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Abstract

Introduction: Despite eradication and control measures applied across Europe, bovine tuberculosis
(bTB) remains a constant threat. In Belgium, after several years of bTB disease freedom status, routine
movement testing, as currently practiced, revealed itself inadequate to detect some sporadic

breakdown herds. The aim of this study was to strike the balance between cost and effectiveness of
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different surveillance system components to identify sustainable alternatives for early detection and
substantiation of freedom of bTB while maintaining acceptance of these amongst the different animal
health stakeholders. Methods: Stochastic iteration model was built to simulate, first, the expected
current surveillance system performance in terms of sensitivity and specificity of detection. These
results were then descriptively compared to observed field results. Secondly, the cost and effectiveness
of simulated alternative surveillance components were quantified. To measure impact of key
assumptions (i.e. regarding diagnostic tests and true prevalence), sensitivity analysis was performed.
Results: Discrepancies between the predicted and observed performance of bTB surveillance in
Belgium were observed. Secondly, simulated alternatives revealed that targeted IFN-y as well
serological testing with Antibody ELISA towards risk herds would enable increasing the overall cost
and effectiveness of the Belgian bTB surveillance system. Sensitivity analysis showed that results
remained constant despite modification of some key assumptions. Discussion: Performance of current
bTB surveillance system performance in Belgium was questionable. This exercise highlighted that not
only sensitivity, but specificity is a key driver for surveillance performance. The quantitative and
participative conceptual framework revealed itself a useful tool to allow evidence-based decision
making regarding future tuberculosis surveillance in Belgium, as required by the international

standards.

Introduction

Bovine Tuberculosis (bTB) is caused by Mycobacterium bovis that affects humans, cattle and other
domesticated and wildlife species. Despite efforts made over the last decades to eradicate the disease,
bTB is still (re-)emerging in some European Union (EU) Member States (MS) as well as worldwide
(EFSA, 2018; Quadri et al 2020; Visavet, 2019). The specific characteristics of the etiological agent,
the complex epidemiology of the disease together with limitations of the current diagnostic assays
used for bTB and lack of awareness from the different animal health stakeholders following several
years of freedom of disease make surveillance and control of bTB a constant and evolving challenge

(Downs et al, 2018a,b; Humblet et al., 2009; King et al., 2015; Shiller et al., 2010, 2011). In addition,
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bTB control accounts for a large proportion of the Belgium's animal health expenditures which
triggers the need for a cost effective and sustainable surveillance program (Drewe et al., 2014).
Following a successful eradication campaign and a constant decrease of the total number of bTB-cases
since the end of the nineties, Belgium obtained officially bTB free status in 2003 (EC, 2003). Since
then, bTB free status of the cattle population was maintained with annual herd prevalence below 0.1%
in accordance with the minimum European legal requirements (EC, 1964, 2003).

Several studies exploring Belgian national animal identification and movement registration system
(SANITEL) and merging it with the historical surveillance data revealed that the main risk factors for
bTB sporadic breakdown herds in Belgium were previous infection with bTB as well as animal
movements Belgium as elsewhere (Humblet et al., 2010; Conlan et al., 2012; Guta et al., 2014; More
et al., 2015; Palisson et al., 2016). However, in Belgium over the last decade, mandatory purchase
testing did not identify the sporadic breakdown herds, that were detected only at later stage of
infection (Calba et al., 2016; Humblet et al., 2010, 2011a, b; Welby et al., 2012). In addition, the
sometimes high within-herd prevalence of reactor cattle in a detected breakdown combined with the
chronic stage of infection of infected cattle (generalized lesions on organs and carcass of some
slaughtered animals and latent infected cattle) raised serious doubts about the current “early warning”
aspect of testing at purchase and or slaughter house visual inspection (FASFC, 2020).

