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PREFACE

Thank you for reading the proceedings of thé" Ehnual meeting of the Dutch Society for Veterinary
Epidemiology and Economics (VEEC), jointly orgamizby the Animal Sciences Group and The Centre of
Infectious Disease Control in Lelystad.

This year’s topic of the morning session of ouruwammeeting is “freedom of disease”. Because deselike
Foot and Mouth disease, Classical Swine Fever avidn Influenza in particular, are endemic in layggts of
the world, our country is constantly at risk foe timtroduction of these diseases. As a consequaméave to
guestion ourselves all the time whether we aréfstié of these diseases. This question inevitédsyls to the
answer that we can never be realy certain of emedom, because no surveillance programme can givieat
certainty in real time. For this reason we are sgeathat we have a number of distinguished speakethis
topic that will help us t deal ith this uncertainty

In the afternoon program, which has a variety dernesting subjects, we will give Dutch scientiste t
opportunity to briefly present their recent work.

| thank Dr. Aldo Dekker and Dr. Gonnie Nodelijk forganizing this meeting and preparing the procegdilt
is always a lot of work, but she certainly can beugd of the result. Furthermore | would like tonkaASG and
CIDC for their hospitality.

On behalf of the board of the VEEC | wish you aagknt and stimulating conference.

Arjan Stegeman
President VEEC



CONTENTS

Page
FREEDOM OF DISEASE; CONSEQUENCES FOR RESEARCH ON DSEASE CONTROL
Andre Bianchil and Harry Flore 1
EVALUATION OF COMPLEX SURVEILLANCE SYSTEMS
Angus Cameron 3
FROM TB TO VTEC THE CHANGING EPIDEMIOLOGY OF FOOD B ORNE INFECTIONS
Bill Reilly 5
FREEDOM OF DISEASE; A THEORETICAL PROBLEM WITH PRAC TICAL ISSUES
Aline de Koeijer 7
TRANSMISSIBILITY OF IB VACCINE H120 AMONG BROILERS WITH MATERNAL
ANTIBODIES AT 1 AND 14 DAYS OF AGE
Mieke Matthijs 11
COST-EFFECTIVENESS ANALYSIS OF BEEF-CARCASS DECONTAMINATION MEASURES
AGAINST E.COLI O157:H7
Bouda Vosough-Ahmadi 13

EVALUATION OF DIAGNOSTIC TESTS IN THE ABSENCE OF A PROPER GOLD STANDARD OR
REFERENCE TEST
Bas Engel 19

ESTIMATED ECONOMIC LOSSES DUE TO NEOSPORA CANINUM | NFECTION IN DAIRY

HERDS WITH AND WITHOUT A HISTORY OF NEOSPORA CANINU M ASSOCIATED ABORTION
EPIDEMICS

Chris Bartels 21

FMDV-TRANSMISSION IN CALVES AND COWS; SAME STRAIN, SAME SPECIES, STILL
DIFFERENT?
Karin Orsel 29

BAYESIAN ESTIMATION OF THE HEPATITIS E SEROPREVALEN CE IN THE NETHERLANDS IN

POPULATIONS WITH DIFFERENT DEGREES OF EXPOSURE TO SWINE
Martijn Bouwknegt 37

Advertisement

Intervet Nederland B.V., P.O. Box 50, 5830 AB Boxameé\etherlands
Email: info@intervet.com




FREEDOM OF DISEASE;
CONSEQUENCES FOR RESEARCH ON DISEASE CONTROL

A. Bianchi! and H. Flore?

! Central Institute for Animal Disease Control (QIBLelystad), P.O. Box 2004, 8203 AA Lelystad, The
Netherlands

Z Division of Infectious Diseases, Animal ScienGesup Wageningen UR, P.O. Box 65, 8200 AB Lelysthd,
Netherlands

Substantiating freedom of disease is an importabjest for both the CIDC-Lelystad as well as foe (RSG-
Lelystad. Historically control of foot-and-mouthsdase (FMD) has been instrumental regarding thegehaf
attitude with respect to animal disease controhiwiEurope. Outbreaks of FMD have been occurringualty
before and shortly after the Second World War, awdly in the Netherlands but all over Europe (figdne
Annual vaccination of the cattle population redutieel transmission of disease, but did not stoéhtction of
FMD into the Netherlands. Only when neighbouringitdies also started vaccination (end of the sitie
introduction of FMD virus was reduced. At the erfdl891 the last vaccination of FMD was administeaad
the European non-prophylactic vaccination policys\adact.
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Figure 1: Number of FMD outbreaks in the Netherfahdtween 1937 and 2003

Not only was a non-prophylactic vaccination poliayplemented for FMD, but also for other importairal
infections like classical swine fever and aviariuahza. Implementation of the non-prophylactic vaaton
policy changed the way outbreaks were controlledthe absence of vaccination spread of diseasenvaas
prominent and more extreme measures to controlnaanitor spread were introduced. This is reflectedhie
number of sera tested after outbreaks of classiw@le fever, swine vesicular disease, BSE, FMD \dara
influenza (Table 1). In every new outbreak it segntieat even more samples were needed to subst&antiat
freedom of disease. But in Newcastle disease, foclwthere is an obligatory vaccination scheme,rttmber
of samples tested stayed very low. This exempliftest a higher disease free status, i.e. freedothowi
vaccination, will lead to an intensified and oftemore expensive control programme when the disesse i

introduced.



Table 1: Disease outbreaks in the Netherlandseast 15 years and the number of samples tested

Year Disease Number of samples tested
1992 Classical swine fever * 28 000
1992 Newcastle disease Few hundred
1992 Swine vesicular disease + 70 000
1993 Newcastle disease Few hundred
1994 Swine vesicular disease + 839 060
1994 — 1997 Newcastle disease Few hundred
1997 — 1998 Classical swine fever + 2 000 000
2001 BSE + 499 000?
2001 FMD + 200 000
2003 Avian influenza + 150 000

For both ASG-Lelystad as well as CIDC-Lelystad neiimng and developing knowledge on animal disease
control is very essential. New test developmentjerpiological research and validation of controlazieres are
the main topics in this area. Currently the thieabduction of avian influenza from wild birds atfte zoonotic
potential has brought new challenges to both aatitines. The zoonatic potential of avian influemezessitates
the collaboration with institutes working on humdiseases, and may pave the way for collaborationtber
zoonotic diseases.

We are therefore very pleased to host this meetvhich focuses on the epidemiology and efficacy of
intervention strategies and wish you a very intémgsday.

! Start of an annual monitoring programme for SVgulting in 300 000 — 700 000 samples a year
2 Start of an annual monitoring programme for BS&uilting in approximately 500 000 samples each year



EVALUATION OF COMPLEX SURVEILLANCE SYSTEMS

A. R. Cameron

Director, AusVet Animal Health Services, AusVetfaiiHealth Services, PO Box 3180, South Brisbane
Qld 4101 Australia

1. INTRODUCTION

A range of animal health policy decisions dependwmssessment of country, zone or compartmertdnee
from disease, including international trade decisiand domestic disease control strategies. Slames is
widely used to assist in making these decisionssapgort claims of freedom from disease. Unfortelya
surveillance is only able to provide probabilistieasures of freedom, while the decisions are dift@rk and
white.

In the past, two broad approaches have been use@haate surveillance and assess the probabiliguntry
freedom from disease. The first is the use ofsttaéilly-based surveys, involving the random séechf a
representative sample of the population, testinignals, and the use of well established statistivabry to
determine the probability of observing the resaftthe survey if the country were in fact free frdisease.
Such surveys are often expensive and time consyibuidgkeep the statisticians happy with neat dets s
Unfortunately, any prior sources of evidence (saslthe absence of reports by the veterinary seratelinical
syndromes consistent with the disease) cannotdmegorated into this approach.

The second approach is typified by the processrofiél OIE recognition of freedom from disease. sThi
involves the use of a questionnaire (in the cadeMiD) or a team of experts who assess all aspétkeo
situation, including the quality of veterinary siems, all available sources of surveillance infotiorg the
historical situation as well as those measuredaoepto prevent the incursion of disease. Cledhib/approach
is able to get a more complete and balanced pictuiiee probability of disease freedom than theafse single
structured survey. It's weakness, however, isitmath of the interpretation depends on the sulvjecti
assessment of the individuals involved, and suchsaerssment cannot be repeatable, entirely traargpar
quantitative.

This paper discusses the use of stochastic scenagionodelling to bring together the best of ibdse
approaches. The method aims to provide transparbjeictive, repeatable and quantitative estim@tknown
precision) of the probability of country freedonsing not only data from formal structured surveys, also a
wide range of other evidence that is not normadiysidered amenable to statistical analysis.

2. METHODOLOGY

“Stochastic scenario tree modelling” is a methodial framework which brings together a number of
analytical components, allowing the analyst totstéth a diverse range of data derived from comped often
poorly structured (statistically speaking) sunagilte activities, and end up with an objective agféndable
estimate of the probability of country freedom.

At the core of the approach is the use of sceneeés which describe the key features of complexediiance
system component by following the pathways by wisiaiiseased animal in a population could be ideditis
diseased by the veterinary authorities, captutiegknown biases and weaknesses in the surveilarstem.
Nodes in the tree are classified as
Risk nodes: dividing the population into groupshnatdifferent risk of being infected, if diseasereve
present,
Category nodes: dividing the population into diffier groups with similar probabilities of infection
detection,



Infection nodes: the probability that an animagowup is infected, given that the country is ingett
This probability is otherwise known as ttiesign prevalencand fixed to provide a baseline against
which different systems can be compared,

Detection nodes: the probability that a diseasmalnwill be detected by the surveillance system.

Nodes in the scenario tree are associated withotwoore branches, each with a branch probabilityese
probabilities are expressed in terms of probabdlisfributions to capture uncertainty and variapiin the
parameters, and may be calculated from availakibe ataderived from expert opinion.

Stochasitic simulation of the scenario tree enathlesalculation of the probability that, giventtdésease is
present in a country, one or more infected animdlde correctly identified as infected by the weitlance
system component. In other words, it estimatesémsitivity of the surveillance system component.

Given this basic measure of the effectivenesssufraeillance system component, a number of otras twan be
used within the methodological framework to ansimgrortant questions. These include:
Approaches to allow the combination of the senijtiof multiple surveillance system components.
For instance, general clinical surveillance bydieéterinarians, and abattoir meat inspection nuly b
have the capacity to detect disease, if preseath &ill have a different sensitivity, and it isefisl to
know what the combined sensitivity of the two syséamight be (taking into account any lack of
independence between the systems)
Approaches to compare the sensitivity of one sllareie system component to another — either an
existing system, or a hypothetical ‘gold standauaveillance system (such a one based on simple
random sampling from the entire population). The af these techniques is able to provide
guantitative measures of the value of targetededilemce. For instance, a surveillance system that
selects animals that have a higher risk of beiferted (if disease were present) may be more sansit
than a system which ignores risk and samples ratydom
Bayesian methods for converting a distribution dbsutg the combined sensitivity of multiple
components of a surveillance system into an estimtountry freedom (based on a given prior
probability of country freedom)
A method for the continuous analysis of a dataastrérom an ongoing surveillance system component,
which updates the estimate of the probability afrdoy freedom, taking into account evidence from
previous surveillance activity as well as the akncursion of disease.

