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Rabies disease, 
etiology and 
pathogenesis
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 Rabies is a viral infection of mammals. Once
symptoms of the disease develop, rabies is >99%
fatal.

 Main host species are:

• Wild mammals: red, arctic and grey foxes,
raccoon, raccoon dog, skunk, coyote,
mongoose, and also bats,

• Domestic animals: dog, cat, ferret, cattle,
horse.

 The virus is usually transmitted by close contact
with saliva from infected animals (ie. bites,
scratches, licks on broken skin and mucous
membranes).

 The World Health Organization (WHO) records
annually more than 60,000 human deaths, of which
about 40% are children under the age of 15, mainly
in Asia and Africa.

The disease (1/2)
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In the world, 99% of human cases are due to dog bites

In Europe, the principal vector species
is the red fox. The raccoon dogs play 

also an important role.

The disease (2/2)
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Rabies virus

Enveloppe (membrane)Matrix protein 

Glycoprotein

Ribonucleoprotein

Polymerase

Phosphoprotein

• The G protein shows substantial structural variability among the 
different variants.

• The G protein is the target of neutralizing antibodies.

• The G protein plays a predominant role in the pathogenesis of 
rabies.

• Rabies virus particles are bullet-shaped

• Rhabdoviridae family, lyssavirus genus

• Negative stranded RNA genome

• Rabies genome encodes 5 proteins
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Source : Fooks et al. 2014

14 species of rabies virus 

recognized to date by the 

International Committee on 

Taxonomy of Viruses (ICTV).

Phylogenetic tree of the rabies virus species
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Central Europe (CE)  
and Serbian Fox phylogroup

Source: Bourhy et al., 1999

At least 6 different 
clades of RABV 

virus coexisting in 
Europe:
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Weastern Europe (WE)  
phylogroup

Source: Bourhy et al., 1999; Lojkic at al., 2010; Mc Elhinney et al., 2011

At least 6 different 
clades of rabies 

virus coexisting in 
Europe:
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Eastern Europe (EE)  
phylogroup

Source: Boury et al., 1999; Mc Elhinney et al., 2006; Lojkic at al., 
2010; Turcitu at al., 2010; Mc Elhinney et al., 2011; Picard et al., 
2012

At least 6 different 
clades of rabies 

virus coexisting in 
Europe:
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North Eastern Europe (NEE)  
phylogroup

Source: Bourhy et al., 1999; Vanaga et al, 2003;
Turcitu at al., 2010; Picard et al., 2012

At least 6 different 
clades of rabies 

virus coexisting in 
Europe:
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East of Russia (C)  
phylogroup

Source: Kuzmin et al., 2004; Picard et al., 2012

At least 6 different 
clades of rabies 

virus coexisting in 
Europe:
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1

2
3

5Kinetics of virus migration
and multiplication

Bite with 
transmission of 
infected saliva: 

the virus 
multiplies in the 

muscle.

Migration to 
the salivary 
glands: the 
virus can 
spread to 

other 
animals by 

bite or licking

Intensive 
multiplicatio

n in the 
neurons of 
the spinal 
cord and 

propagation 
in the 

nervous 
system

Passage 
through the 
spinal cord 
to the brain

The rabies 
virus 

travels via 
nerve cells

1 32 4 5

Infection 
4 to 8
hours

Death from 2 days to 1 
month after first symptoms, 
depending on the animal, 

strain, bite location

Migration of the virus trough nerve system 
from 11 days to several months, 

depending on the animal. No particular visible 
symptom

Firsts 
symptoms
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The clinical evolution of rabies go through 4 stages:

Food safety

Variety of clinical signs

• fearfulness,

• aggression,

• excessive drooling,

• difficulty swallowing,

• staggering,

• Seizures,

• unusual behavior; for example, an animal that is usually only
seen at night may be seen wandering in the daytime,

• depression,

• self mutilation, or

• Increased sensitivity to light.
13
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Dumb or furious form?

Cnerpas, AnsesCnerpas, AnsesCnerpas, Anses

Cnerpas, AnsesCnerpas, AnsesCnerpas, Anses

Cnerpas, AnsesCnerpas, AnsesCnerpas, Anses

Cnerpas, AnsesCnerpas, AnsesCnerpas, Anses
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Log‐normal distribution of the length of the 

incubation period of rabies in dogs and cats (red) 
and in ferrets (blue)Sources: Jones et al., 2002 ; Jones et al., 2005

Rabies pathogeny in domestic carnivores

For cats and dogs, mean value 
of the incubation period  of 38 
days and a standard deviation 
of 45 days.

Food safety

• Viral excretion begins before the onset of 
the first clinical signs.

• The rabies virus is not regularly excreted 
in the salivary glands of infected animals.

• The absence of rabies virus in saliva does 
not mean that the animal is not rabid.

• Detection of rabies virus in saliva does not 
predict when excretion has started.

Viral Excretion in carnivores

Food safety
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Rabies diagnosis
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 Laboratory diagnosis is the key for 
surveillance of the disease and 
also to possibly initiate rational 
post‐exposure rabies treatment 
decision: an appropriate and 
accurate diagnosis is consequently 
fundamental.

 Rabies methods (in compliance 
with OIE standards).

One of the tasks of the Rabies 
EURL is to harmonise the methods 
and to elaborate standardised 
procedures following 
identification of the critical points 
of the methods.

Rabies diagnosis: pillar of surveillance
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Rabies surveillance

Packaging of animal (entire or head) and 
sending or transport to the laboratory

Call the regional      
veterinarian inspector 
or hunting 
association

Animal sampled

Rabies
diagnosis

FINDER of 
• Animal found dead 
• Animal suspected of having                                  
rabies 
• Animal having contaminated                                            
human being
• Imported animal 
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Five 
techniques 

used in Europe

FLUORESCENT ANTIBODY TEST (FAT)

RABIES TISSUE CULTURE INFECTION TEST

(RTCIT)

CONVENTIONAL RT‐PCR
REAL TIME RT‐PCR

MOUSE INOCULATION TEST (MIT)

Molecular 
biology 

techniques

Virus 
isolation



8

Food safety

21

Frequency of testing 
in Europe

Source: EURL for Rabies report:
Review of the analysis related 

to rabies diagnosis
and follow‐up of oral vaccination 

performed in NRLs in 2016

Reference Techniques Molecular Biology Techniques

Country FAT RTCIT MIT RT‐PCR RealTime Typing

Total (n analysis) 26799 3530 855 1168 1087 71

Total (% analysis) 80% 11% 3% 3% 3% 0%

Total (n laboratories) 31 19 5 13 17 6

Total (% laboratories) 100% 61% 16% 42% 55% 19%
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The Fluorescent Antibody Test
• Method of reference:

The Gold standard! (99% SE; 95% SP)

• Recommended by WHO and OIE.

• Allows to establish a diagnosis in few hours, on fresh or fixed
material .

• Based on the staining of a tissue smear with an FITC labelled
anti‐rabies immunoglobulin, following fixation in acetone.

• The stained smear is washed in buffer and read under blue
light fluorescence to detect the characteristic green
fluorescence associated with rabies antigen corpuscules.
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23

THE FAT IN 10 STEPS

Anses
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©CDC

Cerebellum

Spinal Cord

Brainstem
(under cerebellum)

Cerebrum

1. Brain collection:

Brainstem (x2) and 

cerebellum and/or Ammon’s horn.

(WHO, 1996; OIE, 2008; Bingham, 
2002).

2. Slide preparation:

The slides  are cleaned and degreased.
Each slide is made by lightly pressing the 
slide on the brain pieces. 

3. Drying: 
Slides are dried 15‐30 min at room temperature
(RT).

Anses
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4. Fixation: 
The fixation is performed for 30 
minutes at ‐20°C in pure acetone.

5. Drying before staining: 
Slides are dried 15‐30 min at RT.

6. Staining: 
Strictly follow the recommendations of 
manufacturer .
37°C during 30 minutes in humid chamber.

7. Washing: 
By soaking 2x5 minutes in PBS.
Control and sample slides must be 
placed in separate rinse containers

Anses

Anses

Anses
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8. Mounting: 
Buffer mounting > or equal to pH 8.5 (Durham et 
al., 1986).
High concentration of glycerol may provide 
diminished staining (Rudd et al., 2005).
Cover the smear with mounting medium and cover 
slip.

9. Reading: 
Two readers read separately the slides. In
case of any doubt a third person read the
slide.

10. Validation:
Positive and negative control must be
included in each session. The results are
validated if positive control is positive
and negative control remains negative.

Anses

Anses

Anses

Anses
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The Rabies Tissue Culture Infection Test

• Most commonly used confirmatory test (96% SE; 97% SP).

• Detects rabies virus infectious particles.

• In vitro test using Neuro2a cells (ATCC no = CCL131).

• Rabies virus induces no constant cytopathic effect, FAT is needed to 

reveal RV replication in cells.

• Advantages: sensitivity (96‐97%), rapid answer (1 to 5 days), cheaper 

than MIT.

• Disadvantages: cells are also sensitive to putrefied specimens (cytolytic

action of bacteria and toxins).
27

Anses
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THE RTCIT IN 12 STEPS
(METHOD ON LAB-TEK CHAMBER SLIDES)
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1. Material:

Labtek chamber slides.

2. Cell culture:
• Cell line: Neuroblastoma N2A ATCC 131.
• Medium: EMEM +10% FBS+ antibiotics.
Trypsination must be performed when cell
monolayer is at 80% confluent.

3. Inoculum preparation:
Preparation at 10%.
Grinding medium: cell culture + antibiotic.
Centrifugation at low temperature.

Anses

Anses

Anses

Anses
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4. Inoculation :
50µl of inoculum.
400µl of medium per well (105 cell/ml).

5. Incubation:
From 48 to 96h; 36°C2; 5% CO2.
Medium must be changed at 72h.

6. Washing :
By soaking 2x5 minutes in PBS.
Control and sample slides must be 
placed in separate rinse containers.

7. Fixation:
The fixation is performed for 30 minutes at 
‐20°C in pure acetone.

Anses

Anses

Anses
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8. Drying:
15‐30 min at RT.

9. Staining:
Strictly follow the recommendations of 
manufacturer .
37°C during 30 minutes in humid chamber.

.
10. Washing:
By soaking 2x5 minutes in PBS.
Control and sample slides must be 
placed in separate rinse containers.

11. Reading: 
Two readers read separately the slides.

12. Validation:
Positive and negative control must be
included in each session. The results are
validated if positive control is positive
and negative control remains negative.

Anses

Anses

Anses
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• Detects RV infectious particles.

• Intracranial injection of the supernatant of a 10% brain suspension to 
anaesthetised mice.

• Advantages: sensitivity (92‐99%), robust method, allows easy 
isolation of the strain.

• Disadvantages: delay of answer (28 days), cost, needs animal 
experimental facilities.

• RTCIT is an alternative test, as sensitive as MIT (Rudd  &  Trimarchi,  
1989)

Once a validated and reliable cell culture unit exists in the laboratory, 
consideration should be given to replacing  the  MIT with RTCIT whenever  

possible  as  it  avoids  the  use  of  live animals, is less expensive and gives more 
rapid results (WHO, 2005; OIE, 2012; EFSA,2010). 

The Mouse Inoculation Test
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 RNA extraction 
Trizol; Various extraction kits. 

 Lyssavirus RNA Detection after RT and PCR amplifications

 One tube RT‐PCR specific rabies primers (Ex: JW12/JW6: Heaton et al., 1997).

 PCR2 with specific rabies primers (Ex: JW12/JW10: Heaton et al., 1997; JW12/Jebl1: Picard‐Meyer et al., 
2004).

 Electrophoresis.

The conventional RT-PCR (1/2)

2       3      4       5    6       7       8       9    10       11  12     13    14     1516     17     18 MW

606 bp

410 bp

1 2 3 4 5 6 7 Negative ControlsGenotype:

MW

The principle of lyssavirus‐specific PCRs is a reverse transcription of the
target RNA (usually parts of the N gene) into complementary DNA followed
by the amplification of the cDNA by PCR (99% SE; 92% SP).

Anses
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PCR tools are useful research 
complement to the routine diagnosis 
reference methods:

• Allow the rapid identification of 
viral strains by sequencing of the 
PCR products (for possibly 
distinguishing  field from vaccine 
strains).

• Allow phylogenetic analysis and 
the establishment of speciation, 
geographical links and 
differentiation of the different 
virus species.

The conventional RT-PCR (2/2)
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Amplification of positive controls with TaqManR Real Time PCR 

Serial dilutions of positive 
DNA control (5. 105 to 5 
copies/well) 

Negative control

•Equipment: SmartCycler (Cepheid); Rotor‐Gene (Qiagen);

•Chemical: SYBR Green; Taqman (quantitative + identify species);

•Primers used (SYBR Green and Taqman): JW12/N165‐146 (Wakeley et al., 2005);

•Probes used (Taqman): Taqman (Gt1; Gt5; Gt6).

The most sensitive, the most rapid method (Wakeley et al., 2005):
 Real Time 200x more sensitive than conventional RT‐PCR  (Hayman et al., 2011).

Source: Picard‐Meyer E. et al.,  2010

The Real-Time PCR

Anses
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Rabies surveillance

Data recording, reporting 
of laboratory findings for 
all samples (negative and 

positive) to national 
authorities 

Packaging of animal (entire 
or head) and sending or 

transport to the laboratory

Rabies
diagnosis

Call the regional      
veterinarian inspector 
or hunting 
association

FINDER of 
• Animal found dead 
• Animal suspected of having                                  
rabies 
• Animal having contaminated                                            
human being
• Imported animal 

Animal sampled

Food safety
37

Citizens, NGOs, associations, 
founding an animal cadaver or 

a suspect live animal

Sending of results Sending of samples
Caption

National reference Laboratory for rabies

WHO / OIE 
(Rabnet & 

WAHID* 
database)

National competent authority for 
animal health

National competent authority for 
human health

National rabies database 
(all diagnosis results from 
both animals and humans)

*http://web.oie.int/wahi
s/public.php?page=home

Veterinary services

Veterinarians

Regional laboratory

Laboratory-based surveillance network for rabies

Food safety

How to maintain 
comparable testing 

(and epidemiological 
data) within the EU?

38
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BENEFICIARIES:

European National Reference Laboratories (EURL framework) and some 
laboratories from third countries (OIE and WHO ref lab framework).

Proficiency Tests for Rabies Diagnosis

Organized by Anses in the frame of OIE and EU reference
rabies laboratory mandates (commission regulations No 737/2008

and No 415/2013):

2006 2009 201020082003 2007200520042002 2011 2012 2013 2014

FAT                       RTCIT                    RT‐PCR qPCR

2015 2016

Food safety
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Conclusion

• Rabies virus is very specific of its host which is highly sensitive
to its homologous virus.

• The duration of the incubation period is variable.

• 100% virus salivary excretion when infected. Salivary excretion
starts before any clinical symptoms.

• Rabies diagnosis is the key element of the passive surveillance
network.

• Importance of laboratory accreditation according to recognised
guidelines (quality management system).

• Tests for rabies diagnosis must be validated and accepted by OIE.
Importance of involvement in proficiency testing scheme.

• Importance of laboratory trainings to maintain the technical
competences.

Food safety

41

Thank you for 
your attention!
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• Introduction

• Red fox

• Raccoon dog

• Golden jackal

• Role of other species in rabies epidemiology
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Introduction
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The role of different animal species in rabies 
epidemiology:

• Reservoir 

• Vector

• Host 

• …..
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Google: Rabies reservoir species…

3
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Wildlife potential reservoirs:

4

• Red fox – truth reservoir in Europe and Asia!

• Raccoon dog – possible reservoir but still unclear

• Golden jackal – not clear

• Grey wolf – not clear (vector)

• Small Indian mongoose - reservoir in Caribbean islands

• Egyptian mongoose – only in Iberian peninsula… 

• Raccoon – could become a reservoir in Germany

• Arctic fox – rabies reservoir in North polar regions

• Badger – not clear (vector)

• Bats – some species are reservoirs

Food safety

Red fox (Vulpes vulpes)

5
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Red fox– areas of presence

6

Native

Introduced

Food safety

Red fox – characteristics (1)
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• Highly adaptable species

• Divers habitats including urban 
and suburban areas

• Territory: 40-1000 ha (neg
correlation with density)

• Diet: small rodents, birds, 
insects, fish, hares, rabbits, 
muskrats, berries, apples... 

• Density: 0.02-30 animals/km2

• Mortality: 55-60% in cubes,  
up to 60% in adults

• Max life span: 5 years

Food safety

Red fox – characteristics (2)

8

Reproduction:

• Mating: December-February

• Gestation: ~ 52 days

• Cubs born: March-April

• Litter size: 4-6 (up to 13 cubs 
recorded!)

• First «walk» - age of 4 weeks

• Weaning: age of 6 weeksPhoto: 
http://www.newforestexplorersguide.co.uk/wildlife/mamm
als/foxes/family-life.html
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Red fox – characteristics (3)
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• Dispersal of cubs: at age of 
6-12 months (September-March);

• Dispersal distance: 21-29 km up 
to 130 km; /even 400 km

Dispersal distances correlate positively 
with territory size, i.e. in areas where 
territories are large and population 
density is low foxes disperse far, which 
increases the probability that rabies will 
leap to new areas (Trewhella et al., 1988; 
Kauhala et al., 2006).

Food safety

Raccoon dog (Nyctereutes procyonoides)
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Raccoon dogs – areas of presence

11

Native:
China; Japan; Korea, Democratic 
People's Republic of Korea, Republic of 
Mongolia; Viet Nam
Russian Federation (Amur, Central 
European Russia - Introduced, Chita, 
East European Russia - Introduced, 
Khabarovsk, North European Russia -
Introduced, Northwest European 
Russia - Introduced, Primoryi, South 
European Russia - Introduced) 

Introduced:
Austria; Belarus; Belgium; Bosnia and 
Herzegovina; Bulgaria; Czech 
Republic; Denmark; Estonia; Finland; 
France; Germany; Hungary; 
Kazakhstan; Latvia; Lithuania; the 
former Yugoslav Republic of
Macedonia; Moldova; Netherlands; 
Norway; Poland; Romania; Serbia; 
Slovakia; Slovenia; Sweden; 
Switzerland; Ukraine
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Raccoon dogs – alien species in
Europe

EFSA AHAW Panel (EFSA Panel on 
Animal Health and Welfare), 2015. 
Scientific opinion – Update on oral 
vaccination of foxes and raccoon dogs 
against rabies. EFSA Journal 
2015;13(7):4164, 70 pp. 

Food safety

Raccoon dog– characteristics (1)
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• Alien species in Europe

• Highly adaptable species

• Only Canidae species which 
hibernates (November-March)

• Very high reproductive rate

• Live in dens (even in badgers’ dens) 

• most abundant in a landscape which 
is a mosaic of small patches of 
mixed forests, gardens, meadows 
and fields, and also often in 
wetlands

Food safety

Raccoon dog– characteristics (2)
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• Very divers diet: amphibians, 
small mammals (mainly rodents 
and shrews), some birds, insects, 
maize, fruits, berries and 
scavenged items. 

• Home-range: 100-700 ha 
(depends from food availability)

• Activity: mainly during the night 
(females also during daytime)
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Reproduction:

Mating: February-April

Gestation: 61-63 days

Pups born: May

Litter size: 8-10 (up to 16 
recorded)!!!

First «walk» - age of 4 weeks

Weaning: age of 2-3 months

Food safety

Raccoon dog– characteristics (4)
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• Populations density depends on 
food availability

• Population density in Europe: 
0.3-2.0 adults / km2

• Mortality: 60-89% in juveniles 
and 51-55% in adults

• 50-61% of juveniles die during 
the first summer

• Max live span: 7-8 (10) years 

Food safety

Raccoon dog– characteristics (5)
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Dispersal:

• First dispersal: age of 4-6 
months (August-November)

• Only juveniles disperse…

• Distances: 14-19km up to 
145km (FIN); up to 91km (GER)
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Golden jackal (Canis aureus)
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Golden jackal– areas of presence
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Southern part of 
Europe, Greece, 
Croatia, Balkans.  

Recently in Bulgaria, 
Romania and Hungary 
and south-western 
Ukraine. 

Also in Italy, Austria, 
Slovakia, Slovenia.  

Food safety

Grey wolf (Canis lupus)

20
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Grey wolf– areas of presence
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Northern raccoon (Procyon lotor)
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Northern raccoon – areas of presence

23

Originally a North and Central American species;

Introduced in Russian Federation, Germany and Japan;

- Germany – more than 1 million raccoons…
in some areas up to 100 heads/km2 – risk factor for the 
establishment of an independent rabies transmission cycle!!!  

Individuals have also been recorded from Sweden, Norway, 
Denmark and U.K.
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Grey wolf– areas of presence

24

Food safety

Arctic fox (Vulpus lagopus)

25

Food safety

Arctic fox– areas of presence

26
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Other species – role in rabies 
epidemiology 

27

Eurasian badger 
(Meles meles)

Small Indian Mongoose 
(Herpestes auropunctatus)

Egyptian Mongoose 
(Herpestes ichneumon)

Food safety

BATS – role in rabies epidemiology 

28

In Europe EBLV-1 was isolated 
exclusively from Serotine bats 
(Eptesicus serotinus and Eptesicus
isabellinus).

EBLV-2 was detected in 
Daubentons bats (Myotis
daubentonii) and Pond bats
(Myotis dasycneme).

Food safety

Summary

29

1. Many animal species are involved in rabies epidemiology, 
however Red fox is the true rabies reservoir in Europe and 
Asia.

2. Raccoon dog – second most important species in North 
Europe (more vector than reservoir).

3. The role of several invasive species could become more 
important in a near future.

4. Bats – reservoirs for Lyssaviruses; risk of transmission to 
non-flying mammals is low.  
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Long history of Rabies

1

The first written record of rabies is 
in the Mesopotamian Codex of 
Eshnunna (1930 BC). 

The owner of a dog showing signs of 
rabies has to take preventive 
measures. If the dog bites another 
person, the owner will be fined. 

A woodcut from the Middle Ages showing a rabid dog
https://en.wikipedia.org/wiki/Rabies

Food safety

Canine rabies  (urban rabies) 

2

Had been present for centuries

Source of infection - dogs 

Since 1875 – strict control measures:  
stray dog elimination, sanitary policy, 
quarantine, notification of rabies, tracing 
movements of rabid dogs and dog 
vaccination (later) 

http://www.who-rabies-
bulletin.org/About_Rabies/Epidemiology.aspx

Freedom from dog-mediated rabies was achieved in Scandinavia (1900), 
Austria and Germany (1914), UK (1922) and Netherland (1923) and 
most of the European countries after the II world war (e.g. Italy: 1954). 
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Wildlife - sylvatic rabies

3

At the end of 1930s Rabies 
virus spread in red fox 
population (Russian-Polish 
border). 

The area of epizootic rabies 
expanded rapidly with an 
average progression of 20 to 
60 km per year, to several 
countries in eastern, central 
and western Europe.

The main reservoir in Europe is red fox (Vulpes vulpes). 

Assumed spread of the fox rabies epidemic in 
Europe during the 20th Century 

Food safety

Fox and rabies
Prevalence (n. positive foxes/examined 
foxes) = ~1%
In infected areas: 11% of the dead foxes are 
rabies positive (efficiency of passive 
surveillance) 
In infected areas: 60-80% of the foxes die 
because of rabies

4

Food safety

5

Epidemic wave
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Epidemic waves

6

The virus arrives in a free area and starts to spread;

According to the specific epidemiological parameters 
of the virus (infectiousness, lethality, mortality etc.) 

and the demographic parameters of the host 
population, the infection can continue to spread or 

not; 

Food safety

Epidemic waves

7

It is a local,  short time, evolution of the infection 
(months);

Infected animals soon die but live long enough to spread 
the infection (wave); the lethality induced by the virus 

leads to the local demographic collapse of the fox 
population that causes the local extinction of the Virus; 

The virus spreads ahead and tends to fade out behind; 

A minimum – local - density of foxes is needed (Fox 
threshold density of infection spread) to observe waves; 

Food safety

Epidemic waves

8

The minimum density of foxes to observe an epidemic 
wave could be estimated (ad hoc surveys) 

The speed of the wave depends on the fox density;

The geographical spread depends from the continuous –
uninterrupted - geographical distribution of the fox 

population; 

Epidemic waves are rarely caused (if ever) by 
MIGRATING FOXES; 
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Fox biological cycle and 
rabies spread 

According to the biological cycle of the 
fox,  rabies tends to spread according to 

seasonal patterns 

9

ADULTS

Youngs dispersal
September-October Mating season

December-January 
(dependent on latitudes)

Youngs in dens
March-April

Youngs
around the den
May-June

Fox annual biological cycle 

Dispersal of young foxes
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80

90

Average distance
from the den

Males

Females

Trewella et al., 1988; J. Appl. Ecol. 
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Three important periods
1. Mating season: males increase their home ranges, 

increased intra-species aggressions, contact rates 

2. Post reproduction period: the population density 
increases 80% (2 reproductive adults => 4 cubs) 

3. Dispersal: young animals (mainly males) leave their 
parents’ home range = increased movements, contacts 
etc.  

12
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Density dependent spread 
 The number of cases is PROPORTIONAL (strictly related) to the 

number of available susceptible hosts

 Any density dependent disease recognizes a HOST THRESHOLD 
DENSITY at which the infection is not able to invade (to spread)  the 
host population

 The HOST THESHOLD DENSITY could be defined as: the host density 
at which an infected host cannot come into contact with another 
susceptible individual in order to transmit the infection

 When the host density is below the threshold density the infection 
fades out and does not spread any more 13

Food safety

14

Anderson et al. 1981, Nature, 289:765-71
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Epidemiological patterns

15

Density (K) in Europe 0.1-4 (1) foxes /km2

Fox home range – 0,4 – 10 km2

Rabies acting as a time – delayed density 
dependent regulator

Rabies cycle   3 – 5 year 

Threshold density (KT) – Rabies die out  ≤1

Anderson et al. 1981, Nature, 289:765-71

Food safety

16

Rabies – density dependent disease 
(line 1).
In low density rabies can`t sustain itself 
(line 4).

