Selection of suitable ORV strains and baits as
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PILOT CAMPAIGNS

 Evaluate methods

* Develop tools
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TECHNICAL SUPPORT

* Maximise impact of other
organisations

* Provide training, tools & technical
support
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2013
September: Inauguration e
October: Pilot vaccination — 5000 dogs e

2015

September: MoU with AH&VS e
Vaccinated: 56,681 dogs e

Rabies added to State curriculum e

2017

Human rabies testing initiatede
AH&VS Necropsy Room built @
Vaccinated: 96, 033 dogs e

2019
State wide IBCM with DHS e
Vaccinated: 96,178 dogs e

2021

Rabies Controlled Area e

Static point vaccination pilot @
Vaccinated: 75,917 dogs e

Landfill for canine carcass disposal ®
MoU renewed with exit strategy o

2014

Education program developed
24/7 Hotline established
Mission Rabies App developed
Vaccinated: 24,306 dogs

2016

Established FAT at DIU
Vaccinated: 51,294 dogs

2018

Vaccinated: 97,368 dogs
Started Hand catching method
ORYV bait trial studies

Rabies virus genetic sequencing
MoU with AH&VS renewed

2020

MH-Goa Border Dog movement Evaluation
Vaccinated: 82,012 dogs
Rabies chapter in std 6™ text book

2

Progress with ORV pilot plan
No human rabies from Sept 2017 > 5 years
One canine rabies case for > 1 year
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Elimination of human rabies in Goa, India through
an integrated One Health approach

_D. Gibson® 213% G. Yale?'3, J. Corfmat®"3, M. Appupillai*’3, C. M. Gigante], M. Lopes] U| Betodkar®
M. C. Costal, K. A. Fernandes’, P. Mathapati®, P. M.|Suryawanshi€| N. Otter37, G. Thomas!, P. Ohal?,
I Airikkala-Otter’, F. Lohr@® 7, C. E. Rupprecht®, A, King®, D. sutton'?, I. Deuzeman®, Y. Li@® %, R. M. Wallace®,
R. 5. Mani" G. Gongal12, l. G. HandelZ, M. Bronsvoor‘tb 2y Naik5|'1, 5. Desa|'5'|4, 5. Mazeri"®™, L Gamble"™ & D HS
R. J. Mellanby? ™

DAH&VS

Dog-mediated rabies kills tens of thousands of people each year in India, representing one
third of the estimated global rabies burden. Whilst the World Health Organization (WHQ),
World Organization for Animal Health (OIE) and the Food and Agriculture Organization of
the United Mations (FAQ) have set a target for global dog-mediated human rabies elimination
by 2030, examples of large-scale dog vaccination programs demonstrating elimination
remain limited in Africa and Asia. We describe the development of a data-driven rabies
elimination program from 2013 to 2019 in Goa State, India, culminating in human rabies
elimination and a 92% reduction in monthly canine rabies cases. Smartphone technology
enabled systematic spatial direction of remote teams to vaccinate over 95,000 dogs at 70%
vaccination coverage, and rabies education teams to reach 150,000 children annually. An
estimated 2249 disability-adjusted life years (DALY s) were averted over the program period
at 526 USD per DALY, making the intervention ‘very cost-effective’ by WHO definitions. This
One Health program demonstrates that human rabies elimination is achievable at the state

level in India.

o’.‘o
MISSION
— RABIES




YOF PANAJI |
NCE TO KEEP YOU
OM STRAY DOGS
HAVI JL? MATTERS

S | e
ALL DOGS AND CATS ENTERING

MUST BE REGISTERED ON ARRIVAL
GOA STATE DECLARED AS AT GOA BORDERS (BY RAIL AND ROAD)
- RABIES CONTROLLED AREA

el L —

o o
_ o

- -
'C S
‘A | =4 u .
RABIES HOTLINE: ~_.)
= 7744029586
REPORY A DOG WITH: 86
EXCESSIVE SALIVATION
CHANGE IN BEHAVIOUR REE VACCINATIO
CONTINUOUS BITING
DISORIENTATION
AGGRESSION

DEATH

O ROTARY CLUS OF
MIRAMAR

> \\
FOR MOR IFORMATION )'
i @ www sl gea govindmpertast - lnks /
| -

R
\\,\\\\#ff.rw

e
7

W,

W

i

4
=

=
=
=

q

og-l ¥
oAcl

%fm; I ) JR'l\\\\\\

et ©

!%\



780 Districts

L



P

1
3
§




ORV Baiting Zones
- Racoon, Coyote, and Gray Fox
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List of currently available ORVs.

