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Summary

Why is rabies importdnt?
, qﬂy has rabies not yet been eliminated?
. The role of science and research in policy

Importance of data sharing and collaboration
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Research at the School of Veterinary Medicine™ SURREY’

Background:
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‘public health depends on a clean environment’

Hippocrates. circa 400 BC (reviewed in W. H. S. Jones. r
Harvard University Press. 1868)
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Global impact: Why is rabies important? SURREY

gills an estimated 100 children each
ay

Kills 25-159,000 people annually

Impacts animal AND human health
and welfare

Is entirely preventable through
vaccination

Elimination of dogbto dog
transmission of rabies is possible
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www.surrey.ac.uk
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Global rabies risk map % SURREY
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1 Mo risk
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Fooks et al Lancet 2014

Cost in numbers:

e 25-159,000 human deaths per year

 Countless more animal deaths Hampson et al PlosNTD 2015
8.6 billion USD losses annually el
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Rabies pathogenesis SURREY

2 Virus travels from PNS to 4 Viru? er:_tersi brj_in atr;d undergTe;s ef)l:ten;'.ive
\ spinal cord and brain rep Ii? ion ea ing to neuronal dysfunction
N N /
Virus enters the PNS via 5b \ \\ !
neuromuscular junction \ :’

Virus enters ’
peripheral ' " B

nerves of skin J Q. " o
and hair 4 ! S8 o 1
follicles S LSt

% Virus in purkinje cells of u

cerebellum (x 40 mag.)
=0 30 I %

'3

Virus spreads from brain to
infect many tissues and organs

A1 Virus enters muscle tissue of ) !
— host through bite wound Virus replication in salivary
Sa glands and excretion in saliva a
Jeffries et al Rabies Virus Neurovirulence 2013
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Direct fluorescent antibody (DFA) on acetone
fixed brain smears

Gold standard for animal rabies
diagnosis

Post mortem
Trained personnel

' Expensive reagents and equipment

Virus isolation — Bioassay or Cell culture — =l
Immunohistochemistry, DRIT ;- e o Ve i

% > S ¥ *.- AL
Serology- virus neutralisation test e e
RT-PCR, sequencing and virus typing Lo ae s B

| Pathak et alsVirology'Journal'2014, 11:63 -, = =
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Casos de rabia en Humanos

Reducing dog rabies reduces human casesy i

340

320 +

300 +

280 +

260 +

240 +

220 +

200 +

180 +

160 +

140 +

120 +

100 +

80 1

60 T

40 +

20

0

3@

oPs

OMs

PANAFTOSA

1\[

Centro Panamericano de Fiebre Aftosa

Salud Publica Veterinaria

I\

\\*

a o S AW VA\

~

=+~ Humans cases by dogs

Afios

=8 Humans cases by vampire bat

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

== Canine cases

+ 12000

+ 10000

+ 8000

OF

20000

+ 18000

+ 16000

+ 14000

Caninos

laen

Casos derab

+ 6000

+ 4000

+ 2000



UNIVERSITY OF

SURREY
Rabies vaccination 1in wildlife

Data: Rabies bulletin Europe

www.surrey.ac.uk
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Expensive by QYIRS

S, J7 Wildlife oral rabies
- N N L vaccination
EU 2015
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Rabies in the Middle East and Central Asia h §'ﬁiﬁ'{fﬁ

 Challenges
* Culturally and geographically diverse
* Multiple borders and trade routes

* Burden of rabies not easy to quantify

* Reported incidence of ranges from
0.2 to 10/100,000 in humans*

* Incidence in animals unknown

(* Multiple data sources)

Questions:
Where and when is rabies spreading?