Proportion between 
affected population and 
recovering of the 
population.

More affected 
population, more time 
for recoveryCT – transmission rate

KT - Threshold density

Rabies can maintain 
itself in unshaded region 

p – proportion of 
protected population by 
vaccination 

Anderson et al. 1981, Nature, 289:765-71

Food safety

Density dependent diseases
relathionships between host population dize (density) and N. of cases 

17

0
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N. CASES

Density of the hosts

Begon at al., ECOLOGY, 1996. 
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Which is the fox threshold 
density for Rabies? 

Several Fox threshold densities have been estimated and ranging 

0,2/km2

(Bacon, 1981; J. Environ. Manag.) 

1/km2

When families (or dens) are considered the threshold density is is approximately 
halved (Kauhala et al., 2006; Acta Ther.; EFSA, 2015) 

0,1 km2

0,5 km2

Families for km2
18

(Anderson et al. 1981, Nature)
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0
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Fox density

N. rabies cases

Fox density, Rabies  and threshold density
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Why is the Threshold density
variable? 

 Variable ecology of fox according to different areas, environment, latitudes etc.

 Technical problem in estimating the Threshold

 The formula is highly dependent from the DURATION of VIRUS ELIMINATION 
(NOT CLINICAL SIGNS)

 The threshold has been estimated using different values for the length of the 
period of virus elimination (5-15 days)

20
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0

0,2

0,4

0,6

0,8

1

1,2

1,4

3 5 8 12 15

Fox 
threshold
density

Duration (days) of rabies virus elimination by infected animals 

Relationship between threshold density (fox/km2)and 
duration of infectiousness 

Elaborated from Anderson et al. 1981, 
Nature, 289:765-71; equation (7)
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Home ranges and home range overlappings

Home range: is the area in which an animal lives and moves on a periodic basis. 
Seasonal home ranges.

Methods: smallest convex polygon, normal distribution kernel density, Burgman
and Fox’s alpha-hull method, Wilmers local convex hull; 

DIFFERENT METHODS GIVE DIFFERENT HOME RANGE SIZES

Average fox home range size:  40-700 ha (EFSA, 2015) but > 1000 ha also

The whole home range is visited in 3-80 days

Home ranges often overlap 22

Food safety

Overlapping home ranges facilitate 
rabies spread
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Each home range should be properly 
covered during vaccination

Food safety

Fox home range and bait density

 Average home range 500 ha (5 km2)

 N. Baits for 5 km2 : 100 (20 baits/km2) 

 Each day a fox visits 10% of its home range: 50 ha

 In 50 ha there are 10 vaccine baits

25

Food safety

Fox density and home ranges 

At high density: small home ranges
At low density: large  home ranges

At very high fox density, the probability to find an 
adequate number of vaccine baits decrease since home 

ranges are very small

26
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Home range size and vaccination (20 baits/km2) 

Home range km2

% vaccinated foxes

Tulke et al., 2004. BMC Inf. Dis.

Food safety

When foxes are sympatric 
with racoon dogs

28

Food safety

Fox + Racoon dog 
Threshold density

(Singer et al., 2009, JWD)

Both the species are involved in the epidemiology of rabies

The resulting threshold density ranges from 0,26 to 0,32 
Fox + Racoon dog/km2

0,26 in northern habitats where Racoon dogs hibernate

0,32 in habitats where Racoon dogs do not hibernate

Since two species are involved the threshold density is reduced 29
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Conclusions

30

1. Rabies in Europe recognizes a wild cycle in which the fox is the 
main (sole) epidemiological reservoir

2. Rabies pattern is linked to the biological cycle of the Fox

3. Rabies is a density dependent disease, a minimum number of 
foxes (Fox threshold density) is needed for the spread of the 
virus; when Racoon dog is present the Threshold density is 
reduced;

4. Threshold density is highly dependent from the length of virus 
elimination (infectiousness period) that is highly variable as a 
result the Threshold density is also variable;

5. Vaccination strategy is based on European average densities, 
home ranges etc.  
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Vaccination of animals against rabies

1

 Rabies vaccination in domestic 
animals intended :
• to protect individual animals if exposed 
to rabies virus,
• to safeguard livestock herds (economic 
value),
• to prevent them from transferring 
rabies virus to other domestic animals or 
to humans.

 Rabies vaccination in wildlife is 
intended :
• to interrupt the transmission from                
one animal to another,
• to eliminate the virus from those      
reservoirs.

Food safety

2

Rabies vaccination for animals

The theoretical level of vaccination coverage should be at least 
70% (WHO, 2013) to lead to an average 0 incidence in both 

humans and animals.

 Wild animals are vaccinated using 
 Live vaccines,
 Encapsuled in a bait casing,
 Delivered by aerial means,
 Consumed by many animals including wildlife

 Domestic animals are vaccinated using
 Inactivated vaccines,
 Delivered by injection under the supervision of a 

veterinarian
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Rabies vaccines for animals

3

Either inactivated (killed), modified-live or biotechnology-
derived products

Rabies vaccines are produced following national and/or relevant 
international standards with regard to potency, sterility, safety 
and efficacy

Rabies vaccines should be approved (marketing authorisation) 
by the competent state authorities according to adequate 
national regulations for veterinary biologicals 

National laws as well as regional and local legislation and 
decisions

Food safety

Guidelines for rabies vaccines

4

WHO Expert Consultation on Rabies, WHO Geneva, 
WHO Technical Report Series, 2013, n°982,139 p

Rabies chapter (2.1.13) of OIE Manual, 2013, oral 
vaccination paragraph

The oral vaccination of foxes against rabies, Report of 
the Scientific Committee on Animal Health and 
Animal Welfare, 2002, 55 p 

EFSA-Q-2014-00864: Update on oral vaccination of 
foxes and raccoon dogs against rabies, 2015, 70 p

Rabies Vaccine (Live, oral) for foxes and raccoon 
dogs, European Pharmacopoeia 2014, p 1011-1012

Rabies vaccine (inactivated) for veterinary use, 
European Pharmacopoeia 2013, p 1008-1011

Food safety

Vaccine format for oral vaccination of wildlife

5

 The oral vaccines consist of a capsule or a sachet
containing a solution of a live anti-rabies vaccine
hidden in a casing attractive to the fox. The bait
casing should contain a biomarker (tetracycline)

 The vaccine bait is attractive for the
target species (smelling, bait sharp)

 In certain countries, specifications are required for
having vaccine baits stamped with a visible warning
(sticker) that reads: Beware, Anti-rabies vaccine,
Don’t touch! Tel in case of contact: 888888
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Oral vaccines currently used in Europe 

6

Virbac (France)

Rabigen 
Bioveta (Czech Republic)

Lysvulpen  Raboral 
Merial (USA)

Fuchsoral
IDT (Germany)

 Virus strains :
 Rabigen: SAG2 strain
 Fuchsoral: SAD B19 strain
 Lysvulpen: SAD Bern

 Raboral: Vaccine 
Recombinant Glycoprotein 
(VRG)

Food safety
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Strains of rabies virus used for production of oral 
vaccines

AGA, AAA, GAA: codons of the rabies
strains
SAD: Street Alabama Dufferin
ERA: Evelyn (Gaynor), Rokitnicki,
Abelseth
SAG: Street Alabama
Gif: name of the laboratory (Gif) that
performed the double mutations of
the SAD strain
VRG: Vaccinia Glycoprotein
Recombinant

SAD P5/88

AGA

Passaged on 
BHK21 cells AAA

SAG1

GAA

Passages on
various

SAD strain
Isolated  from  a naturally

infected dog in the USA in 1935

ERA virus

SAD B19

SAD Bern

BHK21  AAA

SAG1 SAG2

GAA

various

Cell cultures

SAD strain
a naturally

Probability  of reversion : 1:1016

VRG

Food safety
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Official testing at receipt and prior to release in 
the field

 The Veterinary Contracting Authority should receive results 
of official testing (titration for all batches of vaccine baits) 
on time, prior to the start of the vaccination.

 Upon receipt, Veterinary Contracting Authority could 
undertake titration of 

• Certain vaccine batches selected randomly,
• All vaccine batches.

 In case vaccine titres are not in conformity to ensure an 
efficient vaccination coverage of wildlife, Veterinary 
Authority could ask for a new vaccine bait sending (this 
point should be addressed in the tendering 
documentation). 
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Main quality criteria of oral vaccine baits

9

Safety in target and non target 
species
Solidity of the bait casing for all 
weather conditions (no melting,      
no deformation, no breaking, etc...)
Stability of the vaccine titre before 
and during release
Efficacy demonstrated by 
experimental studies on target 
animals (foxes) followed by a rabies 
challenge
Efficacy demonstrated in the field
Presence of visible warning (sticker)

Anses Nancy

Anses Nancy

Food safety

10

Oral vaccines used in Europe in 2016 

Source: Review of the analysis related to rabies diagnosis and follow-up of
oral vaccination performed in NRLs in 2016, EURL report, July 2017, 14 p

Food safety
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Storage conditions of vaccines 

 All modified live-virus vaccines
(strains SAD B19, SAD Bern
and SAG2) must be stored at –
20°C. VRG vaccine baits must
be stored between 2°C to
8°C

 Vaccine baits are in plastic bags
and/or in carton boxes in dark
conditions. They are sold loose
(bulk) or in film containers

 Inactivated vaccines must be
stored between 2°C to 8°C,
protected from light and not
frozen

 Inactivated vaccines are sold in
glass vials (different suspension
volumes and different package
sizes)

 The vaccines should not be used
after the indicated expiry date
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Vaccine format for injectable use in domestic
animals

12

Most vaccines for injectable use are:

Cell culture produced 
Inactivated (except one licensed vaccine 

which is a live recombinant vectored 
rabies vaccine for cats)
Adjuvanted or not
Possibly combined with other antigens
Liquid or lyophilised
Route of injection: IM, SC or ID
Potency : ≥ 1.0 IU/dose

Food safety
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Vaccination
protocol for cats and dogs

Name Labo Bovine Caprine Cat Dog Equine Ferret Ovine Porcine (ml)
Min
age

Boost

Espèce

Enduracell‐R Zoetis x x x x x x 1
3 

month
Annual

Nobivac R MSD x x x x 1
3 

month Annual

Rabigen
mono

Virbac x x x 1
3 

month Annual

Rabisin Merial x x x x x x x 1
3 

month

One injection 1 year after
primo‐vaccination
Then one injection every 3 
years maximum 

Vanguard‐R Zoetis x x x x x x x x 1
3 

month
Annual
Then every two years

Purevax R Merial x 1
3 

month

One injection 1 year after
primo‐vaccination
Then one injection every 3 
years maximum 

Species

Vaccines

Some inactivated vaccines internationally used

Food safety
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Main quality criteria of injectable vaccines
• Safety: inactivation process under control. 

Effective pharmacovigilance in place

• Potency:  several countries are involved in 
OCABR* scheme for batch release potency
testing

• Efficacy demonstrated in target species for 
at least one year after primo-vaccination

• Sterility: opened vials should be used within
2-3 days under sterile conditions to withdraw
vaccine from multidose vials

* Official Control Authority Batch Release 
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Rabies prevention in humans

Pre-exposure treatment
• Preventive vaccination is recommended for

people in high-risk occupations (such as
laboratory workers, veterinarians, veterinary
technicians, zootechnicians, gamekeepers,
foresters, taxidermists, furriers, bat handlers).

Post-exposure treatment
• Post-exposure treatment consists of local

treatment of the wound, passive immunization
(administration of rabies immune globulin) and
active immunization (administration of rabies
vaccine).

Slide from Mary Warrell (UK)

Food safety
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Pre-exposure rabies prophylaxis:
People at risk of infection

 Workers in rabies virus laboratory
 Workers handling fox vaccine
 Those who handle animals in or from endemic areas: 

eg. dog catchers, wildlife workers, zoos, ports
 Bat handlers
 Hospital staff caring for rabies encephalitis patients 
 Travellers to dog rabies endemic areas
 Anyone living in dog-rabies endemic areas

Slide from Mary Warrell (UK)

Food safety
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What constitutes a risk of infection?
Virus is in animal’s saliva

Slide from Mary Warrell (UK)

 Dog, cat or wild animal -bite or scratch with 
broken skin
 Lick on broken skin or mucous membrane 

contact
 Broken vaccine bait - very ‘weak’ virus but give 

vaccine if liquid contaminates broken skin or  
mucous membranes

Vaccine bait  
Different types of  capsule
used so appearance varies
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Pre-exposure rabies prophylaxis

Slide from Mary Warrell (UK)

18

Day   0   7 28

Tissue culture vaccine: 1 dose IM or 0.1 ml ID

KEEP RECORD OF IMMUNISATION

Food safety
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What to do if you find a bait? 

Slide from Mary Warrell (UK)

A vaccine-containing bait may be handled accidentally, 
especially by children

If you find a bait that you need to dispose of (bait in the 
garden for example, or near a child):

 pick the bait up with a stick or wear gloves, 
 put the bait in a plastic bag,
 take the bait to the veterinarian or to 

the police station
OR (picture )

 put a hand into a plastic bag
 take the bait
 replace it in a less densely populated area
(field, bush forest)

Food safety

20If you find a bait leave it as it is
Never touch a bait with            your hands



What to do if you find a bait? 
A vaccine-containing bait may be handled accidentally, 
especially by children

If you find a bait that you need to dispose of (bait in the 
garden for example, or near a child):

 pick the bait up with a stick or wear gloves, 
 put the bait in a plastic bag,
 take the bait to the veterinarian or to 

the police station
OR (picture )

 put a hand into a plastic bag
 take the bait
 replace it in a less densely populated area
(field, bush forest)
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What to do if you touch a bait by mistake? 

Slide from Mary Warrell (UK)

Go to the 
veterinarian,

the police
or straight to the 

family doctor
TAKING THE 

BAIT

The bait is 
damaged 
and the 
capsule is 
broken or 
pierced

Treatment
might be 
needed

The bait has 
no damage

No 
treatment 
needed

The bait is 
damaged but the 
internal capsule is 
lost 

The doctor will
examine
the bait

Food safety
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How to dispose off a bait? 

22

The veterinarian, the police or the family doctor, wearing 
gloves will examine the bait and either destroy it or 
retrurn it to the countryside.  

To dispose of a bait :  burn it
 put it back in a less densely 

populated area

Unbroken baits Broken bait with undamaged capsule

Slide from Mary Warrell (UK)
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RABIES ELIMINATION IN LATVIA:
WAY TO RABIES FREEDOM

Dr. Edvīns Oļševskis

1

Content

• Rabies historical aspects in Latvia 

• Oral vaccination of wildlife and results

• Life after rabies freedom

2

Rabies history in Latvia (1)

Important facts: 

• First written evidence – 1768 (dog)

• First cases in wildlife – 1805 (wolves) 

• First recommendations for stray animal control –
1886

• First instruction on rabies control – 1919

• 100‐400 cases annually (1921‐1939)‐60% in dogs

• First case in red fox – 1951

• First case in raccoon dog ‐ 1958   
3
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Human rabies cases

1982. – 1

1986. – 1

1993. – 1

1996. – 1

2003. – 1

4

Rabies history in Latvia (2)

Rabies history in Latvia (3)

The introduction of preventive vaccination:

• Dogs – 1971

• Cats – 1991

• Ferrets – 2004

5

Rabies history in Latvia (4)
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Rabies history in Latvia (5)

Rabies epidemiological situation (1960‐1990)
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Oral vaccination of wildlife (1)

Initial period (1991‐1997)

‐ Limited amounts of vaccines

‐ Vaccine without bio‐marker

‐ Baits used – chicken heads and fish

‐ Few regions covered

‐ Manual distribution of vaccines

‐ No laboratory tools for efficiency control

8

Oral vaccination of wildlife (2)

Period 2 (1998‐2003)

‐ Limited amounts of vaccines

‐ Vaccine with bio‐marker

‐ Baits used – manufactured

‐ Limited regions covered

‐ Manual distribution of vaccines

‐ Limited efficiency control methods

9
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Oral vaccination of wildlife (3)

1998 1999

2000 2001‐2003

10‐ Vaccinated areas 

Rabies cases in Latvia (2003)

11

Oral vaccination of wildlife (4)

Period 3 (2005‐2013)

‐ Aerial  distribution (with helicopters and planes)

‐ Optimal amounts of vaccines

‐ Vaccine with bio‐marker

‐ Baits used – manufactured

‐ All country covered (except in 2005)

‐ Efficiency control ensured

12
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Oral vaccination efficiency control

Animals used for control – animals targeted by 
vaccination (fox and raccoon dog) hunted in 
the vaccinated areas (8‐4 animals / 100km2)

Laboratory tests used: 

• Vaccine bait uptake – Luminiscent

microscopy (LM)

• Herd immunity ‐ ELISA
13

ORV in Latvia

Vaccination area in 2005

14

ORV in Latvia (2005)

15
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Rabies cases in Latvia (2005)

16

Oral vaccination of wildlife (5) 
Summary (1991‐2013)

17

Manual bait distribution...

Rabies cases (1991‐2013)

18
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Rabies cases (1991‐2017)

19

In total – 5 899 rabies cases 

In a context ... 

20

Foxes and raccoon dogs – population dynamics (1993‐2013) 
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Efficiency of the oral vaccination:
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Efficiency of the oral vaccination:

22

RACCOON DOGS (2005‐2013)
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Latvia – free from Rabies

• 2010: last case in wildlife

• 2012: last case in domestic animals

• 2013: vaccine induced case in a badger…

• Country free status from rabies gained in 2014 !!!

• EU co‐financed program includes ORV in Belarus along the border with 
Latvia ‐ since 2012 

• Since 2014 – reduced vaccination area – buffer zone along the Eastern 
border 

23

Life after rabies freedom (2014 ‐ 2016)

24

Vaccination area in 
Latvia‐ 25 600 km2

Vaccination area in 
Belarus – 10 850 km2

???
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Vaccination area in 2017

25

Vaccinated areas are reduced to minimum…

Monitoring of the efficiency of oral vaccination 
is still carried out!!! 

Oral vaccination of wildlife  
After getting the freedom (2014‐2017)

26

Rabies passive surveillance 
(2014‐2017)

27

No positive results detected!
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Conclusions

• Manual distribution of vaccine baits is not efficient and should 
not be the method of choice.

• Regular and properly implemented vaccination campaigns using 
aerial distribution of vaccine is essential to reach the freedom 
from rabies.

• Rabies passive surveillance must be continued even after 
gaining the rabies free country status.

• The efficiency of the oral vaccination must be monitored 
independently from the size of the vaccination area (buffer 
zone).   28

29

Thank you for your attention!
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Italy: Aerial distribution

Bait storage Baits belt packaging

Food safety

Dropping system in use

Bait ready to be 
dropped. View of Tagliamento shore

Aerial distribution
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The new  bait dispenser 

Food safety

BTSF
ORV campaign Type

Vaccinated
area (Km2)

Fox 
expected
to tested

Fox
collected

Bait uptake

DEC 09 – JAN 10 emergency 13000 260 203 71.1%

MAY - JUN 2010 emergency 29800 596 554 63.2%

AUG - SEP 2010 emergency 29000 596 402 82.5%

NOV - DEC 2010 emergency 29000 596 481 91.8%

APR - MAY 2011 ordinary 29000 596 604 67.7%

NOV - DEC 2011 ordinary 29000 596 1104 86.5%

APR - MAY 2012 ordinary 29000 596 602 92.7%

Efficency of ORV

Food safety

BTSF
Efficacy of ORV

ORV campaign Type
Collection 

period
Tested
foxes

protected* 
herd 

immunity

DEC 2009 - JAN 
2010

emergency
28/01/10

203 154 75.9%
04/03/10

MAY - JUN 2010 emergency
01/06/10

554 383 69.1%
07/08/10

AUG - SEP 2010 emergency
10/10/10

351 162 46.2%
30/11/10

NOV - DEC 2010 emergency
07/01/11

481 374 77.8%
15/02/11

APR - MAY 2011 ordinary
10/06/11

528 394 74.6%
31/07/11

NOV - DEC 2011 Ordinary
25/12/11

804 372 46.3%
04/02/12

APR – MAY 2012 Ordinary
07/06/12
14/07/12 592 356 60.1%

* antibody titre > 0.5 UI/ml
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Despite a good efficiency of aerial vaccination, we faced a persistent Rabies 
pocket  in the Dolomiti; 

It has been decided to manually distribute vaccine baits in proximity to known fox 
dens

5 working days

32 tracks (Dolomiti National Park)
5408 baits distributed close to the fox dens

Rabies pocket in the Dolomiti mountains: emergency
vaccination on fox dens contemporary to aerial
vaccination

Date N° baits

11/04/2011 853

12/04/2011 1.517

13/04/2011 163

14/04/2011 175

19/04/2011 2.700

Food safety

Manual distribution of vaccine 
baits

Carried out by State Forestry Corps and local hunting associations

Implemented following procedures to guarantee:

1. Safety of the involved personnel
2. Optimization of bait distribution
3. Data collection regarding the activities

Food safety

Manual distribution of vaccine baits
Training and information on:

 correct management of baits
 connected risks
 how to fill the form for data collection
 how to use a GPS device
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Food safety

Manual bait distribution

Backpack 
with baits 

and freezing 
system Signaling 

posters

Maps, track 
description and form 

for data collection

GPS

Monthly number of infected foxes – 2010
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Food safety

Critical points for fox rabies eradication
• Precise identification of the infected area

• Appropriate planning (definition of vaccination area, etc.)

• Monitoring the efficacy of the program 

• Disease surveillance 

• Cooperation with hunters and wildlife services

• Logistics (tender for vaccine baits, aerial distribution, etc.)

• Adequate laboratory infrastructure and capacity

• Gis and disease intelligence

Food safety

Better Training for Safer Food
BTSF
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Food safety

We shall discuss about

1

• Some definitions 
• How a wildlife infectious disease spreads in a wild 

population:
• Incursions
• Epidemic waves
• Endemic stability

• The Host Threshold density at which an infection fades 
out (Nt)

• The host population Critical Community Size that 
maintains endemic an infectious disease (CCS)

• The role of vaccination
• When vaccination eradicates an infection 

Food safety

Some definitions 

2

Virus infectiousness: the capacity of the virus to spread (i.e. FMD>Rabies)

Mortality: the number of alive animals that die in a population; usually is a percentage;

Lethality: the number of infected animals that die; percentage

Recovery: the number of infected animals that recover 
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Food safety

3

Epidemic persistence

Food safety

Disease excursion

4

The arrival of a new infectious disease in a free geographical area

coming from a neighbouring infected area;

Food safety

Excursion

5
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Food safety

Incursion management

6

Incursions could be prevented only through a proper fox management in 
the infected area

In a free area, which is the fox density that prevent the arrival of Rabies 
from an infected neighbouring area? 

Since the infected area is a continuous source of virus, the fox population 
of the free area cannot be managed for long term at “almost” zero 

density; 

Food safety

Epidemic waves

7

The virus arrives in a free areas and starts to spread;

According to the specific epidemiological parameters of the virus 
(infectiousness, lethality, mortality etc.) and the demographic 

parameters of the host population, the infection can continue to 
spread or not; 

Food safety

8

Epidemic wave
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Food safety

Epidemic waves

9

It is a local,  short time, evolution of the infection (weeks, 
months);

Infected animal soon die but live long enough to spread the 
infection (wave); the lethality induced by the virus leads to the 

local demographic collapse of the fox population that includes the 
local extinction of the Virus; 

The virus spreads ahead and fade out behind; 

A minimum – local - density of foxed is needed (Fox threshold 
density of infection spread) to observe waves; 

Food safety

Epidemic waves

10

The minimum fox density allowing epidemic wave could be 
estimate (ad hoc surveys) 

The speed of the wave depends on the local fox density;

The involved area depends from the continuous – uninterrupted -
geographical distribution of the fox population; 

Epidemic waves do not depend from MIGRATING FOXES; 

Food safety

11

Endemic persistence
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Food safety

Endemic persistence

12

The local host population is able to maintain indefinitely the virus;

Endemic evolution depends from: mortality, lethality, immunity, 
recovery and reproduction capacity of the host species.

A HOST CRITICAL COMMUNITY SIZE is needed to maintain endemic 
a virus

The size of the HOST CRITICAL COMMUNITY SIZE depends on the 
above parameters

High lethality: large critical community size
High reproductive rate: small critical community size

High mortality: large critical community size
High herd immunity: small critical community size   

Food safety

Host threshold density or 
host critical community size

13

Not very important for rabies due to the lethality induced by the infection;
Host theshold density: simply the number of foxes that permits the spread of the infection in 

a spot for short time

Host critical community size: if represented by a certain number of foxes that, with their 
mortality, lethality, reproduction allows a host threshold density for Rabies virus, plus its local 

maintenance for indefinite time;

Host threshold density: refers to the minimum N. of foxes
Host critical community size: refers to the fox and Rabies virus populations including their 
demographic (foxes) and epidemiological (virus) parameters 

Food safety

The mathematic of infections
Anderson and May, 1991, Infectious diseases in humans: dynamics and control

Vynnycky and White, 2011: Infectious diseases modelling 

14

Virus Infectiousness * N. healthy susceptible Foxes
New Rabid Foxes = ----------------------------------------------------------------------

Recovery + Mortality + Lethality
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Food safety

What happen if

15

The virus is very infectious : more or less rabid foxes?
The virus does not kill foxes: more or less rabid foxes?

