might not reflect the infection status and perfangeof individual age or management groups.
Distinctive GOs will allow quantification of diseasffects for different management groups
and can hence facilitate targeted interventiondeadeiducing expenditure on control measures.

During the course of this study, it became easingly obvious that access to robust data
allowing assessment of indirect disease effectsliffcult. Hence the current performance
assessment for livestock enterprises does notdachxpenditure on treatments and preventive
actions including biosecurity and vaccination odiidnal feed and labour cost. The observation
that consistent recording of animal health and rgameent information in a format allowing
economic analysis is not a priority for livestockepers has previously been made (Bennett,
2003; Stott et al., 2009). Disease important e$fextsociated with BVDV, like abortions and
deaths in neo-natal calves, were hardly ever recba followed-up on study farms as the
specific time of occurrence of the former was namserved, while the latter was regarded as a
recurrent and unavoidable event.

In conclusion, the major advantages for thesgméed GO calculation through empirical herd
register and movement data are, that importantadeseeffects as described above can be
captured through optimal use of existing data ssiwithout necessitating additional record
keeping. Furthermore, the method enables continoaustoring of livestock performance and,
in conjunction with information derived by regulsaimpling and testing - for instance within a
health scheme - of disease impact on performartoe.ufage of relative changes in GO allows
longitudinal assessment of performance within heamd benchmarking between herds. While
the method can be used for a large number of fatralso allows for inclusion of additional and
more detailed information thus adapting it to indual circumstances and making it more
acceptable to individual stakeholders.
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FARMER ATTITUDES AND BEHAVIOURAL RESPONSES TO PREWVEMENT
TESTING FOR BOVINE TUBERCULOSIS IN GREAT BRITAIN

R.M. CHRISTLEY, S.E. ROBINSON, B. MOORE, C. SETZKORN AND |. DONAL

SUMMARY

Pre-movement testing (PrMT) for bovine tubeosig (bTB) was introduced in England and
Wales in 2 phases from 2006. This study used fanmirviews and questionnaires, and
analysis of national cattle movement records t@stigate the impact of introduction of PrMT
on specific farm management behaviours. A majasityarmers (65%) believed they had not
changed their behaviour in response to PrMT; thenmgported changes related to decisions
regarding the selling of cattle. There was evidesiceeduction in movements of cattle between
farms in areas that must undertake PrMT. Some farrbelieved that others might be more
willing to purchase animals from high risk areasaasesult of increased confidence due to
PrMT. However, there was little evidence of thislie movement data. Following PrMT there
was an increased movement of single animals ametr@ased movement of large batches (>10)
of animals.

INTRODUCTION

Bovine tuberculosis (bTB) is a major biologicatonomic and political issue in Great Britain;
herd incidence is increasing at around 18% permaniAinon, 2004) and the disease is emerging
in previously unaffected areas. Government expargibn bTB is estimated to reach £1 billion
for the period 2004-2012 and costs to industry mighrease 4-fold over this period (Anon,
2004). The mainstay of control in GB involves siitaace and culling. The frequency of
testing is determined by local risk and may be #&ighest risk) 2, 3 or 4 (lowest risk) yearly
intervals. These are called Parish Test Intervld)(because they are determined at the Parish
level and affect most farms in the parish althosgme farms might require more frequent
testing. To reduce bTB spread via cattle movemegmesmovement testing (PrMT) of cattle in
areas with a 1 or 2-yearly PTI was introduced iglBnd and Wales from 2006 (Anon 2006b,
c). Initially, Phase | applied to cattle over 15nties of age, but in 2007 Phase Il extended the
requirement to all cattle over 42 days (with exdons) in areas with PTI of 1 or 2 years.
Scotland introduced a separate and distinct regiofigmme- and post-movement testing in 2005
(Anon, 2005b).

By August 2009 pre-movement testing had beetedaken on 116,523 occasions in England
and Wales resulting in testing of almost 1.5M eaffAnon, 2009). There is evidence that PrMT

" Robert Christley, Epidemiology and Public HeaBhool of Veterinary Science, University
of Liverpool, Leahurst Campus, Neston, CH64 7TE, bc@liv.ac.uk
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imposes additional costs to farmers. The Departnf@nenvironment, food and rural affairs
(Defra) have estimated the veterinary cost ofigstio be £5.50 to £9.00 per animal, with a most
likely cost of £6.70 (Anon, 2006a). Another suna@y60 farmers reported an average cost per
animal of £8.84 due to veterinary, labour and ottests, but with wide variation and almost a
third of farmers reporting costs per animal of o¥20 (Bennett, 2009). However, neither
estimation included other potential costs which endeen identified by farmers, such as
disruption to farm business or missed market oppities (Bennett, 2009) and there is little
information regarding the adaptations farmers mighke in response to introduction of PrMT
(Anon, 2006a). The cost per animal might decrease@e animals are tested, particularly up to
approximately 30 animals (our estimate from datvigied in Bennett, 2009). If more generally
true, this might encourage farmers to avoid test@mgl moving small batches of animals
resulting in movements of larger groups of animbicontrast, there is anecdotal evidence that
some farmers may prefer to test (and move) smathiea of animals, in order to reduce the
chance of a positive test result.

Introduction of PrMT could affect a range ofcd#ons regarding movement of cattle. For
example, PrMT may reassure farmers in low bTB-askas that cattle from high-risk areas are
disease-free and hence increase their willingne$aiy cattle from these areas. In contrast, the
need to test may highlight the distinction betwlagh- and low-risk areas and enhance trading
within the low-risk areas. The relative importarofeeffects such as these may relate to many
factors, including farmer trust in the efficacyrRrMT.

This study investigated farmer attitudes to Pradhd changes in decisions relating to animal
movements. Several approaches were used; qualifaticner interviews, a postal questionnaire
to farmers and time-series analysis of cattle memndata from the RADAR database. As
PrMT applies to movements from herds requirkRyyearly testing, the impact of different
testing intervals was of particular interest.

MATERIALS AND METHODS

Qualitative Elicitation Interviews

Twenty-one farmers (identified through locatereary practices) from 3 areas participated in
qualitative interviews designed to explore farméeliefs and perceptions about bTB and PrMT
and to elicit salient beliefs about specific bebavs relating to cattle management. These areas
included areas of relatively high (Devon, n=8) dod (Lancashire, n=7) bTB risk and an area
in transition from low to high risk due to an inaseng bTB incidence (Shropshire, n=6).
Farmers were asked what they thought were the #alye® or disadvantages of specific
behaviours relating to cattle management, any olestaor facilitators to these and about other
actors that may influence their behaviours and wiey would trust for advice or information.
They were also asked if there was anything theydghbthey had changed or other farmers had
changed in relation to their farm management sineentroduction of PrMT.

Thirteen (62%) participants were dairy farmerse reared heifers and 7 (33%) were beef
enterprises. The mean herd size was 128 (s.d.9.68t4he time of the interview 10 (47%)
reported a bTB breakdown either ongoing or in &8¢ 5 years.

214



Postal Questionnaire

The questionnaire was based on beliefs and jpigoos identified in the qualitative interviews
and was designed to collect data for 2 specifidyara; (a) investigation of farmer attitudes and
perceived behavioural responses to the introductbriPrMT, and (b) assessment, using a
Theory of Planned Behaviour (TPB) based approatifiaaors having an impact on farmers
intention to purchase cattle. Only the former {gonrted here.

A small pilot study of the questionnaire wasrieal out at local livestock markets and with
local farmers and the questions were modified assalt of the feedback. The questionnaire
consisted of some demographic variables followed 94y questions measuring trust in
government and other groups, importance of bTBiefselabout the role of wildlife, beliefs
about PrMT and aspects of farm management. Appmbeiy half of the questions were
specifically for use in the TPB-based analysis arelnot reported here. All responses, with the
exception of past behaviour and changes, were madé point rating scales e.g. 1= strongly
disagree to 7= strongly agree. Finally, farmersen@sked to report (using an open question)
whether they had changed any aspect of farm maragesince the introduction of bTB and
whether they thought other farmers had changedamgyt

Names and addresses of all farmers in Englaate vobtained from the British Cattle
Movement Service and questionnaires (800 in totale sent to 200 farmers selected at random
from each of 4 areas of the country (Areas 1 to #iable 1).

Table 1. Country, county and PTlIs selected forusicln in the time series analysis.
Areas 1-4 were also used to generate the sampénueffor the postal questionnaire.

Country County Area  PTls use in analyses
England Cornwall,Devon 1 1,2
England Shropshire,Worcestershire,Hereforshire stershire 2 1,24
England Lancashire,Cumbria 3 4
England North, West & South Yorkshire, DerbyshMettinghamshire 4 12,4
Wales Dyfed 5 1,24
Wales Gwynedd,Clwyd 6 4
Scotland Argyll,Stirling,Perth,Angus 7 4
Scotland Dumfrieshire,Selkirkshire,Peebleshire,Roghshire 8 4

Time series analysis

Cattle movement data from January 1999 to Fehr2007 were downloaded from the
RADAR database in June 2007 enabling investigatiothe impact of introduction of Phase |
PrMT only. The database contained information ifgng animals, locations (e.g. type of
location, easting and northing and county) and ahimovements (including animal and
location ID, and date and type of arrival and dapaj). Data on past and present PTI were
obtained from Animal Health (a Defra executive aggnFor all analyses, PTI categories 3 and
4 were merged because there are few farms in Rifidhese areas are both generally exempt
from PrMT (this combined category is referred td°ds 4).

Pairs of locations were considered linked miveen period if>1 animal was moved between
them. The potential impact of the introduction d¢faBe | of PrMT on 3 behaviours of cattle

215



farmers was explored: the total number of direcinedirect (via markets) movements of 1 or
more animals between farms; the number of moven@tsor more animals between farms in
different PTls, and; the number of batches of atsmaved between farms, or to market.

Poisson regression time series analyses weferped using datasets generated from the
cattle movement data. The model for each analysisided variables representing: underlying
linear trend; annual, 6 monthly and quarterly cgclegank holidays and the Christmas-New Year
period; introduction of PrMTlgwt: O before and 1 after introduction); a linear tréallowing
introduction of PrMT PrMTge O before and 1,2,3...n after introduction); idotion of
Single Farm Paymentdsfs O before 1/1/2005 and 1 after) and; a linear dréollowing
introduction of Single Farm PaymentSHRope O before and 1,2,3...n after introduction). The
week of introduction of PrMT was specified for eacbuntry (England 27/3/2006; Wales
2/5/2006). Scotland was given the English date;expected nalirect effect in Scotland of
PrMT introduction in England and Wales.

The analysis of movement of animals betweemsansed an approach based on the multiple
baseline time series method (Biglah al., 2000) with population subsets defined by PTI +/-
region. Eight regions of GB covering a range of bid& were selected (Table 1). This approach
enabled exploration of the consistency of the ampaimpact of PrMT across regions and by
PTI of the farms from which the movement originatéxd the purposes of analysis, data were
aggregated to the weekly level. Finding that farmareas undertaking PrMT (those in PTI 1
and 2) responded differently to those that do moP{| 3 and 4) would enable more confident
conclusions that an observed effect was due to Prskhier than to other unmeasured factors.
Analysis was performed on 15/24 (63%) possible aed?TI combinations (some regions
contained very few parishes, and hence farms, wgittain PTIs). In this model, interaction
terms betweerlpnr and region-PTl and betweerPrMTgope and region-PTI were used to
explore the potential for variable impact of PrMildifferent regions and PTIs.

The analysis of movement among PTIs used dataspresenting the number of movements
(per week) between farms in each combination of @%1, 222, 4>4, 122, 221, 1>4,
4->1, 224, 4>2) whereas the analysis of movements of differextthb sizes was performed
using datasets representing the number of movenoérasparticular batch size range per day
originating from farms under each PTI.

