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Lyssaviruses
Rhabdoviridae — Mononegavirales
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Terrestrial Rabies
Large Variety of Reservoir Species
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Terrestrial Rabies
Dog-mediated (human) Rabies

Heaviest incidence of human deaths falls on Africa

RABIES IS A MAJOR and Asia.
PUBLIC HEALTH PROBLEM
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- endemic dog-tranmitted human rabies
|:| endemic dog rabies

- sporadic dog-transmitted rabies
|:| controlled dog rabies

- no dog rabies

|:| no information
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Terrestrial Rabies
Dog-mediated (human) Rabies

BY 30 THE UNITED AGAINST
RABIES COLLABORATION

STRATEGIC PLAN

ri \ Dog vaccination can
g eliminate human rahies

%
Vaccinating 7“ ﬂ

of dogs in high-risk
areas breaks rabies
transmission cycle

TO END

§ UNITED AGAINST RABIES
coordinating, catalytic & country-centric

FROM DOG-MEDIATED
RABIES

Mational and Regional Elimination Plans

COUNTRIES

Ieading alimination effarts
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Terrestrial Rabies
Occurence of Wildlife-mediated Rabies

Wildlife Rabies

- endemic

|:| endemic with control

Source: WHO/FLI 2015

IIIIIIIIIIIIIIIIIIIIIIIIIII



Oral Rabies Vaccination of Wildlife
Only Solution
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Oral Rabies Vaccines

1st generation
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RV-97 KMIEV 94

VRC-RZ2

Passaging

Plaque purification/clonal selection

Mab selection

Reverse genetics

Qo000

licensed

Vnukovo 32

ERA BHK21 |

Attenuated VVaccines

SAD 1935 (Street Alabama Dufferin)

SAD

2nd generation
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Oral Rabies Vaccines
Recombinant Vaccines

Virus Immunogenic Target Reference
backbone component species

HAdV

(human adenovirus)

HAdV-5

(human adenovirus)

CadV-2

(canine adenovirus)

RCN

Vaccinia
(poxvirus)

PIV5

(parainfluenza virus)

Ad-0910G,
Ad-0910N
HAd5-G
(AdRG1.3)

CAV-2-E3A-

RGP
RCN-G

VR-G

PIV5-G

G-protein,

N-protein
G-protein
G-protein

G-protein

G-protein

G-protein

Dogs, wildlife

Wildlife

Wildlife

Bats, wildlife
Dogs, wildlife

Bats, wildllife

(Kim et al.,

2017)

Knowles et al. (2009)

(Zhao et al.,

(Stading et al.,
(Kieny et al.,

(Huanq et al.,

2014)

2016)
1984)

2015)
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Wildlife Rabies Control

Latest Achievements




Success Stories
r Europe (i)

Elimination of fox rabies
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Success Stories

r Europe (i)
"y Elimination of Fox Rabies (1978-2018)

30 countries Coherent area: 2.73 Mio km? 15 countries (by 2018)
Cumulative area: 38.5 Mio km?
ORV area ever rabies free
implementation vaccinated countries
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Success Stories
Europe (i)
N° of vaccine baits used (1978-2018)

Cumulative area in km?
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Success Stories
North America (iii)

Reservoir Species Dependent Success
Elimination of Arctic Variant Rabies
in Red Foxes, Metropolitan Toronto LR
R. C. Rosatte,” M. J. Power,1! D. Donovan,” J. C. Davies,” M. Allan,” P. Bachmann,” B. Stevenson,” \\
A. Wandeler,} and F. Muldoon} |
ELIMINATION OF RABIES FROM RED FOXES IN
EASTERN ONTARIO
Charles D. Macinnes," " Stephen M. Smith,” Rowland R. Tinline,! Nell R. Ayers * /
Pater Bachmann,' David G. A. Ball.” Laurie A. Calder,® Sarah J. Croagrey® Carolyn Fislding,” ) "k
Peggy Hauschildt” Janet M. Honig,” David H. Johnsten," Kenneth F. Lawseon,® ' /J/ y
Christopher P. Nunan,' Michaeal A. Pedde,’ Bruce Pond,” Robert B. Stewart,” and =5 /
Dennis R. Voigt" &
y
» | Evaluation of oral rabies vaccination programs

| ) for control of rabies epizootics in coyotes
and gray foxes: 1995-2003

Thomas J. Sidwa, bvM; Pamela J. Wilson, MEd; Guy M. Moore, Ms; Ernest H. Oertli, DVM, PhD, DACVPM;
Bradley N. Hicks, Bs; Rodney E. Rohde, ms; David H. Johnston, Bsc
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Wildlife Rabies Control

Challenges Ahead




Oral Rabies Vaccination of Wildlife
Pillars & Challenges

Vaccine
baits

Vaccination strategy
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o~ Challenges
. R Europe (i)

= Maintenance of Freedom

European Union

- Vaccination Area 2018




: Challenges
.. Europe (ii)

"7 ORV in Eastern Europe - financial & logistical overkill?

y e
.
<

ORV 2013
1.22 Mio km?2
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Challenges
Europe - North America (iii)
Vaccination Strategy in Large Areas?