Foxes have a good change to recover: more or less rabid foxes? 

Mortality: any example? 

HUNTING!!!!

Food safety

Playing with formulas

16

Virus Infectiousness * N. healthy susceptible Foxes
New Rabid Foxes = ----------------------------------------------------------------------

Recovery + Mortality + Lethality

Food safety

Playing with formulas

17

Virus Infectiousness * N. healthy susceptible Foxes

1 = ----------------------------------------------------------------------

Recovery + Mortality + Lethality
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Food safety

Playing with formulas

18

Recovery + Mortality + Lethality 
N. healthy susceptible Foxes =  -----------------------------------------------------

Virus Infectiousness 

Food safety

What is the meaning? 

19

In this way we obtain the minimum number of susceptible foxes that are 
needed to have at least a new case of RABIES

What will happen if we reduce the number of foxes below that number?  

The fox density is not sufficient to have new cases of fox rabies

Food safety

What can be manage in the field? 

20

Virus Infectiousness * N. healthy susceptible Foxes
New Rabid Foxes = --------------------------------------------------------------------

Recovery + Mortality + Lethality

Can RECOVERY be increased? NO
Can MORTALITY be increased? YES: hunting
Can the N. of healthy susceptible foxes be 
reduced? YES: vaccination
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Food safety

Through mathematic we discovered that

21

Rabies could be eradicated through: 

Increasing Mortality: hunting

Decreasing the N. of healthy susceptible foxes: 
vaccination (heatlthy immnune foxes)

Food safety

HOW Many HUNTED or VACCINATED? 

22

Recovery + Mortality + Lethality 
N. healthy susceptible Foxes =  -----------------------------------------------------

Virus Infectiousness 

N. Foxes to be vaccinated/Hunted = N. foxes in the area - N. healthy susceptible foxes

I.e. 900/90 =  810 

Proportion to be vaccinated: (N. foxes to be vaccinated / N. foxes in the area)*100

I.e. (810/900)*100  => 0,9*100 = 90%

Food safety

Why hunting never eradicated
Rabies in foxes? 

The number of foxes is just an estimate
Nobody knows how many foxes there is in an infected area;

Since the precise number of fox is not known it is impossible to define the target

Fox-hunter encounter: 
The robability that a hunter shot a fox depends from the number of hunters, their effort and 

the number of foxes

At low fox of density the hunters are not anymore able to shot a fox (they do not encounter 
the fox) 

At low fox density the Rabies virus is still able to find a susceptible fox!!! 

The virus is more efficient than any hunter 23
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Food safety

A general approach
According to:

Average fox population density in Europe
Average Rabies epidemiological parameters in Europe

Vaccination (hunting)  of about 70% of the fox infected population means the 
eradication of Rabies virus

Hunting 70% of the fox population is almost impossible
To reach a 70% of immunized fox is achievable 

Usually several vaccination campaigns are needed 

24

Food safety

Conclusions
Vaccination reduces the number of healthy susceptible foxes

The aim of vaccination is to reach a number of foxes in order to reach the host 
threshold density of virus eradication

Vaccination and hunting have the same theoretical probability to 
eradicate Rabies

However: vaccination can be successfully carried out; hunting a huge 
number of foxes is not sustainable, feasible;

In the European ecological situation 70/80% of foxes should be immune to 
eradicate rabies;

Vaccination campaigns are conducted at least twice a year and for 
several years in order to be sure to vaccinate as many foxes as possible;
It is not very important to know exactly how many foxes are present: if Rabies is 

present you have a sufficient number of foxes;
If vaccination procedures are followed precisely Rabies will be soon 

eradicate
Shooting/hunting foxes to eradicate rabies is hopeless

25

Food safety

Thanks for the attention

questions?
suggestions? 

26
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Food safety

Content

• Guidelines, recommendations, scientific 
documents 
 EC, EFSA, OIE, WHO

• Technical approach and implementation
 Planning
 Implementation
 Evaluation

• Procedure to obtain status of free country 
• Conclusions

1

Food safety

Guidelines, recommendations, 
scientific documents

• European Commission (EC)
• The oral vaccination of foxes against rabies, 

Report of the SCAHAW, 2002
 Vaccination strategy, pages 24-33

• Guidelines to design an EU co-financed 
programme on eradication and control of 
Rabies in wildlife
 Working discussion document SANTE/10201/2015rev1

2
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Food safety

Guidelines, recommendations, 
scientific documents

• European Commission (EC)
• Animal disease eradication, control and

surveillance programmes – Indicators
 WD SANCO/12915/2012 Rev.2

– 3.8. Rabies, page 13

• Guidelines for the Union co-funded
programmes of eradication, control and 
surveillance of animal diseases and zoonoses
 for the years 2015 - 2017 - WD SANCO/10181/2014 Rev7
 for the years 2018 - 2020 - WD SANTE/2017/10186

3

Food safety

Guidelines, recommendations, 
scientific documents

• European Commission (EC)
• Guidelines for Member States for EU funding

of veterinary programmes
 WD SANTE/12250/2015 Rev2
 Rabies, page 33

• Multiannual work programme for 2018, 2019 
and 2020 for the implementation of veterinary 
programmes for animal diseases and 
zoonoses
 CID C(2017) 2841 final 4

Food safety

Guidelines, recommendations, 
scientific documents

• European Commission (EC)
• EC Website on Food Chain funding

 National Veterinary programmes
– Legal basis

– Approved veterinary programmes

– Financing decisions

– Work programme

– Guidelines

– Templates – submission, reporting

– Evaluation procedures

– Task Force reports

– Other useful information
5
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Food safety

Guidelines, recommendations, 
scientific documents

• EFSA
• Update on oral vaccination of foxes and raccoon 

dogs against rabies, Scientific Panel on Animal 
Health and Welfare (AHAW), scientific opinion, 
2015
 Vaccination campaigns, vaccines, strategy

• Development of harmonised schemes for 
monitoring and reporting of  rabies in animals in 
the European Union, SCIENTIFIC REPORT
submitted to EFSA, 2010
 Rabies surevillance, ORV monitoring 6

Food safety

Guidelines, recommendations, 
scientific documents

• European Pharmacopoeia 2014
• Monograph 746,  ‘Rabies  vaccine (live,  oral)  

for foxes and raccoon dogs’
 has been updated with tests for safety and

immunogenicity for raccoon dogs that were
recognised as target species for ORV

• EDQM
• Official control authority batch release of 

rabies vaccine for wildlife (live)
7

Food safety

Guidelines, recommendations, 
scientific documents

• OIE
• Terrestrial Animal Health Code (26th Edition, 

2017)
 Chapter 8.14 Infection with rabies virus

• Manual of Diagnostic Tests and Vaccines for 
Terrestrial Animals (online version 2017)
 Chapter 2.1.17 Rabies (Infection with rabies virus)

• Rabies portal

8
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Food safety

Guidelines, recommendations, 
scientific documents

• WHO
• WHO Expert Consultation on Rabies

 First report, 2005
 Second report, 2013

– Elimination of rabies in wild carnivores, pages 77 – 88

• WHO rabies webpage
 Disease, epidemiology, control and elimination

strategies, information resources

9

Food safety

Guidelines, recommendations, 
scientific documents

• Other…
• Global alliance for rabies control

 The Blueprint for Fox Rabies
Prevention and Control

10

Food safety

Technical approach and
implementation

• Background
• Wildlife

 Red fox
 Racoon dogs

• Oral rabies vaccination of wildlife (ORV)
 Prevailling strategy of elimination/eradication
 Sufficient herd immunity needed to eliminate virus 

from the population of target (reservoir) species
– It varies according to the disease transmission dynamics

– In fox population, at least 70% vaccination coverage is required
(Voigt et al., 1981)

11
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Food safety

• Legal basis
• Drafting of an

ORV programme
• Tendering

procedure

Planning

• Vaccine
managing and
storage

• Distribution
• Timing

Implementation
• Before campaign
• During campaign
• After campaign

Evaluation

12

Food safety

Technical approach and
implementation

• Planning
• Legal basis
• Drafting of an ORV programme
• Tendering procedure

13

Food safety

Technical approach and
implementation

• Planning
 Objectives, roles and responsibilities of stakeholders
 Chain of command
 Infrastructure
 Estimated costs (budgetary requirements) and 

funding
 Duration and timing
 Biology of target wildlife population
 Determination of vaccination area

14
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Food safety

Technical approach and
implementation

• Planning
 Vaccine baits to be used
 Modes of vaccine bait distribution
 Bait densities and distribution patterns to be applied 

(flight line distance)
 Storage of vaccine baits
 Rabies surveillance and monitoring of ORV 

campaigns
 Public awareness campaigns

15

Food safety

Technical approach and
implementation

• Planning
• General rule

 ORV campaign should be conducted for at least 6 
consecutive years

 And at least 2 years after the last confirmed 
case of rabies in a given region

 Supported by the results of an appropriate rabies 
surveillance and monitoring 

16

Food safety

Technical approach and
implementation

• Planning
• Vaccines

 ORV vaccines available
– Live modified vaccines or Recombinant vaccines

 Requirements to be fulfilled
– In line with the European Pharmacopoeia

– Safety, stability, efficacy requirements (WHO, OIE, EFSA) 

– Containing a biomarker tetracycline

– Licensed or registered

» Directive 2001/82/EC

» Regulation (EU) No. 726/2004
17
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Food safety

Technical approach and
implementation

• Planning
• Vaccines

 Currently available and licensed ORV vaccines in EU

– SAD B19 (live attenuated)

– SAD Bern (live attenuated)

– SAG 2 (live attenuated)

18

Fuchsoral, Germany

Lysvulpen, Czech Republic

Rabigen, France

Food safety

Technical approach and
implementation

• Planning
• Vaccines

 Implementation of ORV programme in TC
– At least marketing authorisation of the vaccine in TC and

– Fulfilment of the requirements of the relevant chapter of the OIE 
Manual

 Suspected poor efficacy of ORV - no progress of ORV 
campaigns 
– additional tests should be undertaken to assess the rabies 

vaccine quality
19

Food safety

Technical approach and
implementation

• Planning
• Vaccination areas

 As large as possible
 Epidemiologically justified
 Preferably should include the entire rabies affected 

(endemic) area

20
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Food safety

Technical approach and
implementation

• Planning
• Vaccination areas

 Minimum vaccination area to start with – 5.000 km²
 Where to start?

– in areas where benefit can be obtained from already 
implemented ORV campaigns

– in rabies free areas to prevent further spread of disease
minimum depth of vaccination belt – 50 km

21

Food safety

Technical approach and
implementation

• Planning
• Vaccination areas

 Accuracy of
rabies surveillance

22

Food safety

Technical approach and
implementation

• Planning
• Vaccination areas

 Accuracy of
rabies surveillance

– 50 km radius around
cases

23
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Food safety

Technical approach and
implementation

• Planning
• Vaccination areas

 Accuracy of
rabies surveillance

– 50 km radius around
cases

24

Food safety

Technical approach and
implementation

• Planning
• Vaccination areas

 Accuracy of
rabies surveillance

– Exact location not
known

– Administrative units

25

Food safety

Technical approach and
implementation

• Planning
• Vaccination areas

 Accuracy of
rabies surveillance

– Exact location not
known

– 50 km  radius around
reference units

26
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Technical approach and
implementation

• Planning
• Vaccination areas

 Accuracy of
rabies surveillance

More precise

Smaller areas

 Saves money

27
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Technical approach and
implementation

• Planning
• Vaccination areas

 When defining vaccination areas consideration 
should be given to
– The rabies situation in a country

– The rabies situation and ongoing ORV campaigns in 
neighboring countries or regions

– The geographical characteristics of a given area, e.g. natural 
barriers (big rivers, lakes, high mountain ranges, etc)

» Administrative borders should be avoided!

– The movement patterns of target wildlife population 28

Food safety

Technical approach and
implementation

• Planning
• Timing

 ORV should be performed twice a year
– in spring

» End of March – beginning of June

– in autumn

» Late September - the end of October

29
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Technical approach and
implementation

• Planning
• Timing

 Factors of consideration
– prevailing climatic conditions and local seasonal weather 

conditions

» Outside temperatures below 0°C or outside temperatures 
higher than the melting point of the bait should be avoided

– biological cycle of target species

» Vaccination of fox cubes, interference with maternal 
immunity

» Hibernation (raccoon dogs) 30

Food safety

• Planning
• Distribution method and pattern

 Aerial distribution of baits – the method of choice
– fixed-winged aircrafts

– helicopters 

 Manual distribution of baits
– only as a complementary method

» In limited areas where aerial distribution is not possible

» suburban and urban areas

» no-fly zones

» densely populated areas. 

Technical approach and
implementation

31

Food safety

• Planning
• Distribution method and pattern

 The classical flight pattern
– parallel flight lines set approximately 500 metres apart

 Factors of consideration
– habitat and landscape features

» extreme topographical features (fragmented landscapes)

» Persistent residual foci

» deviation from parallel flight line patterns might be 
acceptable

Technical approach and
implementation

32



12

Food safety

• Planning
• Baiting density

 The minimum baiting density 
– not less than 20 baits/km²

 Modification of baiting density – increase to 25-30 
baits/km² 
– High population densities

– Setbacks

– Persisting residual foci

Technical approach and
implementation

33

Food safety

• Planning
• ORV buffer zones in rabies free areas

 To prevent (re)infection of rabies free areas 
 At least 50 km wide (minimum 20 km if 

natural/artificial barriers exist)
 as long as the rabies situation persists in 

neighboring affected areas
 Derogation from regular ORV campaign

– Considering infection pressure and density of reservoir species

» One single annual ORV campaign, preferably in autumn

» The parallel flight line distances increase up to 1.000 m

Technical approach and
implementation

34

Food safety

• Planning
• Emergency ORV campaign

 In case of re-ocurrence of rabies in a free area
 Emergency vaccination area

– With a radius of at least 50 km around the outbreak

– Natural/artificial barriers taken into account

– It has to be carried out without delay irrespective of the climate
conditions

» in hot seasons thermostable vaccines preferable

– Short interval baiting (4 to 6 weeks) at the beginning of the 
operations

Technical approach and
implementation

35
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Food safety

• Planning
• Emergency ORV campaign

 Emergency vaccination area
– If situation improves, ORV campaigns can be modified to the 

regular cycle

» spring/ autumn

• Emergency rabies vaccine stock
 As a part of planning/strategy
 For immediate use
 To avoid delays in implementation

Technical approach and
implementation

36

Food safety

• Planning
• Surveillance and monitoring

 The key parameter to assess the rabies situation 
within the country

 Necessary for planning, implementing, improving 
the performance and evaluating the success of any 
rabies eradication programme
– scientific team dedicated to this task

 Conducted continously in time and space

Technical approach and
implementation

37

Food safety

• Planning
• Surveillance and monitoring

 Laboratory based
– Surveillance

» Investigation of suspect animals (indicator animals)

» Throughout the country

» The exact number of animals to be sampled for rabies 
surveillance cannot be predetermined

– Monitoring

» Investigation of healthy hunted animals

» From vaccination areas

» 4 animals/100 km2 of vaccination area

Technical approach and
implementation

38
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• Planning
• Surveillance and monitoring

 Disease awareness
– For obtaining as much as possible suspect animals to be 

analysed for surveillance, 

– For good collaboration with hunters for obtaining sufficient 
number of animals for evaluation of ORV campaign

Technical approach and
implementation

39

Food safety

• Implementation
• Storage of vaccine baits

 Vaccines not to be used after the indicated expiry 
date!

 Maintaining a cold chain is of utmost importance!!!
– well documented procedure

– system of temperature recording/using calibrated temperature 
loggers during transport and storage 

Technical approach and
implementation
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• Implementation
• Storage of vaccine baits

 The vaccine viral titre of all batches verified via 
testing in qualified laboratories
– Prior to release in a MS

» results of bait titration of all batches should be available
prior to the start of the ORV campaign

– Upon arrival of vaccine baits to MS and prior to distribution

» CA could request bait titration of

» batches selected randomly

» all vaccine batches to be used in ORV campaign

– If results are not satisfactory request for new vaccine baits

Technical approach and
implementation

41
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• Implementation
• Storage of vaccine baits

 Main points to be controlled
– Transportation of vaccine baits to MS

– Main storage facilities

– Delivery of vaccine baits to the field

– Aircraft distribution of baits

» Prior to distribution

» During distribution

» After distribution

Technical approach and
implementation

42

Food safety

• Implementation
• Cold chain regime

Technical approach and
implementation

43

Vaccine
production

Transport 
of vaccine

baits to 
the MS

Central 
storage
facility

Transport 
of vaccine 

baits to 
the airport

Delivery of
vaccine

from
freezer to 

the aircraft

Aircraft
distribution
of vaccine

baits

-20°C
Environmental
temperature

Food safety

• Implementation
• Methods of aerial bait distribution

 Automatic bait distribution
– Baits in tank

– Baits are laid in a tank and automatically driven through a 
wheel mechanism into the dropping device

– A person is required in the aircraft in addition to the pilot

Technical approach and
implementation

44
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Food safety

45Photos: Courtesy of Dr Mähl, Virbac SA, France

Food safety

• Implementation
• Methods of aerial bait distribution

 Automatic bait distribution
– Baits in foil tube 

– Baits are inserted in a flexible foil tube that is pulled into the 
dropping device

– A dropper is also needed in the aircraft in addition to the pilot

Technical approach and
implementation

46

Food safety

47

Photos: Courtesy of Dr Kirandjiski, Macedonia, Dr Serzants, Latvia, Dr Cliquet, ANSES, France
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• Implementation
• Methods of aerial bait distribution

 Manual bait distribution
– Baits are kept in bags

– Baits are manually dropped by trained staff

» Based on visual and radio signal

Technical approach and
implementation

48

Food safety

49

Photos: Courtesy of Dr Kirandjiski, Macedonia, Dr 
Serzants, Latvia, Dr Cliquet, ANSES, France; Dr Mlinaric, 
Slovenia

Food safety

• Implementation
• Bait distribution monitoring

 GPS systems, computer-supported recording of 
flight routes and co-ordinates of bait droppings 
required
– For manual distribution of baits an equivalent recording of bait 

placements should be used

– In case the vaccination area is smaller than 20.000 km2

» recording of flight routes may be sufficient

 GPS data assessed by the CA routinely, daily basis 
recommended

Technical approach and
implementation

50
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Technical approach and
implementation

• Implementation
• Quality controls prior ORV campaign

 Tendering documentation
– technical requirements, special conditions and technical 

specifications of the offer

 Permits/certificates
– airplane registrations, insurance, regularity of air service, 

permits for aerial work e.t.c.

 Pilots - flight crew
– licences, CV-s, follow up of trainings

51
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Technical approach and
implementation

• Implementation
• Quality controls prior ORV campaign

 Inspection of aircrafts/helicopters
 Control of the expected flight routes

– maps, proper vaccination coverage, area versus baits planned

 Control of the bait automatic or manual dropping
system in place 

 Control of the recording system
– GPS system, on-board software, back up

 Check up on bait storage temperatures….. 52

Food safety

Technical approach and
implementation

• Implementation
• Good practices recommended

 Centralised, multi-annual procurement procedures 
preferable
– time and resources-saving, risks-minimizing 

 Testing of vaccine titres at the end of the storage 
period, but before aerial distribution

 If suspicion of interruption of cold-chain, additional 
testing of vaccine viral titre of all batches involved

53
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Technical approach and
implementation

• Implementation
• Good practices recommendedd

 Additional tests of some baits after distribution gives 
supporting evidence of good quality of baits
– E.g. testing of vaccine baits 7 days in environmental conditions 

54

Food safety

Technical approach and
implementation

• Implementation
• Quality controls during ORV campaign

 Maintenance of cold chain
– Storage facilities at the airports

 Flight distribution data
– Daily reports from the contractor

» Flight and Raw distribution data

» Date, Airport, plane ID, pilots/distributors name, 
weather condition, temperature,  Number of baits 
loaded/dropped, Batch number, Flight route number, 
Vaccinated area, Start and end time,

» Problems reported 

55
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Technical approach and
implementation

• Implementation
• Quality controls after ORV campaign

 GPS distribution data collected on a daily basis
– Analysed data with GPS-connected dropping devices/GIS 

mapping software from contractor – bait distribution maps

– CA Analyses of raw data collected on a daily basis

» GIS software

 Detection of distribution failures Corrective actions
– too densely distributed areas

– vaccination gaps
56
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Technical approach and
implementation

• Implementation
• Quality controls after ORV campaign

 GPS distribution data collected on a daily basis
– Analysed data with GPS-connected dropping devices/GIS 

mapping software from contractor – bait distribution maps

– CA Analyses of raw data collected on a daily basis

» GIS software

 Detection of distribution failures Corrective actions
– too densely distributed areas

– vaccination gaps
57
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58
FIC system developed in 1995 and updated by IRIS d.o.o., Slovenia

Food safety

59
FIC system developed in 1995 and updated by IRIS d.o.o., Slovenia
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60
FIC system developed in 1995 and updated by IRIS d.o.o., Slovenia

Food safety

61

Food safety

62

Export of GPS/bait 
distribution data
• Online
• USB

CA recieves data
• Txt
• Kml

CA analyses data
• In GIS
• Earth browsers
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63

Flight lines Bait distribution Grid

Food safety

Technical approach and
implementation

• Example: Map of ORV in Slovenia

64

6 – 10
11 – 15
16 – 19
20 – 23
24 – 28
29 in več

Bait density (baits/km2)

Large area of low level of bait 
density: further dropping of bait 
(manual or aerial) could be 
undertaken.



Areas of low (<20) and high level 
(>30) of bait densities are 
randomly scattered: no need to 
undertake further actions. 

Food safety

Technical approach and
implementation

65
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Technical approach and
implementation

• Implementation
• Good practices recommended

 Regular (daily) official controls of bait distribution data
 Immediate corrective actions to be taken by operator
 If unexpected incursions of rabies is detected 

procedures in place for emergency ORV
 Adjustment of ORV strategy to improve the 

geographical coverage
– baiting density

– flight-line distance

– 90 degrees turned flight lines
66
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Technical approach and
implementation

• Evaluation
• Surveillance

67

Rabies 
Diagnosis
Incidence??

Analysis of
antibodies
Immunity

Analysis of 
biomarker
Bait up‐take

Rabies diagnosis
High chances to detect positive 

cases

Indicator animals
Animals suspected of having rabies

• Assessment of rabies incidence
• Prevention of reintroduction 

• Disease outbreak

Hunted animals 
Healthy animals

Evaluation of efficiency of control 
strategy

• Monitoring of ORV

Food safety

Technical approach and
implementation

• Implementation
• Good practices recommended

 Collaboration with bordering countries
– Cross-border synchronisation of ORV campaigns

» overlapping of vaccinated areas along the border

– Regular exchange of information, communication at technical level

– Prevention of reintroductions from bordering countries

– Commission financial support 

» ORV in third countries

» Laboratory testing
68
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Procedure to obtain status of free 
country 

• OIE
• Chapter 8. 14 Infection with rabies virus

 A country may be considered free from rabies when
– the disease is notifiable and any change in the epidemiological 

situation or relevant events are reported 

– an ongoing system of disease surveillance has been in operation 
for the past two years

– regulatory measures for the prevention of rabies are implemented 
including effective procedures for the importation of animals

– no case of indigenously acquired rabies virus infection has been 
confirmed during the past two years 69

Food safety

Procedure to obtain status of free 
country 

• OIE
• Chapter 8. 14 Infection with rabies virus

 A country may be considered free from rabies when
– No imported case in the Orders Carnivora or Chiroptera has been 

confirmed outside a quarantine station for the past six months

– An imported human case of rabies does not affect the rabies free 
status.

70
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Procedure to obtain status of free 
country 

• OIE
• Self-declaration

 Procedure
– based on sound evidence demonstrating that the requirements for 

the disease status have been met in accordance with the OIE 
standards

– Signed by OIE delegate

– Submitted to the OIE headquarters

– Published in OIE Bulletin or OIE Website

71
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Procedure to obtain status of free 
country 

• OIE
• Self-declaration

 Content
– Legal basis

– History and epidemiological evolution of the disease

– Eradication measures in domestic animals

– Eradication measures in wildlife population

– Rabies surveillance and monitoring

» Rabies surveillance

» Monitoring of ORV efficiency

» Monitoring of Lyssaviruses
72
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Procedure to obtain status of free 
country 

• OIE
• Self-declaration

 Content
– Import/trade procedures

– Disease awareness

– Conclusions

 Examples
– Slovenia, OIE Bulletin 2016/2, page 75

– Austria, OIE Bulletin 2008/4, page 54

– Estonia, OIE Bulletin 2013/3, page 58
73
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Conclusions
 Oral Rabies Vaccination has been successfully used to control 

and eliminate rabies in numerous countries in Europe
 International guidelines complied or updated in recent years 

provide profound platform for adequate planning of ORV 
programme

 Well organised planning and implementation at different 
levels are crucial for success

 ORV programme must be sustained for at least six 
consecutive years and be ceased not earlier than two years 
after the last confirmed case of rabies, provided adequate 
surveillance and monitoring are in place 

76
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Conclusions

 Classical vaccination standards (two vaccinations per year, 
aerial distribution method with  parallel flight distance of 500 
m, baiting density not less than 20 baits/km²) has proven to 
be effective to eliminated the disease in most cases

 Manual distribution of vaccine baits should be considered 
only in limited areas where aerial distribution is not feasible

 Deviations from classical vaccination standards are 
acceptable if justified (vaccination in buffer areas, high 
population densities, setbacks and persisting residual foci)

77
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Conclusions

 Competent Authority in charge of ORV must enforce 
numerous controls and inspection before, during and after 
implementation of the vaccination campaigns

 Controls dealing with vaccination efficacy (rabies 
surveillance/ ORV monitoring) are essential components of 
programme

 To attain freedom/minimize the risk of disease spread or 
reintroduction it is desirable to continue, reinforce or 
establish cooperation on rabies with the neighboring (non-
EU) countries

 Main objective to eliminate Rabies in wildlife     
in the EU by 2020!