3. CONCLUSIONS

The key advantage of this methodological framewstke ability to quantitatively use multiple corepl
sources of evidence to support claims of freedanmfdisease. In many cases, the use of such exsturces
of evidence will provide a very high level of cadince in country freedom, removing the need to tiakle
expensive and time consuming structured survegsdar to meet some agreed standard of proof. isnathy, it
enables veterinary authorities to get the most @atdgge from existing surveillance activities.

An important ‘by-product’ of the methodology is thstimate of the sensitivity of different comporseot a
surveillance system. When combined with data erctst of these different components, this alloatermary
authorities to make informed cost-benefit decisji@mal to prioritise different surveillance actig#ito deliver
the best possible sensitivity with the availablessillance budget.

One disadvantage of the approach is that it idivelg complex to implement, requiring reasonalitechastic
modelling skills. In order to overcome this coasit, web-based modelling software is being devediopThis
will allow the analyst to concentrate on carefulBfining the scenario tree structure and branchaiiity
distributions, with no need to be concerned with tiiechanics of stochastic modelling.



FROM TB TO VTEC THE CHANGING EPIDEMIOLOGY OF FOODBO RNE
INFECTION

Bill Reilly

Deputy Director, Scottish Centre for Infection d@havironmental Health,Common Services Agency

1. SUMMARY

In the first half of the 20th century bovine tubdosis was a major cause of morbidity and mortafitipoth
animals and people. This was a major driver indimeelopment of food safety regimes and in particodaat
inspection, that was very focussed on an organolaepproach. Together with eradication schemeslamtieat
treatment of milk this has led to the current positvhereby in most developed countries bovine ruldesis is
an uncommon human infection — even in the UK whengne tuberculosis is becoming an increasing bl

However as the problem of infected food (whereghthogen is present in food at the time of prodmythas
largely been overcome, it has been replaced bgssstifood contamination where the food starts @fee
pathogens but is contaminated during the produgtioness. Thus we have seen the emergence of elissach
as salmonellosis, campylobacteriosis and the veiggtaic E.coli. The contamination is largely but atways
with animal faecal organisms and often reflectseb@nomic pressures on the producers, both pripragucers
and processors, to market food to a price that ecoaypromise hygiene.

In addition there is increasing evidence that itas only the animal products that can impact om#w health.
The animals themselves and their environments pesept a risk to society that is striving to redsgrthe
importance of animals and the environment to o@ral well-being. The challenge is to get the cotrtealance
to allow us to take advantage of the environmenhtmanage the risk.

The solutions to both food safety and environmeeglosure depend on improving hygiene. In manyspafrt
society we have become careless in understandadabd and the environment can contain harmfuapigms
and even simple concepts such as hand washingdeaveforgotten. Perhaps we have been lulled ifddsa
sense of security by the evolution of the refrig@rand our desire to live in a risk free enviromthe



FREEDOM OF DISEASE;
A THEORETICAL PROBLEM WITH PRACTICAL ISSUES

A.A. de Koeijer

Quantitative Veterinary Epidemiology, division ofdctious Diseases, ASG Wageningen UR, Lelystad.

1. INTRODUCTION

Statements about freedom of disease are often widtdléhe intention of limiting imports and increagithe
value or size of exports. Thus, Freedom of Diséagenerally applied for political statements tfilience the
economics of trade and the trading balance. S tare many scientific problems involved withiciefy
Freedom of Disease, such statements can alwaysnsalered disputable, but also in most cases well
defendable, depending on the definition applied.

Literally speaking, obviously the term is simple. ithe total absence of a disease in a countrggion.
However, generally, one means to claim absendeeoffection, because disease as such is not @ majo
transmission problem, since it can be observectrahsily. The absence or presence of an infectigest in
the population is the factor that causes risk fheppopulations via export of live animals andrzatic risks are
generally also more related to presence of thetaban disease as such.

New strategies are suggested and discussed orohdeat with the risk of transmission of infecticarsd food
safety with respect to imports of animals and ahjnaducts. Traditional Freedom of disease clasaiidn of
countries, following OIE en EU methods, is becomingdated. For list A diseases, this classificatsostill
applied, but a general shift from Freedom of DiedasRisk assessment can be expected over theleexde.
[OIE, 2005].

2. PROBLEM DEFINITION

Freedom of disease claims are usually based oeilance results occasionally supported with furthe

evidence, for instance on vaccination or transmissi the infection. This leads to a few problems:
First of all absence of something is impossiblprimve except by constant monitoring of everyondawit
a perfect test.
A negative test result does not guarantee thadrimaal is not infected. Especially the time delay
between getting infected and getting a good chémetesuch an animal gives a positive test result ca
be problematic. In some cases, this leads to lalagasptine periods for imported/exported animals
The quality of a surveillance system and the way lieported has a major influence on the proktshili
that the infection will be detected. However, thiglity can only be evaluated by international sros
checks. Bad quality surveillance can suggest freedbdisease where that is not the case. Real good
active surveillance on the other hand can leatidaletection of a-typical cases (for example sejapi
where the normally described version of the infatis actually absent.
In some cases these problems cannot be solveg bgsitience, which makes the freedom of disease
issue a political playing field.

It is up to the scientists, to offer guidelines amgroved methods for dealing with these problems.

3. SOLUTIONS

The classification of countries should shift froraddom of disease and not free of disease, to a new
classification system that indicates the probahiliat a country is free. In some cases it can beemrelevant to
indicate the prevalence level, below which the dak be considered negligible. In fact this metisgaresently
applied. However, the present method advises i@ sgproach only. It ignores the epidemical aspéct
infections that makes a dynamic approach and gskssment essential.



A good evaluation of the risks of imports will geaky be much more valuable than the freedom cfake
claims following from present OIE or EU regulatiohs most cases, the surveillance system that cioghtove
the (continued) freedom of disease neglects theofimew introductions and the level at which ngdemics
can spread undetected. Thus, the safety of tradialparelies on honesty and faith, but it als@abity leans on
the vigilance of our trading partners for new idmotions. These factors are there, but were neadiyr
assessed properly. Risk assessment is a toolahahcorporate all these aspects and uncertaetigst is
expected to win territory in the evaluation of imjiasks.

This development for static surveillance analysisffeedom of disease to risk assessment in OlEE&hd
approaches is mainly a result of the active rolthefEU and later EFSA (European Food Safety Ageimcyisk
assessment for BSE [EFSA, 2006]. In their GeogeptBSE Risk assessment (GBR) many countries that
claimed to be free of BSE were proven wrong in eskessment. In a later stage many of those cesithtave
detected BSE, thus supporting the value and saamifie of risk assessment in these matters [EFS},]20

In the next years, modellers and risk assessorhaik to decide in which systems a full risk assemnt is
needed, and where the present systems suffica) giat information on the frequency of surveillaice
determined based on the generation time of thetiofe The will also be challenged to come up vaitood
method for combining surveillance results and inhpoid transmission risks into good methods to asbes
overall risk.

4. CONCLUSIONS

The term Freedom of Disease is getting outdatedi should not be applied, since although simplésialf it
has no functional definition for practical condit® Trade regulations should be based upon a déweertainty
that the prevalence is below a certain level. Tewsl of certainty of probability should not onlg based on the
analysis of surveillance data, but should prefgraidlude an assessment of the likelihood of nevoductions
and their follow-up in transmission and detection.

The OIE has already advanced along these lindginnew BSE chapter [OIE, 2005], that does notfresedom
of disease any more. It classifies risk as nedkgils non negligible base on risk assessment anetiffance.
For other infections, a similar approach is to keeeted.

5. REFERENCES
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EFSA, Opinions, 2006 http://europa.eu.int/commdife/sc/ssc/outcome_en.htrikited at 25 Jan 2006
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TRANSMISSIBILITY OF INFECTIOUS BRONCHITIS VACCINE V  IRUS H120
AMONG MATERNALLY IMMUNE COMMERCIAL BROILERS.

M.G.R. Matthijs*, A. Bouma, F.C. Velkers, J.H.H. van Eck, J.A. Stegeman

Utrecht University, Faculty of Veterinary Mediciri@epartment of Farm Animal Health, Yalelaan 7, 3884
Utrecht, the Netherlands; Tel. 31.30.2536487; F2k:30.2531887

1. INTRODUCTION

Vaccines against Infectious Bronchitis Virus (IB¥MErease the susceptibility of broilers for secagyda coli
infections. As vaccination against IBV is widelyapticed, vaccines might also play an important iolihe
induction of colibacillosis in the field, but onlyhen the vaccine itself is able to persist in tbpydation. The
aim of this research was to determine whether I&we virus could spread extensively among brailers

2. MATERIALS AND METHODS

A transmission experiment was carried out to qfatansmission of IBV H120 vaccine virus among
commercial broilers at day-old and at 14 days ef &x groups were formed. Each group was housed in
isolator. At day 0 (day of hatch), half of grouparid 2 (30 broilers per group) were oculary inomdawith
vaccine strain H120 (5.4 lggmedian embryo infective dose (E{D or field strain IB M41 (4.9 to 3.8 lag
EIDsg), respectively. At day 14, half of groups 3 ang2@ broilers per group) were likewise inoculatedup 3
with H120, group 4 with M41.Groups 5 and 6 (20 k@ per group) remained untreated. During two week
after inoculation, clinical signs were measuredlirbroilers of groups 1-4. Serum samples werentakelay 1,
14, 28 and 42. Four weeks after inoculation (4wgdi)broilers in groups 1-5 were challenged wittvIBI41
field virus (4.7 - 6.8 log EIDsgper broiler) intratracheally and oculonasally. Gy@uwas not challenged.
During one week after challenge, clinical sign$®{vere recorded. Transmission of H120 and M41rougs
1-4 was determined by measuring clinical signs dfte M41 challenge and by measuring antibodies. Th
antibody titers were compared with those of thetrmbigroups.

3. RESULTS AND DISCUSSION

In the M41 groups (2 and 4) nearly all of the lmldeveloped nasal discharge, indicating that bptéad
extensively. Only a few broilers developed nassthiarge in the H120 groups (1 and 3). After chghkewith
M41 (4 wpi), none of the inoculated ore contactilers in groups 1-4 showed nasal discharge. Mongove
antibody titers of groups 1-4 were significantlglmér than the control groups 5 and 6. We concludatdiH120
vaccine virus did spread among broilers. This iegpthat vaccine may persist in the population.