Vaccine Product Formula- Vial size | Company Country

strain namae or tion

brand name

SPEN- IDT RABV 3rd Reverse genetics Licensed for

GASGAS Biologika with site-directed wildlife
o .

ERA G333 | Prokov RABV 3rd Reverse genetics Licensed for
with site-directed wildlife
mutagenesis

SAG2* Virbac RABV 2nd Monoclonal Licensed for
selection mutant wildlife

SADE19 IDT RABV 1st Serial (passaged in Licensed for

Biologika vivo/in vitro) wildlife

SAD Bern Bioveta RABV 1st Serial (passaged in Licensed for
vive/ in vitro) wildlife

RB-97 FGBI RABV 1st Serial (passagedin | Licensed for

“ARRAIH" vive/ in vitro) wildlife

VRC-RZ2 No RABV 1st Serial (passaged in No

information vive/ in vitro) information

KMIEV-94 | No RABV 1st Serial (passagedin | No

information vivo/ in vitro) information

V-RG* Merial Vaccinia Recombinant, Licensed for

virus expressing rabies wildlife
glycoprotein

AdRGL.3 Artemis Adenovirus Recombinant, Licensed for

Technologies expressing rabies wildlife
glycoprotein

Source: WHO 2018 Technical Series



WORLD ORGANISATION FOR ANIMAL HEALTH
Protecting animals, preserving our future

Qe

WORKSHOP MATERIALS

Presentations and other materials related to this workshop are available at the OIE Regional

Rﬂprﬂsemﬂtiﬂn website, https://rr-asia.oie.int/en/events/oie-virtual-workshop-on-oral-rabies-vaccines

Table 1: List of ORVs piloted in dogs in Asia

Vacci Vaccine v Countries in
Type sa;c!ne MName and Species I T_ra'r which trial Reference
am Manufacturer e conducted
Modified Live (1 SAD Blg | . uchsoral Dog | 2001 | Philippines | Estrada et al, 2001
generation) Ceva, France
: : RABIGEN®
mi
Modified Live (2 SAG 2 Vishae, Dog | 2007 Indin Cliquet et al., 2007
generation) F
rance
Modified Live (3™ SPBN Rabitec® . Leelahapongsathon
generation) GASGAS | Ceva, France Dog 2020 Thailand et al., 2020
Raboral V-
RGE
Vector based VARG | Bochringer | Dog | 2000 | SriLanka | Perera etal, 2000
(Vaccinia virus) I .
ngelheim,
Germany
Modified Live (3™ SPBN Rabitec® . - :
generation) GASGAS | Ceva, France Dog 2022 Indonesia Trial is ongoing




Table 1. List of ORV used in wildlife and trialed in dngs.

Type Vaccine Strain Vaccine Name and Manufacturer WILDLIFE DOG
I Countries In Which Countries in
Species Years In Use Distributed Distribution Took Heferences Year Which Trials References
— Place Have Taken Place
Lvsvulpen, Fox, racoon - )
SAD Bern Biovetn. CJREFUHE dog 19791980 211,000,000 Europe [29] 1994 Tunisia [75]
SADB19 Fuchsoral, Ceva, France Red fox 19782014 268,000,000 Europe [29] 20 Phillppines 7
1898 Turkey [78]
Modified Live Sinrab, Kazakhstan, Ukraine, -
15t Em!mﬁm] R-a7 FGEI ARRIAH. Russia Racoon dogs N2 —current 00,000 Belanus, Russia 12977 -
VRC-RZ2 Kazakhstan laboratory ':‘““if;f"“?l’" 017 Laboratory Kazakhstan 7] 2017 {*f:ﬂi"ﬁ"; 78]
KMIEV-34 fnsiitute of Experimental Red fox 009 10,300,000 Belarus [29,79] -
207 India [#1]
. . . ) Franmee, Switzerland,
:5'13"15;" e SAG2 VE:[L;EM Hed fork, Enccoan 199-2012 28,000,000 Finland, Estonia, laly, [29,80] o — =
generabion)  LTRCE: H Germany, Belgium i Lanigas [52]
2z Moroeeo [68]
SPBN GASGAS  Rabitec® Red fox, eaccoon 2012019 Laboratory Germany 53] 2017 Haiti [67]
Modified Live Ceva, France ' 220 Thaidland I:‘:-L]
{3rd generation)
ERA G333 Prokov, Russia Bed F"’:"u?““"”“ 017 Laboeatory Russia 3] ;
Raboral V-RGF Raccoon, coyote, USA, Canada, France, . 2000 5r Lanka [8a]
Elnr—b#d V-RG Boehringes Ingslhelrn, Garmany prey o red for, 1987-2017 250,000,000 Belgiun, Luxembuorg, [35]
(Vaceania virus) golden jackal, Ukraine, lirael, South —
raceoeon dog Korea | UISA (laboratory) [47]
Vector-based OMRAB® Striped skunk, red 2k USA (laboratory) [81]
: AdRG13 LA 20720117 28 500,000 Canada, USA [258,44) L
{Adenovirus) Artenis Technologies Ine., Canada W, FACCIR AT China (laboratory) [#7]