78

Food safety

Thank you for your attention!
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Food safety

Content
• Background
• Legal basis
• Veterinary programmes
• Task Force
• EU Co-funded rabies eradication programmes

Information available: 
https://ec.europa.eu/food/funding/animal-
health/national-veterinary-programmes_en
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Background (1/2)
• Annual and multiannual veterinary

programmes have been co-financed by the EU
for many years

• It has contributed to the improvement of both
human and animal health within EU

• The co-funding for the programs represents
the largest amount of expenditure under the
EU food safety budget

2
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3

Background (2/2)

• The epidemiological situation of rabies in
Europe shows a very positive trend during the
last years.

• The objective of the EU is to achieve the
elimination of rabies in wildlife by 2020.

• To achieve this objective, it is crucial to
continue the cooperation with bordering non-
EU countries in order to
 Support rabies elimination in the EU,
 Support rabies elimination in bordering

countries.

Food safety

Legal basis
• Regulation (EU) No. 652/2014 OF THE EUROPEAN

PARLIAMENT AND OF THE COUNCIL of 15 May 2014 laying
down provisions for the management of expenditure relating to
the food chain, animal health and animal welfare, and relating
to plant health and plant reproductive material, amending
Council Directives 98/56/EC, 2000/29/EC and 2008/90/EC,
Regulations (EC) No 178/2002, (EC) No 882/2004 and (EC) No
396/2005 of the European Parliament and of the Council,
Directive 2009/128/EC of the European Parliament and of the
Council and Regulation (EC) No 1107/2009 of the European
Parliament and of the Council and repealing Council Decisions
66/399/EEC, 76/894/EEC and 2009/470/EC

4
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Legal basis
• Decisions

 Commission Decision 341/2008/EC
– laying down Community criteria for national programmes

for the eradication, control and monitoring of certain animal
diseases and zoonoses

 Commission Implementing Decision (EU) 2444/ 2015
laying down standard requirements for the submission
by Member States of national programmes for the
eradication, control and surveillance of animal diseases
and zoonoses for Union financing and repealing Decision
2008/425/EC

5



3

Food safety

Legal basis
• Decisions

 Commission Implementing Decision (EU) 969/2016
– laying down standard reporting requirements for national

programmes for the eradication, control and surveillance
of animal diseases and zoonoses co-financed by the Union
and repealing Implementing Decision 2014/288/EU

 Commission Implementing Decision (EU) 3524/2017
– on the adoption of the financing decision for the years

2017, 2018 and 2019 for the implementation of veterinary
programmes for animal diseases and zoonoses (Financing
decision)

 Commission Implementing Decision C (2017)2841
– on the adoption of the multiannual work programme 2018,

2019 and 2020 for the implementation of veterinary
programmes for animal diseases and zoonoses 6

Food safety

Legal basis

• Guidance documents : Guidelines for Member
States for EU funding of Veterinary programmes
 Guidelines for the Union co-funded programmes of

eradication, control and surveillance of animal
diseases and zoonoses for the years 2018-2020

 Overview on current EU situation in relation to EU
co-funded veterinary programmes and proposals as
regards funding priorities for 2018-2020

 Guidance documents for specific veterinary
programmes
– Salmonella

– Rabies
7
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Legal basis
• Regulation (EU) No. 652/2014

 Maximum rates of grants (Article 5)
– General – 50% of eligible costs
– Increased to 75% of eligible costs

» Cross- border activities of two or more MSs
» For MSs whose gross national income per inhabitant 

less than 90% of the EU average
– Increased to 100%

» For activities to avoid human casualties or major 
economic disruptions for the EU

» Specific tasks important for the EU in whole and 
determined in WP

» Activities implemented in TC 8
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Legal basis

• Regulation (EU) No. 652/2014 
 TITLE II

– CHAPTER I - Animal health
» S e c t i o n 1 - Emergency Measures
» S e c t i o n 2 - Programmes for the 

eradication, control and surveillance of animal 
diseases and zoonoses

9
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Legal basis

• Regulation (EU) No. 652/2014
 Section 2 - Programmes for the eradication, control 

and surveillance of animal diseases and zoonoses 
(veterinary programmes)
– Eligible programmes

– List of animal diseases and zoonoses 

– Eligible costs

– Content and submission of the national programmes

– Evaluation and approval of the national programmes

– Reporting

– Payments 10

Food safety

Veterinary programmes

• Objectives
 Control programme

– To obtain or maintain the prevalence of an animal disease or 
zoonoses below a sanitary acceptable level

 Surveillance programme
– Activities to collect and record data on specific diseases in 

defined populations over a period of time, in order to assess 
the epidemiological evolution of the diseases and the ability to 
take targeted measures for control and eradication

11
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Veterinary programmes

• Objectives
 Eradication programme

– The biological extinction of an animal disease or zoonoses

– The final target shall be to obtain the free or officially free-
status of the territory according to EU legislation, where such 
possibility exists

12
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Eligible programmes, list of diseases

13

Food safety

Eligible programmes, list of diseases

• Criteria for prioritisation
 Diseases with impact on human health
 Diseases with impact on animal health, taking into 

consideration their potential spread and the 
morbidity and mortality rates in animal population

 Diseases and zoonoses posing a risk for introduction 
and/or re-introduction into the Union from third 
countries

 Diseases which have the potential to generate a 
crisis situation with serious economic consequences

 Diseases with impact on trade with third countries 
and intra-EU trade

14
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Eligible programmes, list of diseases

• Based on criteria and epidemiological 
situation in the EU (Guidelines for the Union co-funded 
programmes of eradication, control and surveillance 2017, and 2018-
2020)

 13 diseases to be co-funded in the coming years
 Divided into 4 groups

– Group 1: diseases with major impact on animal health, and 
on trade

» African swine fever

» Avian influenza  in poultry and wild birds

» Classical swine fever 15

Food safety

Eligible programmes, list of diseases
– Group 2: diseases with impact on human health and/or 

animal health and close to eradication, when feasible

» Rabies

» Bovine brucellosis

» Ovine and caprine brucellosis

» TSEs

» Zoonotic Salmonella in certain poultry populations

16

5 Excluding cases in bats and imported cases

Food safety

Eligible programmes, list of diseases

– Group 3: disease which have been introduced or likely at 
risk to be introduced into the Union territory from third 
countries

» Lumpy skin disease; 

» Sheep and goat plague;

» Sheep pox and goat pox.

– Group 4: diseases with limited impact on animal health 
and/or human health

» Bovine tuberculosis;

» Bluetongue in endemic or high risk areas.

17
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Content and submission of 
programmes

• Decision 2008/341/EC
• Criteria for veterinary programmes

 Objectives
 Geographical demarcation
 Duration of the programme
 Targets of the programme
 Measures of the programme
 Management of the programme
 Cost/benefit of the programme

18
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Content and submission of 
programmes

• Commission Implementing Decision 
2444/2015

• Laying down standard requirements for the 
submission of veterinary programmes

 Templates
 On-line submission

• By 31 May for the following year

19
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Evaluation and approval

• Evaluation of the programmes
 By the Commission
 External evaluation (national experts)

• Information to the MS by 30 November
 List of programmes technically approved, proposed 

for co-funding
 Provisional amount allocated to the programme
 Provisional maximum level of EU financial 

contribution for each programme
20
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Evaluation and approval

• Approval of veterinary programmes and 
associated funding by 31 January
 Final list of programmes approved for co-funding
 Final amount allocated to each programme

21

Food safety

Reporting
• Intermediate financial report by 31 

August
 Start of re-allocation exercise

– According to the MSs needs

– Optimising the use of EU budget

• Detailed technical and financial report by 
30 April 
 For previous year of implementation

22
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Reporting

• Commission Implementing Decision 969/2016
• Laying down standard reporting requirements 

for national programmes
 Templates

– Intermediate reports

– Final reports

 On-line submission

23
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Payments

• Payment request together with final 
report by 30 April for previous year

• Payments done after evaluation of the 
implementation of the programmes
 Indicators - WD

– To measure performance

– To evaluate success of certain activity or define deficiency in 
certain area

– Key, quantifiable and objective measures that indicate the 
effectiveness of the programmes

25
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Payments

 Indicators
– Disease specific

– Activities (AI)

» To verify if the planned measure in the approved 
programme are implemented as foreseen

» Number of tests, no. of vaccinated animals….

– Progress (PI)

» To measure the progress toward achievement of the 
objectives in relation to the evolution of the disease

» Prevalence/incidence, evolution of free areas, no. of 
outbreaks,…

26
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Flowchart

27
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Work programme

• Regulation (EU) No. 652/2014
 Commission Work programme

– Annual or multiannual

– By 30 April of the year preceding the execution

– Content

» Operational objectives pursued

» Expected results

» Method of implementation

» Eligible measures, amounts allocated to each measure

» Indicative timetable

» Priority actions
28
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Budget

• Regulation (EU) No. 652/2014
 Provisions for the management of expenditures for the 

period 2014 – 2020
 Overall budget 1.900 mio

29
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Task force

• For monitoring disease eradication
• Established in 2000

 Based on the recommendations of the »White paper 
on Food Safety« (DOC/00/1-COM/99/7198)

• Two main objectives
 To advance with animal disease eradication 
 To improve the cost-benefit-ratio of animal disease 

eradication programmes co-financed by the EU

31
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Task force
• Composition

 Representatives from MSs with an EU co-financed 
programme

 Invited private experts
 The Commission

• Within the TF subgroup for particular 
disease established
 ASF, CSF, BRU, TBC, Rabies, Salmonella

• Reports available at 
https://ec.europa.eu/food/funding/animal-
health/national-veterinary-programmes_en

32
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Health and Food Audits and Analysis
(ex. FVO)

• Carries out audits aimed at ensuring 
that EU legislation is properly implemented 
and enforced

• When a veterinary programme is approved 
(technically and financially) it became legally 
binding
 Implementation
 Following the EU legislation
 Achievement of targets, results

• Reports available at http://ec.europa.eu/food/audits-
analysis/audit_reports/index.cfm

33

Food safety

Rabies eradication programmes co-
financed by the EU

• Priority
 Group 2: diseases with main impact on human 

health
• Objective

 To eliminate rabies in the EU by 2020

34

Food safety

Rabies eradication programmes co-
financed by the EU

• Budget allocated to rabies (indicative)

35
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Food safety

Rabies eradication programmes co-
financed by the EU

• Guidelines to design an EU co-financed 
programme on eradication and control of Rabies in 
wildlife (SANTE/10201/2015 rev. 1)

36

Food safety

Rabies eradication programmes co-
financed by the EU

• MSs with approved rabies eradication 
programme
 12 Member States in 2017 (13 in 2016)
 7 MS with programme implemented in TC

– Russia, Belorussia, Ukraine,
Moldova

 Total budget per year
– MSs 

» Cca. 25 mio €

– TCs

» Cca. 5, 9 mio €
37

Food safety

Oral vaccination campaigns – Autumn
2016 

IPA : Instrument 
for Pre-

Accession 
Assistance 
funding in 
Bosnia i 

Herzegovina, 
Serbia, 

Montenegro, 
FYROM and 

Albania
38
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Food safety

Rabies eradication programmes co-
financed by the EU

• Main and eligible measures of approved 
rabies eradication programmes
 ORV in target species (Red fox, Racoon dogs)

– Purchase of vaccine baits
– Distribution of vaccine baits
– Vaccine titration test

 Rabies surveillance and monitoring of efficacy of 
ORV
– FAT
– Isolation/characterisation of rabies virus
– Test for detection of biomarker
– Serological tests VNT/FAVN test/ELISA 39

Food safety

Rabies eradication programmes co-
financed by the EU

• Main and eligible measures of approved 
rabies eradication programmes
 Submission to the laboratory of dead or suspect 

domestic or wild animal (for surveillance) and 
hunted wild animals (fox, racoon dog, jackals) for 
ORV monitoring

 Disease awareness

40

Food safety

Rabies eradication programmes co-
financed by the EU

• Monitoring of eradication
 Evaluation based on reports

– WD SANCO/12915/2012, Rev.2: Animal disease 
eradication, control and surveillance programmes -
Indicators

» Activities Indicators
» Number of oral vaccination campaigns performed within 

the year
» Total number of baits distributed per campaign
» Density per campaign (number of baits per square 

kilometre distributed)
» Area covered with oral rabies vaccination per campaign
» Number of tests performed (surveillance, monitoring, 

quality control,…) 
41



15

Food safety

Rabies eradication programmes co-
financed by the EU

– WD SANCO/12915/2012, Rev.2: Animal disease eradication, 
control and surveillance programmes - Indicators

» Progress Indicators
» Number of rabies cases compared to previous year
» Rabies is a compulsory notifiable disease
» Directive 82/894/EEC on the notification of animal diseases 

within the Community
» Obligation of notification of any outbreak of infection with 

rabies virus (ADNS)
» Percentage of sero-conversion and vaccine up-take in 

target species (juvenile /adult separately) compared to 
previous year

42

Food safety

Rabies eradication programmes co-
financed by the EU

• Monitoring of eradication
 On-the-spot visits

– Task Force Subgroup for Rabies

– Health and Food Audits and Analysis (ex. FVO)

http://ec.europa.eu/food/audits-
analysis/overview_reports/details.cfm?rep_id=103

43

Food safety

Rabies eradication programmes co-
financed by the EU

 Task Force Subgroup : Visit reports :

44
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Food safety

Rabies eradication programmes co-
financed by the EU

 Main conclusions
– An important step towards rabies elimination in

the EU was made with the general
implementation of ORV programmes in the
infected MSs and neighbouring third countries
with the support of the EU co-financing

– The rate of co-financing was increased
» At the level of 75% for certain Member States
» Up to of 100% in the neighbouring non-EU

countries
– This has led to a more favourable rabies situation

45

Food safety

46

Rabies eradication programmes co-
financed by the EU

https://ec.europa.eu/food/sites/food/files/safety/docs/cff_animal_vet-
progs_guidance_progs_erad_2018-2020_wd-funding.pdf

Food safety

Rabies eradication programmes co-
financed by the EU

 Main recommendations
–Duration and the area of ORV 

programmes
–Collaboration with neighbouring countries
–Quality control assessment
–Rabies surveillance and ORV monitoring 

and
–Disease awareness

47
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Food safety

Rabies eradication programmes co-
financed by the EU

• Conclusion
• EU co-financing

 Objectives
 Prioritisation
 Implementation
 Collaboration

48

• Elimination of
rabies in 
Europe by 2020

Food safety

Thank you for your attention!

49
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Overview report: 
Rabies eradication 
in the EU

Presentation prepared by 
Dr Lena Englund 
European Commission
DG Health and Food Safety
Directorate F – Health and Food  
Audits and Analysis
(ex Food and Veterinary Office)

Countries in red are included in the
rabies overview report - DG(SANTE)/2016-8980

Year Rabies eradication audits in:

2004 Germany, Slovenia, Poland

2005 Spain

2006 Germany

2007 Hungary, Slovakia, Czech Republic, Latvia,
Estonia, Lithuania, Poland

2010 Bulgaria

2012 Romania, Poland

2014 Bulgaria

2015 Romania, Hungary

2016 Study visits to Ukraine and Belarus

2017 Poland, Greece (to be published separately)
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Visits during a typical audit

• Meeting at central level to discuss principles, planning, 
verification, evaluation
• Visits to Regional and Local competent authorities
• Visits to airfields, meetings with operators and inspectors
• Meetings with hunters' representatives
• Visits to laboratories (rabies diagnosis, vaccination monitoring)
• Closing meeting

Audit reports are published
http://ec.europa.eu/food/audits_analysis_en

Objectives of audits: rabies eradication

Is the EU approved programme implemented 
effectively, and as described in the plan? 

Does the competent authority have sufficient data to 
demonstrate that the rabies eradication is progressing 
as planned?

The audits concentrate on six main areas

The main findings and conclusions are described on the 
following slides

1a) Quality controls on baits and bait storage

Mostly good checks on documents and transport conditions by the 
competent authority before the vaccine is accepted for use in the 
country.

Titres of vaccine baits are usually tested after storage and before 
distribution – to verify that vaccine is OK also after storage. 

Vaccine&baits are only sometimes tested after exposure to the 
environment to check if the weather conditions during the campaign 
could have been damaging to the vaccine.

Storage controls in the country are often delegated to private 
operators - sometimes with inadequate checks by officials that 
temperatures are appropriate throughout storage. 
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1b) Quality controls on distribution

Vaccine distribution is carried out by contractors, but the 
competent authority must plan it and check daily that it is done 
correctly. And take action if deficiencies are spotted.

Official veterinarians are often – but not always - present at the 
airfield to verify batch traceability, flight times etc

Electronic data from flights and bait drops should be checked 
daily by the authority. The purpose is to spot any signs of fraud.
Problems have been detected in the past.

Inadequate vaccine distribution delays rabies eradication and is a 
waste of time and money.

2) Is the distribution of baits suitable 
for achieving the objectives?

Whole campaigns have been missed or delayed
Problems: tendering, weather, vaccine delivery

Timing is of essence
Outside temperature vs vaccine stability, 
target population dynamics (adults, young foxes)

It works best when persons & companies distributing baits 
really understand - and agree with - the importance of the 
campaign

3) Is monitoring of vaccine uptake and 
population immunity adequate?

Good cooperation - with hunters & wildlife experts - is the 
key to success

Central level must "sell" and support the programme
Relationships with hunters vary among and within countries
Sample targets (4 foxes / 100 Km2) are seldom met for 

both tetracycline and antibodies
Often patchy sample distribution – are the monitoring data 

good enough?

Correct samples and reliable tests
Samplers and officials need good instructions, good 

understanding, and effective supervision
Works best when the shot fox is delivered whole to a lab/vet 

for blood and tissue extraction
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4) Is surveillance effective –
also to verify that no rabies cases have been caused by vaccine strains?

Passive surveillance must be encouraged and facilitated by the 
competent authorities

Indicator animals (testing negative) are very important, 
especially towards the end! 

Difficult to maintain awareness when rabies "disappears".
Passive surveillance probably better in urban areas (where 

people move around) than in rural areas. Do we know 
enough about the foxes in vast forests?

Active surveillance – rabies tests on monitoring foxes – if this 
is the only source of cases, the passive surveillance is 
weak. Is it too complicated for persons to report a 
suspect or dead fox?

Have all rabies isolates been typed? EURL informed?

5) Are laboratories providing reliable 
and timely results?

Can competent authority have confidence in test results?
Internationally agreed methods should be used
Accreditation: laboratory and methods – not always in place
Validation and internal quality controls – not always documented
Successful inter-laboratory comparative tests (national and 

international) are important indicators for the authorities

What is the reliability of serology on poor quality samples and 
samples/foxes which have been stored in offices & labs?

Laboratories generally provide rapid results when rabies is 
suspected!

6) Has the authority analysed the effectiveness and 
progress of the rabies eradication?

Regular and (self-)critical analysis of all components should 
be the basis for any adjustments of next year's programme. 
Few such analyses were available / documented.

Epidemiology experts involved in these analyses should 
preferably not be only the persons managing the 
programme (bias).

This requires good cooperation between laboratories, 
epidemiologists and competent authorities as well as 
good, consistent and detailed data collection.
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Sampling patterns for 4 foxes / 100 km2

can be very different:
Example: target 100 foxes  (2500 km2)

20

2

12 10

6 32 1 8 9

4 4 4 5 3

4 5 4 4 4

3 4 3 5 4

4 4 5 2 5

5 4 4 4 4

4 4 4 5 3

4 5 4 4 4

3 4 3 5 4

4 4 5 2 5

5 4 4 4 4

Evenly distributed 
Reliability 

20

2

12 10

6 32 1 8 9

Clustered data 
May mislead the 
epidemiological 
assessment if it only 
uses total 
(national/regional) 
results

Tetracycline vs. serology?
Fictive example

National data:
86% TC + 47% Ab+

Looks quite OK
(Assuming a representative sample distribution)
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Tetracycline vs. serology in the same 
animals and area
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86% TC +

Monitoring samples are evenly 
distributed over the area.
The proportion of TC+ foxes is high and 
evenly distributed.

This indicates that the vaccine baits 
have reached the fox population in the 
whole target area

= satisfactory distribution

But remember that TC+ remains in the body 
so these results could be evidence from 
previous campaigns 

Tetracycline vs. serology 
How should the test results be used?
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47% Ab+
Most of these animals had been in 
contact with baits (previous slide)

Uneven serology results, despite 
TC+, could indicate problems with:

• vaccine quality in this area  -
vaccine inside bait not working;

• age distribution of foxes - old, 
with TC+ from earlier campaigns -
> recent vaccine distribution may 
not have been good after all;

• Laboratory results - lab for this 
area with many false negatives.

=> Further investigation is needed!

Samples for passive surveillance - more likely from 
areas where people live and move about
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Do results from passive surveillance and monitoring
provide data about the same fox population 

in your country?

Do results from passive surveillance and monitoring
provide data about the same fox population 

in your country?

Should this influence your 
evaluation of the progress of the 

rabies eradication?

Rabies eradication work best when the 
central competent authority: 

 is actively involved in promotion and information, 
throughout the year;

 is supported by forestry services, hunters’ organisations, 
and regional/local authorities;

 involves competent epidemiologists & wildlife experts; 
 has a field organisation seeing their role in rabies 

eradication as important;
 manages to engage the public, hunters and farmers;
 Is careful and prudent when issuing tenders, signing 

contracts, and checking the implementation.
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4. Monitoring of the effectiveness of ORV programs 

5. Evaluation of bait distribution (principles and tools 
available)

Food safety

Rabies surveillance:

2

• continuous investigation of susceptible populations (wildlife 
and domestic animals) to detect the occurrence of rabies to 
be controlled.

• The probability of detecting rabies is a function of incidence, 
level of awareness and vigilance.

Source:
http://rabiessurveillanceblueprint.org/
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Food safety

Rabies surveillance: minimum criteria

3

• legal basis for reporting of cases,
• infrastructure and personnel,
• sampling and sample storage,
• submission and shipment of samples,
• diagnostic procedures,
• necessary baseline data, 
• analysis and dissemination of results.

Source:
http://rabiessurveillanceblueprint.org/

Food safety

Passive surveillance

4

• The surveillance is the continuous investigation of a 
population to detect the occurrence of a disease.

• The main objective - detection of infected animals!

- No EU legislation available on rabies control/surveillance!

Useful guidelines:
EFSA scientific report ‘Development of harmonised schemes for 
monitoring and reporting of rabies in animals in the European Union’ 
(Cliquet et al., 2010). Available online:
http://www.efsa.europa.eu/en/supporting/doc/67e.pdf

Food safety

Passive surveillance - target
(indicator animals)

5

Passive rabies surveillance should be targeted towards animals 
showing abnormal behavior suggestive of rabies.

Indicator animals - individuals suspected of having the 
disease:
• animals showing clinical signs suggestive of rabies;

• animals to which humans might have been exposed (biting, scratching 

or licking on broken skin);

• animals found dead including road-kills (in rabies-endemic areas).
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Food safety

Indicator animals– the number of 
samples…

6

How many indicator animals we need to sample to 
say that passive surveillance system is efficient? 

A sample size for proving the absence
or the presence of rabies in wildlife 
regardless of the reservoir species cannot 
be defined!!!
http://www.efsa.europa.eu/en/supporting/doc/67e.pdf

Food safety

Passive surveillance: implementation

7

• Legal basis: National legislation, responsibilities, competent 
authorities, reporting, procedures - system

• Financial recourses

• Laboratory diagnostics (methods available - Fluorescent 
antibody test (FAT), capacity)

• Human recourses (veterinarians)

• Training of personnel

• Awareness campaigns (leaflets, posters, website, video clips, 
TV, radio etc.)

Food safety

Passive surveillance: Awareness

8

Leaflet –

Latvian 
example



4

Food safety

Passive surveillance: data collection

9

Food safety

Passive surveillance: control
procedures

10
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Food safety

Active surveillance

11

Active rabies surveillance is targeted, preferably based on 
risk factors, and typically initiated by the investigator with a 
designed sampling scheme to meet specific disease 
management needs (the investigator decides which specific 
information should be collected by a given observer). 

Key risk factors in formulating an active surveillance scheme:

- species, groups of species, specific areas, time of year, types of 
habitats, period since the last case or outbreak, and others. 

Example: sampling of free-living live bats for measuring antibodies in sera and 
the presence of virus in the mouth of bats in Europe.
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Food safety

Monitoring of the effectiveness of the 
ORV programmes

12

The monitoring is the follow-up of ORV campaigns to 
evaluate the effectiveness of ORV programmes!

Classical approach:
Monitoring is defined as an ongoing 
program aimed at the detection of changes 
of disease prevalence in a given population 
and its environment.

But…

Food safety

Monitoring of the effectiveness of the 
ORV programmes (2)

13

Where to focus?

sampling for ORV monitoring targets animals (not
suspected!!!) hunted homogeneously in the 
vaccinated areas!

Food safety

Monitoring of the effectiveness of the 
ORV programmes (3)

14

How many samples we need?

Animals used for control – hunted in a 
vaccination area (4 animals / 100km2);

Sampling must be evenly distributed over the 
ORV areas!!!
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Food safety

Monitoring of the effectiveness of the 
ORV programmes (4)

15

Laboratory tests used: 

Vaccine bait uptake – Luminescent microscopy (LM)

Herd immunity – ELISA, FAVN

Food safety

Monitoring of the effectiveness of the 
ORV programmes (3)

16

Points to remember:

- Area: only ORV areas, but evently coverage!
- Time period: start at least 3-4 weeks after campaign
- Only target species!!!
- Age of the animal is important
- Good quality samples (fresh animal/samples)
- Data on animal (in the accompanying document)
- ……..