EPIDEMIOLOGICAL AND ECONOMIC EVALUATING BEEF-CARCAS S
DECONTAMINATION METHODS AGAINST E.coliO157:H7

B. Vosough Ahmadi'*, A.G.J. Velthuis !, H. Hogeveen"? R.B.M. Huirne *
! Business Economics Group, Wageningen Universitilahitseweg 1, 6706 KN Wageningen, the Netherlands

% Department of Farm Animal Health, Faculty of Vetarly Medicine, Utrecht University, Yalelaan 7, 3584
Utrecht, the Netherlands

1. INTRODUCTION

E.coli 0157:H7 (VTEC) is a potentially fatal pathogen farman that can be transmitted via consumption of
contaminated beef. Carcass antimicrobial-decontatioin methods are considered as slaughterhouse
interventions against enteric pathogens such asG/Te choice of the decision makers to apply i@stions
depends highly on the implementation costs andeifpected effectiveness of interventions. Two messsof
effectiveness can be distinguished: (i) reducirgftaction (i.e. prevalence) of contaminated caeasand (ii)
reducing the number of bacterial colony formingtsifiCFU) on a carcass. In this study the effectesnwas
considered as the reduction in prevalence. Theeftsttiveness of interventions in terms of théordetween
the expected reduction in prevalencd’] and the extra costs €) incurred to obtain this reduction for some
carcass decontamination methods and combined seésexplored in this study. The evaluated methoeiew
hot-water wash (W); trim (T); lactic-acid rinse (lsteam-vacuum (V); steam-pasteurization (S); midsh with
ethanol (H) and gamma irradiation (Ir). The objeesi were to determine the monetary costs of applihese
decontamination methods in a Dutch beef indussialighterhouse, and to rank decontamination metfaub
their combined sets) based on the cost-effectivera®. The results of cost-effectiveness analysspresented
and discussed in this paper.

2. MATERIALS AND METHODS

To determine the cost-effectiveness of decontansinahethods, two models were used: an epidemicébgicd
an economic model. The epidemiological model thads described in detail before (Vosough Ahmadilet a
2006), was developed to evaluate the effectiveinéssarcass-decontamination methods against VTE@ in
Dutch industrial-cattle slaughterhouse. Here wee givbrief summary of the most important aspectshef
model. A typical Dutch dairy-industrial slaughtetise, with a capacity of 500 cattle per day, washihgs of
our model. The slaughter process that was modbblscdine stages: 1- lairage; 2- de-hiding; 3- evestion; 4-
splitting (producing half carcasses); 5- fat antireemoval; 6- trimming (for decontamination); 7-ashing (for
lower carcass temperature); 8- chilling; and 9-rtprang (producing quarters) (Figure 1). Carcase-fand
hindquarters (made in the quartering stage byresterse cut of the whole beef carcass), are camsidbe end
product of our model (2,000 quarters out of 50Glegier day). The contamination status of eachviddal
quarter is modelled. Monte Carlo simulation wasduse simulate the number of VTEC-contaminated beef-
carcass quarters at the end of the quartering gageay. The binomial process was the basic stticharocess
of the model (Vose, 2000). Quarters contaminated md bacteria (zero colony forming units) wereinksd as
negative and quarters with at least one CFU wefiaatbas positive. The number of infected cattleegng the
slaughter line was simulated based on distributibas described farm prevalence, animal prevalemckehide
prevalence. The contamination status of a quarieedch of the nine stages of the slaughter protsess
determined by two contamination routes and one mtacaination route. The corresponding probabilitiess the
probability of transferring VTEC onto the carcassrbeans of the main risk factor of that specifiagst (e.g.
probability of Gl rupture during the evisceratingenation), the probability of transferring the k@ from the
environment onto the carcass and the probabilitglitminating the bacteria from the carcass by mezna
decontamination method.

With a separate Monte Carlo simulation model thmiektion probabilities for the decontamination huls
were estimated using published data for antimialobifectiveness of the decontamination method&lfBé et
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al., 1997) and the initial number of bacteria oa sarface of the beef carcass (Nauta, 2001). Titial inumber
of bacteria (CFU) on each quarter was simulatedhbitiplying two distributions; i.e. the amount eéhsferred
manure in grams to the carcass (based on a betdution) and the concentration of VTEC in onergraf
manure (based on a cumulative distribution). A kditdribution to describe the carcass contaminatidth
manure was chosen after fitting the results of expstimates to a series of probability distribnfoNauta,
2001). The parametersand express the level of carcass contamination withure and its variability per
carcass. A cumulative distribution was used toudelthe uncertainty related to the concentratiodC in a
gram of manure, based on data reported by Zhaoo(ghal., 1995). For this simulation we assumed ¢agh
carcass has a total surface of 32,000 @ndl that each quarter receives equally one fairthe total faeces. The
expected number of CFU per quartérdfter an applied intervention equals the initimmber of CFU minus the
reported reduction due to a specific interventiimce the number of CFU on each quarter follow®iagon
distribution, the probability of having zero CFU anquarter was estimated based on the simula{@®,000
iterations were used) .

The estimated elimination probabilities were usedhe epidemiological model to estimate the reducin

prevalence by each decontamination method. Theubuatipthe epidemiological model is a distributiohtbe
number of VTEC-contaminated beef quarters, prodircee day, before and after applied decontanunati

|

De-hiding Fat/tail removing M@ Quartering
S1 S2 S3 S9
Hide-wash| | Trim Steam-vacuum Trim Hot-water wash Irradiatiol
Steamrvacuum Hot-water wash Lactic-acid rinse
Steam- vacuun Steam-pasteurizatiop

Figure 1. Schematic view of modelled slaughteresteand places of the considered decontaminationaust

A deterministic economic model was developed tcudate the costs of applying each decontaminatiethau

(or a combined set) per beef-carcass quarter. ®atsome of the required cost items were estimdiszligh

interviewing slaughterhouse experts including twalily control managers and one general manag8r(ofit

of 7) Dutch industrial slaughterhouses. Price dieotcosts such as investment costs for machinkaes been
derived from interviewing or corresponding with plypng companies, internet and personal commuruoati
In the economic model the basic situation befonelyipg a decontamination is compared with an altwe

situation (with decontamination). Costs of decontetions were categorized into two main groupsunemt

costs and non-recurrent costs. Recurrent costeadfrdamination are variable costs that occur fretipueNon-

recurrent costs are fixed costs that have to beeraathe beginning of the implementation of a dénmmation
method. The total costs of decontamination metteapsal the sum of the recurrent and non-recurrestiscdo
rank the decontamination methods (and their conchéegs) cost-effectiveness ratios were calculated.

3. RESULTS AND DISCUSSION

Table 1 presents the results of the epidemiologacel economical models along with the cost-effectéss
ratios of the seven decontamination methods ariddbmbined sets.

The estimated prevalence of daily contaminated -baafass quarters, without decontamination, wa$9%.1
(4.4% and 13.1%,"5and 9% percentiles) at the end of the quartering stagssuRs of the economic model
showed that costs of decontaminations may vary éetv€Q.22 for trimming up to €4.65 for gamma iraéioin
per quarter.
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Results of cost-effectiveness analysis showedttimat(T) and steam-pasteurization (S) of the cazeadave the
highest cost-effectiveness ratios (0.30 and 0.2paetively). Irradiation and combined set of HWL®w the

lowest cost-effectiveness ration indicating a higtluction in prevalence (9.14% reduction from thsdbine of

9.16%) as well as high level of costs (€4.65 an@&tespectively).

Table 1. Cost-effectiveness ratios for decontanonanethods and their combined sets

Achieved Additional

X

T Prevalence % reduction in cost Cost-effectiveness

X Decontamination methods (5" — 95" percentiles) prevalence (€/quarter) ratios ( P/ C)
P C CE

0 No intervention 9.16 (4.4 -13.1) 0.00 0.00 0.00

1 Trim (T) 2.41(1.1-3.6) 6.75 0.22 0.307

2  Steam-pasteurization (S) 1.66 (0.7 — 2.5) 7.50 0.30 0.250

3  Steam-vacuum (V) 2.41(1.1-3.6) 6.75 0.35 0.193

4  Lactic-acid rinse (L) 3.01(1.4-4.4) 6.15 0.36 0.171

5 TW 1.85(0.8-2.8) 7.31 0.44 0.166

6 WS 1.20(0.5-1.9) 7.96 0.53 0.150

7 Hot-water wash (W) 6.06 (2.8 —8.8) 3.10 0.22 0.141

8 VW 1.84 (0.8 -2.9) 7.32 0.57 0.128

9 TWS 0.32(0.1-0.6) 8.84 0.75 0.118

10 Ethanol-hide wash (H) 1.98 (0.9-3.1) 7.18 0.64 0.112

11 VWS 0.32(0.1-0.6) 8.84 0.87 0.102

12 TWLS 0.10(0.0-0.3) 9.06 1.11 0.082

13 VWLS 0.10(0.0-0.3) 9.06 1.23 0.074

14 HVWLS 0.02 (0.0-0.1) 9.14 1.88 0.049

15 Irradiation (Ir) 0.02 (0.0-0.1) 9.14 4.65 0.020

In Figure 2 the cost per quarter has been grapbethst the reduction in prevalence of contaminapedrter
using single decontamination methods (excludingdiation) and combined sets. By connecting the tpaim
this graph a least-cost frontier is shaped. Theistapoint to make this frontier is a point on tkexis (cost)
that corresponds with the cost of the cheapestrdaoonation (in this case trim (T)). Then we gorgahe
frontier on the effectiveness level of this cheapesthod until the next cheap decontamination nukthith a
higher effectiveness is found. The points locatedtlte frontier are considered as the cost-effectiet of
decontamination methods. For each decontaminatitode below the frontier there is at least one
decontamination method on the frontier which hagelocosts and higher effectiveness. As an exaniplars
pasteurization (S) and the combined set of WS kawer costs and higher effectiveness than ethaid@-Wvash
(H) and VW that are located below the frontier. fdfere each decontamination method below the feons
dominated by those on the frontier that have higiféectiveness and/or lower costs. Thus decontainima
methods W, V, L, H and VW are not in the cost-efer set and are not recommended for implementation
some cases decontamination methods located belvirdhtier have better cost-effectiveness rati@ntthe
decontamination methods located on the frontier tantheir right hand side. However, these decomation
methods are dominated by those located on theidroahd to the left hand side of them. For exangiéam-
vacuum (V) and lactic-acid rinse (L) are not on fitwatier but their cost-effectiveness ratios aighbr than WS
that is located on the frontier. Nevertheless bstham-vacuum and lactic-acid rinse have lower cost-
effectiveness ratios than trim (T) and steam-paizt&tion (S) and therefore they are not in the -edfective set.
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Figure 2. Prevalence of contaminated beef-carcaagars plotted against costs of 14 decontaminatiethods
and combined sets.