Yale, Gowri, Marwin Lopes, Shrikrishna Isloor, Jennifer R. Head, Stella Mazeri, Luke Gamble, Kinzang Dukpa, Gyanendra Gongal, and Andrew D.

Gibson. "Review of Oral Rabies Vaccination of Dogs and Its Application in India." Viruses 14, no. 1 (2022): 155.



2"d Generation

15t Generation

Street Alabama Dufferin
(SAD) rabies virus strain

SAD Bern

SAD P5/88

ERA BHK21

SAD B19

SAD VA1

3rd Generation

v \ 4

SPBN GASGAS ERA G333

X Gene
5 extraction

ERA glycoprotein gene

Adenovirus

Vaccinia virus

Recombination Recombination

Miiller et al. Rabies Vaccines for Wildlife. In Rabies and Rabies Vaccines; Springer International

Publishing, 2020, pp. 45-70.
Yale et al. Review of Oral Rabies Vaccination of Dogs and Its Application in India. Viruses 14, no. 1

(2022): 155.



Table 1. List of ORV used in wildlife and trialed in dngs.

Type Vaccine Strain Vaccine Name and Manufacturer WILDLIFE DoG
Countries In Which Countries in
Species Years In Use Dinlulull N Distribution Took References Year Which Trials References
Place Have Taken Place
SAD Bem Biovets Crech Repuiblic e i 1979-1980 211,000,000 Eurvpe [29] 1994 Tunisia 751

SAD B9

Fuchsoral, Cova, France

Modified Live Sirirab, Kazakhstan, Uksaine, ~
(15t generation) v FGBI ARRIAH, Russia Racoon dogs 2002-cursent 4200000 Belarus, Russia 124771 - - -
VRC-RZ2 Kazakhstan laboratory ':‘““if;f"“?l’" 017 Laboratory Kazakhstan 7] 2017 m";“ﬂ:";"; 78]
KMIEV-34 fnsiitute of Experimental Red fox 009 10,300,000 Belarus [29,79] i i -
2007 India [81]
. . . ) Franmee, Switzerland,
é"ﬂ:"f:: a';": SAG2 wﬁ:“f”i Red F"’j“ i 199-2012 28,000,000 Finland, Estonia, Baly,  [29,80] = — —
generabion)  LTRCE: H Germany, Belgium i Lanigas [52]
2z Moroeeo [68]
T, -
SPBN GASGAS  Rabibec Laboratory
Modified Live Ceva, France
{3rd generation)
ERA G333 Prokov, Russia Bed F"’:"u;m“ 017 Laboeatory Russia 3] i i ;
Rabaral Y-RGE Raccoon, coyote, USA, Canada, France, . 2000 5r Lanka [8a]
\"u.-q.:lm—ba.ﬁed V-RG Boehringes Ingslhelrn, Garmany prey o red for, 1987-2017 250,000,000 Belgiun, Luxembuorg, [35]
(Vaccinia virus) golden jackal, Ukraine, lseael, South -
raceoeon dog Korea | UISA (laboratory) [47]
Vector-based OMRAB® Striped skunk, red 2k USA (laboratory) [81]
: AdRGL3 (ONRAES 007-2017 28,500,000 Canada, USA [28,.4] 2
(Adenovirus) Artenis Technologies Ine., Canada W, FACCMT AT China (laboratory) [57]

Yale, Gowri, Marwin Lopes, Shrikrishna Isloor, Jennifer R. Head, Stella Mazeri, Luke Gamble, Kinzang Dukpa, Gyanendra Gongal, and Andrew D.
Gibson. "Review of Oral Rabies Vaccination of Dogs and Its Application in India." Viruses 14, no. 1 (2022): 155.



