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Animal ecology, population biology, Reservoir host distribution

Pathways to emergence
biogeography, behavioural ecology,

landscape ecology, agricultural sciences i’* EVO | U t | ona ry traJ e CtO r.y

Stage 1: Wildlife reservoirs only

|

Stage 2: Primary Spillover

Disease ecology, animal epidemioclogy,
infectious disease dynamics, immunology,
microbiology, veterinary medicine

Microbiology, disease ecology, vector
ecology, epidemiology, spatial ecology,
infectious disease dynamics

Human epidemiology, medical anthropology,
vector ecology, social sciences, behavioural -
ecology, infectious disease dynamics Human ex

Stage 3: Short outbreaks

Stage 4: Prolonged outbreaks

Microbiology, innate and adaptive
immunology, cell biology of pathogen-host
interactions, pathology, genetics,
evolutionary biology .
Stage 5: Sustained human to

R el
Replication and dissemination cycles completed _ '; human transmission

Plowright et al. 2017, Sokolow et al 2019 Johnson, Rushmore, Smiley Evans, Gardner, Pandit



Predicting regions with high DAL oCp N
diversity of wildlife hosts
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Global distribution of Flaviviruses

Mostly vector borne

* Mosquitoes and Ticks

Endemic in regions of the World :

JEV, DENV

Emerging in new regions: Zika,
WNV
Threat to vulnerable populations

* New World Primates: Yellow
fever

* Yellow-billed Magpie: West
Nile virus
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Why we need to know wildlife
hosts of Flaviviruses?

Wildlife hosts promote viral evolution

Potential zoonotic sources of recurring epidemics

Difficult to detect positive species
* Logistics of sampling species from remote habitats
* Short shedding periods

Can we predict unknown hosts by looking at
known hosts?

epidemic
cycle

e e
—— . e S

Aedes aegypti Enzootic vectors Ochlerotatus and

and/or bridge  /Psorophora spp. (VEEV),
vectors Cuilex tritaeniorhynchus,
Culex spp.

(JEV)

Human amplification  Spillover from Amplification in

(for example, urban  enzootic cycle domestic animals
dengue virus,YFV,  (for example, WINV, (for example,
chikungunya)  sylvatic dengue virus, epizootic VEEV, JEV)
YFV, VEEV)
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Wildlife 140 mammal species (Out of 5536)
Hosts 277 avian species (Out of 10424)
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Mosquitoes
Aedes aegypti
Culex pipiens
Culex annulirostris
Aedes albopictus
Culex tritaeniorhynchus
Culex perfuscus
Aedes vexans
Culex quinquefasciatus
Aedes africanus

Number of viruses
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Ticks
Dermacentor marginatus
Dermacentor silvarum
Hyalomma marginatum
Amblyomma variegatum
Rhipicephalus muhsamae
Ornithodoros capensis
Ixodes ricinus
Haemaphysalis
longicornis
Haemaphysalis concinna
Haemagogus lucifer
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Distribution of Predicted Hosts

Yellow fever virus and Zika virus




Distribution of Predicted Hosts

Japanese encephalitis virus




Targeted surveillance of wildlife

Number of Known hosts
Viruses predicted hosts
Yellow fever, Zika 112 14
West Nile, St. louis, Usutu 708 254
Dengue 173 23

Japanese encephalitis 408 20




Wildlife surveillance for early detection of
% wildlife health events
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Wildlife rehabilitation centers as wildlife
health indicators

* Rehabilitation Centers assimilate large amounts of data

* Uniquely poised to advance knowledge of threats to wildlife health
and populations

* Intelligent surveillance system is essential to:
* Assimilate and process large amounts of data
* |dentify spatio-temporal trends in wildlife admissions
* Provide real-time information on wildlife health event
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Wildlife Morbidity and Mortality Event
Alert System (WMMEAS)

- * Runs parallel to the Wildlife Rehabilitation
Database (WRMD)

e California wide : 30 participating centers
participate data real-time



Wildlife Morbidity and Mortality Event
Alert System (WMMEAS)
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https://www.wmmeas.health/



Mallard: all cases Accipitridae: all cases Striped Skunk: Neurological cases

—— # admissions 200 —— # admissions —— # admissions 1
» 400 —— rolling mean @ — rolling mean w 125 —— rolling mean
é ®  anomalies __g 150 ®  anomalies E 00 ® anomalies
2 300 2 B
: 2 %,
2 200 s 100 2
fg’ % 2 50
=1
Z 100 g 0 E
25 4§
1
0 : 0o 0.0 ﬂ' - ' :
2014 2015 2016 2017 2018 2013 2014 2015 2016 2017 2018 2014 2015 2016 2017 2018

date date date




Outbreak investigation
Neurological cases in Rock Pigeon

* Monthly, biweekly, and weekly alerts
* Neurological cases in Columba livia

number of individuals
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Neurological cases in

amGolumbids
Pigeon Paramyxovirus Type 1 £ o oo
(PPMV-1) outbreak in Columbids i “ y Vﬁ’ |
2 50 . y i el
. Wit
« PPMV-1 Outbreak in 2017 in Columbids h" \ h ll H‘ )
* Detected in various Doves and Pigeons | 00200 2006 2007 2018
* Pathogen of concern, can spillover to native
wildlife :
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Early indication of health events

« Comparison with strandings observed in independent surveillance
system.