In general choosing the most cost-effective decuimation method or a combined set depends on two
important criteria: the minimum prevalence of conitaated quarters (minimum prevalence threshold) tha
decision makers want to reach to and, the maximost ger quarter that they are willing to spend &b that
reduction. If a decision maker aims for a certaiavplence reduction, a horizontal line (paralleixtaxis in
Figure 2) can be drawn indicating that decontarnamethods below the line are excluded from tke I
vertical line (parallel to y axis) is drawn wheretliecision maker aims at a certain value as theémuem costs,
indicating that the decontamination methods orrigite hand side of the frontier are not acceptable.

Results of this study showed that a reduction avalence of VTEC-contaminated beef-carcass quaie28so
can be achieved at low costs €0.20 to €0.50 peteyua reduction to 1% will cost at least €0.50€tb.00 per
quarter. And the highest achievable reduction ievalence to less than 1% by implementing a packdge
decontamination methods will cost between €1.0E2t00 or by implementing irradiation €4.65 per dear

4. CONCLUSSIONS

We showed that carcass trimming and carcass steatatpization have the best cost-effectivenesesrati
between other decontamination methods and the cmulsets. Therefore they are considered as theaosist
effective decontaminating methods to be applied iDutch beef slaughterhouse to reduce the prevalehc
E.coli O157:H7-contaminated beef-carcass quarters. Nwless, the highest effectiveness is achieved by
implementing a package of decontamination methodmmma irradiation that incurs a higher level afts.
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EVALUATION OF DIAGNOSTIC TESTS IN THE ABSENCE OF A PROPER GOLD
STANDARD OR REFERENCE TEST

Bas Engel

Quantitative Veterinary Epidemiology, division nfdctious Diseases, ASG Wageningen UR, Lelystad.

1. SUMMARY

When a reference or gold standard test is avaitabdstablish whether an animal is diseased orthetaccuracy
of other (imperfect) tests can be readily detershir@ommon measures for accuracy of a binary tegt (et
infectious or infectious, - or +) are the sensijiiprobability of a positive test result for altrypositive animal)
and specificity (probability of a negative testukgor a truly negative animal). Often however,neference test
is available, because no test with acceptable acgwexists or because a possible reference test isxpensive
for practical use in a large-scale experiment. Btaim a sample of truly positive animals, healthinals can be
infected. But accuracy, as determined under suakra@ted conditions, may be seriously biased. Foeaistic
impression of test accuracy, data have to be delliein the field. However, in the absence of arefee test, for
such field data, the true disease status of thaalsiinvolved is unknown.

When a new test is applied to a single herd, &t [@gparameters (a prevalence, sensitivity andifsgigg have
to be estimated, while there is only a single sidfit statistic (the number of animals in the santpht test
positive). Consequently, parameters are not idabté. By adding a second test and sampling from terds
with different prevalences, all 6 parameters (twevplences, two sensitivities and two specificjtiase
identifiable, as shown by Hui and Walt@igmetrics 1980). The model that is used is an example lafent
class model. Hui and Walter assume equal spegifmitd sensitivity for the two herds and independenc
between tests conditional upon the true diseagasstd the animals. However, tests may be dependent
instance when they are based on similar biologiciaciples. Without the assumption of independentigere
may be identifiability problems again.

Often there will be prior information available,rfinstance a bacterial examination of cultures grdvom
faeces or saliva will typically have a high speagtfi. When the information is not specific enoughassume that
some parameters are actually known, a Bayesiarysisaémploying prior distributions for the parammste
becomes appealing. Also, through the use of prfarination, problems with parameter identifiabilitgn be
mitigated. Moreover, powerful Markov Chain Monte rlda(MCMC) algorithms are available, to perform
Bayesian inference.

In the talk | will offer a brief introduction to pblems with diagnostic test evaluation in the abseuf a gold
standard. Some pros and cons of the Bayesian @&alith the latent class model will be discussed daspite
the cons | will end up with a firm recommendation fjudicious) use of this approach.
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ESTIMATED ECONOMIC LOSSES DUE TO NEOSPORA CANINUMINFECTION
IN DAIRY HERDS WITH AND WITHOUT A HISTORY OF NEOSPORA CANINUM
ASSOCIATED ABORTION EPIDEMICS

C.J.M. Bartels*, H. Hogeveen, G. Van Schaik, W. Woda and Th. Dijkstra

Animal Health Service Ltd, P.O. Box 9, 7400 AA Déxe

1. SUMMARY

In this study, direct economic losses dueNtocaninuminfection, based on actual data frdwn caninum
seropositive reference herds and from herds thagreenced amN. caninum-associated abortion epidemieere
calculated using a stochastic model with randormetds. The results demonstrated that 76% of seitofgos
reference herds had no economic losses, wherehs iemaining 24% of herds, the economic losses wemo
maximally €2000 per year. In epidemic abortion herds, econdosises continued after the actual event of the
abortion epidemic for at least two more years witlerage costs d50 per animal per 2 years. In both herd
situations, highest losses were related to prematulling of seropositive cows and to a lesser réxte the
effects of abortion (extended calving interval aigg of first calving).

2. INTRODUCTION

Infection withNeospora caninuns a major cause of reproductive failure in caittlenany countries (Dubey,
2003), causing potentially considerable economgséds (Chi et al.,, 2002; Hogeveen and Van der Heijde
2003). In addition to abortion, effects of bovireosporosis may include stillbirths and neonataltatity, early
foetal death and resorption manifested as retureetwice, increased time to conception, increaseiing,
reduced milk production and reduced value of bmgditock (Trees et al., 1999). There have beenestud
investigating the effect dfl. caninumserostatus on culling (Thurmond and Hietala, 19@&mer et al., 2002;
Tiwari et al., 2005), milk production (Thurmond &, 1997; Hernandez et al., 2001; Hobson et @022
Romero et al., 2005) and reproductive performadeaden et al., 1999; Lépez-Gatius et al., 2005;dRoret al.,
2005) in dairy cattle. The results of these studleswed that the effect &f. caninuminfection is not the same
in different situations.

In various countries, amongst which The Ne#ad$, control strategies are being promoted (Dakst al.,
2005). To our knowledge, these control strategiesnat supported by some form of cost-benefit datans.
However, two studies have estimated the produdtisses due td. caninum(Chi et al., 2002; Hogeveen and
Van der Heijden, 2003). These studies were basexharormative model for both the epidemiologic&ets of
N. caninumand the economic consequences of these effectsefbne, the objective of the present study was to
determine the direct economic lossedNofcaninuminfection related to culling, reproduction perf@nte and
milk production based on actual data from randbim caninum seropositive herds and from herds that
experienced an abortion epidemic associated Mittaninum

3. MATERIALS AND METHODS
3.1 Selection of herds and testing of animals

From a group of 108 randomly selected Dutchydaerds of a previous study (Bartels et al., 200&H N.
caninumseropositive herds (N=83) were included in thespné¢ study as the “reference group”. No specific
information onN. caninumabortion occurrence was available. Another group7odairy herds was included in
the study as “epidemic abortion group”. Ownersheafse herds had contacted the Animal Health Se(}EES)
between April 1997 and November 2000 because afeeqic abortion outbreaks (Wouda et al., 199%e first
contact was between one month and one year aétearttabortion epidemic. Infection statusKbrcaninumwas
determined by detection ®f. caninumantibodies using an AHS in-house ELISA-method (déet al., 1998,
Von Blumrdder et al., 2004). The results of the E#Atmethod were calculated as S/P ratio = {(optaahsity
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(OD) test sample - OD negative control)/(OD positaontrol - OD negative control)}. A cut-off S/Pticaof <
0.5 was defined as negative (N), a S/P ratio ofl055as low positive (LP), and a S/P ratio > 1.higé positive
(HP).

3.2 Economic simulation model

A multi-process Monte Carlo stochastic simalatmodel was developed to estimate the economgesosf
N. caninuminfection andN. caninumassociated abortions. The model was built in @agsheet (Microsoft
Excel) with @Risk add-in software (Palisade Cortiora Newfield NY, USA). The basic process in thedsl
is the animal (cow or pregnant heifer) For evepgydtion, each animal receives a number of chaiatitsr
(parity and with parity one or higer, milk prodwsti and calving interval) and . caninuminfection status
(Figure 1). Depending on thé. caninumstatus, abortion might occur. Culling dueNocaninurmmight occur as
a consequence of abortion or unrelated to aborfitke. following direct economic losses were distispad:
premature culling, increased calving interval mimals with a parity of one or higher), increaseg at first
calving (for pregnant heifers), additional insentiolas, milk production losses and veterinary anaigdostic
costs. Economic losses were calculated over a eaeqeriod and three different herd infection stesuwere
distinguished: reference herds, herds in the fiestr following an abortion epidemic and herds iae second
year following an abortion epidemic. Probabilitefsevents and consequences of events were depenmaéhé
herd infection status. Within each iteration mudiprocesses (animals) were run simultaneouslyniollate a
herd. Results of these individual processes wemutated to determine the economic losses at thet lbeel.

Model input on cow characteristics and events

Based on data from the Dutch Dairy Cattle Improent Organisation (NRS, Arnhem, The Netherlarttis),
milk production (kg per lactation) of a cow was &h®n a normal distribution with an average of 8,k0 (sd
700 kg). The calving interval of a cow was base@dtert distribution with a minimum, most likelydan
maximum value of 365, 400 and 450 days respectiBdged on the parity prevalence in the study hexaisty
of a cow had the following distribution: parity prégnant heifer): 18%; parity 1. 25%, parity 2: 1§%%rity 3:
14%, parity 4: 10%, parity 5: 6% and parityp: 9%.

Table 1. Probabilities (in percentages) of cow abtaristics and events for different herd infecttatus
(seropositive reference herds, herds 1 year aiftabartion epidemic and herds 2 years after artiabor
epidemic) and animals with a different serostaNis (hegative, LP = Low Positive and HP = High Fusix,
used as input data for the modelling of econonssés due tdl. caninumin Dutch dairy herds.

Input data Category Serostatus Herd infection statu
Reference Epidemic Epidemic
abortion £ abortion 2°
year year
Within herd prevalence N 89.2 53.0 65.6
LP 6.2 14.0 8.7
HP 4.6 33.0 25.7
Culling Heifer N 4.1 17.0 25.0
LP 4.1* 25.1 27.7
HP 4.1* 37.5 51.5
Cow N 24.0 5.1 12.8
LP 24.0* 8.8 21.2
HP 36.6 11.7 20.6
Abortion rate Heifer N 7.6 13.6 10.1
LP + HP** 7.6* 26.9 16.0
Cow N 6.6 6.5 5.6
LP + HP** 6.6* 14.2 9.1

* Probabilities for LP or HP were not statisticadlifferent from Negative cows.
** Probabilities for LP and HP were not statistigadifferent from one another.

