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Context and objective
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Dog importations and rabies risk
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Context

RABV-free

- Dogs movements (importations and travel) can 
contribute to reintroduce rabies in RABV-free areas

- Risk linked to:

• Failure of the prevention measures = regulatory 
requirements (Regulations (EU) N°576/2013 and 
577/2013)

- Anti-rabies vaccination

- Serological testing (30 days after vaccination)
for third countries non-listed in Annex II to Regulation (EU) N°577/2013

- 3-month waiting period after the serological test
for third countries non-listed in Annex II to Regulation (EU) N°577/2013

• Non-compliance with the prevention measures

Animal and public 
health concern

Restrictive: acceptability?



Dog importations and rabies risk : type A and B risks
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Context

Type A risk: dogs infected before acquiring vaccine immunity

Type B risk: dogs infected due to vaccine (no protection) and serological test failure (false positive result)

Protective 
immunity 
acquired with true + result

Waiting period (WP) before importation

Crossing border while 
being asymptomatic

Period during which the 
dog becomes infected

but not protected 
(vaccine failure) with  false + result

Crossing border while 
being asymptomatic

30 days

30 daysPeriod during which the 
dog becomes infected

Impact of the WP 
length on rabies risk ?

Waiting period (WP) before importation

Assuming full compliance with regulations



Objective

Assess the impact on rabies risk of the reduction of the waiting 
period after anti-rabies vaccination and serological testing in the 
context of dog importations

Impact estimated for the European Union territory (in terms of the number of 
dogs imported and their origins)
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Material and methods
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General framework
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Material and methods

- Risk analysis using stochastic scenario tree modelling

- In silico study, convenient to study rare events 

- Process :
1. Risk pathways definition of RABV introduction through dog importations, assuming full 
compliance with regulations

2. Model parameterisation using distributions 

- For the European Union
- Using different waiting period lengths: 3 months, 2 months, 1 month, none

3. Simulations + sensitivity analyses



Risk pathways
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Material and methods

Dog selected
for importation

Not Infected
before

acquisition of 
vaccination 
immunity

Adequate antibody
titer

Not adequate
antibody titer

Test + (true
positive)

Test + (false 
positive)

No clinical signs
during the WP

No clinical signs
during the WP

Test + (false 
positive)

No clinical signs
during the WP

Becomes
infected

Infected before
vaccination

Infected between
vaccination and 

acquisition of 
immunity

Adequate antibody
titer

Not adequate
antibody titer

Test + (true
positive)

Test + (false 
positive)

No clinical signs
during the WP

No clinical signs
during the WP

Pi

(1-Pi) × Pbibv

Pvacc

1 - Pvacc

PTtp

PTfp

Pncs

Pncs

Pncs

Pncs

Pncs

Pvacc

1 - Pvacc

PTtp

PTfp

Not adequate
antibody titer

1 - Pvacc(1-Pi) × (1-Pbibv) Pbiav

1

2

3

4

5
PTfp

Assuming full 
compliance with

regulations

Type A risk

Type B risk



Risk pathways and parameters
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Material and methods

Dog selected
for importation

Not Infected
before

acquisition of 
vaccination 
immunity

Adequate antibody
titer

Not adequate
antibody titer

Test + (true
positive)

Test + (false 
positive)

No clinical signs
during the WP

No clinical signs
during the WP

Test + (false 
positive)

No clinical signs
during the WP

Becomes
infected

Infected before 
vaccination

Infected between 
vaccination and 

acquisition of 
immunity

Adequate antibody
titer

Not adequate
antibody titer

Test + (true
positive)

Test + (false 
positive)

No clinical signs
during the WP

No clinical signs
during the WP

Pi

(1-Pi) × Pbibv

Pvacc

1 - Pvacc

PTtp

PTfp

Pncs

Pncs

Pncs

Pncs

Pncs

Pvacc

1 - Pvacc

PTtp

PTfp

Not adequate
antibody titer

1 - Pvacc(1-Pi) × (1-Pbibv) Pbiav

1

2

3

4

5
PTfp

Assuming full 
compliance with

regulations

Dog rabies incidence (mean) in canine rabies enzootic areas

Hampson et al., 2015 (PLoS Negl Trop Dis); Crozet et al., 2020 (Vet Sci)

Probability of infection

3 types of rabies incidence levels:
- High risk areas (e.g. North Africa)