While there is a clear need for sustainable cost and effective surveillance systems to detect (re-)
emerging diseases for securing public health, animal trade and welfare, criteria and tools to evaluate
these systems and allow mutual trust between stakeholders are still lacking (Calba et al., 2015, 2016;
Drewe et al.; 2012; Hoinville et al., 2013; Stirk and Hésler, 2015). Following a request from the
Belgian scientific food safety committee (FASFC, 2016), a task force, composed of different animal
health stakeholders (farmers, veterinarians, agri food sector, regional and central laboratories, animal
health control and policy bodies, competent authorities, fund payers), to evaluate the current
surveillance system performance and explore possible surveillance alternatives was set up. The
overarching aim of this study was to develop a conceptual framework to allow evidence-based

decision regarding the future bTB surveillance for disease freedom substantiation as well as early case
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detection. For this purpose, a quantitative stochastic iteration model was developed to evaluate the

surveillance components performance in terms of cost and effectiveness.

Material & Methods

¢ Input data
The surveillance of cattle in Belgium is implemented and coordinated at national level by the Federal
Agency for the Safety of the Food Chain (FASFC) in accordance with the guidelines laid down in
Council Directive 64/432/EEC and the Royal Decree 17.10.2002 (EC, 1964; Moniteur Belge, 2003).
The four ongoing surveillance components of bTB surveillance system in Belgium are (Figure 1):

1) Slaughterhouse (SLGH): all slaughtered cattle undergo a post-mortem inspection at
slaughterhouse. This visual inspection detects gross bTB suspected lesions on organs and
carcasses and identifies the index bTB cases in Belgium.

The three other components are based on the use of single intradermal tuberculin test (SIT):

ii) Importation (IMP): all imported cattle from non-bTB officially free MS are tested at
import. This excludes young fattening calves (FC), which are sent to slaughter at the age
of 6 months.

i) Purchase (PUR): all cattle, except FC, are tested at purchase (national trade).

iv) Winter screening (WS)

a.  All cattle older than 6 weeks from herds considered as neighbour or contact herds of a
suspected or confirmed bTB positive herd are tested, after tracing-on and tracing-back
investigation, during five consecutive years.

b. All females older than 24 months belonging to farms with direct ‘raw milk-selling’ to
consumers are tested.

c. Follow-up testing of all imported cattle from non-bTB officially free MS during three
consecutive years.

A single intradermal comparative test (SICT) is performed 6 weeks after each non-negative SIT. If a
non-negative SICT reactor animal is detected, the herd is under movement restriction. The reactor

animal is slaughtered, and visual inspection and palpation/incisions of organs/tissues are carried out.
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Suspected gross lesions and selected lymph nodes are sent to the National Reference Laboratory for
tuberculosis culture and identification. If these tissues are also confirmed bTB positive at the
laboratory, the whole herd is screened by skin testing and all reactor animals are slaughtered. Once
bTB is detected in a herd, a thorough tracing-on and tracing-back investigation of all contact animals
and herds is carried out and these contact herds are tested for five consecutive years during winter
(WS) by SIT.

For the purpose of this study, alternative surveillance components such as targeted cross-sectional
screening of herds and cattle identified following tracing-on and -back of bTB breakdown(s) tested
with either the IFN-y test, only SIT, only antibody ELISA (Ab-ELISA) or Ab-ELISA in parallel with
IFN-y) were explored and simulated.

To feed the simulations models below, data regarding all on-farm cattle census data and movements
from 01* January 2010 up to 31* December 2015 (births, slaughters, purchases and imports) were
collected from SANITEL (the national animal identification and movement database). For each
individual cattle and herd, the following variables were compiled: ID cattle, ID herd of origin, ID herd
of destination, birth date, movement date, movement type (birth, purchase, import, export, slaughter,
rendering plant, market), cattle typel (fattening calves versus other), cattle type2 (mixed, meat, dairy).
Data was merged and concatenated at surveillance component level to get the annual population and
tested number of cattle and herds tested in each surveillance component. Data management and
analysis was carried out in SAS 9.2.