Events were modelled as discrete distributiand were based upon a previous study on the eftédis

caninumserostatus on culling, milk production and repwitiun performance (Bartels et al., submitted). The
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prevalence of infection in reference herds (10.8%4% much lower than in epidemic abortion herdsQ%v7and
34.4% in the T and 2 year after abortion epidemic respectively). Irerefice herds, the proportion of HP cows
was 40% of the seropositive cows, where as in epie@bortion herds, HP cows consisted up to 75% of
seropositive cows. In that study, significant effeaf LP and HP animals compared to N animals viered for
culling (all herd types), milk production (epidengibortion herds in the®lyear after an abortion epidemic) and
abortion (epidemic abortion herd types only). Theas of N. caninumhave been quantified by relative
measures such as hazard ratios for culling and idids for abortion. However, the economic simolaimodel
made use of probabilities of events occurring, gitlee cow status N, LP or HP. Using the model ottfhe
simulation model probabilities have been calculasdollows. In reference herds, the culling détad a Cox
Proportional Hazards model best. The base linertapa culling (the probability of a N cow beinglad on a
particular day, given that it had not been cullpdaithat day) was multiplied by 365 to calculdte tumulative
hazard for culling over a one-year period. Subsetiyiéor HP cows, it was multiplied by the hazaddio (1.6)
found for HP cows. The hazard ratio for LP cows wassignificant. In epidemic abortion herds, agpaetric
survival model with Weibull distribution and accedted failure time fitted the data best. The cutivgehazards

in the first and second year after the abortiordemic were estimated by visual inspection of thedative
hazard graph based on the model estimates (‘cunatitez’ ‘streg’, STATA/SE 8.2). For abortion, thesbdine
abortion rate for N cows was calculated using thestant, (), from the logistic regression model as:

Prob ( abortion | N cow) = 1 Eq. 1
{ 0O jXj |*serostatus

1 €

where JXJ accounted for the estimated effect of parity pratiuction level and J * gerostatu

accounted for the effect of serostatus. For LPHRAdtows, the estimated parameters for abortiorPimhd HP
cows were added to Eq. 1 to calculate abortioninaté and HP cows respectively.

Model input on economic consequencel.afaninum

Economical losses due kb caninumcaused by premature culling were estimated usiogl@ulation of the
retention pay-off. The retention pay-off is thefeiience in expected net revenue (in terms of ptesdoe) of
the culled cow and a replacing heifer, correctedtf® costs to buy or raise this replacing heifar.the
simulation model, different retention pay-off vadueere used based upon the production level anty pdrthe
cow culled (Houben et al, 1994, updated for thecBubharket situation in 2004). Maximum retention {odfy
was€1,332 for a cow in parity 3 with a relative prodoaotlevel of 120 % and the minimum retention paf-of
was -€9 for a cow with a relative production level of 8and a parity of 3 or higher. The costs for cgllof a
pregnant heifer were estimated to€1e000 (normative; based upon the costs to raissfarh If a cow aborted
and was not culled afterwards, abortion would teisul longer calving interval. This extension bétcalving
interval was estimated based on the simulated i@bodate plus the number of days to a next simdlate
conception plus the duration of a full pregnancgsits of Jalvingh and Dijkhuizen (1997, updatedDatch
market circumstances) were used to calculate tbaoggic consequences of a non-optimal calving imterv
Depending on the length of the calving intervag tosts of an extended calving interval varied fi&h80 to
€1.15 per day. The economic losses dul.toaninumabortion were calculated by subtracting the dantudglee
initial calving interval from the damage of the exdled calving interval. For pregnant heifers, alamapproach
was followed, except that the time from abortionnw conception was taken as a constant. The edonom
damage of an increased calving age of the heifersgaas a normative value€if.50 per day. The number of
additional inseminations could be one, two or th{eéscrete distribution). The cost of one additiona
insemination was set €18.

An effect on milk production was only found ifPHows in the Lyear after an abortion epidemic (Bartels et
al., submitted). Although the effect was signifitahe production loss in terms of kg milk per caas not high
(-0.32 (95%CI: 0.01-0.63) kg milk/day for the fir$00 days in milk) (data not presented) and rounafédo
amount 1% decrease in production. The economice$osssociated with decreased milk production, were
calculated by multiplying the milk production losseith the costs of a decreased milk productiore TEtter
costs €0.07 per kg) were based upon the marginal costaaihg more cows in order to fill the milk quota. |
was assumed that there were no opportunity costdfditional labour and barn requirements andttiafarmer
had enough roughage available.
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Table 2. Description of input variables used inttiedelling of the economic losses dué\tocaninumin Dutch

dairy herds.
Variable Distribution Values Reference
Costs for replacement of a culled cay ( constant Retention pay-off Houben et al., 192des
updated for 2004.
Costs for replacement of a heifé€) ( constant 1000 Expert opinion
Day of abortion during gestation pert 128 Bartels et al., submitted
(min 128-max 260)
Number of extra inseminations after discrete Prob(1ins) =0.1 Expert opinion
abortion (cow and heifer) Prob(2 ins) = 0.8
Prob (3ins) = 0.1
Days to new conception after abortion pert 71 Expert opinion
(cow) (min 3-max 105)
Days to new conception after abortion constant 50 Expert opinion
(heifer)
Costs for extra days to next calvirf) ( constant Optimized calving Jalvingh and Dijkhuizen,
pattern 1997, values updated for
2004

Costs for extra day tc®kalving €) constant 1.50 Expert opinion
Costs for additional inseminatiof)( constant 18 Expert opinion
Costs of decreased milk productidikg) constant Milk prod. loss * Marginal costs to have

costs of decreased more cows on the farm

milk production
Costs of vet consult constant 100 Royal Dutch Society for
(€per hour) Veterinary Medicine
Costs of laboratory investigations constant Animal Health Service
€ for serology, 10 Ltd.
€ for post mortem 75

The costs for treatment, veterinary consult dadoratory investigation were based on a number of
assumptions. As part of the monitoring of brucéfidsee status, Dutch farmers are obliged to téstrting
animals serologically for brucellosis. Expenses tfo veterinary visit and sampling of the cow arariced
through a nationwide monitoring system. HoweveremwBB or more cows aborted, it was assumed thasmenal
wanted to have additional advice from the veteramar(15 minutes a€100 per hour) on treatment and
prevention with a likely outcome that more animaksre tested and an aborted foetus was submittegddsir
mortem investigation.

3.3 Simulation and sensitivity analysis

Each simulation was run with 5,000 iteratiorithvd5 simultaneous processes (simulating a herel si 65
animals). In a sensitivity analysis, baseline outpsulting from default values was compared t@oubased on
alternative values. For the sensitivity analysisaran in the ¥ year after an abortion epidemic was used. The
reason for this choice was that in this situatiomst effects ofN. caninumserostatus were present and this
would provide the largest discriminating effecttioé changed parameter. The following parameters waried
such that it was relevant for the Dutch situatioerd size (from 45 to 150 cows); probability of elmm in HP
cows (increasing from 10 to 50% compared to LP ¢pwssts of culling a cow (from 50% to 150 % of the
default costs) or a heifer (from 75 to 125% of dedault costs); value of decreased milk productfoom 170 to
210% of the default costs).

4. RESULTS

Reference herds with 65 cows had on averagerapssitive animals (90% CI: 3-11). The mean ecaoom
losses ofN. caninuminfection in seropositive dairy herds weB®17 per year, as an effect of premature culling
of HP cows. However, no economic losses were ptase@6% of dairy herds whereas in 5% of situatities
costs were€1000 or higher. These costs were applied whenuhedcanimal was a heifer and all costs made to
raise the heifer were lost (results not presented)he situation of an epidemic abortion herd, thenber of
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seropositive animals was on average 31 (90%CI: 24u38 the first year after an abortion epidemic. avie
economic losses in the first year w€053 (90%CI€454 -€4,174) (Table 3). The highest costs were related
to premature culling ofl. caninumseropositive animal<€{,485 (90%CI€863 —€3,317)) and extended calving
interval or increased age at first calving (comdig376 (90%CI:€0 - €1,175)). The economic losses for
reduced milk production were considerably less @05 (90%CI:€70 - €140) while costs for treatment and
diagnostics €49 (90%CI:€0 —€235) and extra inseminations for aborted co@&8((90%CI:€0 - €105)) were
minor. In the second year after an abortion ydser,rhean number of seropositive animals in a he@bafows
was 22 (95%Cl: 16-28). There was no longer an effiebl. caninuminfection on milk production and effects on
culling and abortion were less than in the firsaryafter an abortion epidemic. Consequently, ecandosses
were€1,216 (90%CI€0 —€2,924) primarily based on costs due to prematutinguof seropositive animals.
Thus, in addition to the costs at the time of anrabn epidemic, the mean sum of economic lossesvin
consecutive years after an abortion epidemic aneautd €3,269 or€50 per animal in the herd. Premature
culling of seropositive animals accounted for 78Pthese costs, while the extended calving intearal age at
1% calving accounted for 16% of these costs. Reduuiéidproduction (3%), treatment and diagnostics J2d
extra inseminations (2%) contributed only littlethe total costs.

Table 3. Economic losse$)(due toN. caninuminfection in Dutch epidemic abortion herds intfiasnd second
year after an abortion epidemic.

1st year after abortion epidemic 2nd year aftergon epidemic
5th Mean 95th 5th Mean 95th
percentile percentile percentile percentile
Total 454 2,053 4,174 0 1,216 2,924
Premature culling 86 1,485 3,317 0 1,058 2,618
Extended calving 0 161 512 0 72 335
interval
Extended age af'l 0 215 663 0 63 334
calving
Extra 0 38 105 0 16 60
inseminations
Reduced milk 0 104 140 0 0 0
production
Treatment and 0 50 235 0 7 87
diagnoses

4.1Sensitivity analysis

As a default, the herd consisted of 65 animaleen reducing or increasing the number of cowshged,
there was no effect on the average cost per anirhal.95% percentile costs reduced with increasingber of
cattle in a herd (Table 4).

Table 4. Effects of changing base line input valiegstimated economic losses duiecaninuminfection in
Dutch dairy herds in the first year after experieg@an abortion epidemic.

Variation Effect on Effect on
mean 95 percentile
Number of cows compared to 65 45 3% +11%
105 No effect -18%
Costs for culling compared to +50% +18% +13%
default
Value of culled heifer +25% +10% +13%
(compared t€1000)
Increasing abortion risk for HP +10% +1% +2%
compared to LP cows +20% +4% +4%
+50% +14% +10%
Costs for reduced milk +70% +4% +2%
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production compared to +115% +6% +3%
€0.07/kg milk

The greatest effects on economic losses were fadneoh different assumptions on prices for animads tad to
be culled prematurely and replacement costs fdacep heifers were considered. When the aboriiglin HP
animals was increased compared to LP animals therdonomic losses increased maximally 14% in o&se
50% increased abortion risk in HP animals. Theotféé changing prices for reduced milk productioasvemall
because milk production loss was a minor proporntibtine total losses.