For each analysis, the number of events invangperiod was likely to be a function of the
maximum possible number of such events (for exantpke number of farms in a particular
region that sold animals in a time period is relai@ the total number of farms present in that
area). To account for this, the appropriate totaése included as offset variables in the
regression analyses. As the data were over-digpdlse models were fitted using a quasi-
Poisson link function. The impact of introductiohRyMT (ie lrnvt) Was assessed by calculating
the relative rate of movements after introductiériPoMT, compared to before, whilst holding
all other variables in the model constant. Simylathe relative rate of movements per week
after introduction (ie PrMdopd Was assessed; for ease of presentation this evagxted to the
relative rate per quarter year (13 weeks). Moddbfi all models was checked against the data.
As well as investigating the numbers of movemetits, effect of PrMT on the number of
animals moved was also explored. These analysdstdethe same conclusions as the analysis
of movements and are not reported here.
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RESULTS

Qualitative Elicitation Interviews

In low bTB prevalence areas there was a gerackl of saliency of bTB. Foot and Mouth
Disease was more salient and was suggested tdddg 10 affect current behaviour. Farmers
also mentioned other diseases e.g. brucellosis Whs not true of transitional and high bTB
areas where bTB was highly salient and farmersesspfeelings of helplessness and of being
“under siege”. Farmers in these areas reporteda lbivel of distress and problems associated
with PrMT, mainly as a result of bTB breakdowns amdvement restrictions. Pre-movement
testing was generally seen as effective in all afaéthough farmers in low bTB areas are not
directly subject to this measure) despite doubtaibthe effectiveness of the skin test. However
it was often seen as “damage limitation” rathemtlaacure because many farmers identified
badgers as the main source of infection. Somevieteees reported that other farmers may
show too much faith in the skin test which coulddeto a false sense of security when
purchasing cattle; indeed, some interviewed farmstated that buying cattle should not pose a
risk since introduction of PrMT. Routine bTB tegtiwas also generally seen as an important
control measure in all areas, despite being se@awsng problemsSome farmers in high and
moderate bTB risk areas wished to see annual geskitended to all areas (notably this was not
suggested by farmers in low bTB ared$pwever both routine and pre-movement testing was
seen as stressful and dangerous for both cattléaamers and a potential source of accidents to
farmers. Movement controls were also seen overmljjate effective, although less so. Most
farmers reported movement controls to be a “hadslé’had incorporated them into routine and
believed they are helpful in preventing diseaseagr Farmers mentioned lack of flexibility in
regulations as being unreasonable and causinguliffi some farmers also mentioned ways of
getting around the standstill policy. Most farmezported little if any change in either their own
or other farmers’ management practices since ttiedaction of PrMT. Changes that farmers
mentioned largely mirrored the reports of changestlee questionnaires which are reported
below.

Questionnaire survey

The results presented here are based on 81280 questionnaires returned, representing a
response rate of 31%. The respondents were broaghgsentative of cattle farmers in the
United Kingdom (Anon 2005a). The mean age of redpats was 554512.1 yrs (meass.d.);
87% were male and 13% female. A majority (56%) lkefaiosed herd’, 44% did not. The mean
number of cattle was 14051 but this varied considerably; 58.5% were inTa Parea, 10.7%
in a PTI 2 area, 2.7% in PTI 3, 28.1% in PTI 4. e@hird (32%) had experienced a bTB
breakdown on their own farm in the last 5 yrs, at#% knew someone who had had a
breakdown; 25% were dairy cattle farmers, the rade were beef or mixed farmers. A
comparison between the 250 respondents and theg swopulation showed no substantive
differences between the two in terms of farm Pikk &ind type, apart from the smallest, ‘hobby’
farms being under-represented.

The questionnaire included items to measurst tm government and PrMT. Trust in
government (Defra) and the measures being taketomtrol bTB was low in all four areas
(2.1£1.8, 1.61.2, 2.51.8, 1.&1.1 for areas 1, 2, 3 and 4 respectively) but wasif&cantly
higher in area 3 (Lancashire and Cumbria) tharhendther three areass(lzs=6.1, P=0.005).
There were no significant differences between RTlgvel of trust. Confidence in the efficacy
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of the skin test for bTB was low in all areas .3, 2.51.4, 3.21.6, 3.31.4) but was higher
in areas 3 and 4 than in areas 1 and 324F12.0, P<0.001). There were similar differences
between PTlIs in confidence in the skin test withfictence being lower in PTI 1 than in the
other PTIs (EF216=15.7, P<0.001).

Ninety-eight farmers (41%) agreed that movirdtle will not spread bTB since they are
tested prior to moving, with another 20% unsureer€hwas no significant difference between
areas (k235 =1.8, P=0.1) but farmers in PTI1 (430) were more likely to agree than those in
PTI 2 or 4, 3.11.9 and 3.42.0 (. 21=5.8, P=0.004). Farmers who agreed that movindecatt
will not spread bTB since PrMT had a more favouwsahttitude towards buying-in (r=0.3,
p<0.001) and intended to buy-in cattle (r=0.3, P8Q). The belief that buying-in cattle was
likely to bring bTB into the herd was, perhaps sisipgly, not significantly related to either
area or PTI (areasks=1.4, p=0.3; PTI k2:7~0.8, P=0.4). However, farmers who thought that
buying-in would bring bTB had a less favourabletade to buying-in (r= -0.4, P<0.001) and
lower intention to buy-in cattle (r=-0.4, P<0.001).

To examine the importance of bTB to farntdes questionnaire included the item ‘I don’t
worry about bovine TB much until a test is due’hfgh score represents agreement i.e. low
saliency. The level of importance was not signiiita different between PTIs §k151.0,
P=0.4) or areas §h43=2.423, P=0.07), although there was a trend towaedter importance in
area 1 and lesser importance in area 3. Low bTBitapoe was related to a more favourable
attitude towards buying-in (r=0.2, P<0.005) andhwihe intention to buy-in cattle (r=0.2,
P<0.005).

The majority of farmers (90%) agreed that ‘itigl diseased cattle to control bTB is useless
unless wildlife are controlled’, 74% strongly agieenly 8% disagreed. Similarly, 73% agreed
that ‘it is pointless trying to control bTB becausddlife can spread it’, 52% strongly agreed
and 23% disagreed. Agreement with these two statentid not differ by either areg®=3.0,
p=0.4) or PTI£%=0.9, p=0.8) but did relate to trust in governmemasures (r=-0.2, p<0.001)
with farmers having lower trust also tending toided that control in cattle, without control in
wildlife, is useless.

Farmers were asked if they preferred to bugllgcwhether they planned to buy cattle from
an area with a PTI of 1 or 2 and whether they wauilly buy cattle they were certain had come
from a PTI 4 (Table 2). Not surprisingly most famnpreferred to buy locally. However farmers
in Area 3 (Lancashire and Cumbria) had a highefepeace for buying locally than farmers in
the other areas {F4=5.8, P<0.001). There were no significant diffeendetween PTIs in
preference for buying locally ¢F;=2.3, P=0.1). This preference for buying locally swa
reflected in the differences between area and PiTihere they planned to buy, with farmers in
areas 1 and 2 and in a PTI 1 or 2 agreeing thgtglaened to buy from an area with a PTI of 1
(area 2356.9, P<0.001; PTI F,05=24.8, P<0.001). Similarly farmers in areas 3 araohd PTIs
3 with 4 agreed more strongly that they would dnly from a PTI 4 area §{F3+~21.7, P<0.001;
PTI R 21742.1, P<0.001).

Farmers were asked to report on any changtginfarm management since introduction of
PrMT and any perceived changes in other farmersiagament. The changes reported on
guestionnaires largely confirmed those found in ititerviews. Sixty five percent of farmers
reported no changes in themselves or others (53%, ¥7%, 84% in areas 1,2,3 and 4,
respectively). The main changes reported includgdselling cattle in larger batches (e.g.
following annual test to avoid extra costs of PrMiEL8); these were all in PTI 1 (nine farmers
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in area 1, 6 in area 2 and 3 in area 4 reportezethbanges); 2) Selling cattle in smaller batches
— only 2 farmers reported this, both in PTI 1 anehal (Devon & Cornwall); 3) changes in farm
enterprise (n=27), which included selling cattlé father than as stores (n=10), all in PTI 1
(areas 1 & 2), reducing stock numbers (n=6), all Pand areas 1 and 2, rearing own/breeding
own/keeping a closed herd (n=5), exit from catdlierfing (n=3), other enterprise changes (n=3),
and; 4) other management changes such as eadesroksdull calves (n=1), reduced cattle
movements (n=3), buying in to restock (n=2), chanigewhere stock are kept (h=3) and raised
awareness of bTB (n=13).

Table 2. Mean (s.d.) of scores for preferred buysaelgaviour by area and parish test interval
(PTI). High scores (maximum possible = 7) indicatgeng preference for that behaviour.

Buy local Buy from PTI 1 Buy from PTI 4 Buy from farm Buy at market
Area 1 5.55(1.61) 4.13(2.12) 3.22 (2.01) 3.49 (2.28) 3.05 (2.34)
Area 2 4.89 (2.18) 4.18 (2.08) 3.13 (2.12) 3.54 (2.19) 3.30 (2.47)
Area 3 6.24 (1.58) 2.89 (2.43) 5.32 (2.19) 3.16 (2.21) 3.83(2.35)
Area 4 5.66 (1.74) 2.82(2.03) 5.35 (1.78) 3.50 (2.20) 3.27 (2.36)
PTI1 5.36 (1.87) 4.14 (2.15) 3.10 (2.05) 3.73 (2.28) 3.25 (2.45)
PTI 2 5.65 (1.87) 4.50(1.94) 4.00 (2.34) 3.04 (2.07) 3.26 (2.15)
PTI3 &4 5.94(1.72) 2.07(1.87) 5.84 (1.91) 3.07 (2.09) 3.37 (2.29)

Time series analyses

Movements between farms:

Analysis of the time series of the weekly total tnemof movements between farms (i.e. the
number of direct movements between farms plus timeb@r occurring through markets) found a
significant impact of PTI, with farms in PTI 4 si§oantly more likely to move cattle,
compared to those in PTI 1 (P=0.04), whereas the® no difference between PTI 2 and 1
(P>0.9; Fig. 1a). This effect of PrMT was not camstover time following introduction. In all
PTls the relative rate decreased over time (P=0F@8;1c), but the decrease was significantly
greater in PTI 1 and 2 compared to PTI 4 (P<0.00hg difference in the decrease over time
between PTI 1 and 2 was not significant (P>0.9).

However, inclusion of an interaction term sugjgd that the impact of PrMT was affected by
both the PTI and the area in which a farm was fo@eherally, farms in PTIs 1 and 2 (those
areas which must undertake PrMT) were less likely gqually likely) to move cattle in a
particular week following introduction of PrMT (cqurared to prior to introduction of PrMT),
whereas farms in PTI 4 were generally more (or Bgudikely to move cattle following
introduction of PrMT (Fig. 1b) and this may be sesgfive of an impact of PrMT. However,
there are notable exceptions; for example, the higlhparishes in area 5 (Dyfed) were more
likely to move cattle following introduction of PfM Also the magnitude of the change varied
considerably between areas, for a given PTI. Thahke effect of PrMT across the different
areas suggests that any real impact was temperethby local conditions. For most area-PTI
combinations the rate of farm-to-farm movementgegsed over time following introduction of
PrMT (Fig. 1d); the notable exception was area drk¥hire, Nottinghamshire and Derbyshire)
where there was a greater rate of movement fromdan each of the PTIs. The model appeared
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to account for much of the linear and seasonahtian in the data and the model fit the data

reasonably well.
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Fig. 1. Relative rates (y-axis) of movement of amsrbetween farms (both directly and via a
market) following introduction of PrMT: a) and kep change associated with introduction
(Ierw7); €) @and d) change per quarter (i.e. 13 week&)ahg introduction of PrMT (PrM{jopd.

a) and c) indicate impact of PrMT on movementsinating on farms in PTI 1, 2 and 4
(ignoring variation between regions). b) and d)c¢ate the impact of PrMT on movements
originating on farms in each area-PTI combinatiime codes on the x-axis indicate the region-
PTI combination, e.g.“21” refers to area 2, PTI 1.

Movements between PTIs:

The movement of animals between farms in each auatibn of PTIs was investigated, as a
function of the total number of movements possid@aveen those PTlIs (i.e., an offset term was
used to account for the total number of potentyads in each PTI combinations). Initially, all
farm-to-farm movements between and within PTIs weomsidered together (i.e. those
occurring directly between farms, plus those odogrivia a market). For most PTI origin-
destination combinations there was a significantregsse P<0.001) in the relative rate of
movements following introduction of PrMT. Howevéhjs effect was reversed for movements
from PTI 2 to 4, 4 to 2 and 4 to 4, for which tletative rate was greater than 1 (P<0.001 for
each, Fig. 2a). Following introduction of PrMT, tbevas a change in trend with a decreased
rate of movement into the high risk areas over tfimespective of the PTI of origin; Fig. 2b).

Pre-movement testing resulted in a reduced pibtyaof movements originating on farms in
PTI 1. In terms of the actual number of movemehésgredominant effect was a reduction in
the number of movements to other farms in PTI 2 fidduction in the number of movements to
farms in other PTls is lower, because fewer suchiemeznts would have occurred anyway. This
may reflect a general decrease in movement acififgrms in PTI 1 after the introduction of
PrMT as reflected by a marked decrease in farmatm fmovements originating in PTI 1 of
some areas and the decreased movement to farmid ib, R and 4 indicated here. There did
appear to be an increase in movements within P3|l with approximately 150 more farm to
farm movements per week within PTI 4 (on averag#ywing introduction of PrMT.
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Overall, when separately considering direcimféo-farm movements and movements via a
market, the impact of PrMT appeared similar to fieatthe composite analysis, but suggested
some variation in the relative impact of changesdi@ct and market movements for the
different PTI origin-destination combinations.
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Fig 2. Relative rate of farm-to-farm movements lestw PTIs (both directly and via a market) following
introduction of PrMT: a) step change associated Witroduction (¢7); b) change per quarter (i.e. 13
weeks) following introduction of PrMT (PrMf,.9.. The x-axis indicates the PTI origin-destination

combination, e.g. “1 to 2" refers to movements friéil 1 to PTI 2.