Annual ongoing surveillance data were obtained from the FASFC and regional laboratories in
Belgium (named DGZ and ARSIA) for the years 2010-2015. Data regarding costs of surveillance
procedures were obtained from the FASFC and the Sanitary Funds for cattle industry for the years
2010-2015.

The design prevalence at herd level was determined in line with the official bTB design prevalence at
herd level (0.1% as described in Directive 64/432/CEE (EC, 2003). Due to the absence of exact
information on within herd prevalence, arbitrary prevalence at animal level and within herd level were

simulated.
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The diagnostic test characteristics (sensitivity and specificity) of the SIT at purchase and visual post-
mortem inspection in the slaughterhouse, as well as alternative diagnostic methods were obtained from
literature review (Bezos, et al., 2014 ; Casal et al., 2017 ; EFSA,2013 ; Garcia-Saenz et al., 2015 ;
Schiller et al., 2010, 2011).

To reflect the uncertainty and variability around the input data estimates, population and surveillance
herd and cattle population, test characteristics, as well as minimum legal requirements extracted from
above data sources and literature were entered as probability distributions and fed into the stochastic
models further described below.

* Model

First, the predicted negative and positive results in the tested cattle population given current testing

schemes applied in different ongoing surveillance components (SLGH, IMP, PUR, WS) for bTB in

Belgium were computed with the following equations (Eq. 1, 2, 3, 4):

TP=SexPxn (Eq 1)
TN=Sp x (I-P) x n (Eq 2)
FP =(1-Sp) x(I-P) x n (Eq. 3)
FN=(1-Se) x Px n (Eq. 4)

Where, the number of expected true positive (TP), true negative (TN), false positive (FP) and false
negative (FN) depend on the sensitivity (Se) and the specificity (Sp) of the tests used, the animal level
prevalence (P) as well as the number of cattle tested (n). The predicted numbers of TP, TN, FP and FN
were computed and used as benchmark to compare with observed annual surveillance data obtained
from FASFC and regional animal health organisations in Belgium during the years 2010 until 2015.

Secondly, a simple stochastic model was built to simulate ongoing and alternative surveillance
components to explore and determine the most optimal scenario considering its costs and

effectiveness.



155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

The effectiveness of each simulated alternative surveillance component was estimated as its
probability to limit the further spread of infection by detecting potential infected herds/cattle,
measured with its sensitivity using equations described in Martin et al. (2007) (Eq.5, 6).
CSe=1-(1-Setera X (Npiera/Nitera ) ) (Nizera¥PH ) (Eq. 5)
Seperd=1-(1-Serest X (Mintterd/ Ninktera ) NineraXPA ) (Eq. 6)
Component sensitivity (CSe) (positive result in the component given the population is infected at the
specified design prevalence) for each component (i) was estimated taking into account the number of
herds present in the population (Nyeq) and number of sampled herds (nueq), expected prevalence at
herd level (PH) and herd sensitivity (Seueq). The mean Seyq €stimate was based on the distribution of
number of animals present within a herd (Niueq) and number of cattle sampled (nimed), expected
prevalence at within herd level (PA) and within herd sensitivity (Seres).
The FN results was also quantified to estimate the risk of missing an infected animal (Eq. 4).
The cost of each simulated alternative scenario (SCost;) was derived considering the number of cattle
tested (Nanimarrested), the cost of the diagnostic test (Costrey) and the number of herds (Nyerasvisieed) Visited
as well as cost of the veterinary visit (Costvewvisi (times one for serological assays and [FN g and times
two for tuberculin skin testing)) (Eq.7).
SCosti= [Nanimartested X COStresd] + [MierasvisiteaX COStvervisie 1 (Eq. 7)
Additional costs incurring from confirmation testing (with IFN-y and Ab-ELISA in parallel) of each
true and false positive result was considered also by using the same equation Eq.7 where n spimairested and
Nneasvisied TEpresented the number of true and false positive reactors and herds.
The outputs generated for each simulated surveillance components were obtained by a stochastic
iteration process in @Risk 5.0, with 10,000 iterations per simulation to ensure model convergence.
¢ Sensitivity analysis
To understand the impact of some of the assumptions used in the above modelling exercise, different
sensitivity analyses were carried out.
It was argued that the apparent prevalence of bTB in Belgium may be underestimated, due to the

current diagnostic constraints. Therefore, sensitivity analysis was carried out to measure the impact of
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prevalence (1 infected in 100,000 cattle; 1 infected in 10,000; 1 infected in 1,000) on the purchase
testing results while keeping all other parameters fixed.