Food safety

ORV monitoring: data collection

17
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Food safety

18

Lithuanian
results

Effectiveness of the ORV programmes

Food safety

Effectiveness of the ORV programmes

19

Estonian results (2007-2010) 

• Bait uptake • Serological testing

Food safety

20

Latvian results (red fox) 

Effectiveness of the ORV programmes
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Food safety

21

Latvian results (raccoon dogs) 

Effectiveness of the ORV programmes

Food safety

22

Results of ORV monitoring at regional/local level  

Effectiveness of the ORV programmes

Monitoring results (level 
of bait uptake and herd 
immunity) must be 
analyzed at the level of 
smallest administrative 
territory – parish, 
region!!!

This helps to identify 
possible problem hot 
spots!!!

Food safety

Evaluation of bait distribution

23

principles and tools available:

- Physical checks by the person in charge

- Filled document (paper report) for each flight

- Registration of flight tracks (GPS)

- Registration of each bait distributed (GPS)
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Food safety

Evaluation of bait distribution (2)

24

Advantages of digital (GPS) records:

Analysis of daily data (flight tracks and baits 
distributed) on the digital map:

- Coverage of the area

- Distance between flights

- Distance between baits distributed

- Discovery of possible falsifications

Food safety

25

Evaluation of bait distribution (4)

Flight tracks

Food safety

26

Evaluation of bait distribution

Baits distributed

& mapping
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Food safety

27

Evaluation of bait distribution
Registration of baits distributed

Food safety

Summary: Rabies surveillance / 
monitoring

28
http://www.efsa.europa.eu/en/supporting/doc/67e.pdf

Food safety

SUMMARY

29

1. Passive surveillance is used to detect rabies and must 
be focused on indicator animals.

2. Monitoring of ORV campaigns – testing of hunted target 
animals only from vaccinated areas; needs to be 
representative for the whole ORV area.

3. Rabies incidence is the main indicator of the efficiency of 
rabies elimination (ORV) programs.

4. Digital tools are available for efficient control of the 
implementation of ORV campaigns.    
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Executive Summary

The European Union (EU) co-finances major vaccination programmes for rabies eradication in 
wildlife which aim to minimize the risk of citizens and domestic animals being infected by rabies. 
The target for approved rabies eradication programmes is to eliminate wildlife rabies from the EU 
by 2020.  Rabies eradication has already been successful in most areas but further efforts are still 
needed in certain countries, in particular in areas close to the eastern borders of the EU. This 
overview report, based on audits and other activities by the Commission services, presents the main 
issues of importance for the successful elimination of wildlife rabies and highlights identified good 
practices.

Procedures for planning, approval and implementation of oral vaccination programmes are well 
established for many years and there is close cooperation between the Commission services and 
Member States. Agreed systems for rabies surveillance, aerial bait distribution, monitoring of bait 
distribution and fox population immunity are applied by Member States, albeit with varying success. 
Although distribution of high quality vaccine baits twice per year is the key element of the 
eradication programmes, campaigns are sometimes delayed or omitted for administrative reasons. 
Member States regularly delegate vaccine bait distribution to contracted operators, sometimes with 
insufficient official controls during storage and distribution, which reduces their ability to take 
timely corrective action where needed. 

After vaccine bait distribution, samples from foxes are tested to demonstrate that the vaccine has 
reached the target fox/raccoon dog population. Such samples are sometimes too few, of poor 
quality, and often unevenly distributed, and laboratory methods for detection of rabies antibodies in 
wild animals vary among and within countries. This makes it difficult for some Member States to 
demonstrate that the oral vaccination campaigns have protected a sufficient proportion of foxes in 
the whole vaccination zone and also makes it complicated to compare progress between Member 
States. The sampling worked best where the central competent authority was actively involved 
throughout the year and had legally regulated cooperation with hunters' associations.

The marked reduction of reported wildlife rabies cases in Member States is the most important proof 
that rabies eradication is progressing according to plan in most areas. Robust and representative data 
from several years' of rabies surveillance are essential to demonstrate freedom from rabies. 
However, it has proven challenging to reach and maintain sufficient numbers of "indicator animals" 
tested for the presence of rabies, particularly in areas where rabies eradication has been successful 
and there have been few or no rabies cases in recent years. 

As recommended in recent Commission guidelines, epidemiological experts in Member States 
should be used by competent authorities to evaluate if sampling is representative, test results 
reliable, and vaccination campaigns effective. Epidemiological analyses are crucial to inform 
decisions by the competent authorities on whether to increase or decrease vaccination areas, and 
could help explain the remaining "hot spots" where wildlife rabies has remained in spite of years of 
oral vaccination campaigns. Such critical analyses by epidemiological experts would certainly help 
the Commission to verify that co-funded rabies eradication programmes are efficiently implemented 
everywhere.
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1 INTRODUCTION

Rabies is a fatal viral disease in the vast majority of unvaccinated humans and other 
mammals, once symptoms are present. Treatment is possible if given soon after the suspected 
contact with rabies virus. The virus is mainly transmitted via bites or other contact with saliva 
or blood, it moves along the nerves and symptoms occur once it has reached the brain. In the 
European Union (EU), where mass vaccination of cats and dogs has helped eliminate dog 
rabies, the disease is still circulating in wildlife in certain areas. Although rabies can be found 
in many wild species the fox is the only known reservoir for rabies in Europe, i.e. able to 
maintain and spread the virus, whilst raccoon dogs are important virus transmitters. This is 
why these two species are the target species for vaccination campaigns. The target set by the 
European Commission is to eliminate wildlife rabies from the EU by 2020. 

While injectable vaccines against rabies have been successfully used for prevention of rabies 
in humans and domestic animals since Pasteur’s discovery in 1885, it is only with the 
development of oral vaccines, based on weakened (attenuated) live virus, in the 1970s' that 
successful control of rabies in a wild animal population became feasible.

Switzerland was the first European country to start oral rabies vaccination (ORV) of foxes in 
1978 and was joined in the 1980s' by France, Belgium, the Netherlands, Luxembourg, 
Germany, Austria, and Italy. In 1989, the European Commission introduced the first financial 
contribution for ORV of wildlife in EU Member States, gradually extending the geographical 
coverage to all affected Member States. Such EU co-funded campaigns have contributed to 
the very positive trend towards elimination of rabies from the EU: Between 2010 and 2015, 
rabies cases reported in wildlife dropped from 710 cases in eight countries to 100 cases in 
four countries. The total number of reported rabies cases in animals (excluding cases in bats 
and imported cases) dropped from 1552 cases in nine countries in 2010 to 128 cases in four 
countries in 2015.

2 METHODOLOGY AND OBJECTIVE  

Annex 1 comprises a full list of EU legislation providing the audit criteria for the audits in 
this report. 

Between April 2012 and May 2016, the Commission services carried out audits in Poland, 
Bulgaria, Romania and Hungary to verify the implementation of the co-funded ORV 
programmes (see Annex II). The approved rabies eradication programmes for Latvia, 
Lithuania, Poland and Hungary, as appropriate, also include ORV campaigns in buffer zones 
on the territories of Belarus and Ukraine. Therefore fact-finding visits together with technical 
experts from Member States were carried out to Ukraine and Belarus, in agreement with the 
national competent authorities. For more comprehensive information please consult the 
published audit reports here: http://ec.europa.eu/food/audits-analysis/audit_reports/index.cfm

http://ec.europa.eu/food/audits-analysis/audit_reports/index.cfm
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Annex III provides a list of Commission documents, scientific reports and international 
standards of relevance for rabies eradication, which were taken into account during the audits 
and fact-finding visits.

More comprehensive and technical findings from the audits and fact-finding missions are 
described in Annex V.

3 BACKGROUND

3.1 CO-FUNDING AND AUDITS OF RABIES ERADICATION PROGRAMMES

In the last five years the annual contribution from the EU for rabies eradication in wildlife 
(foxes and raccoon dogs) has varied between 20 and 27 million euro, which represents 
around 16% of the total contributions to national animal disease and eradication programmes. 
Ninety percent of the EU funding for rabies eradication is spent on oral vaccination (purchase 
and distribution from aeroplanes), whilst the remainder is co-funding costs for sampling and 
testing in order to monitor and control the efficacy of vaccinations. In 2015, the EU co-
funded ORV campaigns in Finland, Estonia, Latvia, Lithuania, Poland, Hungary, Romania, 
Bulgaria, Slovakia, Slovenia, Croatia, Italy, and Greece, either because of the presence of 
wildlife rabies in the country or because of the risk of re-introduction. 

Rabies-infected animals wandering in from neighbouring non-EU countries can make 
elimination of rabies more difficult in Member States that share borders with countries with 
wildlife rabies. In recent years the EU has therefore, as part of approved Member State 
programmes, funded oral rabies vaccination of wildlife in buffer zones on the territories of 
non-EU countries. In 2015, five approved Member State programmes included ORV in buffer 
zones along EU borders on the territories of the Russian Federation, Belarus and Ukraine. For 
these activities, the EU funded 100% of the eligible costs for purchase and distribution of 
ORV baits. From 2016 the EU can also co-finance the testing costs for monitoring samples, 
provided these laboratory tests are carried out in a Member State. Although included in 
Figure 1, ORV campaigns in the Western Balkan countries within the framework of the EU 
Instrument for Pre-Accession Assistance are not evaluated in this report.  

Over the past fifteen years, the Commission services have carried out 23 audits and fact-
finding visits evaluating the implementation of approved rabies eradication programmes. The 
audit reports have been published as previously described under section 2.

3.2  GEOGRAPHICAL COVERAGE OF ORAL RABIES VACCINATION AND PROGRESS OF 
ERADICATION

Annex IV provides maps of rabies in wildlife and in domestic animals, as well as areas that 
were subject to ORV campaigns (not only financed by the EU) in the years 2000, 2005, 2010, 
and 2015. 
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Figure 1 provides a more detailed map over the approximate areas covered by ORV and the 
different sources of financing in 2015. 

Figure 1: ORV in 2015 in the EU and on the territories near EU borders in non-EU 
countries.  IPA refers to Instrument for Pre-accession Assistance.

Figure 2 summarises rabies cases in foxes, raccoon dogs, other wildlife, and domestic 
animals reported to "Rabies - Bulletin – Europe"1 from the current EU Member States. 
Among the current 28 Member States, four reported cases of wildlife rabies in 2015, whilst 
15 years earlier 13 of these countries experienced wildlife rabies. As the rabies cases in 
wildlife declined, so did the rabies cases in domestic animals.

1 Detailed data about rabies outbreaks and oral rabies vaccination are available on the website of "Rabies - 
Bulletin – Europe", Rabies Information System of the WHO Collaboration Centre for Rabies Surveillance 
and Research: http://www.who-rabies-bulletin.org/Queries/Default.Aspx

http://www.who-rabies-bulletin.org/Queries/Default.Aspx
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Figure 2: Rabies cases in the 28 current (2016) EU Member States 
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Additional information about rabies cases in humans and animals can be found in the annual 
EU summary reports on zoonoses, zoonotic agents and food-borne outbreaks, published here: 
http://www.efsa.europa.eu/en/publications. Please note that each of the EU summary reports 
deals only with data from countries that were EU Member States during the reporting year 
and Iceland, Norway and Switzerland, whereas Figure 2 above takes into account data also 
from the countries which were not yet EU Member States in 2000, 2005 and 2010 so that 
each bar includes data from the 28 countries that are currently EU Member States. 

4 SUMMARY OF THE MAIN CONCLUSIONS FROM AUDITS AND FACT-FINDING VISITS

4.1 VACCINE BAIT PROCUREMENT, QUALITY CONTROL AND STORAGE

Although the specific procedures vary, contracts with vaccine suppliers and distribution 
companies are signed following public procurement processes in all four Member States, in 
line with EU rules. In some Member States, complaints/appeals against tender procedures 
(sometimes at regional level), delays in awarding national budgetary means for the 
procurement of vaccine, and other administrative problems delayed or prevented the 
implementation of ORV campaigns. One-year contracts, combined with national budgetary 
procedures out of the control of veterinary services, increase the risk that vaccination 
campaigns are missed or delayed to a suboptimal time of year, which is likely to slow down 
the elimination of wildlife rabies.  

The sometimes limited official controls on vaccine storage conditions show that Member 
States might place too high a level of trust in private operators' own checks on the 
maintenance of appropriate temperatures during storage and transport of vaccine baits. When 
combined with a lack of titre testing at the end of the storage period, the competent authority 
cannot verify the quality of the oral rabies vaccine baits that are to be distributed. Unless the 
minimum acceptable vaccine titres are verified, not only on arrival but also after storage, 

http://www.efsa.europa.eu/en/publications
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costly aerial distribution may take place of vaccine baits that fail to meet the minimum 
requirements and therefore might be less effective. 

In some cases procurement took place at regional levels, with regional differences in tender 
specifications and contracts, many separate authorities planning and organising controls on 
quality and storage of vaccine baits. This lead to differences in timing of campaigns and 
vaccine distribution patterns, and made it more difficult to implement coordinated 
vaccination campaigns. 

Good practices observed

 When official controls reveal that bait storage temperatures have temporarily been too 
high, additional vaccine titre tests are carried out on the batches to check if the vaccine 
quality has been affected. 

 Centralised, multi-year procurement procedures for vaccine baits and bait distribution 
save time and resources and minimise the risk of unnecessary delays of vaccination 
campaigns.

 The risk of distributing non-compliant vaccine baits is reduced through routine testing of 
vaccine titres in all batches at the end of the storage period but before aerial distribution.

 Testing that the vaccine potency remains the same in the baits after exposure to the 
actual environmental conditions (for at least seven days) after aerial distribution provides 
the authorities with supporting evidence that the vaccine baits taken by the foxes were of 
a quality able to stimulate an immune response.

4.2 DISTRIBUTION OF VACCINE BAITS AND RELATED OFFICIAL CONTROLS

Vaccine baits are dropped from aeroplanes and Member States had contracted private 
operators for this task.  When contracts were organised at regional levels many different 
flight companies were involved in the distribution and many regional/local authorities gave 
instructions to their contractors and carried out controls. This makes national coordination of 
ORV campaigns more difficult and may lead to differences in instructions, implementation 
and controls between regional campaigns.

Two of the four Member States had implemented two ORV campaigns each year as planned 
in the approved rabies eradication programmes for 2010-2015. When ORV campaigns took 
place they generally covered the whole areas that had been defined in the approved 
programmes. 

Vaccine baits need to be distributed at pre-determined spatial intervals to reach as many 
target animals as possible. Member States met or exceeded the recommended density of 20 
vaccine baits/km2 when calculated as a national average, based on the total number of baits 
distributed and the total area covered. However, more detailed data are needed to verify that 
the distance between baits is correct everywhere. Since 2015, the Commission therefore 
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requires that electronic data from flight lines and bait drop locations from recording devices 
in the planes are checked by the authorities on a daily basis. It had been more complicated for 
the competent authorities to establish such control systems than expected by the Commission, 
and day-to-day verification of proper vaccine bait distribution via electronic files was not 
effective at the time of these audits. 

Some Member States had sufficient controls on the flight lines to take corrective action 
during the campaign if the area coverage was incorrect. In other cases, the contracted 
operators are given the full responsibility for planning and implementing the aerial 
distribution of vaccine baits. When official controls of flight and bait drop data are carried out 
only after the end of a campaign, any deficiencies in the distribution are detected too late for 
the competent authority to initiate timely corrective actions. Should corrective actions be 
necessary, i.e. redistribution of baits over certain areas, such actions are likely to be severely 
delayed due to a need to re-negotiate contracts for vaccine bait procurement and distribution.

Good practices observed

 Procedures in place for additional emergency vaccination in areas where rabies is 
detected unexpectedly, as well as for increasing bait density in such areas in the 
following campaign. 

 Flight lines rotated 90 degrees between campaigns to improve the geographical coverage.

 Timely official controls on aerial distribution to make it possible for the competent 
authority to order flight operators to take corrective actions (where necessary) within 24 
hours.

4.3 MONITORING OF BAIT CONTACT AND FOX POPULATION IMMUNITY

To monitor the effectiveness and progress of ORV, Member States take samples from hunted 
foxes to check whether these have eaten the bait (and thus, the vaccine) and if they have 
developed immunity against rabies virus. The target is to sample 4 foxes/100 km2, evenly 
distributed over the vaccination area. Without active interventions and supervision from 
central level, the monitoring programme does not always receive high priority by regional 
offices and hunting associations. This may lead to under-implementation of the sampling, 
patchy sample distribution, and sometimes incorrect sampling, which are all factors that 
reduce the reliability of the monitoring results. When Member States fail to collect and 
analyse representative samples the test results do not provide sufficient information to 
evaluate the effectiveness of the ORV campaigns. 

Table 1 shows how the Member States have reached the overall sampling targets in recent 
years and the colours (red, amber and green) indicate how close the sample numbers are to 
the target figure. The representativeness, e.g. spatial distribution and age distribution, of the 
sampling has not been factored into the colour coding.
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Table 1: National data reported to the Commission for the years 2013, 2014 and 2015. 

Monitoring: 
Number of foxes /100 km2 in the vaccination zone  (target=4)

2013 2014 2015

Bulgaria
0.43 foxes

0.25 golden jackals

0.28 foxes

0.1 golden jackals

2.25 foxes

0.77 golden jackals

Hungary 4 4 >4

Poland >4 >4 >4

Romania 1.6 2.5 3.9

The vaccine baits include a marker (tetracycline) that makes it possible to test in the 
laboratory if an animal has licked or chewed on the bait (bait contact). Monitoring samples 
are tested for tetracycline in teeth/bone using a standardised test method and provide 
comparable data to verify bait uptake and distribution over time. 

Foxes infected by rabies virus are not expected to live long enough to develop antibodies. 
Therefore the presence of antibodies can be used as evidence of vaccination. The proportion 
of sampled foxes tested for antibodies generally improved between 2013 and 2014, although 
sample quality remains problematic. National laboratories use different antibody tests 
methods and test different types of body fluids. Consequently, the estimates of population 
immunity may be suitable for monitoring progress and differences within the country 
provided that the sampling is representative, but are not suitable for comparisons between 
Member States. Furthermore, if test methods vary among regional laboratories it is difficult 
for the central authority to monitor the effectiveness of vaccination within the country.

As summer is not the normal fox hunting season, most of the samples are collected between 
November and March. This is not likely to have a negative effect on the ability of competent 
authorities to assess the progress of the rabies elimination, provided that the age 
determination of the foxes is reliable. Tetracycline remains in the teeth and bones so only 
data that can be linked to young foxes will demonstrate bait uptake specifically from the most 
recent campaigns. Adult animals could have been in contact with baits and been vaccinated in 
previous campaigns, but young foxes have only been exposed to one or two campaigns. It is 
therefore important to include sufficient number of young foxes and to include age data when 
evaluating test results in order to assess if the most recent campaigns have been successful. 
Audits showed that hunters sometimes received incorrect instructions about the age of foxes 
to be shot. Laboratory methods to determine the age of the foxes are generally more reliable 
than field assessments. The lack of reliable age data in some Member States makes it difficult 
for the competent authorities to assess the effectiveness of the ORV campaigns.

Table 2 shows the results of the monitoring of bait contact and population immunity at 
national level, as reported by the competent authorities. The audits showed that the 
proportions of foxes that had been in contact with baits and the proportions where antibodies 
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were detected sometimes varied substantially between different geographical areas within a 
Member State. The results also illustrate the different estimates of population immunity 
obtained when using different analytical methods, here referred to as methods A and B.

Table 2: National data reported to the Commission for the years 2013, 2014 and 2015. 

Bait contact (T= tested foxes) and 
% positive test results

Antibodies to rabies virus (T=tested foxes) 
and % positive test results

2013 2014 2015 2013 2014 2015

T % + T % + T % + T % + T % + T % +

Bulgaria 253 75 753 60 1236 65 133 41* 479 37* 894 43*

Hungary 1757 71 2510 69 2931 75 856 25* 2085 35* 2403 44*

Poland 21547 86 16756 88 13284 89 17049 75#
6561
6383

76#
43* 10117 54*

Romania 3196 24 5385 55 7482 74 2947 22* 5048 31* 6418 28*

 * analysed by method A;   # analysed by method B

Where sufficient data were available they showed, as expected, that the proportions of young 
(less than one year old) foxes that had been in contact with baits and developed antibodies 
were lower than those seen in older animals. 

The approved vaccination and monitoring programmes focus on foxes. The inclusion of 
raccoon dogs (the other reservoir species) in the monitoring of bait uptake and immunity is 
allowed but very few, if any, raccoon dogs had been tested in these four Member States. 
Rabies has been detected in raccoon dogs in Poland and Romania, and in three other Member 
States that are not included in this overview report.

Member States have expressed concern about an observed increase in numbers and 
geographical distribution of golden jackals and the effect these animals could potentially have 
on competition about vaccine baits and spread of rabies. A limited number of golden jackals 
have been tested for tetracycline and antibodies to rabies virus in Bulgaria. Results from 
2013, 2014 and 2015 indicated bait uptake at the same level as in foxes but a lower 
proportion of animals with detected antibodies than in foxes.   

Good practices observed

 Instructions to hunters to assist veterinary services – which they are obliged to do under 
national law. This facilitates representative sampling and reaching target numbers.

 The whole fox carcass is brought to local veterinary services/laboratories, where official 
veterinarians are responsible for extracting and preparing appropriate samples and for 
submitting these to the analysing laboratory. This increases the number of samples, 
particularly for antibody testing, and reduces the proportion of poor quality samples 
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submitted for analysis.

 Effective monitoring of sampling and sample distribution during the year, which makes 
it possible, where necessary, for authorities to take timely corrective actions to increase 
or adjust the sampling in order to reach the targets in the programme.

4.4 RABIES SURVEILLANCE

A reduction of rabies cases is the most important indicator that the eradication programme is 
successful. The reliability of this assessment depends on the effectiveness of the surveillance. 
All Member States have well-functioning systems in place for investigations of wild and 
domestic animals showing signs of rabies, and for immediately informing human health 
authorities at local level of such suspicions. In addition, rabies surveillance should include 
other "target animals", such as wild animals found dead and domestic animals found dead on 
pastures where they could have been in contact with infected wild animals. 

Rabies surveillance in target animals depends on the ability of competent authorities to 
engage hunters, farmers and other persons spending time in fox habitats in the surveillance. 
In spite of regular awareness campaigns, this is particularly problematic in countries or 
regions with few or no rabies cases in recent years, and in areas outside the ORV zones. This 
illustrates the challenges of maintaining the necessary vigilance and awareness among 
farmers and people spending time in nature, whilst at the same time reassuring the public and 
authorities that the fox vaccination campaigns are successful. 

Member States applied very different measures regarding wildlife when rabies cases in 
wildlife were detected in a previously "rabies free" area. A lack of active surveillance when 
wildlife rabies has been detected in a previously "rabies free" area may lead to a failure to 
identify a "hot spot" with multiple rabies cases and give a false sense of security. This may 
lead to a failure to take an informed decision on whether to implement an emergency ORV 
campaign before the next planned campaign, or lead to emergency ORV being implemented 
on too small an area. In both cases, further spread of rabies in the local wildlife population 
will be facilitated.    

In the absence of effective passive surveillance on the whole territory of the Member State, 
rabies testing of foxes shot under the vaccination monitoring programme increases the 
chances of detecting rabies cases. However, rabies test results from the vaccination 
monitoring programme are not sufficient to confirm the absence of rabies.

Good practices observed

 Increased local hunting and rabies testing of all shot foxes when rabies in wildlife is 
detected in a previously "rabies-free" area. This helps determine the extent of the rabies 
incursion and facilitates informed decisions on emergency vaccination.
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4.5  LABORATORIES

All testing laboratories use relevant methods for rabies diagnosis and for monitoring of bait 
uptake and antibodies. Methods to diagnose rabies are mostly included in the scope of 
accreditation. Furthermore, the reliability of test results for rabies diagnosis, tetracycline 
detection, and age determination in national reference laboratories can be assessed by 
competent authorities through the results from inter-laboratory comparative tests organised 
and evaluated by the EU reference laboratory for rabies. 

Rabies virus strains detected in animals were typed to check if the rabies cases had been 
caused by the rabies virus included in the vaccine or by wild-type rabies virus. No indications 
of vaccine-type virus had been found in the four Member States. The occasional delay in 
submitting virus from all rabies cases for typing reduces the chances for early detection of 
potential problems with the virus strain in a vaccine and would delay actions to suspend its 
use.

Titre determination of rabies virus in vaccine batches once the vaccine had been purchased 
was sometimes carried out in other national laboratories than the national reference 
laboratory. Such laboratories are not obliged to take part in inter-laboratory comparative tests 
organised by the EU reference laboratory for rabies. This makes it difficult for the competent 
authorities to verify the reliability of the quality tests carried out on vaccine baits.

Neither the EU reference laboratory for rabies, nor any of the national reference laboratories 
had organised any inter-laboratory comparative tests for antibody detection in wildlife 
samples2. Thus, the reliability of test results for antibody detection has been difficult to 
assess, especially when methods are not included in the scope of accreditation in the 
laboratory.

Good practices observed

 Laboratory technicians in regional laboratories receive training in the national reference 
laboratory, and the relevant method validation files from the control laboratories must be 
approved by the national reference laboratory, before a control laboratory could take part 
in testing under the rabies eradication programme. These procedures support 
harmonisation of test methods, which facilitates the interpretation of results. 

 The national reference laboratory organises regular inter-laboratory comparative tests for 
rabies diagnosis for control laboratories, which makes it possible for the authorities to 
verify the reliability of diagnostic tests for rabies virus.