Movement batch size:

The impact of introduction of PrMT on the movemenfsvarious batch sizes directly
between farms and between farms via a market waesstigated. There was no evidence of
change in movement of batches of size 2-9; regattbatch size 1 (i.e. single animals) and
batches of greater than 10 are presented hererder ¢o control for the total number of
movements the total number of movements of anywaincluded in the models as an offset.
Direct movements between farms and movements betfeems via a market were considered
separately.

Direct farm-to-farm movements:

There was an increase in the relative rate of siagimal shipments and a decrease in the
shipments of greater than 10 around the time @bdhiction of PrMT (both P<0.001; Fig. 3).
However, in both models there was a significangérattion between PrMT and PTI, with the
increase in movements of single animals and deensasiovements of10 animals following
introduction of PrMT, most evident in PTI1 and 2.

There was no significant effect of PrMT on #lepe of the times series for movements of
single animals (Fig. 3) suggesting that introduttid PrMT caused a sudden perturbation, with
increased rate of movement of single animals, @addily in PTI 1 and 2 areas, and that this
increased level persisted relatively unchangedhénaivailable data series. In contrast, there was
a significant effect of PrMT on the slope for mowathof batches of more than 10 animals. The
main effect of this appears to be “compensationth immediate effect which occurred with
introduction of PrMT, with an increasing trend ifil® 1 and 2 and a decreasing trend in PTI 4.

Movements between farms via a market:

There was no significant change in the rate of mmms of single animals between farms
via a market at the time of introduction of PrMTany PTI. The rate of movement of single
animals increased per quarter in the period aftgoduction (p=0.047) and despite evidence of
some variation, this was not significantly differdoetween PTIs (Fig. 3). There was also no
significant effect of PrMT on either the step changr slope in any PTI for the relative rate of
movements of larger batches (>10) of animals vigata.
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Farm to Farm Farm to Market to Farm
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Fig. 3. Relative rates associated with shipmentsatth size 1and of batch siz&0 directly between
farms (left plots) or between farms via a markigghfrplots) for (top) dwr and (bottom) PrMJgp. for
each origin PTI.

DISCUSSION

To date there has been limited investigatiorthef impact of government animal disease
control policies on the behaviour of farmers. T$lisdy used a range of approaches to explore
farmers’ perceived behavioural change and to ifestridence of behavioural change in cattle
movement data associated with the introductionrdfTPfor bTB in England and Wales. A key
finding was that, overall, two-thirds of respondemnt the postal questionnaire reported no
changes in themselves or others, although onlyrardwalf of farmers in those areas directly
affected by PrMT reported no change. This impliest thany farmers were able to incorporate
the effects of PrMT into their existing managemstrategies with little or no (noticeable)
change. However, other farms did report changesesintroduction of PrMT and there was
evidence of an effect of PrMT in the cattle movetrdata.

Farmers’ behavioural response to PrMT might fhected by factors including their beliefs
about bTB, the actual and perceived financial (@tiher) costs associated with testing, their trust
in the test and in government control of bTB moemeyally and their ability to undertake
alternative behaviours. Trust in government to k@nbTB varied between areas, but not
between PTI, suggesting that trust may be relateddional or cultural differences rather than a
consequence of the presence of lpEB se

Pre-movement testing imposes a financial cogaomers but this varies, particularly with the
number of animals being tested (Anon, 2006a; Benr2€09). Such additional costs may
encourage farmers to limit the number of movemestsiring PrMT and to avoid testing single
or few animals at a time, in favour of larger greug animals in order to reduce the unit cost of
testing. There was evidence of a reduction of marernof cattle from farms that must comply
with PrMT. The interviews and questionnaires reusstiavioural changes by farmers in PTI 1
and 2 that might reduce the number of off movementsuding; finishing cattle for sale direct
to slaughter, reducing cattle numbers, undertaldag cattle movement, purchase of bulls rather
than hiring, and selling in larger batches. In castt farmers in PTI 4 areas reported very few
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relevant changes due to PrMT. Farmer reported dsangre supported by the movement data,
which suggested that at or around the time of duation of Phase | of PrMT, there was a
sudden, but generally small, reduction in the nsdatate of movements originating on farms in
PTI 1 and 2 and increased rate of movements otigman farms in PTI 4 (with exceptions).
Following the initial impact of introduction of PrM the rate of movements between farms
subsequently decreased over time in most areadsyrasgective of PTI (but greatest in PTIs 1
and 2, again with exceptions). However, as thigidtnding occurred over a wide area and in
regions not directly affected by PrMT it is likellyat other factors may have caused this effect.

The interviewed farmers tended to believe BY&MT was effective and noted that either they,
or other farmers, believed that purchasing cattbenfhigh risk areas would be safer following
introduction of PrMT. This was corroborated in tipgestionnaire with around 40% of farmers
agreeing that moving cattle will not spread bTBcsirthey are tested prior to moving. In
contrast, some interviewed farmers expressed dalimst the efficacy of the tuberculin skin
test and this was supported in the questionnaitie avlow confidence in the skin test evident in
all regions. Farmers with trust in the efficacy sKin testing were more likely to have a
favourable attitude to bring cattle onto their farand it is therefore likely that trust in the skin
test might lead toward more risky behaviour, as gam@d to farmers with low confidence in the
skin test. However, the time series analysis faafithited effect of introduction of PrMT on the
number of movements from high to low risk areagnfthing, there was a tendency toward a
reduction of such movements (except for PTI 2 to I)is important to note that most
movements occur locally (Christlest al., 2005; Mitchellet al., 2005; Robinson & Christley,
2007) and that PTI categories also cluster in spHesace the majority of movements occur
within a given PTI category and this is likely teflect the preference for local trade which
might offset farmers’ willingness to undertake manaat from a higher risk areas.

In both the interviews and the questionnairenyntarmers suggested that introduction of
PrMT would result in movement of larger batcheswimals, whereas only few suggested that
cattle would be more likely to be traded in smallatches. In contrast, the time series analysis
identified increased movement of single animals @tliced movement of large batche&(
animals) directly between farms and little changenovements through markets. The apparent
discrepancy between farmer opinion and the timeesemay be due to a bifurcation in
behaviour, with some famers decreasing sale oélaegches and (a smaller number) increasing
this behaviour. However, other explanations ar® gisssible. The time series results may
suggest that many farmers are willing to endurdribeeased unit cost of testing small groups of
animals in order to reduce the risk of detectiomgdositive animal. This is in keeping with
considerable evidence that economic factors aenafot the main drivers of farmer behaviour
(Gasson, 1973). Such risk-averse behaviour is suggested by anecdotal reports that some
farmers are undertaking PrMT of small numbers afmafs prior to routine annual herd tests in
order to sell some animals before being exposethdagreater risk of detection of a positive
animal (and hence enforced movement restrictiominguthe herd test. One caveat to these
conclusions is that the movement data records itee f batches moved, not the size of the
group tested. Hence, farmers may still be testmge numbers of animals (to reduce the unit
cost), but moving these in smaller groups (e.dingeto several, rather than a single, farm),
although the rationale for such behaviour changenidear. Furthermore, testing and moving
single animals instead of groups could have a ndagééect on the number of single animal
movements; a group of 2 becomes 2 distinct movesnentgroup of 5 becomes 5 distinct
movements and so on. Hence the observed resultseraly from the actions of relatively few
farmers. In contrast, inclusion of extra animalsamalready large group does not increase the
number of large batches and amalgamation of laatghbs would decrease their number.
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There are several limitations to the approacisesl here. First, the time series analyses used
data aggregated across space and time and thig hegle led to failure to identify some
changes. For example, if PrMT caused divergentoresgs, with some farmers increasing and
others decreasing a particular activity, the contposffect may appear as if there has been no
change. Secondly, our analyses have tested theimp&rMT by assessing the significance of
the date of introduction in the model. However,eothnmeasured events might have occurred
approximately concurrently. We have explored thys donsidering the impact of PrMT in
different PTIs +/- different regions. The findingat several changes are evident in PTI 1 and 2,
but not PTI 4, is suggestive of PrMT being respolesifor these changes. However the
possibility of extraneous, unmeasured influencasaias. Thirdly, the analyses consider 2
possible effects of policies on the time seriesfep change and a change in linear trend. It is
likely that the true nature of the impact of polayanges would be more subtle than this simple
assumption (e.g. perhaps causing short term eftedisor an initial decrease in a behaviour
followed by an increase etc). However, in the absesf strong behaviour-specific hypotheses
regarding the nature of the impacts, investigatdbnmore complex effects is difficult and
exploration of many possible patterns of effectéases the chance of type | error. Fourthly, we
have assumed that all farms are free to move aattla given date. This ignores the issue of
farms under restriction, e.g. due to bTB. Therefareeduction in numbers of farms moving
animals (particularly in areas of PTI 1 and 2) nshginge at certain times of the year due to the
seasonality of bTB testing. Finally, the time seranalyses considered the impact of phase |
PrMT only for approximately 1 year following introdtion. It is possible that further
behavioural adaptation has occurred in responsBhi@se Il and as farmers become more
familiar with the effects of PrMT requirements. Téevas evidence following the 2001 Foot
and Mouth outbreak in the UK and the introductiéthe 6-day standstill ruling, that adaptation
occurred over at least 3 years (Robinsbl.,2007). It is also worth noting that the interview
and questionnaire data were collected after thedotction of Phase Il PrMT and hence some
apparent discrepancies between these data anidnihsdries results may reflect this difference.
The response rate to the postal questionnairey agany similar studies involving UK farmers
(Garforthet al.,2006), was less than ideal and raises the pasgitilnon-response bias (Dohoo
et al., 2003). However, the respondents did not diffematiyefrom study population in several
demographic and farm management variables, althosmhll hobby-farms were under-
represented in the respondents. Hence, whilst stangon is needed when interpreting the
results of the postal questionnaire, the resultslikely to represent the views of a substantial
subset of the population.

In conclusion, despite a majority of farmers repagriittle or no change in behaviour since
the introduction of phase | PrMT the time seriealgsis provides evidence of changes to cattle
movement at the national level. Therefore, the ghanin the movement data might reflect
behavioural modification by a minority of farmefdternatively, the behavioural modifications
made by farmers might have been readily incorpdratéo existing management leading to
failure to recall these changes. Taken togetherabiglts suggest reduced cattle movement in the
areas required to undertake PrMT (i.e. PTI 1 and AR)potentially important effect of
introduction of PrMT might have been increased mo#et from high risk to low risk areas.
Despite evidence that some farmers are now moedylio consider such movements due to a
belief that tested animals (with a negative reswiljnot transmit disease, there is little evidenc
in the movement data to suggest movements fromtboi¢w risk areas are now more common.
There is evidence that farmers are now more likelynove single animals and less likely to
move large batches, particularly when moving ansnaiidectly between farms (rather than via a
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market). This behaviour might be an attempt togait the risk of detection of a single animal,
but might increase the unit cost of testing.
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AN ASSESSMENT OF BIOSECURITY PRACTICES AND CONTAGITRUCTURES ON
PROFESSIONAL AND HOBBY POULTRY SITES

S. VAN STEENWINKEL, S. RIBBENS, E. DUCHEYNE, E. GOOSSENS AND J. DEWAJL

SUMMARY

This study investigated Belgian commercial and oommercial poultry sites based on
their biosecurity levels and farm movements. Qoestaire data was analyzed using a
combination of a linear scoring system, a categbficincipal component analysis and a two-
step cluster analysis. An extrapolation exerciselted in an estimate of 230,556 hobby poultry
premises in Belgium. Most commercial farms and theates had an acceptable level of standard
biosecurity practices, however further enhancemargsstill possible. In general, the level of
biosecurity was lower in hobby poultry flocks. Cmtegable variation in the movements and in
the structure of the networks arising from theseventents was found. Commercial and hobby
poultry sites were connected, but movements oftpoproducts) were found only to occur
from commercial to non-commercial sites. Six clustef poultry sites were differentiated,
which were interpreted as very low to very higtk igoups, based on the potential of disease
introduction and spread.

INTRODUCTION

The probability of disease introduction and sprisadetermined by a complex combination
of determinants, such as the number and densitgnohals, the type of species or breeds
present, the number and type of contacts betweekd] and the sanitary measures that are put
in place. To avoid the introduction of diseases flarms and to contain the spread of infections
already present, implementation of preventive messsare required. Biosecurity refers to the
implementation of such measures. Enhancement eébiwity is generally agreed to be the best
way to minimize the risk of introduction (Boklundad., 2004; Niemi et al., 2009).