Because the serological tests target humoral immune responses (i.e. Ab-ELISA), probability of
detection will vary depending on stage of infection (acute infection or chronic infection) and
prevalence, therefore different scenarios were simulated reflecting varying diagnostic test sensitivity:
Ab-ELISA using conventional proteins, Ab-ELISA using specific immune mediated proteins and Ab-

ELISA with no prior knowledge of diagnostic test sensitivity value.

Results

¢ Data
Table 1 displays the different input parameters, assumptions together with the respective probability
distribution values and sources.

¢ Model output
Firstly, the observed and expected results (mean estimate, minimum and maximum) of different
ongoing surveillance components were estimated (Table 2). The predicted SIT false positive results at
purchase (38,006 (224-101,042)) were more than 1,000 times higher than observed (9(2-14)). While
the observed SIT false positive results during winter screening (390(65-498)), were lying within the
expected false positive reaction lower range (23,846(140-63,335)). Observed slaughterhouse
inspection lesion notification rate (16(2-86)), though not as high as expected, were lying within the
expected range (870(26-4,684)).
Secondly, results of the alternative surveillance components were evaluated (Table 3). Regardless the
diagnostic test used, the number of false negative results remained constantly low (0(0-3). The
predicted component sensitivity of each alternative testing scheme remained within the same range
regardless of each specific test sensitivity meaning that the overall expected sensitivity of the
surveillance would not drastically change given the chosen strategy and testing scheme. However, the
overall cost (screening + confirmation) was different between the different alternative surveillance

components. Depending on the specificity, overall cost could be decreased given less confirmatory
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testing would be needed. Similar cost overall was observed for SIT and Ab-ELISA (113,799€ and
119,660€), while cost for IFN (256,594€) were substantially higher mainly due to higher test cost.
* Sensitivity analysis

The impact of different simulated animal prevalence (1/1,000; 1/10,000; 1/100,000 infected) during
purchase testing are shown in Figures 2. This graph indicates that regardless the design prevalence
(very low in disease freedom situation), most of test results will be true negative (around 90%), the
false negative rates remained very low (around 0.01%) However, the expected rate of false positive
results was high (around 10%).

Table 4 shows the impact of using different Ab-ELISA test sensitivity values. Component sensitivity
remained constant and low (given the limited number of cattle herds tested compared to its

corresponding herd population size) 9(0.00-0.19).
Discussion

This study highlighted the importance and interplay between sensitivity and specificity when
evaluating surveillance performance in terms of cost and effectiveness. Computed predicted positive
results given the specificity of diagnostic testing procedures and tested cattle population as well as
prevalence enabled benchmarking expected results of the different surveillance components. In line
with published results elsewhere (i.e. USDA publishes a minimum expected false positive results rate
of 1% using SIT (USDA, 2017)), given expected prevalence of bTB in Belgium, a minimum of 224 of
SIT tested bovines at purchase are expected as false positive reactors in Belgium, while in practice,
only between 2 (in 2011) and 14 (in 2013) were reported yearly over the last decade. Our study
revealed that SIT testing at purchase (in Belgian real life field experience), despite being risk based,
showed a more than a 1000-fold lower observed rate of detection than expected and corroborated
previous findings (Welby et al., 2012; Humblet et al., 2010). Given the estimated yearly costs of
purchase testing of 1,177,462 € (FASFC, personal communication, 2016), its cost-effectiveness could
be questioned. Even though the declaration of positive results would result in more confirmatory

testing, self-resulting in higher costs, over all because, the overall indirect costs generated by the
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indemnity/sanitation of breakdown herds (500,000 €/herd) (FASFC personal communication, 2016)
discovered only at a rather late stage of infection triggered the need for a sustainable alternative.