What is the reservoir (source) of human rabies?
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Rabies risk (WHO) Y
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Arctic like
Asian dog
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-Mapping the distribution of existing
clades

-In some areas three clades circulating
at the same time
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Clade B in multiple countries- Caucasus, Middle East, Arabian

Peninsula
The origin is more uncertain
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Measure the effect of environmental and human factors on speed

of spread (Dellicour et. al. MBE 2017)
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» Rabies occurs in urban (dog) or sylvatic (wildlife) cycles

Is rabies in the Middle East wildlife or dog rabies (or both)?

www.surrey.ac.uk



Knowledge, Attitudes and I??&CUCESI 35 IRREY
Example from Azerbaijan

* Increasing
surveillance and
public awareness

* Laboratory and
biosafety training

* Proficiency testing

* Molecular
epidemiology
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Assessing a Public Awareness Campaign in Azerbaijan

1:20,000
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0 0.5

1 Kilometers

Sea

7
B 1
B 14

Occupied areas by Armenia

— 600 respondents
from 38 towns

— Four Rayons-
matched for
population
demographics

— Two had
traditional
leaflet/poster
based awareness
campaign, two
had nothing

(CDC FELTP)
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Public awareness in animals- key results

1.  The awareness campaign group had better knowledge of rabies
symptoms (PRR=1.3; 95% Cl 1.1-1.5) and vaccination schedules PRR=1.3
(95% Cl 1.1 - 1.4).

2. Awareness campaign group were also 1.4 times more likely to have
vaccinated their dogs and cats (RR-1.4 95% Cl 1.1-1.7)

www.surrey.ac.uk



An example (Azerbaijan 2000-2010) UNIVERSITY OF

Perception of wildlife rabies , but dog samples SURREY
predominate

Vear 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 >Y°  Total
Dog n.d 7 15 9 14 9 9 13 7 17 11
Cattle n.d 4 5 4 3 4 1 5 9 8 15 58
Sheep n.d 0 0 0 0 0 1 1 0 1 0 3
Horse n.d 0 0 0 2 0 1 0 1 2 0 6
Other n.d 2 4 1 2 4 2 3 7 6 7
Total 0 13 24 14 21 17 14 22 24 34 33 216
Positive
Negative 9 10 5 4 3 10 3 0 8 6 17 75
Untestable 6 7 3 1 3 2 1 7 2 1 2 35
Veiel] 15 30 32 19 27 29 18 29 34 41 52 326
submitted

n.d=no data
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What is the reservoir host? ., s or
Try using Bayesian phylogenetics: 3 SURREY

20284_N_lray_deg_2007 1
2025T_N_lraq_dog_2009
20294 N Irag dog 2008
20515_N_lraq_dog_2008
. M_lrag_dog 2007 D
20279_N_lraq_dog_2005
JFS0S180_M_Syria_Walf_2010
- 20291_N_Iraq_deg_2008
20283_N_lraq_dog_2007
20283_N_lraq_dog_2008
RW2517_N_lraq_dog_2011
— 202%6_N_lraq_dog_2009
RV1132_N_Turkey_dog_2001
— AYI52515_N_Georgia_dog_1959
RV1I128 N Turkey Tox_ 2001
RV1125 N Turkey fox 2001
RVA126_N_Turkey Tox_ 2001
RAVA127_N_Turkey_fox_2004
RA1389_N_Turkey_fox_2003
RAVA124_N_Turkey_fox_2001
RV1138_N_Turkey_dog_2001
- RW1338_N_Turkey_jackal 2003
- RW1336_N_Turkey_jackal 2003 C
RW1387_N_Turkey_jackal_2003
RW1385_N_Turkey_jackal_2003
RW1142_N_Turkey_dog_2001
RV1141_N_Turkey deg 2001
DOBITATE M Turkey dog 2000
RVA382 N Turkey deg 2003
TR250_N_Turkey_dog 2007
DOBETA06_N_Israel_dog_2005 J