Poultry production is characterized by a huge diNgiof production systems, with different
scales of production, bird species, measures aiebiarity, production inputs and outputs. Both
intensive professional production systems coexigh wmallholder hobby poultry sites, with
very different characteristics. Yet, both harbouninzals that are susceptible to the same
diseases. While the scope and impact of biosecorégsures may be obvious for large-scale
poultry production, its significance for small ptrytkeeping holdings must not be overlooked;
either in their own right or as sources of infextfor large commercial flocks.

* Sarah Van Steenwinkel, Department of Reproductiiystetrics and Herd Health, Veterinary
Epidemiology Unit, Faculty of Veterinary Medicin€&hent University, Salisburylaan 133, B-
9820 Merelbeke, Belgium. E-mail: sarah.vansteenali@lugent.be
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Classification of poultry sites, based on the fiek disease introduction and spread is an
important step in the development of risk basedvesliance strategies, policies and
recommendations for farmers, as well as for modetiarposes (Lyytikdainen and Kallio, 2008;
Ortiz-Pelaez & Pfeiffer, 2008; Niemi et al., 200Bpr instance, the development of generic risk
profiles could help policy makers to direct surlaite and early warning systems towards high-
risk holdings and promote measures which reducefaima’s risk to disease introduction. In
addition, examining characteristics of poultry sifeom the point of view of risk for disease
introduction and spread provides useful information stochastic spatial simulation models,
which simulate disease outbreaks.

In spite of the importance of biosecurity and coh&ructures in disease transmission, there
is little information available on the biosecur#tatus of poultry farms (Nespeca et al., 1997,
East, 2007). There are several papers which ustvamndte analyses to classify livestock farms
(Calavas et al., 1998; Solano et al., 2000; Ros¢aglec, 2002; Kobrich et al., 2003; Kristensen,
2003; Boklund et al., 2004; Milan et al., 2006; Bhs et al., 2008; Costard et al., 2009),
however, to our knowledge no paper classified alllfry systems.

The objective of this study was to describe thesgmély applied biosecurity measures and
onto/off farm movements of Belgian poultry sites flifferent flock types, as well as to search
for possible links between the commercial poulgter and hobby poultry sites. Secondly, the
aim was to use the output of this biosecurity syteeinvestigate whether poultry sites could be
categorized into risk groups for disease introducand spread.

This study served as a supportive tool for the bgreent of a stochastic spatial model to
simulate highly pathogenic avian influenza (HPAIlthreaks in Belgium. Therefore, an
epidemiological approach towards the investigatiérthe level of biosecurity for HPAI has
been pursued. However, the majority of poultry pgdns are transmitted via the faeco-oral
route, and thus the outcome of this study can terpreted as a generic risk-classification of
disease introduction and spread.

MATERIALS AND METHODS

Selection of poultry premises

Our target population comprised both commercial aontby poultry sites in Belgium.
Commercial poultry holdings were defined as premigere more than 200 birds are kept at the
same location.

A list of all Belgian commercial poultry operationss available from the identification and
registration database of animals (SANITEL-Poultihis database provides information on the
type of operation, the maximum capacity for eactd lEpecies kept and the geographical
coordinates. Eighty commercial poultry operatioreyevrandomly selected from the SANITEL
database, corresponding to a sampling fraction.4%4 Selection was done by a stratified
proportional allocation, accounting for: (1) aninsdecies (chicken, duck, pigeon, pheasant,
turkey, quail, guinea fowl and partridge), (2) typeoperation (rearing, multiplier hens, layer
hens, broilers, selection and show) and (3) gedderap spread. In addition, all existing
recognized hatcheries, 32 in total, were selected.

For smallholder poultry sites (<200 birds) no afflcdatabase exist. Yet, in early 2006 all
communities of Belgium were asked — as a precaatyomeasure in light of the HPAI threat —
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to identify all inhabitants that were having hobbids. Two hundred and eight different
communities which surrounded the selected commiguomdtry operations and hatcheries were
contacted and asked whether they still had thisohgioultry inventory at their disposal and
were willing to give access to this database. Ssveommunities (34%) responded positively,
which provided a database of 28,288 hobby poul&gpersConsequently, all addresses were
geocoded and 2000 hobby poultry holdings, lyindhimita 3 km radius of a commercial poultry
operation, were randomly selected.

Both random selections (commercial and hobby flpeksre performed using a computer-
generated list (Survey Toolbox, Cameron, 1999).

Mapping hobby poultry premises

Based on the database of 28,288 hobby poultry kee&0 communities, an extrapolation
of the total number of hobby poultry premises tog tvhole of Belgium was made. Therefore,
the relationship between the human population terend the number of hobby poultry
premises was determined, using linear regressiatysia (SPSS, 15.0). In addition, the mean
distance between hobby poultry premises and theesieaeighbour was calculated using R-
2.2.1. Based on the former regression formulag#ienated amount of hobby poultry premises
for each community could be randomly allocatedingknto account the mean distance to the
nearest neighbour. These point locations werequlatising a geographical information system
and were converted into a continuous raster usiey quadratic kernel density estimation
function (ArcMap 9.3, ESRI, Redlands, CA, USA). Jhway, the density plots expressed the
number of hobby poultry premises per square kiloemeBandwidth selection for the kernel
smoothing was 7.5 kilometres. Output cell size @8 metres. We defined 3 density classes
based on Jenks Natural Breaks Classification MefAocMap 9.3, ESRI FAQ).

Administration of the questionnaire

The 80 selected commercial poultry farms were subfe to an interview-based
guestionnaire by telephone. Additionally, a questaire was administered to the 32 hatcheries
by regular mail. The 2000 hobby poultry holdingsreveontacted by regular mail and asked to
fill out an online questionnaire. The surveys wenaducted between September and December
2008. All telephone interviews, including the cagliand typing of the information, were
conducted by the first author.

To increase the response rate, an incentive wangeach participant of the hobby poultry
holdings received a voucher worth €2 when buyirgpg of 25kg poultry feed. In addition, 50
gift vouchers worth €10 were put up for raffle. Abhmmercial poultry farms that participated
were offered a free yearly subscription to a praifasal poultry magazine.

Questionnaire design

For each type of poultry premise an adapted quastioe was designed, both in Dutch and
French. A preliminary draft was pre-tested on 8lyopoultry farmers, 1 professional poultry
farm and 3 experts. The questionnaire was a stdisear closed and semi-closed questionnaire,
consisting of 9 pages, divided into four parts:

1. General dataldentification, type of farm, capacity, bird spesi presence of other animals.

2. Infrastructure: presence of farm fences, boot dips, sanitary itianszone, paved place of
(dis-)charge, free-range and housing secure agailisbirds.
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3. Hygiene:cleaning and disinfection, all in all out, peshtrol, accessibility of wild birds to
fresh litter and manure, accessibility of rodentsl avild birds to feed storage, feeding
outside, type of drinking and cleaning water, alboan of waste water, dead bird disposal,
employees and visitors.

4. Contacts/movementshis part provided a table of all kinds of extdroantacts that could
be applicable to the poultry premise (poultry sypghd discharge, suppliers of food and
litter, veterinarians, pest control, disinfectionanure and dead bird removal, advisors and
controlees, hobby poultry keepers, local vendargleyees). The participant was asked to
select those external contacts that were applidables situation and to complete the table
with the frequency for each type of contact, hownynpersons were involved, whether they
were entering the bird compartments and whethgrlear company clothing.

The questionnaire (in Dutch or French) can be abthupon request.

Data processing

All information was coded numerically to assist lgsis, entered into a database worksheet
program (Microsoft Excel, 2007) and recoded inttegarical data (nominal and ordinal level)
for further analysis. The data was subsequentlpre®g for analysis into SPSS 15.0 (SPSS Inc.,
Chicago, IL).

Data analysis

Creating a biosecurity scoring system:

First, variables which were assumed to have a ainmilfluence on the potential risk of
introduction of contagious disease on the farm wenabined into a single variable, thereby
creating an index of poultry farm biosecurity. Tostend, all variables were first coded into 1
(biosecurity measure present) or 0 (absent). Th@neach biosecurity category (made up of
several measures) these points were summed ugjngresa score. Finally, each score was
converted to a scale from 1 to 10, except for category (‘sensitivity of birds’, see further).
Thus, a higher score implied a ‘better’ bioseculetyel for the category concerned.

The following categories were considered:

1. Susceptibility of birdsaccording to their susceptibility to HPAI, bird sjes were grouped
into two groups (Alexander, 2007; Sharkey et aDP®: highly susceptible and low
susceptible species. Chickens, turkeys, pheaspatsjdges and mixed bird species were
categorised in the susceptible group. Ducks, ggegepns and ostriches were categorised
in the low susceptible group. The hatching egghattheries were also categorized in the
low susceptible group (Ligon, 2005; Alexander, 20&pert opinion).

2. Other animals:this category groups variables concerning the gmes of other animals
such as pets, production animals, hobby poultryraddnts.

3. Wild birds: included all measures that prevent (in)direct cotstavith wild birds, such as
housing secure against wild birds, wild birds hgviro access to fresh litter/manure/food
storage and no surface water used.

4. Hygiene of infrastructureThis referred to the elements that are fixed witthe farm or
belong to the daily management (presence of bqas, dianitary transition zone, cleaning
and disinfection, dead bird disposal, etc.).
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5. Hygiene of personghis included measures reducing the number anchsigeof direct
contacts between the birds and external personsigitors allowed in poultry houses/free-
range, company clothing provided to all kinds abfpssional) visitors).

6. Hygiene of transport:this class grouped variables giving information tre safe
transportation of poultry or poultry products (tkuco contact with other poultry farms in
one day, single purpose of transportation truckygany transport material when selling to
local traders or hobby poultry keepers).

The information on the external contact types aeduencies, were split into ‘onto-farm’
and ‘off-farm’ movements, followed by a subdivisiarto ‘living poultry’, ‘poultry products’
(eggs and manure) and ‘fomites’ (inanimate objedtsch are able of transmitting infectious
organisms). The monthly frequencies were coded intw, ‘low’, ‘medium’ and ‘high’
movement frequencies. In this way, a scoring wagsted on a scale of 1 to 4, with a higher
score implying lower movement frequencies (moreiseagainst infectious agents).

Categorical principle component analysis (CATPCA):

To analyze the categorical data, the CATPCA wasl (S®SS 15.0). The optimal scaling
process transforms the original, categorical vdemhinto metric variables, by means of
monotonic optimal least squares transformationg rEsults of a CATPCA can be represented
in a graphical display. The component loadingscaneelations between the variables and the
components (dimensions), and they give coordinat@spresent the variables as vectors in the
component space. The squared distance of the véptdo the origin corresponds to the
percentage of variance accounted for (PVAF). If\d- for two variables is adequate, a small
angle between the two vectors in the space indicatdarge correlation between the two
variables. The theory of CATPCA is described, amotigers, in Meuleman et al. (2004) and
Linting at al. (2007).

All scored variables were given an ordinal scaliegel. Three supplementary variables
were included and analyzed multiple nominally (@& .grouping variables) (Linting et al., 2007):
type of farm, capacity of the farm and commerciallpy-farm density of the region. The
guantifications of a supplementary variable haveinftuence on the actual analysis but are
computed afterwards to establish its relationshigh Whe solution obtained. Type of farm was
presented by seven categories: broiler, layer, d@eemultiplier, multiple-category farms,
hatcheries and hobby farms. The capacity of tha f&as divided into tree sizes: small, medium
and large. As cut-off points, the 33.3 and 66.6cpetile of the maximum capacity of all
commercial poultry operations from the SANITEL daae, were used. All hobby poultry sites
were considered small. The poultry-farm densitytloé region was measured using three
categories: sparsely populated poultry are (SPRw&ium populated poultry area (MDPA) and
densely populated poultry area (DPPA). To this ¢hd,point locations were converted into a
continuous raster using the quadratic kernel dgns#ttimation function (Spatial Analyst,
ArcMap 9.3, ESRI, Redlands, CA, USA). This way, thensity plots expressed the number of
commercial poultry sites per square kilometre. Badth selection for the kernel smoothing
was 7.5 kilometres. Output cell size was 900 meinés defined the 3 density classes based on
the Jenks Natural Breaks Classification Method iap 9.3, ESRI FAQ).

In our analyses, the number of dimensions was beha default value of 2, which
consequently allowed for two-dimensional graphipresentation. The reduction to two
dimensions was allowed for since the sum of VAFiclwhs a measure of model fit, was largely
sufficient. Because 44% of the respondents hadoomeore missing values on these 12 scored

233



variables, a missing data treatment strategy dtireer deleting all cases with missing data was
required. It was decided to use the straightforw@AITPCA option of imputing the modal
category for each of the variables (Ferrari and mmo2005). Finally, the variable principal
normalization option was used, which optimizesabgsociation between variables.