For slaughterhouse visual inspection, between 26 and 4,684 suspected lesions of annually slaughtered
cattle are expected. However, only 16 suspect gross lesions are spontaneously reported yearly.
Considering historical data of early 2000, suspicious lesions submission rate was much higher (0.01%-
0.08%) and closer to expected results observed in the current study (Saegerman personal
communication, 2016).

Lack of disease awareness, fear of negative repercussions following notification, logistic constraints
(high number of cattle tested, containment of cattle not always appropriate) biological variability, and
age (less likely to be infected and/or lower test sensitivity) contribute to the decreased performance
and trigger the need for more effective diagnostic testing procedures (Elbers et al., 2010; Humblet et
al., 2011a, 2011b; More et al. 2015; Schiller et al., 2010, 2011).

Diagnostics assays, such as Ab-ELISA and IFN-y, gain increasing interest as they allow individual
testing as well as general laboratory testing, thereby avoiding subjective interpretation or non-
interpretation of testing results and diminishing any pressure of the owners on the veterinarian, and
with only single visit and thereby decreasing the financial costs for the farmers. The initial low
sensitivity and specificity of these assays have greatly improved over the last years (Bezos et al., 2014;
Casal et al., 2017; Saegerman et al., 1995). Current diagnostic tests included in bTB control programs
are mainly focussed on cell mediated immune response with the aim of preventing spread of disease at
early stage. However, as disease progresses, immunity slowly shifts from cell mediated to antibody
response. Therefore, animals missed with current tests targeting cellular response (implemented in its
current practices), remain in the herd maintaining and or spreading the disease and producing at last
significant economic losses. Hence, it would be advisable to either increase frequency of testing or
carry out parallel testing using Ab-ELISA and IFN-y in high risk herds to increase the sensitivity of
the surveillance scheme to enable identification of those latent infected and potential silent bTB
spreading animals. This approach would ensure breakdown management (partial or total stamping out)

and speed up bTB eradication.
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The sensitivity analysis revealed that the number of false positive results remained constant and was
mainly driven by the specificity of the test, regardless the design prevalence Similarly if the true
prevalence was to be higher than the current apparent prevalence the number of eventual missed cases
remains the same. To measure impact on the total surveillance performance of the different range
distributions of Ab-ELISA diagnostic test sensitivity values, additional simulations were carried out.
Surprisingly the impact was not significantly different. The large number of cattle and herds tested
probably compensated for the varying values of sensitivity. The number of false negative results,
reflecting the probability of missing infected animals, remained substantially low regardless the
diagnostic test used. Indeed, the predictive values of each of the considered test were mainly
conditioned by the expected prevalence, which is low in Belgium, considering the freedom status of
the country. However, validation these tests when used in the epidemiological Belgian field setting is
required before incorporating these tests in a routine surveillance.

Over the last decade, in general many efforts were made on improving surveillance systems while data
quality is often considered as an asset. However, the value of information will be hampered by poor
data quality. In Belgium and Europe, the mandatory systematic registration and identification of each
animal movement (birth, purchase, import, export, death, ...) provides a well of data. But, this study
also highlighted the importance of data completeness and quality (standardised formats, harmonised
test procedures and applied cut-offs as well and proper coding of diagnostic indication to allow
merging between the data sources at regional and national level) as already mentioned elsewhere
(FAO, 2011; Stéark and Hasler, 2015).