RV202_N_Turkey_deg 1989
RV203_N_Turkey_walf_1835
U22483_N_lran_woif_1987
A3164_N_lran_hyena_1991
IX987748_jacksl_iran_1995
FV1145_N_Turkey_fox_2000
DOBATA11_N_lsrael_fox_1998
DOBITISE_N_lsrael_fox_2004
DOBITA48_N_Israel_dog_1398
EUDBEISS N_Oman_redicx_1390
13044 _N_Saudi_Aratia_lox_1930
DOBIT4IZ N Israel lox 2000
DH146180_N_Oman_red fox_ 1998
RW1129 N Turey fox 2004 B
RA134_N_Turkey_dog_2004
R144_N_Turkey_fox_2001
13158_N_lran_walf_1891
U43017_N_lran_jackal_1993
U43018_N_lran_worf_1993
U43016_N_lran_jackal_1093
UZz2482_N_lran_dog_1986
20276 _N_lraq_dog_2004
- U43022_N_lsranl_jackal 1303
DOQB3TAAE M Israe! dog 2000
AYIS2ABT don russia 1996
COMHEZE N Russia woll 2002
AYI524E4_N_Russts_Fox_ 1087
AYA52491_redion_Kazakhstan_200
AYA52483_wolf_russia_1580 3
ABST1018_dog_mangalia_2005
ABST1007_dag_mangolia_2008
AzTBA_M_Azerbaijan_dog_2012
AZ2TO_M_4 jjan_dog_2013
ﬁ Az347_M_Azerbaijan_dog_2013 A
Az334_M_y jjan_dog_2013
e 5085_N_Azerbaijar_dog_2002
RV2M_N_Turkey dog 1909
AYI52E0R_M_Russia_Dog 1985
"""""" JFOT3E24_N_Bosnia_dog 2004
---------- L2701 _N_Germany_fox 1991
JFSTATET N _Serbia_fox 1958
JFUTATTA_N_Serbia_fox_1972 T u k
CQA00295_N_Bulgaria_dog_2000
U43432_MN_Estonia_red_fox_19591




What is the reservoir host?

- 20283_N_lrag_dog_2007
- 20293_N_lraq_dog_2008

 RV27_N_Turkey fox_2001
- RV389_N_Turkey_fox_2003

- RW1385_N_Turkay_jackal_2003

- ABST1018_dog_maongalia_2005

ABST1007_dog_mongolia_2008
-+ Az784_M_Azerbaijan_dog_2012

. UNIVE™"""OF

o "o
20284 N_Iraq_dog_2007 1
20287 _N_lraq_dog_2003

20294 N Irag dog 2008
20515 N _lraq_dog_2009
20286 N_lraq_dog 2007 D
20279_N_lraq_dog_2005
IFS0&180_N_Syria_Walf 2010
20281_N_lraq_dog_2008

RV2517_N_Irag_dog_2011
20255_N_lraq_dog_2008
RVA133_N_Turkey_dog_2001
AY152515_N_Guorgia_dog_1569
RV1128 N Turkey fox 2001
RV1125 N Turkey fox 2001
RVI126 N Turkey fox 2001

RV124_N_Turiey_fox_2001
RV1138_N_Turkey_dog_2001

- RV1382_N_Turkey_jackal_2003 C
- RW1386_N_Turkey_jackal_2003

RV1387_N_Turkey_jackal_2003

RV1142_N_Turkey_dog_2001
RV1141_N_Turkey_dog_ 2001
DOBITATE M Turkey dog 2000
RV1382 N Turkey deg 20023
TRESD N _Turkey dog 2007
[HEE7406_N_Israel_dog_2005
RV202_N_Turkey_deg 1989 J
RV203_N_Turkey_walf_1835
U22483_N_lran_woif_1987
A3164_N_lran_hyena_1991
IX987748_jacksl_iran_1995
FV1145_N_Turkey_fox_2000
DOBATA11_N_lsrael_fox_1998
DOBITISE_N_lsrael_fox_2004
DOBITA48_N_Israel_dog_1398
EUDBEISS N_Oman_redicx_1390
13044 _N_Saudi_Aratia_lox_1930
OEET412 M Israel lox 2000
DO146160 N Oman_red fox 18993