Two-step cluster analysis (TSCA):

The object scores obtained from the CATPCA soltiaere then included in a two-step
cluster analysis (TSCA, SPSS 15.0), to find clsstef poultry systems with a similar
biosecurity level and onto/off farm movement fregeies (Ribbens et al., 2008).

RESULTS

Mapping hobby poultry premises:
The relationship between the population densitiggbitants/km?) and the number of hobby
poultry premises per km? is described in the follmywegression function (Eq. 1):

No. hobby poultry premiseper km? = 495.75 - 0.21 * population density (1)
with; = community i

Indicating a decreasing number of hobby poultrypleee with an increasing population
density. The mean distance between a hobby poptegise and the nearest neighbour was
91.64m. An extrapolation for the whole of Belgiugsulted in an estimate of 230,556 hobby
poultry premises, with an estimated mean densit.@b per km? (min. 0, max. 21.55 and
st.dev. 4.27). Figure 1 shows the estimated ketemsity of the number of hobby premises per
km?2, together with the point location of all commiaf poultry farms and hatcheries.
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Radius 3 km/28km?

No. of commercial poultry farms: 3
No. of hobby poultry premises: 284

kernel density:

No. of hobby premisesikm?
[ Jo-270

[ J270-8p3
Plsos-2155 0

Fig. 1 Estimated kernel density plot of the numdenobby poultry premises per kmz2, together
with the point location of all commercial poultrgrms and hatcheries, Belgium (2008)

General hobby poultry flock characteristics arevaman Table 1. Poultry species that were
kept most frequently are chickens (85%), pigeo284)l geese (10%) and ducks (9%). Eighty-
six percent of the hobby flocks with chickens hawvdr than 10 birds. Pigeon flocks were
generally larger, with a median flock size of 2Edbi

Table 1. Flock characteristics of Belgian hobbylpgypremises.

% that keep

specified Median Percentage keeping this number of birds

species [min.- max.] [1-10] [10-20] [20-30] [30-50] [50-100] >100
Chicken 85.8 5[1-100] 86.2 10.8 1.9 0.8 0.2 0.0
Pigeon 12.1 25[1-200] 34.3 12.8 7.2 6.4 23.1 9.2
Goose 10.3 3 [1-80] 95.5 3.5 0.7 0.2 0.1 0.0
Duck 9.2 3[1-100] 90.2 7.1 1.6 0.5 0.3 0.0
Othef 8.7 6 [1-260] 63.3 18.4 7.0 3.4 4.3 1.3
Pheasant 2.4 3[1-110] 90.6 7.0 1.3 0.6 0.3 0.1
Peacock 2.0 2[1-100] 95.6 3.2 0.7 0.4 0.2 0.0
Quall 15 3[1-182] 905 4.7 1.9 0.5 0.5 0.2
Guinea fowl 11 3[1-200] 705 4.2 3.6 4.5 10.4 1.3
Turkey 0.9 2 [1-48] 97.1 1.2 1.2 0.0 0.0 0.0
Running bird 0.5 2 [1-54] 946 34 0.7 0.0 0.7 0.0
Partridge 0.2 3 [1-62] 86.5 7.7 0.0 0.0 1.9 0.0
Swan 0.2 2 [1-48] 95.3 3.1 0.0 0.0 0.0 0.0
Total 6 [1-500] 72.7 13.4 4.3 2.4 4.0 1.7

#Such as birds of prey and other aviary birds kepside the house
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Survey responséf the 80 selected commercial poultry farms, #fistered addresses and
telephone numbers were valid; responses were extdiom 48 (61.5%) of them, but only 37
(47.4%) surveys were completed because 11 farmséaskd production. For the hatcheries a
response rate of 59.4% was obtained (19/32). Thstounnaires for hobby poultry holdings
were mailed to 2000 addresses, of which 1905 walid. \Of these 373 responded. Eighty seven
no longer raised poultry, resulting in 286 (15.0%29mplete questionnaires. In fig. 2 all
participants are geographically represented.

Of the total population of commercial poultry farmeslay, 56% consist of broilers, 19% of
layers, 8% of multipliers, 10% of rearing farms, Ifoshow and 5% of poultry farms with
multiple category activities. Similar proportionsere obtained within the respondents: 51%
broilers, 11% layers, 11% multipliers, 8% reariagtis and 19% of poultry farms with multiple
category activities. Most poultry farms are sitalabe the Northern part of the country (79%),
with the highest proportion in the provinces WelstAers (30%) and Antwerp (21%). The
responding farms showed approximately the samehiison throughout the country. General
characteristics of the studied population sam@garding the bird species kept or hatched, size
of the farm and commercial poultry population dgnef the area, are summarized in table 2.

TYPE
© COMMERCIAL(n=3T)
@ HATCHERY (n=19)

«  HOBB Y(n=286)
kemel density
Ho. of commercial poultry sites / lan?
[ | sPpafo-0054)

[ | MPPA[D.0S4 -0.194)
I oFFA[0.194 - 0.556]

Fig. 2 Geographical presentation of participant@2008 biosecurity survey, Belgium. In the
background, the kernel density plot (bandwidthkig raster size 0.9 km) of all commercial
poultry sites is given.
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Table 2. General characteristics of the studiedifaion sample, Belgium 2008.

Commercial farm: Hatcheries Hobby poultry premises

(n=37) (n=19) (n=286)

pigeon 5%

duck 1%
@ pheasant 3% 11%
S goose 1%
& turkey 3%
% chicken 68% 68% 62%

ostrich 11%

partridge 5%

multiple species 27% 5% 31%
W Small 38% 32% 100%
.Uu) Medium 43% 26%

Large 19% 42%
% SPPA 38% 5% 26%
g MPPA 41% 21% 39%
0o DPPA 22% 74% 35%

#33.3 and 66.6 percentile of the maximum capadigllacommercial poultry operations from the

SANITEL database.

hased on a spatial Kernel density estimate of theber of commercial poultry sites per square
kilometre (bandwidth 7.5 km; raster size 0.9 krmgiy classes based on Jenks natural breaks)

Biosecurity:

All commercial poultry farms in the sample had tygsusceptible birds for HPAI present at
the farm. Hatcheries did not, as hatching eggsatexpected to be able to infect one day old
chickens. Ninety-four percent of the hobby poulpngmises also had highly susceptible bird
species for HPAI. Table 3 shows the percentage aning executing several biosecurity
measures, for the three types of poultry operatitogether with the mean biosecurity score for

each category.
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Table 3. Percentage of farms executing severakbiogy measures, together with the mean
biosecurity-score per category (scoring index opdidts; the higher the score, the better).

COMDM HAT HOB
Cat. Biosecurity components (n=37) (n=19) (n=286)
= Do other farm animals present 32 84 78
E 10 pets present 46 63 40
;E.: no hobby poultry present (hatchery= live poultry) 95 32 /2
§ 1o contacts between poultry & other animals 91 100 47
é permanent rodent control 84 95 72
~ stored feed is not accessible to rodents 89 90
Score (mean; st.dev.) (7.29;1.60) (7.95;1.43) (7.07:;1.56)
free range/compartments not accessible to wild birds 76 100 19
used cleaning water is not drained outside (open) 70 83
. wild birds have no access to stored fresh litter 84 / 76
,-': permanent wild bird control (chasing, shooting) 0 16 6
g wild birds have no access to stored manure 57 49
; wild birds have no access to stored food Q7 92
No feeding outside & no access to it by wild birds 92 32
surface water is not used for drinking 100 &3
surface water is not used for cleaning 100 89 100
Score (mean; st.dev.) (7.88;1.26) (8.89;0.758) (6.34:1.73)
fence present around the farm vard perimeter 68 68 0
£  boot dips present 86 84 0
-‘3 sanitary transition zone(s) present 92 74 0
; presence of paved place of (dis)charge 97 100 0
f no multiple ages are kept together 84 58 0
£ no partial depopulation 62
E regular cleaning & disinfection 95 100 50
=:{ proper cleaning & disinfection of egg containers 89 89
= proper disposal of dead birds 57 68 27
staff no contact with other poultry farms/poultry at home 92 63
Score (mean; st.dev.) (8.28:;1.05) (8.00:1.63) (3.75;0.74)
visitors 1o access to poultry compartments 81 63 0
S é good hygiene® of supply teams 65 95
2L good hygiene of discharge teams 63 100
= & good hygiene of professionals 76 63
good hygiene of control agencies 62 58 ;
Score (mean; st.dev.) (8.64;0.10) (8.81;0.98) (9.00.0.00)
_ transp. vehicles do not visit more thanl farm/day 56 47
:E § transp. vehicles are not used for double purpose (poultrv& products) 90 50
;i E poultrv(products) not sold to several companies 71 0
= _: hygienic trade® of poultry/products to traders 81 100 92!
hygienic trade of poultry/products to persons 78 100 100
Score (mean; st.dev.) (8.72;1.27) (7.21;1.31) (9.92;0.27)

COMM = commercial poultry farms; HAT = hatcheries; HOB = hobby poultry premises)
? not applicable

b wearing company clothing when entering poultry

© trader/private person does not use own transport material

410 selling/buying at bird shows
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Several contacts between commercial farms and potiitry traders and private persons
were identified: 46% traded live poultry (productsith local traders and 38% traded live
poultry (products) with private persons. Also 16¢#the hatcheries traded with local traders and
even 58% traded with private persons (hatching eggsne day old chickens). Eleven and
nineteen percent of respondents from hatcheriescanumercial poultry farms respectively
stated that they visited bird shows on average @ngear, but without selling or purchasing
birds. Twenty-one percent of the hobby poultry laspvisited bird shows more often, on
average 6.28 times/year and 8% also sold or puechiaisds at these bird shows.

Hobby poultry keepers ranked egg production ana@gssing kitchen waste highest as the
reason for keeping birds. The majority of the holployltry keepers (77%) intended to apply
preventive measures (creating a covered and femateldor scavenging area or to put all poultry
indoors) when asked by the government.

Movements

Figure 3 shows the contact structure between comialgroultry farms, hatcheries, traders
and private persons, arising from the trade of peeltry or (hatching) eggs. For each contact,
the movement direction and the average monthlyugaqy is shown. In addition, extra
movements occurred resulting from farm visits byeviearians, feed and litter suppliers,
vaccinators, rodent control teams, manure remauaks, cleaning and disinfection teams, dead
bird/rotten eggs disposal trucks, control agencigsairers and advisors. Of these, a summary is
provided in table 4. Multiple category farms showed average the highest total movement
frequencies (24.90/mo.), mainly resulting from thigh frequency of off farm trade of live
poultry. Hatcheries had on average 20.16 onto &nfhion movements per month, and showed
on average the largest frequencies of monthly pedd@al visitors (14.38/mo.). The majority of
hobby poultry sites did not have off farm movemehtsvever exceptions did occur.
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Out 0.08/mo. Multiplier *.In .08/mo.
| out7.33/mo.
Hatching eggs .
l Ready to lay hens
S In 1.76/mo.
Lending out
0.99/mo. Hatchery

In 0.50/mo.

I Out 1.68/mo.

Out Eggs: 1.50/mo.
Out Live poultry: 5.49/mo.

Out S.JG/mo.
One-day-old chicks

Out 3.99/mo. l

Out 0.30/mb.

In 1.75/mo. In 0.25/mo.

Broiler Farms

Rearing Farms |

Show/Wild rearing;

Multiple category :
L Out 0.48/mo. } N farms ;jOut 0.30/mo.
Lo Out 1.47/mo _ /
Out 0.60/mo. \ Out-~6':.51/mo Ready to lay hens
Live poultry ) )
; Live poultry Live poultry
In 0.17/mo;
\/ y
‘ Out 0.08/mo -
Slaughterhouse T ive poultry T Laying Farms - Qut 2.07/mo.
o . _~"Out Live/ poultry: -~
tive p.omtry \'. 13.54/fnc oyt liv poultry: Live poultry
. \ Out Eggs:
Live poultr
p Y 41.67/mo.
b9 ‘ N in live poultry

Local traders

0.13/mo.

Private persons |«

Out Live poultry: 0.77/mo.

Fig. 3 Contact structure between commercial podiérgns, hatcheries, local traders and private
persons, arising from the trade of live poultryleatching) eggs. For each contact, the
movement direction and the average monthly frequenshown. Survey response, 2008.
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Table 4. Mean number of monthly contacts on a pgsite, attributable to onto and off farm
movements of live poultry, (hatching) eggs and @ssfonal visitors, 2008.