To secure public and animal health and welfare and avoid re-emergence of eradicated diseases, cost-
effective and sustainable surveillance systems is a prerequisite. Surveillance should be tailored animal
health stakeholders needs and priorities and trade-off between cost and effectiveness for both
confidences in freedom context but also for detection of disease should be considered. Because mutual
trust between different stakeholder’s is key, a bottom up approach involving farmers, veterinarians,
agri food sector, regional and central laboratories, animal health control and policy bodies, competent
authorities, fund payers is common practice in Belgium to ensure ownership and ultimately sustainable

decision making (Dehove et al., 2012; Calba et al., 2016; Hallet et al, 2003). The simulation model
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developed enabled quantification of the impact of change in terms of cost and effectiveness and was a
useful tool to facilitate the decision making by the different animal health stakeholders regarding the
future tuberculosis surveillance in Belgium. It was agreed that testing at purchase using the SIT test
currently performed in Belgium was not cost-effective in detecting bTB cases in Belgium. The use of
a targeted use of the Ab-ELISA and IFNg tests was identified as an interesting cost-effective
alternative to mitigate with the observed weak performance of the SIT in current Belgian real-life field
experience (FASFC, 2020). In the light of the evolving national and international regulations (EFSA,
2013, 2014; More et al., 2015; Welby et al., 2012), the conceptual framework developed in the current
study revealed itself being a useful tool and provided insight for adapting surveillance systems taking

into account heterogeneity in local risk factors, as required by international standards.
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Figures and Tables

Table 1. Model input parameters and assumptions values and sources (mode

(min-max))

Parameter

Value

Sources

Yearly cattle herd population size

24,000 (22,000-25,000)

Yearly cattle population size

2,500,000(2,200,000-2,700,000)

Herd Size

53 (8-143)

Yearly purchased cattle size

345,298 (338,392-352,066)

Yearly slaughtered cattle size

501,189 (491,165-511,012)

Yearly tracing outbreak cattle tested during

winter screening size

216,643(212,310-220,889)

Yearly tracing import and dairy tested cattle

National animal
identification and
movement
registration

system, Federal

81,653(80,021-83,253) Agency Food

during winter screening

Safety Chain,
Size

Sanitary Fund
Simulated RBS screening

215
Number of sampled herds
Simulated RBS screening
Number of sampled cattle
13000

Sensitivity Ab-ELISA 0.56(0.04- 0.98) Bezos, et al.,

Specificity Ab-ELISA

0.92(0.81-0.97)

Sensitivity tuberculin skin test

0.94(0.49-1)

Specificity tuberculin skin test

0.91(0.7-1)

2014 ; Casal et
al., 2014 ; EFSA,

2013 ; Garcia-
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481

482

483

484
485
486

487
488

Sensitivity IFN-y

0.77(0.61-0.89)

Specificity IFN-y

0.98(0.95-0.99)

Sensitivity abattoir

0.71(0.38-0.92)

Saenz et al.,

Specificity abattoir 1(0.99-1) 2015 ; Schiller et
Cost Ab-ELISA (€) 4(3-5) al., 2010, 2011

Federal Food
Cost tuberculin skin test (€) 2(1-3)

Safety Agency,
Cost IFN-y (€) 17(15-25)

Sanitary Fund
Cost of farm visit by the vet (€) 30.13
Animal Prevalence 0.0001 Simulated
Herd prevalence 0.0010 64/432/CEE
Within-herd prevalence 0.100 Simulated

NA: Not applicable

RBS: random based sampling

Table 2. Number observed and expected positive results (true and false
positives) within the different bovine tuberculosis surveillance components

ongoing in Belgium using the single intradermal tuberculin test or post
mortem visual inspection at slaughterhouse (mode (min-max) values)

Components Data source Observed Predicted
FASFC 2010-
Purchase 2015 9 (2-14) 38,006 (224-101,042)
Slaughter 16 (2-86) 870(26-4,684)

Winter screening:
* Tracing outbreak

* Tracing import

390(65-498)

23,846(140-63,335)
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489
490
491
492

493
494

*  On farm delivery dairy

farms

817(172-1486)

8,087(52-23,316)