SADB19

5}
vaccine virus genome
Positionl/!M_/ Position 333
Asparagine Arginine
R R
AAT AGA
TCC GAG
Serine Glutamic acid

SPBN GASGAS 3

vaccine virus genome

5)

GENETIC MODIFICATION CONSEQUENCE

Amino acid codon

Abolish residual path icit
Arginine = Glutamic acid at position 333 olish residual pathogenicity

Amino acid codon

Eliminate potential reversion to virulence
Asparagine - Serine at position 194 2

Reduce potential back-mutation to the

All 3 nucleotides changed at each amino acid position . . .
original amino acid

Insertion of a second G-gene Enhance safety measure



Mo, Major Categonies for Assessment of an Modified Live Vaceines Vector-Based Vaccines
Oral Rabies Vaceine Candidate
SAD Berne SAD B19 RV-87 VRC-HZ2 KMIEV-%1 SAG2 SPEN GASGAS ERA G333 V-RG AdRG13
1 Description of the manutacturers [91) [92] [43] - - [44] [92] - [45] -
2 Drescription of the vaccine construct [96,57) 98] I77] - [749] [4] J100] - - [101,102]
3 Is the vaccine safe for the target animal? S| [I0E] - [75] - [EZ10d] [67.105] - [ [T06]
Has safety been assessed beniial ; : - -
4 e .:m-::r:;:t e Jackals [107] [103] - . - [108] [83,109,110] [55] [35] [106,111]
Conducted in
s Has safety been a.hhe:w:] i nonhiman [112] [113] } ] } [114] P } [115] )
primates: Ehmﬂmg [113]
Daoes the vaccine elicit an immune response B ]
3 in target animals (dogs)? b 751 78] - [74] - [B1,116] [67.84,105] - [47] [6,61,104]
Have virulent challenge studies been Foxes Fomes Foracs ]
! comducted bo assess durabion of meunity? [LAT;ARE] [119] . 7] B [116,1] [131] Mﬁ]dﬂgﬁ R512 [106]
Dioes the vaccine replicate in host Hsswes and
& 15 replicating virus excreted from animals? ) [109] ) ) B [104] [56] ) [123] [10,124]
Is the: bait composation attrachive bo the
9 target animal, and does it convey delivery of - - - - - [4] [63.105] - - -
the vaceine o the target host-anatomy?
Have bait contact rates been described bor
i1 the bait distribution method you are - - - - - - [20,67,105] - - -
consadering?
Has the vacane been evaluated under feld
1 comditions and are storage requirements [125] [126] - - [127]) [128] [67.105] - [129,130] [131])
knovwarn?
12 Has an evonomie cost-benefit assessment _ B ~ ] _ R [20] R ~ R
- been conducted?
Is the product currently acknowledged by an
13 international public health agency for field [132] [67.105] [133]
Lise?
s the: product currently licensed in any . [44] [134] Eu [10Z])
" couniries for field wse? * Euncpe Bumpe Bnla e Biclaniy Europe Europe Busgia Lﬂ: Canada

* Licensure refers to wildlife only.

Table 2. Recommendations outlined by WHO and World Organisation for Animal Health expert committee on the suitability for field trials in dogs, and reference
supporting fulfilment of that recommendation for each of the oral rabies vaccines currently used in wildlife. In addition to these criteria are five further considerations
which are not listed as they are not specific to a vaccine. These are as follows: “Is the community supportive of oral rabies vaccination of dogs?”, “Can the responsible
authority conduct postvaccination monitoring for persons potentially exposed to the vaccine?”, “Can the responsible authority conduct postvaccination monitoring
for vaccine exposures from contact with recently vaccinated dogs?”, “Is there an effective postexposure prophylaxis for humans exposed to the oral rabies vaccine?”,
“Can the responsible health authority provide postexposure prophylaxis for persons potentially exposed to the vaccine?”.