Onto poultry/  Off poultry Off eggs Professionals TOTAL
hatching eggs (onto&off)

Mean freq./mo.
[min., median, max.]

Multiplier 0.08 0.48 7.33 6.29 12.33
[0.08, 0.08, 0.08] [0.08, 0.08,1.67] [6.00, 8.00,8.00] [1.75,7.837] [3.41,14.79, 16.33]
Hatchery 1.76 5.98 3.2 14.38 20.16
[0.08, 1.00, 4.33] [0.42, 2.92, 20.83] [0.17, 1.50, 13.339.13, 10.96, 50.71][1.46, 19.33, 54.54]
Rearing 0.25 0.47 5.31 6.03
[0.21, 0.21, 0.33] [0.21, 0.21, 1.00] [1.33,6.29,8.29] [2.67, 6.71, 8.71]
Broiler 0.5 1.02 7.54 9.03
[0.25, 0.54, 0.58] [0.25, 0.58, 2.75] [4.00, 6.18,13.92] [5.50, 8.75, 15.42]
Layer 0.17 0.78 6.00 10.84 17.55
[0.08, 0.08, 0.33] [0.08, 0.08,2.17] [4.00, 6.00, 8.00] [4.62,9.48,83] [9.08, 15.52, 30.08]
Multiple 1.75 23.85 41.67 4.81 24.9
category (.17, 1.75, 3.33][1.67, 12.50, 68.75] / [1.41, 3.96,9.08] [2.17, 6.58, 121.33]
Hobby 0.13 0.77 1.56 1.96
poultry 10,01, 0.03, 4.33] [0.02, 0.25, 4.33] [0.00, 0.08, 45.51]  [0.01, 0.17, 45.56]

The survey also examined the distances travelleldobypy poultry keepers to purchase live
poultry or (hatching) eggs from commercial poultayms and hatcheries. The percentage of
hobby poultry keepers travelling certain distanaese the following: 6.38% [<1km], 40.43%
[2-5km], 10.64% [6-10km], 27.66% [11-20km], 8.519%21-30km], 2.13% [31-50] and 4.26%
[> 50km].

Categorical principle component analysis and tvep-sfuster analysis

The result of a two-dimensional solution of the GXJA explained 56.63% of the variance
of the scores of the 342 respondents on the 12hlas. The percentage of variance accounted
for (PVAF) in the first dimension (40.30%) was mahan two times the PVAF in the second
dimension (16.32%). Figure 4 shows the plot of congmt loadings, together with the centroid
coordinates of the multiple nominal category paintbe vectors (lines) are relatively long
(always between -1 and 1), indicating that thet firjo dimensions account for most of the
variance of all of the quantified variables.

The vector of a variable, points in the directidnttee highest category of the variable, in
this case indicating a higher level of biosecuatylower onto/off farm movement frequencies.
The active variables approximately formed 4 gro(ig. 4). The orientation of the vectors for
the variables in the first and the third groups vegproximately the same, but the vectors
pointed in opposite directions, indicating a strowegative relationship between these groups of
variables. The same conclusions could be madeh®wariables in the second and the fourth
group. Examining category points for the variabke swe saw that the first dimension revealed
the contrast between small and large poultry famigreby the later showed high frequencies
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of onto and off farms movements and a high levehtstructural hygiene relative to the first.
The distinction between medium and large farmsnwade by dimension 2.

Componentloadings & Centroid coordinates .
roup 1

55
5

X onto movements live birds

® hatchery

+ susceptibility species

[

+ wild birds

5 = gther animals

Group 2
0 off movements live birds
.\ yi ¢ off movements animal products

l onto movements fomites
S

. DPPA =% hygiene persons
-35 -3.0 -2.5 -2.0 -1.5 -1.0 -05 MPPA 0. 1.0 1.5 off movements fomites
SP
5 Group 3

multiple categories
L]

Dimension 1

A hygiene transport

o -0 W onto movements animal products
. ..
multiplier Groun 4
. -1:5 oo inf
breeder ygiene infrastructure
e layer 0
® broiler

=Z.5
Dimension 2

. : Small; : Medium;: Large -

© SPPA/MPPA/DPPA: Sparsely/Medium/Densely populated poultry area

Fig. 4 Biplot of component loadings for the actirgiables and multiple nominal category
points, CATPCA analysis, survey 2008

The object scores obtained from the CATPCA solytiogether with the solutions of two
consecutive Two-Step cluster Analysis (TSCA), aespnted in fig. 5. A first TSCA revealed 3
clusters in the whole population. Because there aviesger variation within the sample of the
commercial poultry farms and hatcheries than insdmaple of the hobby poultry premises, one
TSCA was not able to reveal subgroups within tigesgstems. Therefore, the object scores of
the 3 different clusters were subjected to a seC®@A. This extra analysis reveals 2 sub-
clusters within the former clusters.

1. Very low risk group — Cluster 1A (n=14})his cluster consisted of hobby poultry premises
(71%) and small to medium sized hatcheries (29%gs€ sites were characterized by
having no susceptible birds for the HPAI virus,ighhlevel of confinement of birds against
other animals, birds and visitors, but rather a level of infrastructural hygiene. They were
also characterized by very little onto and off famavements.

2. Low risk group — Cluster 1B (n=12All sites in cluster 1B were hatcheries, predomilyan
being medium to large sized and mainly situatedensely populated poultry areas. They
did not have susceptible birds at the site and &audgh level of biosecurity both on
confinement as infrastructural hygiene. Howevesytbgenerally had a relative low score on
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hygienic transportation and were characterized digtive high frequencies of onto farm
movements of animal products and off farm movemenhliving birds.

Rather low risk group — Cluster 3B (n=203)his cluster was totally made of small hobby
poultry premises that had susceptible birds, witlvesty poor confinement and low
infrastructural hygiene. However, they had almasbnto and off farm movements.

Rather high risk group — Cluster 3A (n=78)his cluster was predominantly made of small
hobby poultry premises (94%) and small commeramailpy farms with multiple categories
(6%). The majority of these sites had susceptibidsb with poor confinement, a low
infrastructural hygiene and low onto and off farmmwements of living birds and fomites.

High risk group — Cluster 2A (n=19)This cluster was predominantly made of small to
medium commercial poultry farms (84%) and hatclse(iE6%), with mainly susceptible
birds, medium confinement and good infrastructungiene. These sites had high
frequencies of onto farm movements of fomites amdliom high frequencies of off farm
movements of living birds and animal products.

Very high risk group — Cluster 2B (n=16)hese sites were all commercial poultry farms,
mainly broiler farms (75%). All had susceptible dsy with medium confinement, but

scored a bit lower on the biosecurity level towantfsastructure and visiting persons in

comparison with cluster 2A. They also exerted higfguencies of onto and off farm

movements of living birds and fomites.
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Object scores of the CATPCA solution and Two-Step Cluseter solution

CLUSTERS
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<4 2A
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=
o
=]

Object scores dimension 2

-2.004

-4.00 T T T T T T
-5.00 -4.00 -3.00 -2.00 -1.00 0.00 1.00

Object scores dimension 1

Fig. 5 Object scores of the CATPCA solution and-st&p cluster solution

DISCUSSION

Designing a study from which conclusions could lbawsh on the interactions between
commercial and non-commercial poultry populatigmssed a unique challenge, since registers
of hobby poultry premises in Belgium, as in mostrdoies, are non-existent. The results of this
study made it possible to gain a first insight i@ population density, characteristics and
practices of hobby poultry sites. Following the atésed procedure, a total of 230,556 hobby
poultry premises in Belgium was estimated. This msethat around 5% of the Belgian
households (4,569,519 anno 2008) keep hobby poatthome. The density of hobby poultry
premises around commercial operations was high wie most dense areas going from 8
premises, up to 22 premises per km2. However, stthabe stressed that for the extrapolation
procedure assumptions had to be made and thetd®@utcome should only be interpreted as
an indication. These results showed a geograpbmahection between commercial and non-
commercial poultry farms. A study of contacts beiswecommercial and non-commercial
poultry farms in Switzerland found similar resultgith high density areas with more than 8
poultry sites per km2 (Fiebig et al., 2009).

The stratified selection of the commercial farmd te a good representativeness of the
farms within each category, bird species and regibhe response rates of 61.5% for
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commercial poultry farms and 59.4% for hatcherieseed other similar surveys (Hurnik et al.,
1994; Fiebig et al., 2009). The response rate d%%f hobby poultry keepers was rather low.

This study used two complementary approaches tovd#athe problem of large numbers
of independent variables (35 variables were usevatuate biosecurity in this study) (Dohoo et
al., 1997). First, variables linked to the samedkaf risk were combined. In this, it was decided
to put ‘hatching eggs’ in the ‘low susceptible gpet group. Although HPAI virus may
contaminate the surfaces of hatching eggs, it wasraed that the length of the hatching process
and strict hygiene measures ensure that the vioes dot survive the hatching process and
therefore cannot act as a source of infectioniferane-day-old chick (expert opinion).

The assumption that all potential biosecurity measware equally weighted in the scoring
system (1/0 each variable) could be challengedpase measures might play a more prominent
role in reducing the risk for disease introductard spread than other measures. However, for
the vast majority of the different biosecurity me@s suggested at present no evidence-based
quantitative estimate is available of how much tkewntribute to reducing transmission risks
(Hagenaars, 2008). Therefore this study aimed edticrg a linear scoring system whereby
poultry sites can be compared relative to eachrpthéher than creating a quantitative scoring
system.

The level of biosecurity was, not surprisingly, @sated with being a commercial poultry
site or not. The extensive scale of hobby poultigrlities does not require the implementation of
e.g. boot dips, sanitary transition zone and palade of discharge. But their low confinement
against the outdoor environment facilitates vestaccess to domestic poultry and thus the risk
of disease dissemination. It is sometimes statat smaller conventional sites do not have a
great motivation to implement preventive measupesause the costs would be relatively small
if a new pathogen were introduced (Boklund et 2004). However, this study explored the
behavioural intention of hobby poultry sites to matory measures (creating a covered and
fenced outdoor scavenging area or to put all ppirtiloors) and showed that a positive attitude
towards preventive measures did exist.

Larger facilities are often assumed to implementarexdvanced biosecurity measures, but
the intensity of their operations also poses higisls for infection and pathogen propagation.
Although Belgian commercial poultry farms and hatoes had in general an acceptable level of
adoption of standard biosecurity practices, furi@nancement of their preventive measures is
still possible. For example, a high proportion bé thatcheries (68%) also had live poultry
production activities at the hatchery site. In &iddi 53% of them visited two or more farms per
day with one transportation vehicle and 50% evesdusne transportation vehicle for double
purpose. The small amount of hatcheries purchasatghing eggs from multiplier farms and
selling one-day old chicks to broiler and reariagnis, can act as a bridge between otherwise
separate sectors of the industry. When hatchetses reve live poultry production activities
(susceptible species) on site, this source of gaihdransmission (through transportation) might
become even more important. On top of this: 37%hefhatcheries had staff that had contact
with other poultry farms or had poultry at home,iethis something that should be avoided. In
the same perspective, multi-species sites or nhedtiptegories sites are also at higher risk. One
potentially underutilized practice in commercialufioy farms appeared to be the provision of
company clothing when supply or discharge teams amdrol agencies enter their facilities.
Since common service providers routinely contaifedint classes of farms over wide areas and
many pathogens, including Al virus, may survivedanoderate time at ambient temperatures in
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organic material, it is possible that infection kkbbe disseminated over large distances by the
movement of service providers.

This study identified considerable variation in tim@vements and in the structure of the
networks arising from these movements. Movememjuiacies were higher at commercial
farms compared to non-commercial farms. Resultsvetothat multiple category farming
systems had the highest total movement frequenki@sheries also had high total movement
frequencies. Monthly frequencies of professionaltsioften exceeded those of poultry and egg
movements. Such contacts may be a commonly overtbakeans of disease transmission
among facilities and provide evidence that incrddsesecurity awareness is essential.

Although hobby poultry sites practiced less biosiégumeasures in general, they moved
birds very infrequently. Commercial and non-comnarpoultry sites were connected, but
movements of poultry and eggs were found only twuoérom commercial to non-commercial
farms and not in the other direction. Yet, hobbylfrg keepers were personally purchasing the
poultry and eggs on the commercial poultry site Bgddoing so they might pose a risk of
indirect disease transmission. Further connectisaege found through visiting the same bird
shows. These results were comparable to the fisdafighe Swiss study done by Fiebig et al.
(2009). Thus, the common assumption of a closeamlitiof the commercial poultry production
without any connections to hobby farms does natedgthold true (Bavinck et al., 2009).

An important result of this study was the idenafion and characterisation of the different
clusters of farms existing in Belgium. The practicevestigated were assumed to have a
potential influence on the introduction and sprefdontagious diseases. Therefore the resulting
different clusters exhibit differences which maypmet on disease spread and control. The
results of this study may be useful for mathematicadels of pathogen transmission between
farms and aid the development of surveillance @ogr and tailored recommendations towards
farmers.