- Medium risk areas (e.g. Caribbean)

- Low risk areas (e.g. Eastern Europe)



Risk pathways and parameters
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Material and methods

Dog selected
for importation

Not Infected
before

acquisition of 
vaccination 
immunity

Adequate antibody
titer

Not adequate
antibody titer

Test + (true
positive)

Test + (false 
positive)

No clinical signs
during the WP

No clinical signs
during the WP

Test + (false 
positive)

No clinical signs
during the WP

Becomes
infected

Infected before
vaccination

Infected between
vaccination and 

acquisition of 
immunity

Adequate antibody
titer

Not adequate
antibody titer

Test + (true
positive)

Test + (false 
positive)

No clinical signs
during the WP

No clinical signs
during the WP

Pi

(1-Pi) × Pbibv

Pvacc

1 - Pvacc

PTtp

PTfp

Pncs

Pncs

Pncs

Pncs

Pncs

Pvacc

1 - Pvacc

PTtp

PTfp

Not adequate
antibody titer

1 - Pvacc(1-Pi) × (1-Pbibv) Pbiav

1

2

3

4

5
PTfp

Assuming full 
compliance with

regulations

Vaccine immunity

EFSA (2022) dataset :
- Only dogs
- After 1 injection
- Using Beta distributions

≈ 100% on day-7-14

Delay to acquire immunity (days)
(assumption that 100% of the 

dogs seroconverted on day 14)

Probability of having a titer ≥ 0.5 IU/mL 
on day 30 = « Vaccination efficacy »



Risk pathways and parameters
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Material and methods

Dog selected
for importation

Not Infected
before

acquisition of 
vaccination 
immunity

Adequate antibody
titer

Not adequate
antibody titer

Test + (true
positive)

Test + (false 
positive)

No clinical signs
during the WP

No clinical signs
during the WP

Test + (false 
positive)

No clinical signs
during the WP

Becomes
infected

Infected before
vaccination

Infected between
vaccination and 

acquisition of 
immunity

Adequate antibody
titer

Not adequate
antibody titer

Test + (true
positive)

Test + (false 
positive)

No clinical signs
during the WP

No clinical signs
during the WP

Pi

(1-Pi) × Pbibv

Pvacc

1 - Pvacc

PTtp

PTfp

Pncs

Pncs

Pncs

Pncs

Pncs

Pvacc

1 - Pvacc

PTtp

PTfp

Not adequate
antibody titer

1 - Pvacc(1-Pi) × (1-Pbibv) Pbiav

1

2

3

4

5
PTfp

Assuming full 
compliance with

regulations

Serological tests

- Cliquet et al. (1998) dataset
- Using bayesian latent class model

Posterior distributions of the Bayesian latent class model for serological test specificity (a and b) and sensitivity (c and d)

Mean
90%CI

Crozet et al., 2023 (Risk Anal.)



Risk pathways and parameters
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Material and methods

Dog selected
for importation

Not Infected
before

acquisition of 
vaccination 
immunity

Adequate antibody
titer

Not adequate
antibody titer

Test + (true
positive)

Test + (false 
positive)

No clinical signs
during the WP

No clinical signs
during the WP

Test + (false 
positive)

No clinical signs
during the WP

Becomes
infected

Infected before
vaccination

Infected between
vaccination and 

acquisition of 
immunity

Adequate antibody
titer

Not adequate
antibody titer

Test + (true
positive)

Test + (false 
positive)

No clinical signs
during the WP

No clinical signs
during the WP

Pi

(1-Pi) × Pbibv

Pvacc

1 - Pvacc

PTtp

PTfp

Pncs

Pncs

Pncs

Pncs

Pncs

Pvacc

1 - Pvacc

PTtp

PTfp

Not adequate
antibody titer

1 - Pvacc(1-Pi) × (1-Pbibv) Pbiav

1

2

3

4

5
PTfp

Assuming full 
compliance with

regulations

Probability of a dog remaining asymptomatic

- Linked to the length of the incubation period
- Only natural infections

Tojinbara et al., 2016 (Prev. Vet. Med.)
Ribadeau et al., 2016 (Emerg. Infect. Dis.)
Report of the Committee of Inquiry on Rabies, 1971

Incubation period (days)