2 As mentioned under point 8, the first inter-laboratory comparative test for detection of antibodies to rabies 
virus in sera from foxes was organised during the winter 2016/2017.
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4.6 ANALYSIS OF THE EFFECTIVENESS AND PROGRESS OF RABIES ERADICATION

Comprehensive epidemiological analyses, as recommended in the Guidelines issued by the 
Commission (see Annex IV), had not been carried out in any of the four Member States at the 
time of the audits. The units responsible for planning and reporting to the Commission were 
often evaluating the progress of rabies eradication without access to epidemiological experts 
and analytical tools.

When most of the monitoring results are obtained from very few locations within the 
vaccination zone the results are not representative enough for an assessment of the overall 
effectiveness of the ORV. The annual summaries presented by Member States to the Standing 
Committee on Plants, Animals, Food and Feed; Section Animal Health & Welfare do not 
show if there has been such clustered sampling. Nor do they always show if there are major 
differences in monitoring results between regions or if the competent authority has linked 
such differences to difficulties in rabies eradication.

Clustered or insufficient sampling is sometimes repeated year after year, often combined with 
a lack of antibody tests from many of the sampled animals. This makes it difficult for the 
Member State and the Commission to evaluate in detail the effectiveness of the ORV, and 
makes it difficult to take informed decisions on extending or decreasing the vaccination areas. 
It may also result in inadequate data collection for a declaration of freedom from rabies at the 
end of the programme.

Good practices observed

 Breakdown of surveillance and monitoring data by hunting ground to form the basis for 
specialised epidemiological analyses.

 An assessment of rabies surveillance and monitoring results using basic epidemiological 
mapping tools can reveal spatial gaps in sampling and test results and identify priority 
areas for improvements regarding monitoring and surveillance in subsequent years.

5 ORAL RABIES VACCINATION PROGRAMMES IN NON-EU COUNTRIES

5.1 PLANNING AND IMPLEMENTATION OF ORV CAMPAIGNS IN NON-EU COUNTRIES

The EU has co-financed ORV programmes, as parts of approved Member State programmes, 
in Belarus since 2011 and in Ukraine since 2012. The aim is to create a buffer zone where 
rabies cases in wildlife are kept at a minimum through regular ORV campaigns on the eastern 
side of EU borders, in order to reduce the risk that rabies infected wild animals cross the 
borders into EU territory. The EU is financing 100% of the costs for vaccine purchase and 
distribution in these zones. Both countries have organised two ORV campaigns each year, 
except in 2015 when one country failed to implement the spring campaign. In 2010-2016 the 
EU financed ORV campaigns in the Kaliningrad region of the Russian Federation, which 
resulted in the eradication of rabies from this region.  
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Figure 3 illustrates the cases of wildlife rabies in the past ten years, as reported by Ukraine to 
"Rabies - Bulletin – Europe", and as presented by Belarus during the fact finding visit. Both 
countries have implemented local or regional ORV programmes in the past, but not with the 
aim of systematically eliminating wildlife rabies from their territories.

Figure 3: Rabies cases in wildlife in Belarus and Ukraine (whole territory)
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The financial contributions from the EU are based on eradication plans that are agreed with 
the relevant Member States and approved as part of their rabies eradication programmes. 
Once the financial decisions have been taken in the EU, formal contracts are drawn up 
between the non-EU country and the relevant Member States. These Member States are 
responsible for verifying the implementation of the ORV campaigns abroad before 
transferring the payment, and include reports from these ORV campaigns in their regular 
reports to the Commission. As illustrated in Table 3, Belarus and Ukraine each receive 
funding for their ORV programmes through two or three Member States. These Member 
States are each responsible for the ORV campaign in a specified geographical part of the 
buffer zones.

Table 3: Member States' rabies eradication programmes that include ORV campaigns 
in Belarus or Ukraine

Countries Belarus Ukraine

Latvia yes -

Lithuania yes -

Poland Included in Polish 
programme, not yet 

implemented
yes

Hungary - yes

The formal procedures for signing contracts between Ukraine/Belarus and the relevant 
Member States are time-consuming. Recently, political and administrative changes in one of 
these countries had led to delays in signing the contracts with Member States and operators, 
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resulting in the omission of the spring campaign. By 2016 Poland and Belarus had not yet 
signed any contract, in spite of ORV in Belarus being part of the approved programme for 
Poland for several years. This has left a substantial gap in the buffer zone on the territory of 
Belarus, where no measures have been taken to reduce the risk of rabies incursion into the 
EU. 

Although competent authorities in the two non-EU countries engage with the Commission 
services and Member States, direct contacts between the relevant technical experts in 
Member States and their colleagues in Belarus and Ukraine are difficult due to administrative 
protocols and sometimes language barriers. The fact-finding visits allowed these technical 
experts from Member States to meet, sometimes for the first time, their colleagues in the non-
EU countries and to discuss (with the help of Commission interpreters) many practical 
aspects of planning, implementation, and reporting of the ORV programmes. 

Vaccine bait procurement, ORV campaigns, and monitoring of vaccine bait contact and 
population immunity are carried out according to the same principles as in Member States. 
The vaccine baits used in the ORV campaigns are produced outside the EU. Comprehensive 
quality control results are required by both competent authorities, there are official controls 
on storage temperatures, and titre tests are repeated before distribution. As in Member States, 
the results are sometimes not available until after the ORV campaign. Rabies surveillance is 
effective in both countries and the level of public awareness is high. 

Both competent authorities lacked sufficient data from the operators to verify that the vaccine 
baits had been distributed over the agreed areas and with the correct bait densities. Electronic 
data collection for flight lines and vaccine bait drop locations, as required by the Commission 
from 2015, was not yet working. 

5.2 MONITORING THE EFFECTIVENESS OF ORV CAMPAIGNS IN NON-EU COUNTRIES

In one of the non-EU countries, hunters are obliged to submit all foxes shot for rabies testing 
and the number of foxes sampled for monitoring met the targets in the approved programme 
although there was substantial variation between regions. Overall, the monitoring results 
indicate that the proportions of foxes in contact with baits and vaccinated had increased year 
by year. However, the proportions of the sampled foxes that were tested for antibodies had 
decreased over the years and varied between regions, which reduced the representativeness of 
the serological results. 

In the other non-EU country in 2015, insufficient numbers of foxes had been sampled and 
only a small fraction of the sampled foxes had been tested for antibodies, which prevents a 
reliable assessment of the effectiveness of the recent ORV campaigns. 

These countries submit the results from surveillance and monitoring to the Member States: 
each Member State receives data only for the part of the buffer zone included in their 
approved programme and forwards these, without further epidemiological analysis, to the 
Commission as part of the report for the national programme in the Member State. 
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6 OVERALL CONCLUSION ON RABIES ERADICATION IN THE EU

Rabies eradication in Member States has been successful in most areas, as illustrated in 
Annex IV. In order to reach the Commission's target to eliminate rabies from wildlife in the 
EU by 2020, further efforts are still needed in certain countries, particularly in areas close to 
the eastern borders of the EU.

Procedures for planning, EU approval and implementation of ORV programmes are well 
established. Agreed systems for rabies surveillance, aerial bait distribution, monitoring of bait 
distribution and fox population immunity are applied by Member States, albeit with varying 
success. Although aerial distribution of high quality vaccine baits is the key element of the 
eradication programmes, campaigns are sometimes delayed or omitted for administrative 
reasons. Member States regularly delegate distribution to contracted operators, sometimes 
with very limited official controls during storage and distribution which reduced their ability 
to take timely corrective actions if needed. Systems for geolocation registration of flights and 
bait locations intended to facilitate and improve official controls were introduced in 2015 but 
the systems for daily official checks of such data were still being set up. 

Reliable monitoring of whether the distributed vaccine baits have reached and induced 
immunity in the target population needs to be based on representative sampling and reliable 
test methods. Whilst samples for testing of bait uptake are relatively easy to obtain, reaching 
target sample numbers for antibody testing is proving more difficult and sampling is often 
clustered. This makes it difficult for some Member States to demonstrate that the ORV 
campaigns have induced adequate population immunity in the whole vaccination territory. 
The monitoring worked best in the Member State where the central competent authority was 
actively involved throughout the year and had legally regulated cooperation with hunters' 
associations. 

It has proven difficult to reach and maintain sufficient numbers of "indicator animals" tested 
for rabies surveillance, particularly in areas where eradication has been successful and there 
have been few or no rabies cases in recent years. Robust surveillance data from several years 
are essential for demonstrating freedom from rabies in the future. However, the limited data 
available indicate that rabies eradication is progressing according to plan in most areas. 

The general lack of analyses by epidemiological experts in Member States, of the 
representativeness of test results and the effectiveness of the ORV campaigns, undermines 
informed decisions on extending or decreasing the vaccination area. Such analyses could also 
help explain the remaining "hot spots" where wildlife rabies has remained in spite of years of 
ORV campaigns. This lack of critical analyses carried out by Member States makes it more 
difficult for the Commission to assess if the rabies eradication programmes have been 
efficiently implemented.

The implementation of ORV campaigns, monitoring and surveillance in the buffer zones in 
the two non-EU countries follows the same principles as in Member States and suffers similar 
problems: insufficient monitoring data and official controls to demonstrate that the rabies 
vaccine has reached, and resulted in immunity, in the target population. There is also a gap in 
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the buffer zone along the border between Poland and Belarus. Although competent 
authorities in the two non-EU countries are actively involved in creating a buffer zone where 
rabies cases are kept to a minimum, close cooperation between technical experts in the EU 
and their colleagues in the non-EU countries is hampered by administrative barriers and 
sometimes language problems. This makes it difficult for the responsible Member States to 
assist the non-EU countries, and to detect and address difficulties or inconsistencies. In 
addition, the fact that ORV plans and results are channelled through more than one Member 
State for each non-EU country makes it complicated for the Commission to obtain an 
overview of the implementation, effectiveness and efficiency of the ORV campaigns in these 
non-EU countries.

7 MATTERS FOR CONSIDERATION BY MEMBER STATES 

Careful registration of flight lines and vaccine bait locations and official monitoring by 
trained official staff during an ongoing campaign is vital for timely detection of irregularities 
and implementation of effective corrective actions. 

The declared temperature stability of the ORV baits and the climatic conditions during each 
campaign can be taken into account when determining the level of post-distribution testing 
needed. The information from field testing can be used to assess if the distributed baits were 
likely to have been effective for long enough (at least 7 days) after distribution. Such checks 
are particularly relevant when campaigns are carried out under climatic conditions that 
exceed or are close to the declared temperature stability limits of the vaccine baits.  

Competent authorities need to focus on maintaining vigilance and effective passive 
surveillance on the whole territory of a Member State, also when the risk of encountering 
rabid animals is considered by the public to be small due to the success of the ORV 
campaigns.

Regular evaluations by epidemiological expertise, of all data related to sampling as well as 
results from monitoring and surveillance can support strategic decisions by providing the 
competent authority with critical evaluations on the reliability of data and the progress of 
rabies eradication. Such evaluations can also assist the Commission in assessing the (cost-) 
effectiveness of the ORV campaigns, as well as support proper data collection for future 
declarations of freedom from rabies. 

Country-specific recommendations are included in each audit report.
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8 ACTION TAKEN OR PLANNED BY THE COMMISSION SERVICES

EU Member States

Guidelines to design an EU co-financed programme on eradication and control of rabies 
(SANTE/10201/2015rev1) were made available in 2015. 

The Commission services have carried out short visits to certain Member States during 
vaccine bait distribution. 

The Commission has: 

 increased the financial support for the delivery of wild animals to be tested. This support 
is even more reinforced if the animals are delivered in the framework of passive rabies 
surveillance. From 2016, golden jackals can be included, where relevant, in the EU co-
financed monitoring of bait contact and immunity; 

 requested that the EU reference laboratory organises inter-laboratory comparative tests 
for detection of antibodies in samples from wildlife. The first such test was organised at 
the end of 2016;

 fixed three different maximum amounts for vaccine purchase reimbursement depending 
on the vaccine used to decrease the costs and hence ensure the long-term sustainability of 
the campaigns;

 issued several recommendations to one Member State to launch a centralised call for 
tender to purchase vaccines with the aim of reducing costs and hence ensure the long-
term sustainability of the campaigns;

 requested Member States to include in their final report the raw geographical data 
concerning flight tracks and bait distribution. This data is assessed randomly by the 
Commission services to verify that the campaign was conducted properly. 

In addition to formal audits by the Commission services, the Rabies Subgroup of the EU Task 
Force on the Eradication of Animal Diseases has carried out assessments of the rabies 
situation in Bulgaria (2011), Poland (2012), Hungary (2015), and other countries, and 
indicated areas for improvement. Their reports have been published here: 
http://ec.europa.eu/dgs/health_food-safety/funding/cff/animal_health/vet_progs_en.htm

Non-EU countries

Two meetings were organised where Member States and certain non-EU countries, including 
Ukraine, Russian federation and Belarus (beginning of 2016) and the Western Balkans (at the 
end of 2015), were brought together to discuss planning and implementation of EU co-
financed ORV campaigns outside EU borders. 

On-site training has been organised for certain non-EU countries during a vaccination 
campaign to improve planning and control of aerial bait distribution. In addition, technical 

http://ec.europa.eu/dgs/health_food-safety/funding/cff/animal_health/vet_progs_en.htm
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assistance has been provided to one non-EU country on how to assess, on a daily basis, the 
electronic data from vaccine bait distribution.

The EU reference laboratory has verified the titres of the vaccines to be used in one non-EU 
country for the autumn campaign 2016.

The Commission intends to adjust the procedures for notification of financial contributions 
related to ORV campaigns in non-EU countries in order to facilitate the signing of ORV 
contracts between these countries and the relevant Member States. 

The testing costs for monitoring and surveillance samples sourced from buffer zones in non-
EU countries are now consider as eligible and reimbursable at 100%, provided these 
laboratory tests are carried out in a Member State.

In Ukraine, the EU has started to fund, through the Polish and Hungarian rabies eradication 
programmes, an expanded buffer zone from 2016 of 100-120 km depth from the EU border. 
Previously, the depth of the buffer zone was 50-70 km.

From 2016, the EU has allocated funds to implement rabies vaccination in Moldova, linked to 
the Romanian rabies eradication programme.

In 2017, two seminars on rabies eradication are planned in border regions under the Better 
Training for Safer Food initiative.
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ANNEX II TO OVERVIEW REPORT DG(SANTE)/2016-8980

LIST OF AUDITS AND FACT-FINDING MISSIONS

Country Date of Audit Date of study visit SANTE ref. no.
Poland 16-20 April 2012 2012-6391
Bulgaria 6-12 April 2014 2014-7057
Romania 18-23 January 2015 2015-7623
Hungary 1-6 February 2015 2015-7624
Ukraine 10-15 April 2016 2016-8777
Belarus 22-27 May 2016 2016-8775



Annex III to overview report DG(SANTE)/2016-8980
Commission documents, Scientific reports and international standards 

Commission documents

 The financial contributions for rabies eradication in 2015 are set in a Grant Decision 
approving national programmes. This information is outlined in points 11(11) and 
11(12) in Working Document SANCO/12531/2014 rev 2 “Outcome of the evaluation 
procedure of eradication, control and surveillance programmes submitted by Member 
States for Union financial contributions for 2015 and following years: final list of the 
programmes selected and final amount  allocated to each programme”
https://ec.europa.eu/food/sites/food/files/animals/docs/diseases_wd_12531_2014_rev
2_paff_13-01-2015_en.pdf

 Commission Implementing Decision of 16.10.2014 on the adoption of the financing 
decision for the year 2015 for the implementation of Union co-funded programmes 
for the eradication, control and surveillance of animal diseases and zoonoses. 
https://ec.europa.eu/food/sites/food/files/safety/docs/cff_animal_vet-progs_fin-dec-
2015_diseases_7437-2014.pdf

 The objectives and expected outcomes are further explained in Commission 
Guidelines for the Union co-funded programmes of eradication, control and 
surveillance of animal diseases and zoonoses for the years 2015-2017(Working 
Document SANCO/10181 Rev2) available here:
https://ec.europa.eu/food/sites/food/files/safety/docs/cff_animal_vet-progs_wd-
10181-2014-rev2.pdf

 The financial contributions for rabies eradication in 2016 are set in a Grant Decision 
approving national programmes. This information is outlined in points A.10(3) and 
B.2. in Working Document SANTE/12114/2015 rev 2 “Outcome of the evaluation 
procedure of eradication, control and surveillance programmes submitted by Member 
States for Union financial contributions for 2016 and following years: final list of the 
programmes selected and final amount  allocated to each programme”
https://ec.europa.eu/food/sites/food/files/safety/docs/cff_animal_vet-
progs_working_doc_12114_rev2_2016.pdf 

 SANTE Guidelines: Guidelines to design an EU co-financed programme on 
eradication and control of rabies (SANTE/10201/2015rev1), published here: 
https://ec.europa.eu/food/sites/food/files/safety/docs/cff_animal_vet-
progs_guidance_rabies.pdf

https://ec.europa.eu/food/sites/food/files/animals/docs/diseases_wd_12531_2014_rev2_paff_13-01-2015_en.pdf
https://ec.europa.eu/food/sites/food/files/animals/docs/diseases_wd_12531_2014_rev2_paff_13-01-2015_en.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/cff_animal_vet-progs_fin-dec-2015_diseases_7437-2014.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/cff_animal_vet-progs_fin-dec-2015_diseases_7437-2014.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/cff_animal_vet-progs_wd-10181-2014-rev2.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/cff_animal_vet-progs_wd-10181-2014-rev2.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/cff_animal_vet-progs_working_doc_12114_rev2_2016.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/cff_animal_vet-progs_working_doc_12114_rev2_2016.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/cff_animal_vet-progs_guidance_rabies.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/cff_animal_vet-progs_guidance_rabies.pdf


 In January 2015, the Commission informed Member States with approved rabies 
eradication programmes that from 2015 the competent authority implementing co-
financed rabies vaccination must:

o  require for the contractor for aerial distribution to use a system that 
electronically records the geographical position of release for each bait, and 
to deliver the data to the authorities on a daily basis, together with the flight 
tracks recorded during distribution (In case the territory covered in 
Member State or third country is smaller than 20,000 square kilometres per 
campaign the daily control of flight tracks was considered sufficient); 

o analyse the data and verify the sufficient dispersal of baits in all the 
appropriate areas;

o include the conclusion of the analysis by the Member State's competent 
authority of the flight track data and, if relevant, of the bait dropping data 
in the intermediate and final reports submitted to the Commission

o include in the reports the corresponding data files (flight tracks and 
dropping data) for each campaign for targeted and random control carried 
out by the Commission;

o ensure, where relevant, that quality controls on rabies vaccine baits 
(maintenance of the cold chain and at least virus titre testing of each batch) 
are carried out by competent authorities also for the part of an approved 
programme that is implemented in a non-EU country.

Scientific reports and international standards

 The 2002 Scientific Report
The oral vaccination of foxes against rabies. Report of the Scientific Committee on 
Animal Health and Animal Welfare of the European Commission. Adopted on 23 
October 2002.

 The 2010 Scientific Report 
Cliquet F, Freuling C, Smreczak M, Van der Poel WHM, Horton D, Fooks AR, 
Robardet E, Picard-Meyer E, Müller T., 2010. Development of harmonised 
schemes for monitoring and reporting of rabies in animals in the European Union. 
EFSA Supporting Publication 2010; 7(7):EN-67, 60 pp.
 http://www.efsa.europa.eu/en/supporting/pub/67e.htm
This report comprises inter alia guidance for sampling of wild animal populations.

 The 2013 WHO report
World Health Organisation (WHO) Expert Consultation on Rabies - second report. 
WHO technical report series No. 982. ISBN 978 92 4 069094 3 (PDF). Chapter 10 
Prevention and control of rabies in wild animals.
http://apps.who.int/iris/bitstream/10665/85346/1/9789240690943_eng.pdf?ua=1

http://www.efsa.europa.eu/en/supporting/pub/67e.htm
http://apps.who.int/iris/bitstream/10665/85346/1/9789240690943_eng.pdf?ua=1


 The 2015 Scientific Report 
EFSA AHAW Panel (EFSA Panel on Animal Health and Welfare), 2015. 
Scientific opinion – Update on oral vaccination of foxes and raccoon dogs against 
rabies. EFSA Journal 2015;13(7):4164, 70 pp. 
http://www.efsa.europa.eu/en/efsajournal/pub/4164
In 2015 at the request of the European Commission, the Scientific Panel on 
Animal Health and Welfare of the European Food Safety Authority (EFSA) 
presented this scientific opinion which was an update of a report from 2002 by the 
Scientific Committee on Animal Health and Animal Welfare providing scientific 
guidance on oral vaccination of foxes against rabies. 

 World Organisation for Animal Health (OIE): 
Terrestrial Animal Health Code (2016); Chapter 8.13 "Infection with rabies virus"
http://www.oie.int/index.php?id=169&L=0&htmfile=chapitre_rabies.htm
Manual of Diagnostic tests and Vaccines for Terrestrial Animals (2016); Chapter 
2.1.17 "Rabies (infection with rabies virus)"
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.01.17_RABIES.
pdf

 

http://www.efsa.europa.eu/en/efsajournal/pub/4164
http://www.oie.int/index.php?id=169&L=0&htmfile=chapitre_rabies.htm
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.01.17_RABIES.pdf
http://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.01.17_RABIES.pdf


ANNEX IV to overview report DG(SANTE)/2016-8980: Oral rabies vaccination areas and 
rabies cases in wildlife (except bats) and domestic animals 2000, 2005, 2010, and 2015.

Oral rabies vaccination Rabies in wildlife Rabies in domestic animals

2000 2000 2000

2005 2005 2005

2010 2010 2010

2015 2015 2015
Maps and data extracted from Rabies - Bulletin – Europe, Rabies Information System of the WHO Collaboration Centre for Rabies 

Surveillance and Research (http://www.who-rabies-bulletin.org/Queries/Default.Aspx)                                

http://www.who-rabies-bulletin.org/Queries/Default.Aspx


1

Annex V: extended technical report.  Table of Contents

1 Background ....................................................................................................................................3

1.1 Rabies eradication programmes in the EU ..............................................................................3

1.1.1 Co-funding and audits of rabies eradication programmes ..............................................3

1.1.2 Geographical coverage of oral rabies vaccination and progress of eradication ............3

1.2 Vaccinating wild animals against rabies .................................................................................5

1.3 Evaluating the level of protection in a wild animal population...............................................6

1.3.1 Contact with baits.............................................................................................................7

1.3.2 Vaccination status ............................................................................................................7

1.3.3 Detection of rabies cases..................................................................................................8

1.3.4 Assessing the effectiveness of an oral rabies vaccination campaign ...............................9

2 Overview of main findings and conclusions ..................................................................................9

2.1 Procurement, quality control and storage ..............................................................................10

2.1.1 Procurement ...................................................................................................................10

2.1.2 Vaccine and bait quality.................................................................................................10

2.1.3 Storage of vaccine baits .................................................................................................11

2.2 Distribution of vaccine baits and related official controls.....................................................12

2.2.1 Implementation of ORV campaigns................................................................................12

2.2.2 Bait distribution and official controls ............................................................................12

2.3 Monitoring of bait contact and fox population immunity .....................................................15

2.3.1 Sampling of foxes for the monitoring programme .........................................................15

2.3.2 Vaccine bait contact and fox population immunity ........................................................16

2.3.3 Other wildlife species included in the monitoring .........................................................17

2.4 Rabies surveillance ................................................................................................................18

2.4.1 Animals tested for rabies................................................................................................18

2.4.2 Measures when rabies has been detected in wildlife .....................................................19

2.5 Laboratories ...........................................................................................................................20

2.5.1 Laboratory network........................................................................................................20

2.5.2 The role of the national reference laboratory................................................................21

2.6 Analysis of the effectiveness and progress of rabies eradication ..........................................22

2.7 Oral rabies vaccination programmes in non-EU countries....................................................24

2.7.1 Planning and implementation of ORV campaigns in non-EU countries .......................24

2.7.2 Monitoring the effectiveness of ORV campaigns in non-EU countries..........................26



2

ABBREVIATIONS AND DEFINITIONS USED IN ANNEX V

Abbreviation Explanation

ELISA Enzyme-linked immunosorbent assay 

EU European Union

EUR Euro

EURL EU Reference Laboratory (for rabies)

FAT Fluorescent antibody test 

RFFIT Rapid fluorescent focus inhibition test

ORV Oral rabies vaccination
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1 BACKGROUND

1.1 RABIES ERADICATION PROGRAMMES IN THE EU

1.1.1 Co-funding and audits of rabies eradication programmes

Ninety percent of the EU funding for rabies eradication is spent on oral vaccination (purchase 
and distribution), whilst the remainder is co-funding costs for sampling and testing in order to 
monitor and control the efficacy of vaccinations. In 2015, the EU co-funded ORV campaigns 
in Finland, Estonia, Latvia, Lithuania, Poland, Hungary, Romania, Bulgaria, Slovakia, 
Slovenia, Croatia, Italy, and Greece. For one of these Member States the financial 
contribution from the EU was 50% of the eligible costs, whilst financial contributions of 75% 
of the eligible costs were allocated to the other 12 Member States. The total financial 
contribution was not to exceed 25,236,000 EUR and a ceiling contribution was defined for 
each Member State. 