Table 3. Simulation results of alternative bTB surveillance scenarios
(random cross-sectional screening testing with the IFN-y, tuberculin skin
test or Ab-ELISA test): true positives (TP) and false positives (FP), true
negatives (TN) and false negatives (FN), component sensitivity screening and
confirmation testing price (mode (min-max) values)

Screening with

Screening with

Screening with

Screening with

tuberculin skin IFN-y + Ab-
IFN-y test Ab-ELISA test
test (Vet Visit *2) ELISA test
1 1 1 1

TP

(0-3) (0-3) (0-2) (0-3)

0 0 1 1

FN

(0-1) (0-1) (0-2) (0-3)

1,434 303 1,172 1,448
FP

(5-7,055) (28-1,136) (82-4,667) (132-5302)

11,572 12,703 11,834 11,572

TN
(1,679-27,232) (1,856-28,692) (1,746-26,486) (1,679-27,232)
Component 0.14 0.11 0.08 0.14
sensitivity (0.03-0.19) (0.02-0.18) (0.01-0.19) (0.03-0.19)
Price 38,951 240,753 58,519 292,794
screening(€) (16,114-88,874) (36,622-625,026) | (13,576-138,831) | (43,719-713,194)
Price
74,848 15,841 61,141 75,530
confirmation
(315-370,670) (1,425-60,708) (4,430-235,328) (7,138-267,419)

testing (€)

495 *If tuberculin test is carried out in accordance with gold standard

496
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497
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499
500

501
502

503

504

Table 4. Impact of using different distributions and values of Ab-ELISA
test on bovine tuberculosis random cross-sectional surveillance: expected
test results (true positives (TP) and false positives (FP), true negatives (TN) and
false negatives (FN)), component sensitivity, testing cost (screening +
confirmation) (mode (min-max) values)

Beta Beta
distribution distribution Beta
Pert distribution
(79,62) (112,9) distribution
(0.04,0.56,0.98)
Casal et al., Casal et al., 2,2)
2017 2017
1 1 1 1
TP
(0-2) (0-2) (0-3) (0-2)
1 1 0 1
FN
(0-2) (0-2) (0-0) (0-2)
1,172 1,170 1,172 1,172
FP
(82-4,667) (99-4,292) (98-4,465) (96-4,713)
11,834 11,836 11,834 11,834
TN
(17,46-26,486) (1,733-27,290) (1,614-27,865) (1,790-27,298)
Component 0.08 0.08 0.15 0.07
sensitivity (0.00-0.19) (0.018-0.15) (0.04-0.19) (0.00-0.19)
Price 58,515
58,519 58,539 58,524
screening (13,292-
(13,576-138,831) (14074-134450) | (13,510-141,338)
© 144,526)
Price
61,141 61,065 61,144 61,141
confirmatio
(4,430-235,328) (5352-243202) (5,151-239,445) | (4,814-238,972)
n testing (€)
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| bTB surveillance in cattle in Belgium |
|
A\
= y . SIT
Visual post-mortem inspection
Trade ‘ Tracing imports
Cattle>24 months of age from herds with Cattle >6 weeks of age Importated cattle>12 months of age from bTB
on-farm delivery of raw milk products non-officially free countries during 3
consecutive years
I
‘ SICT 6 weeks after on the non-negative animals
Animal(s) is/are slaughtered
+
visual post-mortem inspection
Suspected lesions and selected lymph nodes are sent to the NRL
for bTB culture and identification
The whole herd is screened by skin testing
and all non-negative animals are slaughtered
SIT
All contact animals >6 weeks in contact herds
during 5 consecutive years

507 Figure 1. The main components of bTB surveillance in Belgium. bTB: bovine
508 tuberculosis; SIT: single intradermal test; SICT: single intradermal comparative
509 test; NRL: national reference national laboratory.
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Figure 2. Simulated results (true positives (TP) and false positives (FP), true
negatives (TN) and false negatives (FN)) for varying prevalence during
purchase testing with tuberculin skin test
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