CONCLUSIONS

In conclusion, this study provided a descriptionbadsecurity practices and onto/off farm
movements in commercial and non-commercial pouitgs of Belgium. It has also been shown
that high densities of hobby poultry sites coewigh commercial poultry farms and that links
between the commercial poultry sector and hobbytposites do exist. This might pose a risk
for the spread of infectious agents between thesecompartments. Therefore all kinds of
poultry sites, irrespective of being commercial rmt, should be counselled with tailored
recommendations and used in models to simulateryalisease spread. Six groups of poultry
sites were differentiated and risk-classified adogg to their risk of disease introduction and
spread.
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FARMING PRACTICES AND THE RISK OF HIGHLY PATHOGENI@VIAN INLUENZA
H5N1 IN BACKYARD POULTRY: A CASE-CONTROL STUDY IN HAILAND

M. PAUL", S. WONGNARKPET, C. POOLKHET, S. THONGRATSAKUL, BORD,
P.GASQUI, F. ROGER, C. DUCROT

SUMMARY

Highly pathogenic avian influenza (HPAI) H5N1 isntimuing to devastate poultry flocks
and posing an ongoing threat to human health (Br&rFukuda, 2009). Little is known about
the association between farming practices and ritveduction of HPAI in a poultry farm. A
case-control study was carried out in Thailand riwestigate the risk factors for HPAI
introduction in small-scale poultry farms. Six-huved and thirty houses with backyard chickens
or fighting cocks were investigated using a questire. A random effects logistic regression
model was developed with explanatory variableshsag farming practices and environmental
factors included. The presence of a pond aroundhdlise was found to be the main risk factor
regarding HPAI H5N1. The risk of HPAI was low fooumses located at an altitude of >100 m.
Also, the role of backyard chicken trade in HPAINH5spread was highlighted, while the role
of fighting cocks remains debatable.

INTRODUCTION

Since its emergence in China in 1996-97, the Hidgbdyhogenic Avian Influenza (HPAI)
H5N1 virus has spread widely in more than 60 coestacross Asia, Europe, Africa and
Middle-East (Tiensin et al., 2009). HPAI H5N1 isntiouing to devastate poultry flocks and
posing an ongoing threat to human health, to a edegignificantly beyond that of any
previously known influenza virus (Briand & Fukud2009). Controlling the spread of H5N1
disease in poultry is a major issue regarding duiction of risk for humans. Determining the
pathways by which H5N1 virus is spread has criticaplications for targeting of control
measures (Kilpatrick et al., 2006). Research te daggests that the spread of HPAI H5NL1 is
influenced primarily by human activities related poultry production and poultry trade
(Normile, 2008) The persistence of HPAI H5N1 viinsSoutheast Asia has been linked to a
specific agro-ecosystem that combines free-gradungks with rice cultivation (Gilbert et al.,
2008). In addition, some studies mentioned thentiatierole in HPAI spread of fighting cocks
or backyard poultry farms with low biosecurity smsis (Webster et al., 2006).

Thailand was severely affected by the HPAI H5NXzepiics with 1717 outbreaks reported
during the first and second ‘wave’ of influenza zgmtics, from January 2004 to July 2005.
Backyard poultry flocks represented over 50% of thebreaks recorded. Backyard flocks
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account for a small part of the overall poultry plgpion in Thailand, but constitute
approximately three quarters of the flocks (Otteakt 2006). Small-scale poultry farming
systems deserve special attention as backyardesisakonstitute an important source of protein
and cash income for rural families. In additiorffudiion of HPAI H5N1 virus among backyard
chickens is a public health concern because ofrdtgient and close contacts between poultry
and humans. Analytic epidemiologic reports abosk factors for backyard poultry are rare,
apart recent studies in Bangladesh (Biswas e2@09) and in Vietham (Henning et al., 2009).
Identifying the role of human practices and thehpatys of HSN1 spread between backyard
farms remains challenging.

In order to identify the factors which played aerah HPAI HSN1 spreading from one house
to another, a case-control study was carried odttamkyard chicken farms in Thailand.

MATERIALS AND METHODS

Study design

The study was conducted in Phitsanulok provincachvis located in the upper part of the
Central plain of Thailand. Among all Thai provingélis area is the one which recorded the
highest number of outbreaks in chickens durinditseand second wave of HPAI H5N1.

Small-scale chicken farms were the units of intefesthe case-control study. The study
was restricted to the farms which were recordednatve chickens’ or ‘fighting cocks’ in
databases of the Department of Livestock Developnienbe included in our study, farms had
to rear at least five backyard chickens or fightwogks in 2005.

Selection of case and control farms:

Epidemiological data relevant to HPAI H5N1 outbreak poultry were provided by the
Avian Influenza Control Center, Department of Liweek Development (DLD, Bangkok,
Thailand), a unit in charge of surveillance and itwing of avian influenza (Al) in poultry.
Since January 2004, DLD has been recording infaomain all poultry outbreaks confirmed by
a diagnostic test. Tests were carried out by diafimdaboratories on sick or dead poultry or
cloacal samples using reverse-transcriptase pogseechain reaction and virus isolation. From
1 January 2004 to 31 July 2005, 216 outbreaks wererded in the Phitsanulok province,
among which 173 have been reported in backyardgbtifig cock farms. All of them were
recruited as case farms for the study. ‘Cases’ ig@ras where a positive laboratory result had
been found on backyard chickens or fighting codksing the study period.

In order to have at least two useable controlsgase, 400 control farms were randomly
selected in the 2005 DLD poultry census databass) the 52,232 houses which had backyard
chickens or fighting cocks at this time. Inclusimteria were checked as part of the information
collected in the questionnaire. Farms with eitheualfry mortality or HPAI clinical signs and
without any result of diagnostic test were excludien the analysis. ‘Controls’ were farms
which raised backyard chickens or fighting cockijalv had no poultry mortality and no HPAI
clinical sign, or a negative laboratory result @se of suspicion, during the study period.

250



Data collection and data management

Study period:
A 12-months study period was set for each farm. ¢ase flocks, poultry owners were

interviewed about their farming practices during trear just before the occurrence of HPAI

outbreak on their poultry. As most of the outbrealese reported between the start and middle
of 2004, owners of control farms were interviewbédw the whole 2003. The aim was to ensure
that both cases and controls were questioned &oning practices over similar time periods.

Questionnaire:

A gquestionnaire which consisted mostly of closeeésgiwns was designed in English and
translated into Thai. The questionnaire includedegal questions on the household and farm
characteristics, detailed questions on poultry afisestatus and HPAI, poultry farming and
poultry trade practices, activities related to figh cocks, and environmental variables such as
altitude and agro-ecological characteristics in G In radius around the house. Sixteen
researchers were trained over a 5 day period tduainnterviews with farmers. Interviews were
carried out during 7 weeks, from March to April 20@vith 3 field coordinators. Interviews
were conducted in Thai and answers were recordegriomed copies of the Thai-English
questionnaire. Interviews lasted an average of 4Butes. Geographical coordinates and
elevation of the farms were recorded on the figishg Global Positioning System (GPS).

Statistical analysis

Data were entered into a Microsoft (Redmond, WAAY&ccess 2003 database. All statistical
analyses were performed using R 2.9.2 for Windoms.risk factors extracted from the
guestionnaire were categorical variablegvation was the only continuous variable and was
categorised into three levels to account for naedrity of effects. Screening of all variables
was performed using univariate logistic regressimnassess the relationship between each
biologically plausible explanatory variable and thependant dichotomous variabie. status

of the house regarding HPAI H5N1 infection. Varedbithp < 0.25 in the univariate analysis
(likelihood ratio test) were considered for inclusiin multivariate logistic regression models
(Hosmer and Lemeshow, 2000). Multicollinearity imetstarting model was investigated by
checking the variance inflation factors (VIF) (Dehet al., 2003). Multivariate analysis was
based on random effects logistic regression. Bistvas introduced as random effect variable to
take spatial autocorrelation between houses irtowt (Pfeiffer et al., 2007).Variable selection
for the final model was carried out with a backwatiination process based on the LR test,
according to the recommendations of (Hosmer andestimw, 2000). Odds-ratios and their
95% confidence intervals were derived from the toeht estimates and variance parameters
of the modelsP-values of the different variables were computeskbeon the Wald test.

RESULTS

Study population

A total of 630 farmers were interviewed. Of thedd Were removed from statistical analysis as
they did not fully meet the inclusion criteria. ®tcal analyses were run on 486 farms, of
which 104 were cases and 382 were controls. Thehd86es were located throughout the nine
districts of Phitsanulok province.
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Univariate analysis

Univariate analysis identified several variablesttivere significantly f < 0.25, LR test)
associated with the occurrence of HPAI H5N1 outhi@a chickensOut of the 17 potential risk
factors, 13 were significantly associated to HPRhe remaining 5 variables were: visit of a
fighting cock owner, giving backyard chickens teifids, confinement of fighting cocks, selling
of fighting cocks, bringing a cock to the fightiagena.

Several environmental factors were significantlgoasated with the risk of HPAI in backyard
farms (Table 1). Elevation > 50m was found to b@ratective factor. Presence of a pond in a

100 meter radius around the house, high rice cngppitensity (> 2 crops / year) and presence
of free-grazing ducks around the house were agsaocia high odds-ratios.

Table 1. Results of the univariate regression mtmtehe environmental factors

OR Cl1 95% Number p (LR test)

of farms
Elevation <50m 1 245 <0.001
50m-100 m 056 0.34-0.94 128
> 100 m 0.11 0.04-0.27 113
Pond ina 100 m No 1 156 <0.001
radius Yes 3.47 193-6.23 330
Number of rice crops No rice field 1 113 <0.001

in a 500 m radius 1 crop / year 0.76 0.38-1.51 159
2 crops / year 217 1.13-4.15 110

3 crops / year 256 1.34-491 104
Free-grazing ducks No 1 297 <0.001

around the house Yes 2.3 1.48-3.57 189

Also, five variables related to poultry farming ptiaes were found to be significantly
associated with the risk of HPAI H5N1 (Table 2).udes with large flocks of backyard
chickens or houses raising both chickens and dweke associated with high HPAI risk. The
daily time spent with fighting cocks was signifitigrassociated to a low risk of HPAI.

Among the four significant variables related tolaad poultry trading activities (Table 3),
the purchase of live backyard chickens from a tradas found to be the most relevant risk

factor (p=0.002). Houses visited by two tradersnare during the study period were found to
be associated to high risk of HPAI H5N1.
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Table 2. Results of the univariate regression mtmtehe poultry farming practices

OR Cl1 95% Number p (LR test)
of farms
Number of < 50 chickens 1 318 <0.001
backyard chickens 51- 100 chickens 2.74 1.66-4.54 108
> 100 chickens 254 136-4.75 60

Ducks in the farm  No 1 432 0.01
Yes 222 1.21-4.07 54
Confinement of No 1 73 0.19
backyard chickens During the dayor 1.02 0.55-1.88 399
night only
All the time 29 087-964 14
Time spent with Lessthan 1 h/ 1 469 0.18

backyard chickens day
lh/dayormore 2.06 0.75-5.72 17

Time spent with Lessthan 1 h/ 1 400 0.25
fighting cocks day
1-3h/day 086 046-161 71

3h/dayormore 0.25 0.03-192 15

Table 3. Results of the univariate regression mtmdbackyard poultry trading activities

OR Cl1 95% Number p (LR test)

of farms
Number of traders whoNo trader 1 286 0.05
visited the house 1 trader 1.49 0.9-2.47 127
2 traders or 1.99 1.11-3.57 73
more
Selling of backyard Never 1 285 0.098
chickens to the trader 1 time 1.31 0.61-2.82 45

2 to 4 times 1.66 1.03-2.68 143
5 times or 287 0.9-9.13 13

more
Purchase of backyard No 1 418 0.002
chickens from a trader  Yes 249 1.44-4.33 68

Purchase of fighting  No 1 424 0.228
cocks Yes 1.46 0.8-2.68 62

Multivariate analysis

Two variables were found positively correlated: thember of traders who visited the houses
and the selling of backyard chickens to the tradéwus, only the former was entered in the

multivariate model. Multicollinearity was finallysaumed not to cause any serious problem in
the model, with all VIF values < 2 (Dohoo et alD03). The set of candidate variables included
12 categorical variables. The final model include® explanatory variables (Table 4), three

related to poultry farming and poultry trading aities, two related to the characteristics of

environment around the house.
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Three variables were positively associated withrible of having a positive laboratory test for
HPAI H5N1: presence of a canal or pond in a 100adius around the house, number of
backyard chickens in the farm, purchase of livekigaad chickens from a trader. Two variables
were associated to lower risk of HPALI: elevatioh0f m and time spent with fighting cocks.