Yale, Gowri, Marwin Lopes, Shrikrishna Isloor, Jennifer R. Head, Stella Mazeri, Luke Gamble, Kinzang Dukpa, Gyanendra Gongal, and Andrew D.
Gibson. "Review of Oral Rabies Vaccination of Dogs and Its Application in India." Viruses 14, no. 1 (2022): 155.
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Abstract: Oral rabies vaccines (ORVs) have been in use to successfully control rabies in wildlife since
1978 across Europe and the USA. This review focuses on the potential and need for the use of ORVs
in free-roaming dogs to control dog-transmitted rabies in India. Iterative work to improve ORVs
over the past four decades has resulted in vaccines that have high safety profiles whilst generating
a consistent protective immune response to the rabies virus. The available evidence for safety and
efficacy of modern ORVs in dogs and the bread and outspoken support from prominent global
public health institutions for their use provides confidence to national authorities considering their
use in rabies-endemic regions. India is estimated to have the largest rabies burden of any country
and, whilst considerable progress has been made to increase access to human rabies prophylaxis,
examples of high-output mass dog vaccination campaigns to eliminate the virus at the source remain
limited. Efficiently accessing a large proportion of the dog population through parenteral methods is
a considerable challenge due to the large, evasive stray dog population in many settings. Existing
parenteral approaches require large skilled dog-catching teams to reach these dogs, which present
financial, operational and logistical limitations to achieve 70 dog vaccination coverage in urban
settings in a short duration. ORV presents the potential to accelerate the development of approaches
to eliminate rabies across large areas of the South Asia region. Here we review the use of ORVs in
wildlife and dogs, with specific consideration of the India setting. We also present the results of a risk
analysis for a hypothetical campaign using ORY for the vaccination of dogs in an Indian state.

Keywords: oral rabies vaccing; free roaming dogs; dog mediated human rabies; canine rabies control
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Rabies vaccine
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VACCINE SUSPensitn
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language

CULTURE
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PRODUCTION

Figure 2. lllustration of components of an example ORV bait construct for use in dogs. The dotted
circle shows a cut-away to reveal the impn:rmu:al:rle sachet containing vaccine suspension within bait
casing. Information is gem:-rallg..r either pri.ntn:r:l directlg..r on the bait casing or as a ]:rrntruding label.
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Development of a Non-Meat-Based, Mass Producible

and Effective Bait for Oral Vaccination of Dogs
against Rabies in Goa State, India
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Absiract [ntroduction: To achieve the global Emluf canine-mediated human rabies elimination by
2030 there is an urgent need Innnl.:—up mas= dog vaccination activities in regions with large dog
populations that are difficult to access; a commen situation in much of India. Oral rabies vaccination
may enable the vaccination of free-roaming dogs that are inaccessible to parenteral vaccination, and
is considered a promising complementary measure to parenteral mass dog vacoination campaigns.
WHO and (ME have published detailed minimum requirements for rabies vaccines and baits to be
used for this purpose, requiring that baits must not enly be well-accepted by the target population
but must also Ef['il:iﬁ'lll}r release the vaccine in the oral cavity. For oral rabies vaccination approaches
tor be successiul, it is necessary mdml.np baits which have a high uptake by the target population,
are culturally accepted and amenable to mass production. The aim of this study was to compare the
interest and uptake rates of meat-based and an egg-based prototype bait constructs by free roaming
dogs in Goa, India. Metfuds: Three teams randomly distributed two prototype baits; an egg-flavoured
bait and a commercial meat dog food (gravy) flaveured bait. The outcomes of consumption werne
reconded and compared between baits and dog variables. Besults: A total of 209 egg-bait and 195
gravy-bait distribufions were recorded and analysed. No difference (p = 0.99) was found in the
percentage of dogs mterested in the baits when offered. However, significantly more dogs consumied
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Net catch

n=1,485

No attempt Unsuccessful

attempt

Fig. 2. Flow diagram for action taken for sighted dogs in each intervention arm. CVR = Catch-vaccinate-release, DD = Door-to-door, OBH = oral bait handout. Dogs which were

CVR-DD
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reported by the owner as already vaccinated or refused vaccination were not included in the counts or analysis for either group.
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Fig. 4. (A) Graph showing a breakdown of mean Fixed and Varable (oralfparenteral) cost per dog vaccinated based on the mean number of dogs vaccinated per team per day
in each method. (B) Bar graph of cost per dog vaccinated by land type and method in USD.

Cost Benefits of ORV:
1) Increased Operational Efficiency

2) Increased Vaccination Coverage



+ 20% coverage

50% coverage by parenteral vaccination
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Answers:

s Which vaccine? SPBN GASGAS

Egg

Yes
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