Two modelling approaches

13

Material and methods

1. « Classical » scenario tree modelling - Probability calculation (× 10 000 iterations)
- Occurrence probability of each branch: × of event probabilities
- Individual risk (Ri): sum of the occurrence probabilities of each branch
- Number of infected imported dogs (NRabies) = Ri × Number of imported dogs

2. Individual-based modelling (x 10 000 iterations)
- Events modelled for each imported dog: 0 = no RABV introduction, 1 = RABV introduction
- Sum of individual trajectories = NRabies

Area of origin
Number of dog importations requiring
serological testing in France in 2019 (I-

CAD)

Number of dog importations requiring
serological testing in the EEA (extrapolation)

High risk countries 811 5746

Medium risk countries 205 1452

Low risk countries 744 5272



Results
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Risk estimation for each waiting period (WP)

Model 1 results: number of rabies infected dog importations
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Results

If the WP is reduced 
to 1 month

(over the baseline scenario 
of a 90-day WP)

×
Mean
Median
95%CI
Max.



Risk estimation for each waiting period (WP)

Model 2 results: number of rabies infected dog importations
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Results

If the WP is reduced 
to 1 month

(over the baseline scenario 
of a 90-day WP)

×
Mean
Median
95%CI
Max.



Discussion
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Limits
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Discussion

- Models = simplification, cannot account for every possible pathway of introduction

- High uncertainty on some parameters + potential bias (e.g. number of imported dogs = extrapolation)

- No validation possible: theoretical situation assuming perfect compliance

Impact of the WP reduction in a « full » scenario 
(including non compliance) ?

= negligible impact ? (Crozet et al., 2023)



Impact of the waiting period on rabies risk

- Increase in rabies risk when reducing the WP length (consistent between Model 1 and 2):

≈ 4 fold increase

- Numbers of infected dog importations remain in low-value ranges:
e.g. 0.04 introductions per year with a 3-month WP to 0.16 or 0.17 with a 1-month WP

+ Similar results in other modelling studies: increase in risk when reducing the waiting period (Weng et al., 2010; 
Goddard et al., 2012; Kwan et al., 2017; EFSA, 2022)

+ Data on experimental infections: very low increase in risk when reducing the waiting period, but risk at the 
individual level (not at the population level) (Smith et al., 2021)
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Discussion

Acceptability?
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Model parameters

Probability of infection

 ௩

ூ

For pet infected when 
selected for importation

For pet becoming infected after 
vaccination and before immunity 

acquisition 

Inc: rabies incubation period
DI: delay between vaccination and protective immunity acquisition, only for dogs eliciting a sufficient 
antibody level (≥ 0.5 IU/mL)
WT: waiting time between dog selection and its importation in a rabies-free country
I: rabies annual incidence

Material and methods

23

௩

ௐ்

For pet becoming infected during the 
waiting time (when not protected by 

vaccination) 



Model parameters

Rabies incidence (annual)

Material and methods
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Area type Annual incidence distribution Annual incidence values

High risk
(e.g. North Africa)

Gamma (shape: 5.56 × 10-1; scale:  mean = 6.09 × 10-3

[5.03 × 10-3; 7.23 × 10-3]95%PI)
mean = 3.36 × 10-3; 

[6.38 × 10-6; 1.67 × 10-2]95%PI

Medium risk area 
(e.g. Caribbean)

Gamma (shape: 5.56 × 10-1 ; scale:  mean = 2.18 × 10-3

[1.55 × 10-3; 2.87 × 10-3]95%PI)
mean = 1.20 × 10-3; 

[2.34 × 10-6; 5.80 × 10-3]95%PI

Low risk area
(e.g. Eastern Europe)

Annual rabies case number

Human population of the area
Human to dog ratio

With:
Annual rabies case number = Gamma (shape: 5.23 × 103; 

scale: 2)
Human population of the area = 2.25 × 108

Human to dog ratio = Uniform (min.: 8.26; max.: 9.49)

mean = 4.22 × 10-4;
[3.91× 10-4; 4.53 × 10-4]95%PI

Crozet et al., 2020 (Vet Sci)



Model parameters

Probability of a dog being asymptomatic on a given day while infected by rabies virus

Material and methods
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Risk estimation - « Classical » scenario tree modelling

Annual number of infected dog imported (NRabies)

Material and methods
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Nimp: annual number of imported dogs



Sensitivity analysis - Model 1 (based on Spearman’s rho statistic)

Material and methods
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Sensitivity analysis - Model 2 (based on Sobol indices)

Material and methods
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