Table 4. Results of the random effects logisticgesgion analysis for risk factors associated with
HPAI H5N1 occurrence in small-scale farms (n=486dw®s, 9 districts). Variance of random
coefficient was 0.50

OR CI95% p(Wald

test)
Elevation <50m 1
50m-100 m 0.62 0.29-1.27 0.190
> 100 m 0.21 0.06-0.79 0.020
Pond ina 100 m No 1
radius Yes 3.11 1.61-5.99 <0.001
Number of < 50 chickens 1

backyard chickens 51- 100 chickens 2.90 1.61-5.24 <0.001
> 100 chickens 3.52 1.69-7.27 <0.001
Time spent with Lessthan1lh/ 1

fighting cocks day
1-3h/day 0.38 0.18-0.80 0.011
3h/dayormore 0.05 0.01-0.48 0.009
Purchase of No 1
backyard chickens Yes 289 1.46-5.67 0.002

from a trader

DISCUSSION

To clarify the source and modes of transmissiomfdfienza H51N from farm to farm, a
case-control study was carried out in the proviat@hitsanulok (Thailand). This targeted all
outbreaks of avian influenza H5N1 recorded in bactychickens and fighting cocks during the
first and second wave of HPAI H5N1.

First, findings from the multivariate analysis ested the role at the farm level of several
agro-environmental factors. Altitude was found ® & protective factor. Farms located at an
altitude of >100 m were associated with a low rgkHPAI. This finding is consistent with
results of a previous agro-ecological study (Gilletral., 2006). Compared with the plain, these
areas are characterized by a sparse irrigationankfwnoderate land use intensity, absence of
free-grazing ducks and a lower human populatiorsiienSuch an environment may have not
been as favourable for the HPAI HN51 virus as the@cosystem found in the plains. In
addition, contact between farms is more difficaltupland areas. Besides, the farms located in
areas with a high rice cropping intensity (morentRarice cycles / year) as well as farms where
free-grazing ducks were observed in the surroursdingre found to be positively associated
with the risk of HPAI in the univariate analysislypnThus, while previous studies showed that
free-grazing ducks may contribute to the spreathefvirus when they are moved among rice
fields (Gilbert et al., 2006; Gilbert et al., 2008)e role of the ‘free grazing ducks - rice paddy
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fields’ agro-ecosystem in HPAI infection was notd@nced in this study, at the farm level. In
addition, the presence of a canal or a pond inGari@adius around the house was a relevant
risk factor in the multivariate analysis. Theseutessare consistent with findings of a recent
study in Bangladesh (Biswas et al., 2009). Smafidsoor irrigation canals usually serve as a
water source for backyard animals and gardeningk®érom surrounding houses or wild birds
have access to these ponds and may deposit largengsrof faeces. It was also found that, in
the univariate analysis only, the presence of dudksin the farm was a factor associated with
the risk of HPAI. Ducks are known to play the roféTrojan horse’ for HPAI H5N1 virus, and
can carry a high level of viral particles withodtosving any clinical signs (Hulse-Post et al.,
2005).

Results of the analysis did not show any eviderfcth® role of fighting cocks in HPAI
H5NL1 risk at the farm level. Previous ecologicaldsts highlighted a slight association between
the risk of HPAI and the number of fighting cocksthe area (Gilbert et al., 2006), indicating
that fighting cocks may not have been the majotofaicvolved in HPAI spread in Thailand. In
this analysis, neither the farms where the owneugnt one of their cocks to the fighting arenas
nor those where the owner trained their cocksiandr's houses were found to be significantly
associated with the risk of HPAI. Thus, fightingcke activities could not be evidenced as a risk
factor in this study. The results also showed degotove effect of the daily time spent to take
care of fighting cocks. The houses where the owpent more than one hour per day with the
cocks were found to be significantly associatea tow risk of HPAI H5N1. Fighting cocks
have a very high monetary and cultural value, dng receive very special attention from their
owners. Moreover, in Thailand, fighting cocks weeaegeted when control measures were
implemented in 2004, with a prohibition on cocktigly, compulsory registration, and disease
monitoring (Tiensin et al., 2007). Fighting cock rers may have changed their practices early
to protect their poultry from the disease.

Several findings indicate that besides the agrdegomal pattern, poultry trade activities
played a key role in HPAI spread between farmghémultivariate analysis, farms with more
than 50 backyard chickens were significantly asgedi to a higher risk of HPAI H5N1 than
smaller farms. The number of backyard chickendhénhouse was the most relevant risk factor
of HPAI H5N1 evidenced in this study. Large backly&rms - with more than 50 backyard
chickens - commercialized more poultry than the lsir@es and as a consequence may have
been exposed to more contacts. Several variablatedeto the role of the live poultry traders
were positively associated with the risk of HPAINHGin the univariate analysis. In Thailand,
live poultry markets have always been rare (Amoretiral., 2008). Backyard chickens are
collected by traders in several farms, before balagghtered at the middleman’s house and
brought to the food market. Such chains may canstian efficient pathway for HPAI HS5SN1
spread from house to house. However, among altgyawading activities, only the purchase of
live chickens from a trader was evidenced as afastor in the multivariate analysis. Backyard
farms may have been contaminated by HPAI H5N1 gimointroduction of infected live
chickens that they got from the trader.

These findings provide new perspectives on riskofacof HPAI H5N1 at the farm level.
Altitude of > 100m was found to be a protectivetéacThe agro-ecosystem based on flocks of
ducks grazing in intensively cultivated rice padélglds - which has been previously
demonstrated by ecological approaches (Gilbert €2@06; Gilbert et al., 2008), was not found
to be a major risk factor at the farm level. In iéidd, the results showed that the activities
related to fighting cocks may have not played a iy in disease spread from house to house.
However, because this activity involves close arduent contacts between human and poultry,
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prevention measures should keep targeting fightiogk owners. Findings from this study
highlighted several risk factors related to bacKyaoultry trading and small-scale poultry
trading chains may constitute an efficient pathwaaythe spread of HPAI H5NL1.
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a crisis of conference and confidentiality

Ynte Schukken:
Molecular and mathematical epidemiology of
bovine mastitis
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George Gettinby: Bryan Grenfell:

Informatics and epidemiology — the Deterministic and stochastic influences on the
first 400 years dynamics and control of infectious diseases
Will Houston: Mart de Jong:

Science politics and animal health Design and analysis of transmission experiments
policy: epidemiology in action

Jim Scudamore: Dirk Pfeiffer:
Surveillance — past, present and future Spatial analysis — a hew challenge for veterinary
epidemiologists

Aalt Dijkhuizen: Mark Woolhouse:
The 1997/98 outbreak of classical Understanding the epidemiology of scrapie
swine fever in the Netherlands:
lessons learned from an economic
perspective

Wayne Martin: -
Art, science and mathematics
revisited: the role of epidemiology in
promoting animal health



SOCIETY FOR VETERINARY EPIDEMIOLOGY AND
PREVENTIVE MEDICINE

APPLICATION FOR MEMBERSHIP
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Please enclose the membership fee (£20 sterliogpadith this application form. Overseas
members without British bank accounts are requdst@dy 2 - 3 years in advance. Cheques
should be in £ sterling and drawn from a Britisimka British members should pay future
dues by standing order (forms are available froemSkcretary or Treasurer). Payment can
also be made by credit card; the appropriate faravailable from the Society’'s web site,
http://www.svepm.org.ukfor from the Secretary or Treasurer.

Please send this form to the Society’s Treasurer

Dr Kristien Verheyen

The Royal Veterinary College
Hawkshead Lane

North Mymms

Hatfield

Herts, AL9 7TA

UK

TEL  +44 (0) 1707 666 625
FAX  +44 (0) 1707 666 574
Email: kverheyen@rvc.ac.uk



Please turn over

INTEREST GROUPS

Please tick appropriate boxes to indicate yowarasts:

Analytical Epidemiology (Observational Studies)

Quantitative Epidemiology & Statistical Techniquexcl.
Statistical/Mathematical Modelling)

Herd/Flock Level Disease Control Strategies
National/International Disease Control Policy
Sero-Epidemiology

Herd Health and Productivity Systems

Disease Nomenclature and Epidemiological Terminglog
Economic Effects of Disease on Animal Production
Veterinary Public Health and Food Hygiene
Computing, including data logging

Computer Programminger se

Population and Animal Disease Databases
Information System Design

Geographical Information Systems (GIS)

Lodooodoooood ol

Risk Analysis



CONSTITUTION AND RULES

NAME

1. The society will be named the Society for Vetary Epidemiology and Preventive
Medicine.

OBJECTS

2. The objects of the Society will be to promotéevimary epidemiology and preventive
medicine.

MEMBERSHIP

3. Membership will be open to persons either attieagaged or interested in veterinary
epidemiology and preventive medicine.

4. Membership is conditional on the return to tleerStary of a completed application form

and subscription equivalent to the rate for onerdr year. Subsequent subscriptions
fall due on the first day of May each year.

5. Non-payment of subscription for six months Wi interpreted as resignation from the
Society.

OFFICERS OF THE SOCIETY

6. The Officers of the Society will be Presidergn®r Vice-President, Junior Vice-
President, Honorary Secretary and Honorary TreasDf&cers will be elected annually
at the Annual General Meeting, with the exceptibthe President and Senior Vice-
President who will assume office. No officer camtioue in the same office for longer
than six years.

COMMITTEE

7. The Executive Committee of the Society normalily comprise the officers of the
Society and not more than four ordinary elected bes However, the Committee will
have powers of co-option.

ELECTION

8. The election of office bearers and ordinary cott@@ members will take place at the
Annual General Meeting. Ordinary members of theddkge Committee will be elected
for a period of three years. Retiring members efflxecutive Committee will be
eligible for re-election. Members will receive naration forms with notification of the
Annual General Meeting. Completed nomination formeluding the signatures of a
proposer, seconder, and the nominee, will be retluta the Secretary at least 21 days
before the date of the Annual General Meeting. Es\Eenomination is unopposed,
election will be by secret ballot at the Annual @ext Meeting. Only in the event of
there being no nomination for any vacant post thidd Chairman take nominations at the
Annual General Meeting. Tellers will be appointgdumanimous agreement of the
Annual General Meeting.

FINANCE

9. An annual subscription will be paid by each memihb advance on the first day of May
each year. The amount will be decided at the angperaéral meeting and will be decided
by a simple majority vote of members present atttheual General Meeting.



10. The Honorary Treasurer will receive, for the n§the Society, all monies payable to it
and from such monies will pay all sums payableh®yS$ociety. He will keep account of
all such receipts and payments in a manner dirdntébe Executive Committee. All
monies received by the Society will be paid intolsa bank as may be decided by the
Executive Committee of the Society and in the nafitbe Society. All cheques will be
signed by either the Honorary Treasurer or the anydSecretary.

11. Two auditors will be appointed annually by memnsbat the Annual General Meeting.
The audited accounts and balance sheet will belated to members with the notice
concerning the Annual General Meeting and will bespnted to the meeting.

MEETINGS

12. Ordinary general meetings of the Society wellheld at such a time as the Executive
Committee may decide on the recommendations of rmesnibhe Annual General
Meeting will be held in conjunction with an ordiageneral meeting.

GUESTS
13. Members may invite non-members to ordinary ggmaeetings.

PUBLICATION

14. The proceedings of the meetings of the Soedtyot be reported either in part or in
whole without the written permission of the ExeeatCommittee.
15. The Society may produce publications at therdigon of the Executive Committee.

GENERAL

16.  All meetings will be convened by notice at tezs days before the meeting.

17. The President will preside at all general axetative meetings or, in his absence, the
Senior Vice-President or, in his absence, the Jurime-President or, in his absence, the
Honorary Secretary or, in his absence, the Honoreggsurer. Failing any of these, the
members present will elect one of their numberrasigde as Chairman.

18.  The conduct of all business transacted willibaer the control of the Chairman, to
whom all remarks must be addressed and whose rofirggpoint of order, or on the
admissibility of an explanation, will be final amdll not be open to discussion at the
meeting at which it is delivered. However, thikerwill not preclude any member from
raising any question upon the ruling of the chginbtice of motion.

19. In case of an equal division of votes, the @han of the meeting will have a second and
casting vote.

20.  All members on election will be supplied witke@py of this constitution.

21. No alteration will be made to these rules ekbgpa two-thirds majority of those
members voting at an annual general meeting obtwgety, and then only if notice of
intention to alter the constitution concerned Wwdlve appeared in the notice convening
the meeting. A quorum will constitute twenty pentof members.

22. Any matter not provided for in this constitutiwill be dealt with at the discretion of the
Executive Committee.

April, 1982
Revised March, 1985; April, 1988; November 1994
Corrected January 1997; April 2002