5. DISCUSSION

The objective of this study was to calculatersmnic losses due td. caninuminfection in dairy herds with
and without a history oN. caninumassociated epidemic abortions. The results demadedtthat for 76% of
seropositive reference herds, there were no ecantmsées due tbl. caninuminfection. In the remaining 24%
of herds, the economic losses ran up to maxim@@00 in the exceptional situation that two seroipgesi
heifers were culled prematurely. For epidemic dborherds, the economic losses continued afteratiteal
event of the abortion epidemic for at least two engears. These costs were on averg® per animal per 2
years and were in addition to the losses duringathertion epidemic (premature culling, prolongedvica
interval and age of®icalving, milk production losses, treatment andyd@sis).

The economic losses were calculated usinga@hastic model. This kind of model provides the pabty to
account for naturally existing variation. In additito a mean outcome value, stochastic modelliryiges
information about the variation around a mean vdigkhuizen and Morris, 1997). The input data tbe
stochastic model were taken from a study on tlecebfN. caninuminfection in Dutch dairy herds (Bartels et
al., submitted). In this study the effect Mf caninuminfection on culling, reproductive performance anidk
production was quantified based on actual data ftoese herds. There was no effect foundNofcaninum
serostatus on abortion, contrary to the fact bhataninuminfection is primarily an abortifacient agent.was
argued that abortion events were underestimatedusecthese events were defined by recorded cahridg
insemination dates and not by notification of egpm of a calf foetus. Most likely this underesttroa was
‘compensated’ by the fact that HP cows were culeaitly after an abortion.

Two other studies (Chi et al., 2002; Hogeveen aad Wer Heijden, 2003) have looked into the economic
losses due tdl. caninunmbased on previous studies and expert opinione€Cal. estimated the direct production
losses (premature voluntary culling, loss of millelg from abortion and abortion) and treatment €ost
(veterinary services, medication cost and extranféabour cost) ofN. caninuminfection in the Maritime
provinces of Canada &2,304 €1,921) annually. They used a partial budget modapted from a spreadsheet
suggested by Bennett (1999). Highest costs weitsd with abortion and included an assumed 28% in
milk yield for each aborting cow (Bennett et aB99). Hogeveen and Van der Heijden (2003) had aestidithe
average annual costs€#49 with a maximum o0€5,604 for a herd with 50 lactating cows. Their rsties were
based on cataloguing the economic effects of neosfgoon partial budgeting while the physiologieffects of
infection were based on literature informationctimparison with the results from our study, Hogevaed Van
der Heijden (2003) used 3.5% milk loss in a seritipescow, a higher percentage of premature culkfigr
abortion and a normative value (180 days) for tktereded calving interval after abortion. In thegmet study,
using actual data as input for a stochastic modealifferent herd situations, estimated economisdssdue tiN.
caninuminfection were much smaller for the herd situatibat was most prevalent (i.e. seropositive heitth wi
no history of an abortion epidemic).

The results of this study can be used as gatomst benefit analysis on the controlNofcaninuminfection.
Currently, control ofN. caninuminfection is focussing on separation of dogs froattle, testing of aborting
cows and trying to keep the within-herd seropravegdow (Dijkstra et al., 2005). For the latter tohmeasure,
bulk milk testing has been evaluated (Bartels et28I05). In their study, Bartels et al. (2005) destrated that
a negative bulk milk test result, for 85% correqgihedicted a within-herd seroprevalence below 1B#gular
testing of bulk milk might prove an useful monitwgitool, combining sampling ease with low coststémsting.
A further study is needed to determine if the céstsegular bulk milk testing outweigh the potehttconomic
losses in dairy herds. For herds experiencing amtiain epidemic, the results of the present stuisg detter
insight of the extent of direct costs following thdortion epidemic. For these farmers, knowledgehef
potential economic losses will allow them to malettér choices amongst various control options tluce the
effects of high seroprevalence in herds after amtain epidemic (Dijkstra et al., 2005).
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FOOT AND MOUTH DISEASE VIRUS TRANSMISSION
IN CALVES AND COWS;
SAME STRAIN, SAME SPECIES, STILL DIFFERENT?
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1. INTRODUCTION

Foot and mouth disease (FMD) is a contagious visgase of cloven-hoofed animals, which can caesers
economic losses to the farm animal industries.hfg moment the European Union has a FMD virus-§teeus
and applies a non-prophylactic vaccination strat@gying an epidemic, emergency vaccination caaydied
to induce rapid protective herd immunity leadingréaluction of virus transmission. Whether or ndiiregle
vaccination induces sufficient herd immunity, ig fidly known.

So far many studies have been carried out to ex@amaccine-induced clinical protection against FMD
various species (Barnett et al., 2002, Cox etX899, Donaldson & Kitching, 1989). Limited studiage,
however performed on the ability of emergency viaation to reduce virus transmission (Golde et2005).
We performed few studies with the O/NET 2001 FMD#Id strain. The first study was carried out invesl.
Based on the observations during the outbreak t ikaly that the results obtained in the calveshis study
could not be extrapolated to adult cows, becaugaenfmore severe clinical signs reported in adaitydcows.
Severe clinical signs will most likely attribute kigher infectivity of the infected animal (Quanadt, 2004),
resulting in more virus transmission (Alexanderseal., 2003). Moreover, the addition of transnuegdy milk
and milk equipment might also increase FMDV trarssioin in lactating cows by introducing an extra
transmission route (Donaldson, 1997). Thereforeemmanded our studies on the effect of a singleimation
on virus transmission in free-mingling vaccinated aon-vaccinated calves to lactating cows. In plaiper we
will focus on the differences found between calaed cows.

2. MATERIALS AND METHODS
2.1 Animals
We performed two experiments with 24 Holstein Raesalves per experiment (12 groups of 4 calaehk 8-
10 weeks of age (Orsel et al. 2005). We performeml dther experiments with 20 adult cows (4 groupd®
cows) (Orsel et al. 2006 submitted). The cows weutiparous and lactating for a minimum of 50 10 days.

2.2 Vaccine and challenge virus

The vaccine was a commercially available Manisa vaccine with approximately 11 B@Animal Sciences
Group of Wageningen UR, Lelystad) prepared in abtisoil-in-water emulsion (DOE). Virus inoculatiavas

carried out using 1500 cattle ID50 of the firsttieapassage of the FMD field isolate O/NET 2001 yBa et al.,
2004).

2.3 Experimental design

In each experiment, half of the groups were vatetmhaubcutaneously according to the manufactuesslatd,
two weeks before inoculation (-14 dpi). The othesups remained unvaccinated. At the day of inooutafO

dpi), 50% of the animals in each group (that isu af 4 calves and 5 out of 10 cows) were separatedated
with xylazine and subsequently inoculated intratasaith 1.5 ml of FMD virus suspension per nosti@?4

Hours after inoculation (1 dpi), the animals wesanited, to be able to study the effect of conteqtosure on
the other half of the group. The experiment ende8Dalpi, which was assumed to be a sufficient thpen for a
possible contact-infection and rise of antibodgrtihgainst structural and non-structural proteinedcur. We
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also determined the number of carriers, i.e. arinmalwhich virus can be detected for at least 2@sdster
infection.

2.4 Sampling procedures

Regular sampling was performed during the firstdb4s and described in detail in Orsel et al (Oetedl.,
2005). Clinical signs were recorded from 0 till dgi, and also when physical condition made furttigrical
investigation of their health status necessary. F8fecific locations were individually scored foepence of
vesicles. Heparinised blood (for virus titratiomdaclotted blood (for serology) was taken. Orophgsal fluid
(OPF) was collected by inserting a cotton mouthtsimea forceps of 25 cm long and rubbing the s@rfaicthe
oropharyngeal cavity. Probang sample were collettgdscraping the oropharynx with a probang sampler.
Samples were treated an stored as described byévcetral (Moonen et al., 2004).

2.5 Laboratory tests

All OPF, probang and heparinised blood samples wested for the presence of virus by plaque tdratn
monolayer of secondary lamb kidney cells. An FMafic RT-PCR was performed on isolated RNA from
OPF, heparinised blood and probang samples. Theepsi and probes used are described by Moonen et al
(Moonen et al., 2003). Virus neutralization testNftést) was performed as described by Dekker ekkBre&
Terpstra, 1996) using :CManisa virus and secondary porcine kidney cellstibddies against FMDV non-
structural proteins were detected using a comnlelSaELISA (Ceditest ®) performed in accordancehwtie
instructions of the manufacturer to discriminatéazen infection and vaccination (Cedidiagnostiazesisen et

al., 1998).

2.6 Quantification of transmission and statistioathods

We used a stochastic S-I-R model (susceptible-iivies-recovered model) as described by de Jong and
Kimman (De Jong & Kimman, 1994) in which S is thaat number of susceptible, | the total nhumber of
infectious and R the total number or recovered afsnin the model we classified the animals ascief (1),
when either clinical signs were present or whearae tested positive in the laboratory tests. diienals were
classified recovered at the end of the experimftat being infectious at the start. Carrier cattlere considered
recovered, because other studies have shown #émenission from carrier cattle is not very likebngpared to
transmission from acutely infected cattle. The expental period was sufficient for all infected contact
animals to recover from infections; therefore itswaalid to use the final size of the experimentatculate the
reproduction ratio R. The value for R that maximsitke likelihood function is called the maximumelikood
estimate (MLE) of R. With the final size of infemti and by means of the MLE, R was estimate for the
vaccinated groups (Rand non-vaccinated groups,(R We tested one-sided whethey\Ras below 1 and R
above 1 to quantify the effect of vaccination. Tampare the strategy with and without vaccinatiome, also
tested if R, and R were significantly different (Bouma et al., 200Qroese & de Jong, 2001). Finally
transmission results in calves and cows were coadpar

In addition, the mean daily virus excretion (averagrus titer calculated from the days the anintakted
positive in the VT-test) and number of days thevais tested positive in VT-test in OPF were comgdog a
Mann Whitney U-test. With a Mixed linear Effect MeldS-Plus 6.2) random effects associated with et
units (animal and group) were modelled to analyeedffect of days after infection, age-group (cal€ow) and
status (inoculated or contact-infected) on thesviiters isolated form the OPF.

3. RESULTS

No clinical signs were observed in the vaccinataeimals. In the non-vaccinated groups differencesewe
observed between calves and cows. Besides thetgenfethe clinical signs and the number of specifications
affected by FMDV, were higher in the adult cowsyr&i of adult cows were raise in body temperatarek bf
appetite and recumbency. The calves were only ynidffiected and scored positive on close inspeatiothe
specific FMD sites (figure 1).
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Figure 1: Clinical score in non-vaccinated cattle
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The laboratory test results for the individual eslwvere published (Orsel et al., 2005) and foritkiévidual
dairy cows submitted for publication (Orsel et 2D06). The final size of infection is summarizadable 1 and
2.

