
Requirements of a surveillance
system

• Show absence or detect presence of pathogen /
disease
– confidence (sensitivity)

• Dir. 91/67: prescribed surveillance -> no need to
think about confidence level

• If alternative approaches, e.g. risk-based
surveillance is to be used -> what is the
sensitivity of a surveillance programme?



Reasons for using risk-based
surveillance

• Required according to new Fish Health
Directive 2006/88

• Increase efficacy of surveillance



Overall surveillance sensitivity

OIE Diagnostic manual:
A surveillance sensitivity of 95% or higher is

required to prove freedom from infection



Surveillance components in aquatic
animals

active 
surveillance



Surveillance components in aquatic
animals

active 
surveillance

Data requirements:
– Address / contact details of farm
– Species held



Calculation of sensitivity of VHS active
surveillance component using scenario tree

modelling

1. Build tree
2. Assign probabilities
3. Calculate



VHS active surveillance rainbow trout farms

Farm status

Pr_M3 = branch proportion
R_M3 = branch relative risk
P*W = branch probability

infected Not infected

Category node

Detection node

Negative outcome

P*F 1-P*F

Tank status
infected Not infected

P*T 1-P*T

Unit (fish) status
infected Not infected

P*U
1-P*U

30 fish 
sample taken yes

P*30
1-P*30

No

Diagnostic test 
result 

P*D 1-P*D

positive negative

Farm visited yes No

positive outcome

infection node



Input parameters active surveillance

Expert opinion

OIE diagnostic manual

Expert opinion

OIE diagnostic manual

source

0.5 (=50%)Test (sensitivity)6

1.0 (=100%)30 fish sample taken5

0.05 (= 5%)
infected

Unit (fish) status
(fish level design prevalence)

4

0.5 (= 50%)
infected

Tank status
(Tank level design prevalence)

3

0.02 (= 2%)
infected

Farm status
(farm level design prevalence)

2

1 (= 100%)Farm visited1

valueNameNode



Calculation of sensitivity of active
surveillance

Probability that any randomly selected unit (= fish)
in the population will have a positive outcome

=
prob. farm being visited (1)

x farm level design prevalence (0.02 infected)
x Tank level design prevalence (0.5 infected)
x Unit (fish) status (fish level design prevalence) (0.05 infected)
x probability 30 fish sample taken (1.0)
x Test sensitivity (0.5)

= 1 x 0.02 x 0.5 x 0.05 x 1 x 0.5
= 0.00025



Standard formula for the probability of
obtaining one or more successes in a
binomial process

SeFf = 1 – (1 – P*U x SeU)n
f

SeFf = Farm level sensitivity
P*U = unit design level prevalence
SeU= unit sensitivity
nf= number of units processed on a farm



Calculation of sensitivity of active
surveillance - farm level

If 30 fish were sampled on a farm (group sensitivity):

fish level prevalence on infected farm =
tank level prevalence (0.5) x fish level prevalence in infected
pond (0.05) = 0.025

given test sensitivity of 0.5

= 1-[(1-0.025x 0.5)30] = 1 – [0.987530] = 1 – 0.68 = 0.32

(53% at 100% test sensitivity)



Calculation of active surveillance
component sensitivity

Surveillance component sensitivity
= Probability that one or more positive farms would

be detected, given that the country is infected

Component sensitivity =
1-(1-P*F x FSe)n  = 1-(1-0.02 x 0.32)265

= 1- 0.9936265 = 1 - 0.18
= 0.82  (or 82 %; over period of one sampling

round)

(or 94% given 100% test sensitivity)



Risk-based active surveillance fish farms

Farm status

Farm risk group

Pr_M3 = branch proportion
R_M3 = branch relative risk
P*W = branch probability

high medium
Pr_FR_F

infected not infected

infection node

Risk category node

Detection node

P*
F

1-P*F

Unit (pond) status infected not infected
P*U

1-P*U

Negative outcome

positive outcome

low
Number of consignments

received by farm

Unit (fish) status
infected Not infected

yes No
Fish sample taken

Farm visited yes No
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fish  products

processing
site

upstream

movements of
dead fish onto site

for processing

Risk of pathogen introduction

•  frequency
•  fish numbers
•  source

•  frequency / volume of movements onto site
•  source

Live fish

movements

onto site

movements

to upstream

fish farms

stocking of

fish into river



VHS scenario tree risk based active surveillance

Category node
Detection node

Negative outcome

Receives live fish

farm is online with 
farms upstream

Receiving fish waste

Farm receives dead 
fish for processing 

positive outcome

Farm risk groups yes No

Risk category node

yes No

yes No

yes No

Pr_pr = branch proportion
R_pr = branch relative risk
P*F = branch probability

Pr_O

R_O

Pr_pr

R_pr

Pr_d

R_d

Pr_O

R_O

infected Not infected
P*F 1-P*F

Farm visited yes No

Farm status



Steps in designing a RBS scheme

• Define pathogen (e.g. VHSV)

• Define target population (e.g. all farms holding
species susceptible to VHS)

• Identify and list relevant risk factors depending
on pathogen and sector of the industry

• rank risk factors by magnitude of risk
• give relative weights for absence / presence /

scale of presence of risk factor
– Expert opinion



Steps in designing a RBS scheme

• Decide which risk factors will be used to select
farms for surveillance

• The most relevant risk factors should be
included for risk categorisation of farms

• If risk factors are not considered for risk ranking
farms, explain why

• Calculate the confidence level of the surveillance
scheme

• Overall confidence should be ≥ 95%



How can it work in practice?

• Obtain relevant info on presence / absence /
scale of risk factors on farm:
– Visit
– Questionnaire info until inspection

• Enter data into database



How can it work in practice?
• Use database to calculate risk scores of

individual farms
• Rank farms by risk
• Check what confidence level the active

surveillance component needs to contribute  to
the overall surveillance sensitivity

• Include highest farms risk until sufficient level of
confidence of the surveillance system is
achieved

• Transition period:
– Application of prescribed surveillance



Advantages / risks of Risk based
surveillance

• Can save surveillance costs
• Has to pass FVO inspections
• Needs to be transparent how RBS scheme was

developed / what assumptions are underlying
risk ranking



Surveillance components in aquatic
animals

active 
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passive 
surveillance

combined sensitivity of the surveillance system
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Surveillance components in aquatic
animals

current
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summary

• Recording of absence / presence of risk
factors is requirement in order to inform
risk-based surveillance scheme

• Recoding in a database will greatly
facilitate the process of identifying the high
risk factors

• Supports not only calculating the
confidence of a surveillance scheme, but
also informing the schedule of visits



outlook

• Expert consultations for input values
– Relative importance of individual risk factors
– Relative importance of presence compared to

absence of a risk factor



Thank you