Wild animals do not recognise national borders so rabies-infected animals wandering in from 
neighbouring non-EU countries make elimination of wildlife rabies more difficult close to 
EU borders with countries with wildlife rabies. In recent years, the EU has therefore funded 
ORV of wildlife in buffer zones on the territories of non-EU countries as part of approved 
Member State programmes. For 2015, five approved Member State programmes included 
ORV in buffer zones along EU borders, on the territories of the Russian Federation, Belarus 
and Ukraine. For these activities, the EU funded 100% of the eligible costs for purchase and 
distribution of ORV baits. From 2016, the EU can also co-finance the testing costs for 
monitoring samples, provided these tests are carried out in a Member State. The maximum 
financial contribution for these parts of the Member State programmes was not to exceed 
4,677,000 EUR in 2015. 

In addition, the EU is co-funding ORV programmes in six countries or territories in the 
Western Balkans through the EU Instrument for Pre-Accession Assistance. 

Over the past fifteen years, the Commission services have carried out 23 audits and fact-
finding missions evaluating the implementation of approved rabies eradication programmes. 
The audit reports have been published as described under section 2.

1.1.2 Geographical coverage of oral rabies vaccination and progress of eradication

Annex IV provides maps of rabies in wildlife and in domestic animals, as well as areas that 
were subject to ORV campaigns (not only financed by the EU) in the years 2000, 2005, 2010, 
and 2015. 

Figure 1 provides a more detailed map over the approximate areas covered by ORV and the 
different sources of financing in 2015. 

Figure 2 summarises rabies cases in foxes, raccoon dogs, other wildlife, and domestic 
animals reported to "Rabies - Bulletin – Europe"1 from EU Member States in 2016. Among 
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the current 28 Member States, four reported cases of wildlife rabies in 2015, whilst 15 years 
earlier 13 of these countries experienced wildlife rabies. As the rabies cases in wildlife 
declined, so did the rabies cases in domestic animals. The total number of reported rabies 
cases in animals (excluding cases in bats and imported cases) dropped from 1552 cases in 
nine countries in 2010 to 128 cases in four countries in 2015.

Figure 1: ORV in 2015 in the EU and on the territories near EU borders in non-EU 
countries.  IPA refers to Instrument for Pre-accession Assistance.

Figure 2: Rabies cases in the 28 current (2016) EU Member States 

2000 2005 2010 2015
0

1000

2000

3000

4000

5000

6000

7000
rabies cases in foxes

rabies cases in raccoon dogs

rabies cases in other wildlife

rabies cases in domestic
animals

1 Detailed data about rabies outbreaks and oral rabies vaccination are available on the website of "Rabies - 
Bulletin – Europe", Rabies Information System of the WHO Collaboration Centre for Rabies Surveillance and 
Research: http://www.who-rabies-bulletin.org/Queries/Default.Aspx

http://www.who-rabies-bulletin.org/Queries/Default.Aspx
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Additional information about rabies cases in humans and animals can be found in the annual 
EU summary reports on zoonoses, zoonotic agents and food-borne outbreaks, published here: 
http://www.efsa.europa.eu/en/publications. Please note that each report deals only with data 
from countries that were EU Member States during the reporting years, and Iceland, Norway 
and Switzerland, whereas Figure 2 above takes into account data from countries which were 
not yet EU Member States. 

1.2 VACCINATING WILD ANIMALS AGAINST RABIES

The most important tool when eliminating rabies from wildlife populations in the EU is 
vaccination of foxes, which are the species considered to be reservoirs for rabies in the EU, 
and raccoon dogs, which are important rabies transmitters. A fox or raccoon dog gets 
vaccinated when ingesting rabies vaccine, packaged in a capsule hidden inside a tasty bait 
casing (together they are referred to as vaccine bait). The vaccine in the bait stimulates 
antibody production, leading to immunity, when it comes in contact with lymphatic tissues in 
the mouth and throat. The report from the World Health Organisation (WHO) second expert 
consultation on rabies in 2013 (hereafter referred to as the 2013 WHO Report) states that 
rabies vaccine baits are usually consumed within a week so the bait casing needs to protect 
the vaccine capsule for at least seven days under local weather conditions.

The descriptions in the following text will only mention foxes, although the same principles 
apply for raccoon dogs.

The 2002 Report "The oral vaccination of foxes against rabies" of the Scientific Committee 
on Animal Health and Animal Welfare (hereafter referred to as the 2002 Scientific Report, 
see Annex III), and the 2015 "Scientific opinion – Update on oral vaccination of foxes and 
raccoon dogs against rabies" by the Animal Health and Animal Welfare panel of the 
European Food Safety Authority (EFSA) (hereafter referred to as the 2015 Scientific Report, 
see Annex III),  recommend that the virus titre is tested in all vaccine batches before and 
during vaccination campaigns. Different brands of ORV vaccine baits vary with regard to the 
required storage conditions, and resistance of the casing and vaccine to rainfall or high 
temperatures. If vaccine baits are distributed at sub-zero temperatures the vaccine capsule 
inside the casing may remain frozen until eaten, which can reduce the vaccination effect.  
ORV campaigns need to be carried out under climatic conditions that do not harm the type of 
vaccine baits chosen by the Member State.

Biannual ORV campaigns (spring and autumn) are applied in the EU to reach as many 
animals as possible, especially the cubs born each year in spring. ORV programmes stretch 
over several years. Once a large enough proportion of the fox population is protected through 
vaccination, rabies virus can no longer circulate. No EU-wide targets have been set for the 
sero-prevalence (proportion of animals with antibodies) fox population. The 2013 WHO 
Report states that "the level of herd immunity required varies with the transmission dynamics 
of the disease in particular target species and populations and with local conditions".

http://www.efsa.europa.eu/en/publications
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Vaccine baits are dropped at regular intervals from aircrafts, and sometimes distributed by 
hand in "no-fly" areas. The 2002 Scientific Report recommends densities of 18-20 and 20-30 
vaccine baits per square kilometre for low and high fox densities, whilst the 2015 Scientific 
Report states that in routine ORV campaigns the bait density should not be less than 20 baits/ 
km2. The reports recommend that the flight lines should be no more than 500 m apart in order 
to achieve an even distribution and reach as many foxes as possible. Higher bait density 
should be considered in areas with particularly large fox populations as well as for 
"emergency vaccination" in areas where rabies persists or has been reintroduced. 

Competent authorities are expected to check during the ORV campaigns, that the bait 
distribution is as described in the approved programme. This is to be done by daily checks of 
electronic data on flight lines and bait drop locations recorded by devices installed in the 
aeroplanes. If incorrect bait distribution is spotted the authorities must take immediate action 
to correct it.

The rabies cases in wildlife are normally reduced dramatically already after a few years of 
ORV campaigns, but to finally eliminate wildlife rabies usually takes many years. In 
addition, ORV campaigns and careful rabies surveillance need to continue for at least two 
years after the last rabies cases were detected before a territory can be considered free from 
wildlife rabies. 

The general principles for rabies control in wild animals are further described in Chapter 10 
of the 2013 WHO report.

1.3 EVALUATING THE LEVEL OF PROTECTION IN A WILD ANIMAL POPULATION

In 2005, the WHO published its first expert consultation on rabies. This report stated that a 
minimum of four target animals (foxes and raccoon dogs) per 100 km2 should be investigated 
each year for contact with baits, vaccination status, and rabies incidence to monitor the 
efficacy of the oral vaccination programme. The same recommendation has since been 
repeated in several scientific studies and reports. The EU is co-funding test costs for up to 
four foxes/raccoon dogs per 100 km2 in the vaccinated areas, and this number is set as a 
target in most of the approved rabies eradication plans. 

1.3.1 Contact with baits

The palatable substances in the vaccine bait casing which covers the vaccine capsule are 
mixed with a marker substance. The rabies vaccine baits used in the EU contain tetracycline 
as the marker substance. This substance leaves a life-long trace line in bones and teeth, which 
can be detected in the laboratory microscope as a fluorescent signal on the cut surface of a 
tooth or jaw bone. The age of the fox can be determined on the same sample. Following 
training and repeated inter-laboratory comparisons organised by the EU reference laboratory 
(EURL) for rabies most national reference laboratories can reliably carry out the tetracycline 
test while some have problems determining the age of the youngest foxes. Detection of 
tetracycline traces in teeth or bone indicates that the animal has licked or chewed vaccine 
baits (bait contact). Although evidence that the animal has been in contact with baits is no 
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proof of vaccination, such information is useful for checking if the bait distribution system 
has managed to reach the target wildlife population. Since tetracycline traces remain for life 
the bait contact could have happened years ago in older animals. If the ages of the tested 
animals is determined, which can be done on the same jaw samples, it is possible to see if 
tetracycline is detected also in young animals, which would verify that the most recent 
vaccination campaign(s) have reached their target populations.

1.3.2Vaccination status

In order to demonstrate that an animal has actually been vaccinated against rabies (by 
ingesting the vaccine inside the bait) antibodies to rabies virus must be detected in serum or 
body fluids. Very few animals are expected to survive rabies long enough to produce 
antibodies, so antibodies indicate that the animal has been vaccinated. Publications of 
epidemiological modelling and case studies suggest that if 60-70% of the foxes in an area are 
protected following vaccination it might be possible to eliminate rabies from foxes within a 
few years. If a smaller proportion of the foxes develop immunity after ORV campaigns, more 
campaigns are normally needed before rabies is eliminated. Different detection methods for 
antibodies do not always give the same results for the same sample, so such test results only 
provide a rough estimate of the population immunity. There are examples where wildlife 
rabies has been eliminated rapidly even when the test results indicated that only a limited 
proportion of the foxes had detectable antibodies. 

Different laboratory methods can be used to detect antibodies against rabies virus. Certain 
methods, referred to as virus neutralisation tests (e.g. the fluorescent antibody virus 
neutralisation (FAVN) test, and rapid fluorescent focus inhibition test (RFFIT)) make use of 
cell cultures and live rabies virus, which requires highly trained staff and laboratories that are 
designed to protect staff when handling live rabies virus. 

Different types of enzyme-linked immunosorbent assay (ELISA) tests are commercially 
available for detection of antibodies to rabies virus. ELISA tests do not require live virus or 
cell cultures, are sometimes not as affected by poor quality samples, and are better suited for 
testing large numbers of samples. Virus neutralisation tests and ELISA do not necessarily 
give the same results since the methods are based on different principles, and differences 
between ELISA methods may also lead to different test results on the same sample. 

The 2015 Scientific Report states that considering the different tests in use for the ORV 
programmes, and the different ELISAs that are commercially available with various levels of 
reliability, proficiency tests should be regularly organised with field samples received for 
monitoring in order to assess the performance (in terms of analytical specificity and 
sensitivity) of existing methods used in the laboratories.  

1.3.3 Detection of rabies cases

Rabies cases can only be confirmed in laboratories, by demonstrating rabies virus in the brain 
and brain stem of infected animals. It is therefore not possible to test living animals for the 
presence of rabies virus. 
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There are several laboratory methods for detecting rabies virus in tissues from dead animals, 
as described in Chapter 2.1.17 of Manual of Diagnostic Tests and Vaccines for Terrestrial 
Animals 2016, of the World Organisation for Animal Health (OIE). The 2015 Scientific 
Report states that rabies surveillance should be based on laboratory tests, using standards 
prescribed by the OIE. 

The EFSA supporting publication "Development of harmonised schemes for monitoring and 
reporting of rabies in animals in the European Union" (hereafter referred to as the 2010 
Scientific Report, see Annex III) states that the best chance to find rabies cases in wild 
animals is by sampling and testing so called indicator animals. This means testing animals for 
rabies if i) humans might have been exposed (contact with animal saliva or blood), ii) the 
animals display abnormal behaviours which could be symptoms of rabies iii) the animals 
have been killed in traffic, or iv) the animals are found dead (in countries with rabies). This is 
often referred to as a passive surveillance programme. In parallel to the passive surveillance 
in wildlife, all domestic animals suspected of having rabies (or similar neurological diseases) 
should be tested for rabies. This applies also to domestic animals found dead during grazing 
in countries with rabies. 

No standardised target sample numbers can be determined for passive surveillance, for 
obvious reasons. High public awareness to ensure that indicator animals are reported to the 
authorities and swift responses from the authorities to ensure these cases are tested for rabies 
are crucial factors for effective passive surveillance.

Healthy looking foxes are shot in ORV areas during hunting and tested for the purpose of 
monitoring bait uptake and antibodies (see 4.4.2). Although these animals are often tested 
also for rabies, the 2010 Scientific Report clearly states that these animals are not indicator 
animals and consequently rabies test results from these two categories must not be mixed 
when the effectiveness of an ORV programme is evaluated.

The 2010 and 2002 Scientific Reports recommend that rabies virus from all wildlife cases in 
areas where attenuated rabies virus vaccines (e.g. ORV vaccines) are used, should be typed in 
order to distinguish between vaccine strains and field rabies strains. Such analyses may also 
provide useful information about links between outbreaks. 

1.3.4 Assessing the effectiveness of an oral rabies vaccination campaign

A reduction of the number of rabies cases is the most important sign that an ORV programme 
is effective - provided that passive surveillance is continuous, sufficient numbers of indicator 
animals are tested for rabies, and that these animals originate from all relevant geographical 
areas. The most important tool to reduce the number of rabies cases as quickly as possible is 
to carry out two correct ORV campaigns per year. Monitoring of all components of the ORV 
campaigns is necessary to verify that they were carried out correctly or to detect any 
shortcomings early so that corrections can be made immediately.

Monitoring bait contact through tetracycline detection is a good way to verify that bait 
distribution has reached the target animal population – provided that the results are correlated 
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to the age of the sampled animals and that sampling is representative and evenly distributed 
over the vaccinated areas. 

Monitoring what proportion of the tested animals have antibodies to rabies virus can verify if 
the vaccine baits have induced protection in the target animal population – provided that the 
performance of the test method is known, results are correlated to the age of the sampled 
animals and that sampling is representative and evenly distributed over the vaccinated areas. 
Provided that the same test method is used for the whole country year after year, the results 
can be used to assess the progress of fox population immunity. Comparing antibody test 
results and tetracycline test results in the same animals can provide indications on the 
reliability of test results and indicate potential problems with vaccine quality under field 
conditions. 

Section 3.2 of the Guidelines to design an EU co-financed programme on eradication and 
control of rabies (SANTE/10201/2015rev1), hereafter referred to as the SANTE Guidelines, 
(see Annex III), provides guidance on the necessary components of a system for 
epidemiological analyses of all data from a ORV programme and recommends that such 
analyses are carried out by epidemiological units with adequate expertise.

If measures for prevention of rabies are in place and no cases of rabies have been confirmed 
in the country during two years in spite of ongoing disease surveillance, and certain other 
conditions are met, a country may be considered as rabies free under the specific terms of 
Article 8.13.3 of Chapter 8.13 ("Infection with rabies virus") of the Terrestrial Animal Health 
Code of the World Animal Health Organisation (OIE, 10/6/2016). 

2 OVERVIEW OF MAIN FINDINGS AND CONCLUSIONS

In addition to the descriptions that are provided in audit reports and reported to international 
organisations, the audited Member States regularly present the results from rabies eradication 
programmes to the Commission and the other Member States in the Standing Committee on 
Plants, Animals, Food and Feed; Section Animal Health & Welfare. The presentations can be 
found on the Commission website:

http://ec.europa.eu/food/animals/health/regulatory_committee/presentations_en.htm#20160913

2.1 PROCUREMENT, QUALITY CONTROL AND STORAGE

2.1.1 Procurement

The models for public procurement of ORV vaccine baits and aerial bait distribution differed 
among the Member States visited. However, all models included formal tender procedures, 
formal contracts, verification of the accompanying documents, and testing of the vaccine 
titres in each batch. Some contracts were signed at central level and covered both supply and 
distribution of vaccine baits for 3-4 year periods. Others were split between separate 
tenders/contracts for vaccine baits and distribution, sometimes handled by each regional 

http://ec.europa.eu/food/animals/health/regulatory_committee/presentations_en.htm#20160913


10

authority involved in the programme. The regional model had led to differences between 
regions with regard to tender specifications, timing of campaigns and vaccines used. 

All Member States visited procured rabies vaccine baits (containing attenuated live rabies 
virus) that had been manufactured, tested and originally approved for release on the market in 
an EU Member State in accordance with EU and national rules, including the legally binding 
procedures stipulated in the European Pharmacopoeia monograph ("Rabies vaccine (live, 
oral) for foxes and raccoon dogs")2. 

2.1.2 Vaccine and bait quality

Whilst all Member States carried out titre tests on all batches to verify the virus content on 
arrival into storage, other tests schemes were limited (Table 1). 

Table 1: Tests carried out to verify the vaccine titre in ORV baits

Vaccine titre tests:
Each batch 

on arrival

After storage, 
before ORV 
distribution

After 10 days exposure to 
environmental conditions 
during ORV distribution 

Remaining in 
storage after 

ORV campaign

Member States (n=4) All 1 1 1

Some Member States routinely started ORV campaigns before batch test results had been 
obtained. The authorities explained that, should test results be non-compliant, vaccination 
would be repeated where the non-compliant batch had been distributed. This would require 
renewed negotiations with vaccine suppliers and distributors, a delayed ORV campaign, and 
would lead to high additional costs. No such situations had occurred in the audited Member 
States.

2.1.3 Storage of vaccine baits

In all four Member States, the contractors for vaccine supply and/or aerial vaccine bait 
distribution were responsible for correct storage and transport of vaccine baits from delivery 
into the country until aerial distribution took place. The two brands of vaccine baits used by 
those Member States both require storage at temperatures no higher than -20oC. The 
competent authorities largely trusted the temperature control systems operated by the 
contractors, and official controls on storage conditions were often infrequent and sometimes 
poorly documented.

Vaccine baits remaining in the aircraft(s) at the end of one day's flights were sometimes 
brought back into the freezer to be used the following day. Officials stated that the baits 
would still be frozen when taken out of the aircraft but there were no documented checks to 
support these statements. A representative of one vaccine manufacturer stated that overnight 
storage in fridge temperature would be better than re-freezing if the vaccine baits were fully 

2 Available for purchase from the Council of Europe: https://www.edqm.eu/en/european-pharmacopoeia-8th-
edition-1563.html

https://www.edqm.eu/en/european-pharmacopoeia-8th-edition-1563.html
https://www.edqm.eu/en/european-pharmacopoeia-8th-edition-1563.html
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or partially thawed, but no specific instructions had been provided with the vaccine or by the 
competent authority.

Conclusions on procurement, quality control and storage

Although the detailed procedures vary between Member States, contracts with vaccine 
suppliers and distribution companies were signed following a public procurement process in 
all four Member States, in line with EU rules. However, one-year contracts, combined with 
national budgetary procedures out of the control of veterinary authorities, increase the risk 
that vaccination campaigns are missed or delayed to a suboptimal time of year, which is 
likely to slow down the elimination of wildlife rabies.  

The weaknesses observed with regard to official controls on vaccine storage conditions show 
that Member States might place too high a level of trust in private operators to ensure that the 
vaccine baits are not damaged by inappropriate temperatures during storage or transport. 
When combined with a lack of titre testing at the end of the storage period, the competent 
authority is unable to verify the quality of the oral rabies vaccine baits distributed in the 
campaign. 

Unless the minimum acceptable vaccine titres are verified, not only on arrival but also after 
storage, (EU co-funded) distribution costs and valuable time might be wasted on distribution 
of vaccine baits that fail to meet the minimum requirements and therefore might be less 
effective. 

Good practices observed

When official controls reveal that bait storage temperatures have temporarily been too high 
additional vaccine titre tests are carried out on the batches to ensure that the vaccine quality 
has not been affected.  

Centralised, multi-year procurement procedures for vaccine baits and bait distribution save 
time and resources and minimise the risk of unnecessary delays of vaccination campaigns.

The risk of distributing non-compliant vaccine baits is reduced through routine testing of 
vaccine titres in all batches at the end of the storage period but before aerial distribution.

Testing that the vaccine potency remains the same in the baits after exposure to the actual 
environmental conditions (for at least seven days) after aerial distribution provides the 
authorities with supporting evidence that the vaccine baits taken by the foxes were of a 
quality able to stimulate an immune response.
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2.2 DISTRIBUTION OF VACCINE BAITS AND RELATED OFFICIAL CONTROLS

2.2.1Implementation of ORV campaigns

Two of the four Member States had implemented two ORV campaigns each year in 
accordance with the approved rabies eradication programmes for 2010-2015. In the other 
Member States, complaints/appeals against tender procedures (sometimes at regional level), 
delays in awarding national budgetary means for the procurement of vaccine, and other 
administrative problems had sometimes delayed or prevented the implementation of ORV 
campaigns. When ORV took place, it generally covered the whole areas that had been 
defined in the approved programmes.

Table 2: The number of ORV campaigns actually implemented between 2010 and 2015. 
In the table, "2" indicates that both the spring and the autumn campaigns were implemented

2010 2011 2012 2013 2014 2015

Bulgaria Spring Spring 2 2 2 2

Hungary 2 2 2 2 2 2

Poland 2 2 2 2 2 2

Romania n/a Spring none (2) * Autumn 2

* incorrect distribution

2.2.2Bait distribution and official controls

All four Member States had contracted private operators for the distribution of vaccine baits. 
The contracts specify inter alia storage conditions for vaccine baits, areas to be covered, the 
bait density to be achieved, the timing of campaigns, and when and how information should 
be provided to the competent authority. Most contracts included an obligation to inform the 
public about campaigns and warning them not to touch the baits. In some cases the competent 
authority issued such information and warnings.

In most of the Member States contracts were signed at central level with a single operator. A 
contract might include both vaccine bait supply and distribution, or only distribution while 
vaccine baits were procured separately by the competent authority. The contracted operators 
were responsible for both planning and implementing flight routes under the direct or indirect 
supervision of the competent authorities. One operator holding a contract with a central 
competent authority had subcontracted the practical implementation of storage, storage 
quality control, aerial distribution, and record keeping to other operators.

In one Member State contracts were drawn up and signed at regional levels, resulting in many 
different flight companies being involved in the distribution, each receiving instructions from 
a different regional authority, including timing and flight routes, and each regional authority 
procuring and supplying vaccine baits to their contracted flight operators. 
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The number of vaccine baits required, the total area to be covered, the distances between 
flight lines, and the density of baits are specified in the approved programmes. When 
settlements and water surfaces are excluded during implementation but not in the programme, 
the resulting bait density on land will be higher because all vaccine baits are usually 
distributed. 

All Member States met or exceeded the recommended density of 20 vaccine baits/km2 as 
recommended in the 2015 Scientific Report. In one case the competent authority and the 
contractor had agreed to rotate the flight lines by 90 degrees between campaigns to improve 
the geographical coverage. However, two Member States implemented flight lines that were 
1000 metres apart, instead of 500 as recommended in the 2015 Scientific Report. Both these 
Member States had experienced increases in rabies cases or reintroduction of rabies in certain 
areas and had reacted by applying flight lines with 500 metres distance and densities of 30-66 
vaccine baits/km2 in these particular areas. Some Member States had increased the bait 
density in such areas of concern in the following campaign, whilst in one Member State no 
emergency measures were implemented when a similar, unexpected incursion was detected. 

Not all competent authorities had systems in place, or appropriate equipment and competence 
to record and analyse electronic flight and bait drop data through global positioning systems 
(GPS) on a daily basis. This requirement was introduced by the Commission during this audit 
series. Where such systems had been (recently) introduced none of the competent authorities 
managed to analyse data on a daily basis, to achieve effective supervision during the 
campaign, due to weaknesses in technical equipment and limited practical experience. 
Consequently, incorrect distribution was sometimes only detected when the files were 
submitted to the Commission after the campaign.

The level of official control and supervision over aerial vaccine bait distribution varied 
widely among Member States: 

 from full delegation of routing and day-to-day planning to the contracted operator, to 
detailed flight routes provided to the contractor by the competent authority.

 from one announced official visit at the airfield for each campaign, to official 
veterinarians being present and keeping detailed records at the airfield every day 
during the campaign. 

 from electronic records made available to the competent authority weeks after the end 
of the campaign, to electronic records of flight lines and bait drops provided to the 
competent authority daily.

 from competent authority checks on electronic distribution data only after the end of 
the distribution campaign, to detection of incorrect flight lines within 24 hours and 
immediate corrective actions by the competent authority.

Only a small proportion of the vaccine baits are distributed by hand, either by official staff or 
by contracted/subcontracted persons with knowledge about fox habitats. The sites for manual 
spread are agreed with the competent authorities who also receive reports of the 
(approximate) bait locations after the campaigns. Vaccine baits are distributed manually in 
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areas where aerial distribution is impossible (e.g. no-fly zones around power plants and 
certain industrial sites) and in green areas close to settlements if these are known fox habitats 
or sometimes if rabies has been detected in the vicinity. 

Conclusions on distribution of vaccine baits and related official controls

It had been more complicated for the competent authorities to establish systems for daily 
checks of electronic data, over flight lines and bait drop locations, than expected by the 
Commission. Therefore the day-to-day verification of proper vaccine bait distribution via 
electronic files was not effective at the time of these audits. 

Some Member States have sufficient controls on the flight lines to take corrective action 
during the campaign. However, where the contracted operators are given the full 
responsibility for planning and implementing the aerial distribution of vaccine baits and 
official controls of flight and bait drop data are carried out only after the end of a campaign, 
any deficiencies in the distribution are detected too late for the competent authority to initiate 
timely corrective actions. Should corrective actions be necessary, i.e. redistribution of baits 
over certain areas, such actions are likely to be severely delayed due to a need to re-negotiate 
contracts for vaccine baits and distribution.

Good practices observed

Procedures in place for additional emergency vaccination in areas where unexpected 
incursions of rabies is detected, as well as for implementation of higher bait density in that 
area in the following campaign. 

Flight lines turned 90 degrees between campaigns to improve the geographical coverage.

Timely official controls of flight lines make it possible for the competent authority to order 
corrective actions by operators (where necessary) within 24 hours.