Table 1: Final size of infection in the S-I-R modefor calves

Groups N ) lo S R; I Xi f

Control 4 2 2 0 4 0 2 4
Control 4 2 2 1 3 0 1 2
Vaccine 4 3 1 3 1 0 0 1
Vaccine 4 2 2 2 2 0 0 4
Vaccine 4 2 2 1 3 0 1 1

Table 2: Final size of infection in the S-I-R modefor lactating cows

Groups N ) lo S R; Iy Xi f
Control 10 5 5 0 10 0 5 2
Vaccine 10 7 3 7 3 0 0 1
N = total number of animals in group SO = total numbeusteptible animals at start

10 = total number of infectious animals at start St = total rermbsusceptible animals at end

It = total number of infectious animals at end Rt = total nurobeecovered animals at end

f = number of repetitions % number of contact infections

The transmission ratio Raveswas 0.18 (0.01;1.2) and significantly below 1. e tgroups of non-vaccinated
calves, transmission occurred in all groups. Thasulted in a R.cawves Of 2.52 (1.13;52.1), which was
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significantly above 1 (p=0.01), when tested onedidlrhe R-values of both groups were significadifferent
(p=0.003).

In the vaccinated cows only three inoculated cosstedd positive and no transmission occurred. Ingyoep
non infections occurred and this group was excludaeh the calculations. This resulted in an estedaR,.cows
of 0 (0.0;3.4) and not significantly below 1 (p20), due to the fact that not all inoculated covesadme
infected, resulting in a low power of the test.the non-vaccinated groups.Rowswas estimated (1.3; ),

which was significantly above 1 (p=0.007). When paning the groups of cows with and without vacdorat
significant difference between,R.sand Ry.cowsWas observed (p=0.013).

The reproduction ratio of non-vaccinated calves aoth-vaccinated cows was compared. No significant
difference was found (p=0.57), probably due todtiference in study design (2x2 compared to 5x8aduse of
available housing facilities for adult milking coweey had to be housed in larger groups.

When comparing the number of days the cows andesadlvat tested positive for virus in OPF, a sigatfit
difference was observed between the groups of iatexinon-vaccinated animals and the contact-expbosa—
vaccinated animals (p=0.022, p=0.00, respectivélgan daily virus excretion differed significanthetween
both non-vaccinated inoculated and contact-expoabgs and cows. MDV and number of days testedipesi
are visualised in figure 2-5. In figure 2 — 5 th@ves and cows are sorted on the height of the MBigure 2
and 3 show that the mean virus titre on the dattteaaxcrete virus is similar, although the numbeexcreting
calves is lower in contact-exposed calves. Figuamd 5 show the comparison between MDV in inoedland
contact cattle respectively, and it is clear thesitbes the number of days, the amount of virusetedrby the
calves is lower. The vaccinated groups were naédesince no virus excretion was measured in ticeinated
cows.

Table 3: P-values obtained when comparing the tesfilnon-vaccinated calves and cows with respeatéan
daily virus excretion (MDV) and the number of ddlge cattle were found positive.

MDV- # days
excretion tested
positive
Calves versus cows Inoculated 0.049 0.022
Calves versus cows Contact-exposed 0.004 0.00
Calves Inoculated versus contact 0.267 0.006
Cows Inoculated versus contact-exposed 0.384 0.728

In the linear mixed effect models in which we tdbk experimental unit into account, ‘days afteeatfon’, and
‘type of animals’ was modelled to be of significaffect on the virus titers measured. In accordamitie the
MWU-tests, significant differences were seen betwesves and cows with respect to virus excretitmwever
no significant differences were observed betweetutated and contact-infected status of cattle-fjprmary
results).
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Figure 2: Mean daily virus excretion in OPF of natcinated calves
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Figure 3: Mean daily virus excretion in OPF of natcinated dairy cows
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Figure 4: Mean daily virus excretion of inoculatzdtle
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Figure 5: Mean daily virus excretion of contact-esed cattle
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4. DISCUSSION

In the first study, we investigated whether singéecination against FMDV could significantly redugieus
transmission in groups of calves compared to trésson in groups of non-vaccinated calves and wdreth
vaccination could reduce R to a value below one @terall reproduction ratio in the vaccinated gowas
0.18, which was significantly below 1, and alsonsfigantly different from the R in non-vaccinatedogps
(2.52). Our findings implicate that single vaccioatin a population of calves can reduce transmissind that
it might be sufficient to eradicate the virus dgrian epidemic of FMD. It may therefore be an effect
additional intervention tool during an epidemic.

In the second study with adult cattle, a significdifference in virus transmission in vaccinated aron-
vaccinated groups of lactating cows was obserWiedtriated by a point estimate ofRowsOf (1.3; ) and R.
cows Of 0 (0.0;3.4). The estimate in the vaccinatedugsowas not significantly below 1, probably dughe low
power of the statistical test, since a successfaktion only occurred in three out of ten inocethvvaccinated
cows. Although not significantly below 1 after vaetion, vaccination can still be an additive intmtion tool
during an epidemic. The reproduction ratio in nagsinated calves and non-vaccinated cows did riterdi
significantly. Significant differences in mean gawirus excretion and the number of days animatdete
positive on virus in OPF samples was observed lmtvealves and cows. This might also have impadhen
length of the epidemic, since cows excrete virusafeignificant longer period of time. From the LModels it
was shown that the “day after infection” and thgp& of animal” has s significant impact on the wititers
measured in OPF.

In our studies differences were observed in sevefitclinical signs between cows and calves. Cosveained
recumbent and this resulted in three cows thatettéml be euthanised before the end of the expetjweiereas
calves only showed mild clinical signs. No evidenténverse age resistance for FMDV is describedaittle in
literature before. Age difference was only suggkdtditerature in the observations of the 19678 86tbreaks
of FMDV in pigs in the UK (Hugh-Jones, 1976). Straind species dependencies are described in literat
(Kitching, 2002, Kitching & Alexandersen, 2002, &iing & Hughes, 2002), but we also found differenae
virus excretion in OPF.

Since severe clinical signs will most likely attrib to higher infectivity of the infected animdiis may result in
higher virus transmission. Although the quantificatof R did not result in significantly different@lues, the
virus excretion is significantly different in calveand cows will most likely contribute to higherrus
transmission. Besides differences in clinical signd MDV, milk is also known as a contributing sarission
route. Not only within herd transmission throughkinig gear, but also between herd transmissionutginamnilk
tanker collections are associated with FMDV trarssioin (Dawson, 1970). So additional hygiene measiare
dairy cattle might be necessary during an outbreak.

In conclusion within one species, that is cattiéerences in FMD infection and transmission webserved.

The impact on the epidemic size might differ wiffeated age-groups and whether or not an animakcisting.
When applying emergency vaccination this mightuefice the priority of animals needed to be vacethat
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1. INTRODUCTION

Hepatitis E virus, the causative agent for Hepafitj was deemed to occur only in developing coesitror in
industrialized countries due to travel-related imdoom developing countries. This dogma has besfuted
today and hepatitis E may be acquired locally inst&en countries, although the source(s) is (aré&nonn.
Zoonotic transmission is considered a possibilitith pigs as prime suspect due to phylogeneticadlgted
human and porcine strains of the virus. The visugdansmitted faecal-orally, and hence direct cantdth pigs
may be regarded a risk factor for hepatitis E.His scope, sera from Dutch veterinarians, dividedwine
veterinarians and non-swine veterinarians, andgémeeral Dutch population were examined to estintlage
seroprevalence of anti-HEV antibodies. As always tack of a gold standard hampers straightforward
correction for the estimated proportion of miscified samples. To account for this, we combinediltesfrom
multiple assays and accounted for misclassificatibmdividuals through quantification of the sdidiy and
specificity of all the assays using Bayesian infiees as described by Engelal. (submitted).

2. MATERIAL AND METHODS

2.1 Data from veterinarians

Sera were obtained from a study to examine thetyalnif bovine Norovirus strains to infect humansTihe
Netherlands (Widdowson et al., 2005). A total oD Zkmples from veterinarians were collected and: ineat
(1:3) by gender, age and province to 630 controias from the general population. The samples besh
stored at -7%C. In addition to the blood samples, informatioanfr the veterinarians was obtained through a
questionnaire. Based on the reported relative thmeking with finishing and/or farrowing pigs (0% one of
the quartiles) the participants were divided insavihe-veterinarians” (>50% of their time (medianqufartile)
working with pigs; n=49) and “non-swine veterinasa (others; n=157).

2.2 Diagnostic assays

An enzyme linked immunosorbent assays (ELISA) aidigG and IgM (Genelabs Diagnostics, Singapore), a
western blot assay against IgG and IgM (Mikrogerartihsried, Germany), and an ELISA detecting 1gG

antibodies only (Abbott Laboratories, Abbott PAd&§A) were used for screening. Additionally, a stdet of

263 samples were examined with the western blotdg@ IgM assays. Note that the previous describdd 1

matching could not be applied in the latter setecti

Samples were classified following the criteria giviey the manufacturers. For the ELISASs, initial péas with
an optical density (OD) ratio > 1 were retestedluplo. Samples showing an OD-ratio > 1 in the tetee
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defined as case-sample. Negative samples were iocallg retested. For the Western blot, samplesewer
considered positive when the score exceeded thrieilgG and five in the IgM assay.

2.3 Bayesian analysis

In the paper by Engelt al (submitted), two approaches for estimating theotariparameters are described. Of
these, the representation based on product conditidistributions was extended to consider fivegd@stic
assays and three sub populations. The model cassppisssible dependence between the diagnosticsagsay
presence or absence of anti-HEV antibodies wasves$uo be independently distributed with prevalenge
P(D=1| groupm) among truly infected individuals (represented By1l) sampled from subpopulatiom.
Sensitivity and specificity of each assay was agslito be equal across sub populations. The modetsnase
of the concept of latent classes, indicating th&nomn distribution of true-positives and false-pivsis
underlying the observations. The test results ¥oll@ mixture of distributions for true-positives atde-
negatives, where the prevalences are the mixtukapilities. A Bayesian analysis was performed eyiph
the GIBBS-sampler (Geman & Geman., 1984), as impiead in the WinBUGS 1.4.1 software (Spiegelhater
al., 2004. Available at: http://www.mrc-bsu.camuk¢bugs). The Bayesian analysis requires the faatimr of
prior distributions for the parameters. Priors $ensitivity of the Abbott IgG ELISA were derivecbin data
from Mastet al. (1998), who quantified the sensitivity for peptidased ELISAs from 15 to 57%. A prior was
specified with a median of 25% and 2.5% en 97.5%epile points of 6 and 66% respectively. For gsthat
were similar to the Genelabs assag.(using recombinant proteins froapen reading fram@ from the same
HEV strains), a sensitivity ranging from 67% updtt was observed (Mast et al., 1998). Thereforeysesl a
prior emphasising the sensitivity of this assapedarger than 0.5: a median of 0.7 and 2.5 angP8 percentile
points equal to 0.15 and 0.98 respectively. Theigrior was also used for the specificity ofadbays.

Priors for the prevalence distribution emphasizaldes below 50%, with a median of 12% and peraepiints
of 0.5 and 50.5% respectively (Figure 1B). The efigf more and less conservative priors for thevg@lience
estimates (Figures 1C and 1A, respectively) orctmelusions was examined.