Alternative vaccination strategies:

= Territorial coverage

= Gliding window vs. large scale

=  Minimum ORV area

Elimination

) ovouan e = Vaccination intervals
| = Natural barriers

= Bait densities

= Flight line spacing

= Cost-effectiveness
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@® dog
O cat

O other W

Challenges

Europe (iv)

Prevention of Re-introduction

EU Requirements
& Procedures

30 imported rabies cases
(1990 - 2018)

Rapid communications

IDENTIFICATION OF A RABID DOG IN FRANCE ILLEGALLY
INTRODUCED FROM MOROCCO
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Challenges

Europe (v)

(Re)- Incursions into Rabies Free Areas

raccoon rabies -
Canada 2016

Austria

.
2T

7/ /////
i
o

%
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05 10 20 30

N

Slovenia

e 1 positive fox

3 Province

Area intended for
oral vaccination of
foxes

Pordenone

Municipality
[ Regions

fox rabies -
Italy 2008

BULGARIA

THE FORMER YUGOSLAV
REPUBLIC OF NACEDONIA

ALBANIA

VL@,

\ . Domestlc cat (n=1)
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@ shepherd dog (n=2)
>
'y @ Red fox (=14)

fox rabies -
Greece 2012

Source: Stevenson et al. (2016), Tsiodras et al. (2012), de Bendictes et al. (2008)
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Challenges
North America (vi)
Multi Reservoir Species

5,500-6,500 Rabid
Animals Reports Annually
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“Living in a sea of rabies”
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Challenges
North America (vii)
Containment rather than Elimination

: Emunclallles IIIW lone Rahies Free
B 70u Onvsbutonnreus” |

[ RABORAL V-RG (7,215,753 baits; 122,756 km?) |

I oNRAB

2 |
Spread without
intervention 7

(2,742,240 baits; 37,993 km?) =7 -
&

focus has been directed toward contingency actions to "hold-the-line"

Source: www.aphis.usda.gov/wildlife-damage/rabi
P g ge/rabies FRIEDRICH-LOEFFLER-INSTITUT
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Challenges
North America (viii)
Bat rabies - Spillovers

E mNGOOSE;o
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Challenges 2\
North America (ix) ¥
Bat rabies - Host Shift Events

> raccoon
e g&. ~ current raccoon endemic
(Rupprecht et al., 2017)

> red fo
» Price Edward Island
(Daoust et al., 1996)

MONGOOSE /.

> skunks

.. » Flagstaff, Arizona
(Leslie et al., 2006)
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‘ Challenges
.o Europe (x)
" Host Shift Events - When Rabid Dogs Meet Wildlife

fox

® other wildlife
& ' .

’ dog
e 2014 2017 other domestic
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Challenges
Europe (xi)
Multi Reservoir Species?
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Challenges
Europe (xii)
Multi Reservoir Species!

7////, Sympatric distribution
Raccoon dog (Nyctereutes procyonoides)
- Raccoon (Procyon lotor)

Egyptian mongoose
‘ (Herpestes ichneumon)

7

n ¢ :
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WS . s Vel
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Challenges
General issues (xiii)
Minimum Effective Titre of Oral Rabies Vaccines
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Challenges
General Issues (Xxiv)
Difference in Vaccine Uptake

Palatine Tonsil

RABV N RABV GFP Nuclei RABV N RABV GFP Nuclei
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Challenges
General Issues (xv)
Bait Development - No Bait fits all Species

coated sachet

Source: Richard Chipman, USDA Wildlife Services, REDIPRA 16 - Nov. 2017; courtesy Ad Vos
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Challenges
General Issues (xvii)
Optimal Bait Distribution

Source: http://news.cornell.edu/stories/2011/02/cornell-helps-get-long-island-raccoons-

. FRIEDRICH-LOEFFLER-INSTITUT
rabies-free , courtesy Ad Vos
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Challenges
Europe & North America (xviii)
Understanding Urban-Suburban Challenges

Fotos by Jens Scharon, reinholdkassen.wordpress, David Ascher/Flickr, FRIEDRICH-LOEFFLER-INSTITUT
http://www.arlington-tx.gov/animals/urban-wildlife/, http://dfwwildlife.org/skunk/ F L I
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Conclusions

= Wildlife rabies cannot be eradicated(!)

= Elimination of rabies feasible for

certain wild reservoir species
= ORVis an effective tool to control rabies in those species

= Will be a long, stony road and will take decades
= A multitude of challenges ahead & problems to be solved
= Need for sustained political and financial support

= Development of alternative, more potent or species-specific oral rabies vaccines

= Need for more fundamental & applied research needed
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