< RVI2S N Turkey fox 2000 B
~ RWI134_N_Turkey_dog_2001

RVA144_N_Turkey_fox_2001
13158_N_lran_wolf_1091
LU43017_N_lran_jackal_1893
LU43018_N_lran_woif_1803
U43016_N_lran_jackal_1893
1UZ2482_N_lran_dog_1586
20275_N_lraq_dog_2004
143022 N Israsl jackal 1993

AYIS2ABT don russia 1996

COMHEZE N Russia woll 2002
AYI524E4_N_Russts_Fox_ 1087
AYA52481_rediox_Kazakhatan 200
AYABZAEI_wolf_russia_1889 3

AZZTO_M_y _dog_2013
Az347_M_Azerbaijan_dog_2013 A
Az334 Ny _dog 2013

- BO8%_M_Azerbaijan_dog_2002

AYISZE08_N_Russia_Doy 1585
JFOT3E24_N_Bosnia_dog 2004
L2701 _N_Gemany_fox_ 13991
JFETATEY W Serhia_fox 1958

- JFSTITTA_N_Serhla_fox_ 1872

CQA00295_N_Bulgaria_dog_2000
U43432_MN_Estonia_red_fox_1951
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What Is the reservoir host?

‘ UNIVERSITY OF

SURREY

70% probability of
a wildlife ancestor

_N_lsrael_dog_:
AY352481_dog_russia_1996
-~ DQ010128_N_Russia_wolf_2002
- AY352464_N_Russia_Fox_1987
AY352491_redfox_Kazakhstan_20
AY352483_wolf_russia_1989

- AB571018_dog_mongolia_2005

-+ AB571007_dog_mongolia_2008

- Az784_N_Azerbaijan_dog_2012
Az270_N_Azerbaijan_dog_2013
Az347_N_Azerbaijan_dog_2013
Az334 N_Azerbaijan_dog_2013
5989_N_Azerbaijan_dog_2002

www.surrey.ac.uk



Viral heterogeneity “fb gﬂﬁ%ﬁ?

Deep sequencing of 30 viruses from an outbreak in Turkey
Known DOG---FOX cross species transmission event

Calculated heterogeneity (H-index number of variants
within a sample, controlled for depth of coverage)

Sosroen LM HERE, Delomne, irtermep, incwrmert P Cot | GESCO, USGS FAD, NS, NRCAN, Cectiams, 1GR
fun 3 Kang) s S A

METL fa= Chine (Hong Kang) swwstcoo © Op P wodd e G Unee

Turkey Adminisrative Soundaries *
CREATOR: D2G G2 [These data were extracted Yom the GADM databaze (www.gad™ org), varzion 2 8, Novembear 2015 They can be uzed for nor-commercisl purposes ooy Acival &
DATE: 22112018 It iz not aliowed to redistribute theze dats, or use them %or commercial purposes, wiEnout prior consent. See the website for more information. Pt Heeyth
Reviewsd Ey SA Agency




Viral heterogeneity ‘b gﬁﬁsl[{%\of
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Wider context ¥ SURREY
Family Rhabdoviridae: Genus Lyssavirus

Classical rabies virus

- Lagos bat
- Mokola 2 O 1 8
- Duvenhage

- European bat lyssavirus 1
- European bat lyssavirus 2
- Australian bat lyssavirus
- Aravan virus

« Khujand virus

« Irkut virus

+ West Caucasian bat virus

« Shimoni bat lyssavirus
- Bokeloh bat lyssavirus (Germany) - 2011
- Ikoma lyssavirus (Tanzania) — 2012

« (Lleida bat lyssavirus (Spain)- 2013)

- Gannoruwa Bat Lyssavirus (2016)




Food for thought- potential emergence of
new lyssaviruses

EBLV-1; EBLV-2;
+BBLV; WCBV ARAV
| IRKV
KHUV

ABLV JOS