Differences between prevalence estimates for theetipopulations were simulated simultaneously il
prevalence estimates. Statistical differences betwpopulations were assumed to be present if zer® w
excluded from the appropriate 95% credible inteofahe difference.

Figure 1. Probability distribution functions foretipriors detailing the prevalence estimates: A9 tEmservative,
B) standard, C) more conservative

3. RESULTS

3.1 Descriptive results

The percentages of anti-HEV positive individualseigch subpopulation are illustrated per assay gurei 2.
Large differences were observed in the test outsor@uantifying the agreement between assays yielded
‘moderate’ (IgG ELISAs; kappa ~ 0.5), ‘slight’ (ERAs with Western blot; kappa ~ 0.15) and ‘no’ (IgM
ELISAs; kappa = 0) concordance.

3.2 Diagnostic assay evaluation and prevalenceregton

The results of the Bayesian analyses with diffesst$ of priors are shown in Table 1. Markov ch&isying
in length from 50,000 to 2,500,000 iterations) appe to be stable and replicate chains showedynigmtical
results. The estimated sensitivity of the assayeweoderate (10 to 63%) with wide credible intesvalhe
estimated specificity per assay was high (74 to Q9®ith relatively narrow credible intervals. Chamg the
prior information for specificity hardly affectedhese results. Introducing a more informative por the
sensitivity did affect the sensitivity estimates foe Abbott ELISA, but had no appreciable effestspecificity
and prevalence estimates.
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Figure 2. Percentage of IgG— and IgM—positive sesamples from three Dutch populations differinggrade
of professional exposure to swine, for five seralabassays (SWV = Swine veterinarians; NSV = Naims
veterinarians; GP = General population)

Table 1. Estimates for sensitivity (SE) and speitifi(SP) (posterior medians) and 95% crediblerirgks for
five serological assays (IgG and IgM) when applydifferent priors.

Non—informative priors Informative for SP Informative for SE Informative for SP (all)

(all) (19G ELISAsY and SE (IgG ELISAS)
SE[1]* 62% 15%, 94% 59% 15%, 94% 42% 12%, 75% 43% 14%, 74%
SE[2] 63% 12%, 94% 64% 13%, 94% 59% 12%, 97% 64% 15%, 97%
SE[3] 16% 4%, 51% 15% 3%, 44% 15% 3%, 51% 14% 3%, 42%
SE[4] 53% 14%, 87% 51% 16%, 83% 47% 11%, 82% 47% 16%, 78%
SE[5] 10% 1%, 38% 10% 1%, 36% 9% 1%, 37% 9% 1%, 33%

SP[1] 99% 97%, 100% 99% 97%, 100% 99%  97%, 100% 99% 1400
SP[2] 97% 95%, 99% 97% 95%, 99% 97% 95%, 99% 98% 95%, 99%
SP[3] 98% 96%, 99% 98% 97%, 99% 98% 96%, 99% 98% 97%, 99%
SP[4] 74% 67%, 79% 74% 67%, 80% 74% 67%, 80% 74% 67%, 80%
SP[5] 95% 92%, 98% 96% 92%, 98% 95% 92%, 98% 96% 92%, 98%

" For all assays, a prior emphasising a specifidify. 85 (2.5% limit: 0.15; 97.5% limit; 0.98) wasass
" For the Abbott a prior emphasising a sensitivitp &5 (0.06; 0.66), for Genelabs a sensitivity #50(0.15; 0.98)
*1: Abbott IgG; 2: Genelabs IgG; 3: Genelabs IgMyMestern blot IgG; 5: Western blot IgM

The estimated prevalences for the three groupgdbas the initial prior for prevalence, are showrTable 2.
The highest estimated prevalence (~11%) was obdénvewine veterinarians, the lowest prevalencenages
were obtained for the general population (~2%)fdd#nces between the general population and theeswi
veterinarians were statistically significant, otléferences were not. Changing the prior for the tprevalence
altered the prevalence estimates for all group®léra). However, statistical differences betweenugs
remained nearly unchanged. In the case of a lesseceative prior, the sensitivity of assays wasdaity
estimated to be lower compared to the conservatiiax, enabling a higher number of false negatiesults.
With the more informative prior, the opposite wdserved. The estimated specificity of the assagwmieed
constant.

Table 2. Estimates for prevalence of anti-HEV audils in three Dutch subpopulations (differing eégree of
exposure to swine) using different priors for sevity and/or specificity

Non—informative Informative on Informative on Informative on SE for
priors specificity for all assays sensitivity IgG ELISA  ELISAs, on SP for all
Median 95% CI Median 95% CI Median 95% CI Median 5%9CI
SWV' 10% 1%, 27% 11% 2%, 30% 12% 1%, 35% 13% 3%, 36%
NSV 5% 1%, 16% 6% 2%, 18% 6% 1%, 19% 6% 1%, 21%
GP 1% 0%, 5% 2% 0%, 7% 2% 0%, 8% 3% 0%, 9%

" SWV: swine veterinarians; NSV: non-swine veteriaas; GP: general population
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Table 3. Effect of different priors for the prevade (as explained in Figure 1) on the estimatedgbeaces for
three Dutch subpopulations differing in degreexgfasure to swine.

Standard prior Less conservative prior More conservative prior
Median 95% ClI Median 95% ClI Median 95% CI
Swine-veterinarians 11% 2%, 30% 17% 5%, 50% 9% 1%, 22%
Non-swine veterinarians 6% 2%, 18% 9% 3%, 34% 5% 1%, 13%
General population 2% 0%, 7% 3% 1%, 16% 2% 0%, 5%

4. DISCUSSION

The initial agreement between serological assagetiag the same immunoglobulines ranged from ‘maige
to ‘none’. This observation has been reported leef@habrah et al., 1998, Mast et al., 1998, Riczthal.,
1997), and challenges the quality of prevalencienests for industrialized countries based on osasolely.
A serious induction of bias might occur, dependimgthe quality of the assay. Preferentially, adnesits are
made through the sensitivity and specificity of assay (Thrusfield, 1995), but these parametersofiem
estimated from data on outbreaks or experimenfatiion. Although this likely gives valid estimatés the
accuracy in diagnosing acute cases, the assayeriibrm differently when used in a cross-sectiamatohort
study in countries with a low prevalence of theusijrdue to different antibody profiles. As no gstdndard
exists in such settings, statistical modelling jiieg an alternative to estimate the sensitivity spelificity of
assays (Enoe et al., 2000), and subsequently &valpnce, as is described in the current study.

The estimated prevalence of approximately two pdréa the general population agrees with mostifigd in
developed countries (Worm et al., 2002), but wag@pmately five-fold higher than the previous esite from
1993 for the Netherlands (0.4 percent) (Zaaijealgt 1993). This might be caused by differencestindy
populations (blood donors versus randomly selentdiyiduals), increased international migratiorvehin the
past decade, differences in performance of thdagpoal assays that were applied and/or enhancedgamce
of hepatitis E virus in The Netherlands.

The difference in estimated HEV seroprevalence beiwswine veterinarians and the general populatipeed
with the previous finding for swine veterinariatisat showed a seroprevalence of 26 percent comparéé
percent among control subjects in the US (Mengl.et2@02). These data, together with the presedted,
suggest a role of frequent exposure to swine, qrogsible other sources at the swine farm, in #posure to
HEV. The currently presented observation of theatire difference between non-swine veterinariars swine
veterinarians adds to the suggestion of exposurewime being a risk factor. Reports describing &igh
seroprevalences among swine farm workers comparembritrol subjects in Moldova (51 percent versus 25
percent), Taiwan (27 percent versus 8 percent)thedJS (11 percent versus 2 percent) gave sinileas
(Drobeniuc et al.,, 2001, Hsieh et al.,, 1999, Wihet al., 2002). It has been estimated recentlgf th
approximately 20 percent of Dutch finishing pignfer raise swine that shed HEV RNA (Poel et al., 2G01
this finding together with presented seroprevaletha strengthens the suggestion of professionmisexe to
swine being a risk factor in The Netherlands. Téwdtive difference between non-swine veterinarems the
general population might be subject to the diffeeeim swine-exposure, but also to the possibilitpan-swine
animal sources of the virus. Other animals, suctettte, sheep and goats, have been shown to (@antippodies
to) the virus in HEV endemic countries, but at loyweevalences compared to swine (Arankalle ef801, Tien

et al., 1997, Wang et al., 2002). Possibly, thesmals also play a minor role as a reservoir in Ne¢herlands.

The model assumes equal sensitivity and specifioityhe assays across populations. However, marsscr
reactivity would be expected for veterinarians caneg to non-veterinarians due to more frequentaamith
micro-organisms for veterinarians. This would lovike specificity for that subpopulation, and sulsstly
overestimate the true prevalence and prevalenferefifces. However, specificity for the assays aplpto sera
from swine veterinarians and non-swine veterinariare more likely to be similar, and tentative efi#inces in
seroprevalence between these two subpopulatioraimem

The low prevalence of the virus hampers the estimaif the sensitivity of the assays, which wadectéd in
large credible intervals. Likely, prevalence estisaare primarily based on information in the eatsd
specificity of the assays, as was confirmed by olisg minimal effects after changing the prior infaation for
the sensitivity and/or specificity. Considering tthigtle information was obtained from the positicases, the
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authors favor the use of the results from simutetibased on non-informative priors or informativiers on the
specificity. Altering the prior describing prevagenyielded a marked effect on the prevalence ettrend the
sensitivity estimates. The authors favor the usehef results from simulations based on the conseeva
prevalence priors, because this resembles thetdiciestata on prevalences in industrialized cowggrimore
precisely (median: 12 percent, 95 percent credittierval: 0.5, 51) compared to the less consergagikior
(median: 25 percent, 95 percent credible inter2#; 66), while still permitting higher prevalenestimates for
possible risk groups.

In this study, the probabilities of detecting IgMdalgG were treated as if they were unrelated éostlage of
disease. However, it is known that IgM is a markéracute infection, whereas 1gG is a marker fortpas
infections (Roitt et al., 1995). Consequently, #&rity estimates for the latter assays were low ifs use in
detecting HEV antibodies in the population in ggiasurvey, as was shown in this study. Here, data the
IgM assays were included to increase the amoumtatd for the Bayesian analysis. However, the deitgit
estimates show low credibility and in addition, gbdindings do not alter the fact that IgM assayy mvell be
suitable for detecting an immune response agaiBst i acute infections.

In conclusion, the discordance between serologisilts from different assays requires an integraiealysis

of multiple test results to obtain seroprevalenstnwtes for hepatitis E virus in industrializeduntries. The
presented data suggested a higher risk for switeximarians due to their professional exposurenimes or to
possible other sources at swine farms. Non-swirterivarians were suggestively found to have a highe
seroprevalence compared to the general populatibith may also be caused by exposure to swine garm
albeit at a lower level compared to swine veteiares, or due to other potential animal sources.
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