2.3 MONITORING OF BAIT CONTACT AND FOX POPULATION IMMUNITY

2.3.1 Sampling of foxes for the monitoring programme

Two Member States routinely met the sampling target of 4 foxes /100 km2 in the vaccinated 
territory, and had little variation between regions. In both cases, sampling was actively 
monitored; time was spent on information campaigns and meetings with hunters and in one of 
these Member States hunters were legally obliged to carry out sampling ordered by the 
competent authority. 

Two Member States did not check the progress of sampling during the year from central 
level, and under-implementation was regularly noticed at the end of the sampling year. In one 
of these, a legal obligation for hunters to collect samples was introduced recently and was 
followed by a marked increase in sample numbers. In these two Member States there was a 
marked difference in implementation between regions, which had not been addressed by the 
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competent authorities. That regional office had staff with knowledge and interest in both 
hunting and rabies eradication and had established good cooperation with the local hunters 
and managed to meet the regional sampling target, whilst other regions collected no or very 
few samples. 

Plans issued by the competent authorities for sampling to monitor bait uptake and population 
immunity (the proportion of foxes that have detectable antibodies to rabies virus) usually 
envisage sampling during three-four months starting one month after the end of each ORV 
campaign. Limited sampling takes place between the spring and the autumn campaigns, as 
the summer is not the normal fox hunting season, so in reality most of the samples for the 
monitoring are collected between November and March. Hunters who provide samples 
receive a fixed compensation per animal, as specified in the approved eradication 
programmes. The local competent authorities play an important role in the programmes. 
They, sometimes in cooperation with the contractor for aerial distribution, are usually 
responsible for issuing sampling instructions and sampling equipment, for direct contact with 
the hunters, for receiving samples or foxes, for sending samples to laboratories, and for 
monitoring the progress of sampling. 

In two Member States the age of a shot fox was determined by the hunter through visual 
inspection, whilst the age of foxes was determined in laboratories by examining sections of 
teeth in the other two Member States. Hunters sometimes received different instructions in 
different regions, on whether or not young foxes should be included, and how/if the age of 
the animals should be assessed and documented in the field. 

Where the whole fox carcase was brought in to veterinary authorities or laboratories for 
sampling, serum or body fluids could be safely extracted for antibody testing from most of 
the animals. However, where hunters were required to bring only the heads and blood 
samples from shot foxes to the sample collection points, blood samples were not taken from 
many foxes and the sample quality was often poor. In some cases, hunters were used to 
collecting fox heads for rabies surveillance, and continued to do so, but did not want to 
handle the animals further for blood sampling. In those situations, very few samples were 
analysed for antibodies to rabies virus. 

2.3.2 Vaccine bait contact and fox population immunity

Most of the foxes collected for the monitoring programme are tested for vaccine bait contact, 
whilst fewer are tested for antibodies to rabies virus. Tables 3 and 4 describe national 
monitoring results for 2013, 2014 and 2015, based on data in the annual presentations made 
by Member States in the Standing Committee on Plants, Animals, Food and Feed3. In 2015, 
the two Member States which failed to reach the target numbers for the monitoring 
programme at the time of the audits reported marked improvements compared to the data for 
2013 and 2014. Table 3 shows how the Member States have reached the overall sampling 

3 The presentations by the audited Member States of the results from rabies eradication can be found on the 
Commission website: 
http://ec.europa.eu/food/animals/health/regulatory_committee/presentations_en.htm#20160913

http://ec.europa.eu/food/animals/health/regulatory_committee/presentations_en.htm#20160913
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targets in recent years and the colours (red, amber and green) indicate how close the sample 
numbers are to the target figure. Although the audits showed that the sampling sometimes 
varied substantially between different geographical areas within a Member State, the 
representativeness of the sampling, e.g. spatial distribution and age distribution, has not been 
factored into the colour coding. 

Table 3: National data reported to the Commission for the years 2013, 2014 and 2015. 

Monitoring: foxes /100 km2 in the vaccination zone  
(target=4)

2013 2014 2015

Bulgaria

0.43 foxes

0.25 golden jackals

0.28 foxes

0.1 golden jackals

2.25 foxes

0.77 golden jackals

Hungary 4 4 >4

Poland >4 >4 >4

Romania 1.6 2.5 3.9

Table 4 shows the results of the monitoring of bait contact and population immunity. This 
table shows national data. However, the audits showed that the proportions of foxes that had 
been in contact with baits and the proportions where antibodies were detected sometimes 
varied substantially between different geographical areas within a Member State. When two 
different methods were used during the same sampling year (Poland 2014), results of samples 
tested by ELISA indicated lower population immunity than the samples (50%) tested by 
RFFIT the same year and the year before, which is likely to be an effect of the choice of test 
method.

Table 4: National data reported to the Commission for the years 2013, 2014 and 2015. 

Bait contact (T= tested foxes) and 
% positive test results

Antibodies to rabies virus (T=tested foxes) 
and % positive test results

2013 2014 2015 2013 2014 2015

T % + T % + T % + T % + T % + T % +

Bulgaria 253 75 753 60 1236 65 133 41* 479 37* 894 43*

Hungary 1757 71 2510 69 2931 75 856 25* 2085 35* 2403 44*

Poland 21547 86 16756 88 13284 89 17049 75#
6561
6383

76#
43* 10117 54*
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Romania 3196 24 5385 55 7482 74 2947 22* 5048 31* 6418 28*

 * analysed by ELISA; # analysed by RFFIT

Where sufficient data were available they showed, as expected, that the proportions of young 
(less than one year old) foxes that had been in contact with baits and developed antibodies 
were lower than those seen in older animals. 

2.3.3Other wildlife species included in the monitoring

The approved vaccination and monitoring programmes focus on foxes. Although inclusion of 
raccoon dogs in the monitoring is allowed very few, if any, raccoon dogs had been tested in 
these four Member States. Rabies has been detected in raccoon dogs in Poland and Romania, 
and in three other Member States that are not included in this overview report.

Member States have expressed concern about an observed increase in numbers and 
geographical distribution of golden jackals and the effect these animals could potentially have 
on competition about vaccine baits and spread of rabies. A limited number of golden jackals 
have been tested for tetracycline and antibodies to rabies virus in Bulgaria. Results from 
2013, 2014 and 2015 indicated bait uptake at the same level as in foxes but a substantially 
lower sero-prevalence than in foxes.   

Conclusions on monitoring of bait contact and fox population immunity

Without active interventions and supervision from central level, the monitoring programme 
does not always receive high priority by regional offices or hunting associations, This may 
lead to under-implementation of the sampling, patchy sample distribution, and sometimes 
incorrect sampling, which are all factors that reduce the reliability of the monitoring results 
The clustered sampling during winter months is not likely to have a negative effect on the 
ability of competent authorities to assess the progress of the rabies elimination, provided that 
the age determination of the foxes is reliable. 

Most monitoring samples are tested for tetracycline using a standardised test method and 
provide comparable data to verify bait uptake and distribution over time. However, 
tetracycline remains in the teeth so only data that can be linked to young foxes will 
demonstrate bait uptake specifically from the most recent campaigns. The lack of reliable age 
data in some Member States makes it difficult for the competent authorities to assess the 
effectiveness of the ORV campaigns.

The proportion of monitoring samples tested for antibodies generally improved between 2013 
and 2014, although sample quality remains problematic. When Member States fail to achieve 
representative geographical sample distributions the results from antibody testing do not 
provide sufficient information to estimate population immunity. When laboratories use 
different antibody tests methods and test different matrices, the estimates of population 
immunity may be suitable for monitoring progress and differences within the country but are 
unsuitable for comparisons between Member States. Furthermore, if test methods vary among 



18

regional laboratories it is difficult for the central authority to monitor the effectiveness of 
vaccination within the country.

Good practices observed

Instructions to hunters to assist veterinary services – which they are obliged to do under 
national law. This facilitates representative sampling and reaching target numbers.

The whole fox carcass is brought to local veterinary services/laboratories, where official 
veterinarians are responsible for extracting and preparing appropriate samples and for 
submitting these to the analysing laboratory. This increases the number of samples, 
particularly for antibody testing, and reduces the proportion of poor quality samples 
submitted for analysis.

Effective monitoring of sampling and sample distribution during the year, which makes it 
possible, where necessary, for authorities to take timely corrective actions to increase or 
adjust the sampling in order to reach the targets in the plan.

2.4 RABIES SURVEILLANCE

2.4.1 Animals tested for rabies

All Member States had well-functioning systems in place for investigations of rabies suspect 
animals among domestic animals and for immediately informing human health authorities at 
local level of the suspicion. However, the definition of a rabies suspect domestic animal 
varied among regions and between Member States. Rabies testing of domestic animals found 
dead on pastures was not always done, whilst in one region all stray dogs were considered as 
rabies risks and were therefore euthanized and rabies tested.  

Passive surveillance in wild animals depends on the ability of competent authorities to 
engage hunters, farmers and other persons spending time in fox habitats in the surveillance. 
In spite of regular awareness campaigns, this is particularly problematic in countries or 
regions with few or no rabies cases in recent years, and in areas outside the ORV zones. In 
one Member State, public awareness and the number of foxes submitted under the passive 
surveillance increased substantially when rabies reoccurred in the country. 

Whilst some Member States have good passive surveillance programmes and receive high 
numbers of wild target animals for rabies testing other Member States receive very few wild 
animals for rabies testing under the passive surveillance programme, unless they have been 
killed due to aggressive or abnormal behaviour close to humans or domestic animals. Rabies 
test results from animals found dead or killed by cars are rare in these Member States, but this 
may also be a consequence of imprecise report data supplied from hunters to laboratories or 
incomplete case records provided to the competent authorities. 
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Almost all foxes shot for monitoring purposes (see 2.3.1.) are tested for rabies virus before 
any testing starts for tetracycline and antibodies. Although these foxes are not indicator 
animals (the preferred population for rabies surveillance) rabies cases are sometimes found 
among them. In one Member State with weak passive surveillance in wild animals, two out of 
the three rabies positive foxes identified in recent years were found in the monitoring 
programme. 

2.4.2 Measures when rabies has been detected in wildlife

All Member States had varying routines in place for situations where rabies cases were 
identified in or near humans or domestic animals. Such measures could include a census of 
all susceptible domestic animals, movement restrictions, epidemiological investigations, 
vaccinations of livestock and pets, culling of in-contact unvaccinated animals, and isolation 
of in-contact vaccinated animals. Sometimes manual bait distribution took place around 
villages close to wildlife rabies cases.  

Member States applied very different measures regarding wildlife when rabies cases in 
wildlife were detected in a previously "rabies free" area. Whilst one Member State ordered 
immediate active rabies surveillance through hunting and testing in the area in order to 
establish the extent of the rabies incursion, another Member State took measures to protect 
humans and domestic animals but did not carry out any active wildlife rabies surveillance in 
the area where a rabid fox had been detected. 

Conclusions on rabies surveillance

Although symptomatic wild and domestic animals are identified and submitted for rabies 
testing, passive surveillance of other indicator animals is sometimes weak, in particular when 
rabies is no longer considered a real risk due to successful ORV campaigns. This illustrates 
the challenges of maintaining the necessary vigilance through stakeholder involvement and 
awareness, while reassuring the public that the fox vaccination campaigns are successful. 

The lack of active surveillance when wildlife rabies has been detected in a previously "rabies 
free" area may lead to a failure to identify a "hot spot" with multiple rabies cases and give a 
false sense of security. This may lead to a failure to take an informed decision on 
implementing an emergency ORV campaign before the next planned campaign, or lead to 
emergency ORV being implemented on too small an area. In both cases, further spread of 
rabies in the local wildlife population will be facilitated.    

In the absence of effective passive surveillance on the whole territory of the Member State, 
testing of foxes shot under the monitoring programme increases the chances of detecting 
rabies cases. However, rabies test results from the vaccination monitoring programme are not 
sufficient to confirm the absence of rabies under OIE standards.  

Good practices observed



20

Increased local hunting and rabies testing of all shot foxes when rabies in wildlife is detected 
in a previously "rabies-free" area. This helps determine the extent of the rabies incursion and 
facilitates informed decisions on emergency vaccination. 

2.5 LABORATORIES

2.5.1 Laboratory network

Detailed assessments of the capabilities of testing laboratories were not included in this audit 
series. Diagnostic and monitoring tests are sometimes carried out in numerous regional or 
local laboratories and sometimes only in one central laboratory. Most of the laboratories 
involved in testing samples for rabies diagnosis and monitoring of ORV were accredited. 
Whilst test methods for rabies diagnosis, such as fluorescent antibody test (FAT), were 
included in the scopes of accreditation in the vast majority of the testing laboratories, the 
methods for antibody detection and tetracycline detection were not always included in the 
scopes.

Sampling procedures and laboratory test procedures for detection of rabies virus are well 
established in countries where rabies is a current or recent problem and results are produced 
promptly, particularly when there has been human exposure. The laboratories in the four 
Member States all primarily used FAT, which is fast and can provide a reliable diagnosis of 
rabies in 98-100% of cases according to the OIE manual. This method is referred to as the 
"gold standard" for rabies diagnosis. Other complementary test methods were often available 
and were used particularly for cases where there had been human exposure and the FAT test 
was negative. 

The test methods used for detection of antibodies to rabies virus were presented in Table 4. 
Different test methods are used among, and sometimes within, Member States. According to 
published product specifications, the different ELISA methods used by the laboratories apply 
different cut-off levels of antibodies to determine if the result is positive or negative. In 
addition, results from RFFIT and ELISA methods are not directly comparable. In two 
Member States the majority of samples for antibody detection were tested by laboratories 
where the relevant methods were not included in the scopes of accreditation.

Tests for tetracycline in teeth/bone and age determination of foxes are routinely carried out 
using methods which have been described and evaluated by the EURL. 

2.5.2 The role of the national reference laboratory

The EURL regularly organises inter-laboratory comparative tests for national reference 
laboratories on rabies diagnosis (including FAT). It has also organised three tests on 
tetracycline and age determination in tooth samples from foxes and one for titration of live 
rabies virus (in vaccine). The evaluation of test results is shared with all national reference 
laboratories at the annual meetings and in evaluation reports for each round of tests. The 
national reference laboratories presented mostly satisfactory results from inter-laboratory 
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tests, although one had not yet participated in any inter-laboratory test for tetracycline and 
age determination at the time of the audit. 

Neither the EURL nor any of the national reference laboratories have organised any inter-
laboratory comparative tests for antibody detection in wildlife samples4. 

Tests related to the assessment of vaccine titres once the vaccine baits have been purchased 
are sometimes carried out by other national institutes, not linked to the national reference 
laboratory. In such cases the Member State laboratories had either not participated in the 
inter-laboratory comparative test organised by the EURL in 2011 or not submitted the results 
to the EURL. In the latter case, the results had been unsatisfactory but the laboratory had not 
requested any assistance from the EURL or taken other documented actions to improve the 
test method. 

When several laboratories were involved, national reference laboratories had organised inter-
laboratory comparative tests for rabies diagnosis. In one Member State the national reference 
laboratory trained all technical staff involved in regional laboratories and approved method 
validations before the laboratory could take part in testing under the rabies eradication 
programme. In the Member State where also antibody and tetracycline tests were carried out 
in several laboratories, annual inter-laboratory tests had been organised by one of the regional 
laboratories, but participation was not mandatory and the national reference laboratory had 
neither participated nor been informed of the results.

In addition to testing samples, two national reference laboratories were actively involved in 
the annual planning of the ORV campaign. One of these laboratories had the main 
responsibility for monitoring the sampling during the year and held monthly meetings with 
the responsible local authorities. Another national reference laboratory monitored the sample 
submissions against the annual plan but these data remained in the laboratory and were not 
used by the central authority, even though no other verification took place during the year.

Rabies virus from animals diagnosed with rabies were typed to check if the cases had been 
caused by the rabies virus included in the ORV vaccine or by wild type rabies virus. No 
indications of vaccine-type virus had been found in the four Member States. However, where 
typing methods were not available in the national reference laboratory there was a substantial 
delay in submitting samples to a laboratory in another Member State. If the tests had revealed 
spread of a vaccine virus, further investigations and actions to prevent spread would have 
been severely delayed.

Conclusions on laboratories

All testing laboratories use relevant methods for rabies diagnosis and for monitoring of bait 
uptake and antibodies. Methods to diagnose rabies are mostly included in the scope of 
accreditation and the reliability of test results for rabies diagnosis, tetracycline detection, and 
age determination in national reference laboratories can be further verified by competent 

4 The first inter-laboratory comparative test for detection of antibodies to rabies virus in sera from foxes was 
organised by the EURL during the winter 2016/2017.
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authorities through the results from regular inter-laboratory comparative tests organised and 
evaluated by the EURL. However, the failure to submit virus from all rabies cases for typing 
reduces the chances for early detection of potential problems with the attenuation of the virus 
strain in a vaccine.  

The reliability of test results for antibody detection is more difficult for the competent 
authority and the EURL to assess due to the lack of inter-laboratory comparative tests, 
especially when methods are not included in the scope of accreditation in the laboratory. 

Good practices observed

Laboratory technicians in regional laboratories receive training in the national reference 
laboratory, and the relevant method validation files from the control laboratories must be 
approved by the national reference laboratory, before a control laboratory could take part in 
testing under the rabies eradication programme. These procedures support harmonisation of 
test methods. 

The national reference laboratory organises regular inter-laboratory comparative tests for 
rabies diagnosis for control laboratories, which makes it possible for the authorities to verify 
the reliability of diagnostic tests for rabies virus.

2.6 ANALYSIS OF THE EFFECTIVENESS AND PROGRESS OF RABIES ERADICATION

Comprehensive epidemiological analyses, as recommended in the SANTE Guidelines, had 
not been carried out in any of the four Member States at the time of the audits. However, one 
Member State had collated data from different sources, broken down to hunting area level in 
preparation for an epidemiological evaluation of the effectiveness of implemented emergency 
measures. 

Most competent authorities carried out analyses of the progress of rabies eradication in the 
units responsible for planning and reporting to the Commission, without specialised 
epidemiological experts and analytical tools. Through such evaluations, two competent 
authorities had noted regional differences in monitoring results and had issued improved 
sampling instructions, which addressed problems regarding fox age distribution and sample 
storage in certain areas. One of these Member States assessed the implementation using 
hunting grounds as the smallest area, in addition to the much larger regions.

In the other two Member States there was little evidence that regional differences in 
monitoring results had been analysed by the competent authorities to find possible reasons for 
these differences and take corrective action. One of the latter Member States subsequently 
initiated monthly supervision of sampling and test results during 2015. An evaluation report, 
based on epidemiological spatial mapping tools, was submitted to the Commission in 
response to a recommendation in the audit report. The evaluation report demonstrated under-
implementation, identified gaps in sampling, showed major differences in test results and 
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passive surveillance among regions, and included a list of improvements to be implemented 
by the competent authority.

In some Member States, results from monitoring and rabies surveillance are summarized at 
the end of the year without being broken down by local areas such as hunting grounds. In 
such cases clustered sampling is not spotted by the central competent authority and no 
assessment can be made of the representativeness of the test results.

The annual summaries presented by Member States to the Standing Committee on Plants, 
Animals, Food and Feed; Section Animal Health & Welfare, do not show if there has been 
clustered sampling. Nor do they always show if there have been major differences in 
monitoring results between regions or if the competent authority has linked such differences 
to difficulties in rabies eradication.

Conclusion on analysis of the effectiveness and progress of rabies eradication

When most of the monitoring results are obtained from very few locations within the 
vaccination zone the results are not representative enough for an assessment of the overall 
effectiveness of the ORV campaigns. 

Systems for specialised epidemiological analyses, as recommended in the SANTE Guidelines 
were not in place in the Member States at the time of the audits. The lack of analyses by 
epidemiological experts in Member States of the representativeness of test results and of the 
effectiveness of the ORV campaigns, makes it difficult for the Commission to assess if the 
rabies eradication programmes are effective and efficient. 

Clustered or limited sampling is sometimes repeated year after year, often combined with a 
lack of antibody tests from many of the sampled animals. This makes it difficult for the 
Member State and the Commission to evaluate in detail the effectiveness of the ORV, 
undermines informed decisions on extending or decreasing the vaccination zone, and may 
result in inadequate data collection for eventually declaring freedom from rabies at the end of 
the eradication programme.

Good practices observed

Breakdown of surveillance and monitoring data by hunting ground to form the basis for 
specialised epidemiological analyses.

An assessment of rabies surveillance and monitoring results using basic epidemiological 
mapping tools can reveal spatial gaps in sampling and test results and identify priority areas 
for improvements regarding monitoring and surveillance in subsequent years. 



24

2.7 ORAL RABIES VACCINATION PROGRAMMES IN NON-EU COUNTRIES

2.7.1Planning and implementation of ORV campaigns in non-EU countries

Figure 3 illustrates the cases of wildlife rabies in the past ten years, as reported by Ukraine to 
"Rabies - Bulletin – Europe", and as presented by Belarus to the Commission team during the 
fact finding visit. Both countries have implemented local or regional ORV programmes in the 
past, but not with the aim of systematically eliminating wildlife rabies from their territories.

Figure 3: Rabies cases in wildlife in Belarus and Ukraine (whole territory)
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EU co-financed ORV programmes have been in place in Belarus since 2011 and in Ukraine 
since 2012. The aim is to create a buffer zone on the eastern side of EU borders, where rabies 
cases in wildlife are kept at a minimum through regular ORV campaigns, in order to reduce 
the risk that rabies infected wild animals cross the borders into EU territory. Both countries 
have organised two ORV campaigns per year, except in 2015 when one country failed to 
implement the spring campaign. In 2010-2016 the EU financed ORV campaigns in the 
Kaliningrad region of the Russian Federation, which resulted in the eradication of rabies from 
this region.

The financial contributions to Ukraine and Belarus are based on eradication plans that are 
agreed with the relevant Member States and approved as part of their rabies eradication 
programmes. Once the financial decisions have been taken in the EU, formal contracts are 
drawn up between the non-EU country and the relevant Member States. These Member States 
are responsible for verifying the implementation of the ORV campaigns abroad before 
transferring the payment, and include reports from these ORV campaigns in their regular 
reports to the Commission. As illustrated in Table 3, Belarus and Ukraine each receive 
funding for their ORV programmes through two or three Member States. These Member 
States are each responsible for the ORV campaign in a specified geographical part of the 
buffer zones.

Table 3: Member States' rabies eradication programmes that include ORV campaigns 
in Belarus or Ukraine



25

Countries Belarus Ukraine

Latvia yes -

Lithuania yes -

Poland Included in Polish 
programme, not yet 

implemented 
yes

Hungary - yes

The formal procedures for signing contracts between Ukraine/Belarus and the relevant 
Member States are time-consuming. Recently, political and administrative changes in one of 
the non-EU countries had led to delays in signing the contracts with Member States and 
operators, resulting in the omission of the spring campaign. Ways of improving the situation 
for 2017 were discussed. No contract has been signed between Poland and Belarus, in spite of 
ORV in Belarus being part of the approved programme for Poland for several years. This 
leaves a substantial gap in the buffer zone on the territory of Belarus where no measures have 
been taken to reduce the risk of rabies incursion into the EU. 

Although competent authorities in the two non-EU countries engage with the Commission 
and Member States, direct contacts between the relevant technical experts in Member States 
and their colleagues in Belarus and Ukraine are difficult due to administrative procedures and 
sometimes language barriers. During the fact-finding visits, technical experts from Member 
States met, sometimes for the first time, their colleagues in the non-EU countries and 
discussed, with the help of Commission interpreters, many practical aspects of planning, 
implementation, and reporting of the ORV programmes. 

Vaccine bait procurement, ORV campaigns, and monitoring of vaccine bait contact and 
population immunity are carried out according to the same principles as in Member States. 
The vaccine baits are produced outside the EU. Comprehensive quality control results are 
required by both competent authorities, there are official controls on storage temperatures and 
titre tests are repeated before distribution. As in Member States, the results are sometimes not 
available until after the ORV campaign. Rabies surveillance is effective in both countries and 
the level of public awareness is high. 

The competent authorities lacked sufficient data from the operators to verify that the vaccine 
baits had been distributed over the agreed areas and with the correct bait densities. 
Furthermore, electronic data collection for flight lines and vaccine bait drop locations, as 
required by the Commission from 2015, was not yet working. 

2.7.2Monitoring the effectiveness of ORV campaigns in non-EU countries

In Ukraine, the number of foxes sampled for monitoring met the targets in the approved plan. 
This was achieved through a requirement to submit all foxes shot by hunters for rabies 
testing. In the vaccination zone (involving three regions), all foxes that did not have rabies 
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were used for the monitoring of bait contact and population immunity until the total target 
number of samples had been met. There was substantial variation between regions. Overall, 
the monitoring results indicate that the proportions of foxes in contact with baits and 
vaccinated had increased year by year. In 2015, 52% of the tested foxes had been in contact 
with vaccine baits and 50% of the tested foxes had antibodies to rabies virus. However, the 
proportions of the sampled foxes that were tested for antibodies had decreased over the years 
and varied between regions, which reduced the representativeness of the results. 

In Belarus, less than half of the target numbers of foxes were sampled and tested for bait 
contact each year. In 2015, 46% of the tested foxes had been in contact with vaccine baits and 
39% of the tested foxes had antibodies to rabies virus. However, only a small fraction of the 
sampled foxes had been tested for antibodies, which prevents a reliable assessment of the 
effectiveness of the recent ORV campaigns. 

Results from surveillance and monitoring are submitted to the Member States. Each Member 
State receives data only for the part of the buffer zone included in their approved programme. 
The Member States forward these data to the Commission as part of the report for the 
national programme, without further epidemiological analysis. The fact that results are 
channelled through two Member States for each non-EU country makes it complicated to 
obtain an overview of the implementation, effectiveness and efficiency of the ORV 
programme in each country. 
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