 SARIMAX model

* WMMEAS (lag of first order) is significantly associated with the marine birds stranding
observed in the RFACHCONMRFRS dAata (n >N NN1)
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Wildlife rehabilitation centers as wildlife
health indicators

* Rehabilitation Centers assimilate large amounts of data

* Uniquely poised to advance knowledge of threats to wildlife health
and populations

* Intelligent surveillance system is essential to:
* Assimilate and process large amounts of data
* |dentify spatio-temporal trends in wildlife admissions
* Provide real-time information on wildlife health event




Zoonotic transmission risk of novel viruses

Evolutionary trajectory of
novel viruses

In Review natureportfolio
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Risk-based Surveillance of Wildlife

Influenza viruses
Coronaviruses

>60

931 218

KNOWN

NOVEL

Paramyxoviruses
Filoviruses

DETECTED over 1,100 unique viruses, including zoonotic

diseases of public health cancern such as Bombali ebolavirus,

Zaire ebolavirus, Marburg virus, and MERS- and SARS-like
coronaviruses.

detection capabilities in over 60 labs around the werld,

STREMGTHEMED laboratory systems and zoonotic disease

Flaviviruses
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Network Based Approach for understanding zoonotic risk

* For data driven quantification of
zoonotic risk and to prioritize
viruses for further in-vivo
characterization

* Grange et al (2021) presented
an opinion-based ranking of
novel viruses.

e Host-virus networks behave
similar to social networks and
missing links can help understand
zoonotic potential of viruses.
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Quantifying zoonotic
risk

Developed prioritization score:

* Number of predicted human links
(support) and

* Average probability of links formed due to
sharing human as host

Non-zoonotic

Zoonotic

Wi &l
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Prioritization score

0.40 0.45

Prioritization scores for known zoonotic
and non-zoonotic viruses.

Novel viruses
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Key ecological insights in ecology of novel viruses

* Novel viruses are more host specific than previously recognized viruses
* Longer tails of Gyregicteq COMparedto G
e Lower centrality measures for novel viruses compared to recognized viruses

* Novel coronaviruses predicted to infect a greater number of species novel viruses
from other families.

* Significantly higher predicted network centralities

* Prioritization score:
* Data driven metric to quantify zoonotic risk for novel viruses.
e Requires the data on hosts and virus families



Key animal-human interfaces for zoonotic
transmission

Understanding human
exposure

I

Oe st nute JUSAID | PREDICT

YETERINARY MIEDPICINE
EpiCenier Jor Disease Dynamics



Key Animal-Human Interfaces

Johnson et al, 2020, Proc. Royal Soc. B

TUCN criteria to evaluate
threatened status

population size reduction

population reduction observed, estimated,
inferred, or suspected in the past where causes
of the reduction are: Al clearly reversible AND
understood AND have ceased; A2 may not
have ceased OR may not be understood OR
may not be reversible; A3 suspected to be met
in the future; A4 the time period must include
both the past and the future, and where the
causes of reduction may not have OR may not
be understood OR may not be reversible.

A1-A2 and A4 owing 1o direct observation (a)

Al-A4 owing 1o an index of abundance
appropriate to taxon (b)

Al-Ad owing to a decline in the area of
occupancy, extent of occurrence and/or
habitat quality (c)

Al-A4 owing to exploitation (d)

Al-A4 owing to effects of introduced taxa,
hybridization, pathogens, pollutants,
competitors, or parasites (¢)

geographical range

B1. limited extent of occurrence

B2. limited arca of occupancy

small population size and decline

Cl. continuing decline

C2. limited mature individuals or extreme
fuctuation in mature individuals
very small or restricted population

D1. limited number of mature individuals
D2, with restricted area of occupancy and
plausible fuwre threat for vulnerable species

number of zoonotic viruses by taxa

% 5 m e

Perissod:

Chiroptera Pil
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circle area scaled by no. of viruses o °



y @PanditPranav

= UCDAVIS -4 UCDAVIS i
¥ H‘Enmnn MIDICINE E VETERINARY MEDICINE gﬂigm == IN?IA
qn " _ﬁ'mmm ) JUIENLE & IMPAL
Prof. Christine K. Johnson Prof. Lisa Tell Prof. Francois Beaudeau
Dr. Tierra Smiley Evans Prof. Sharif Aly Prof. Pauline Ezanno
Dr. Megan Moriarty Dr. Ruta Bandivadekar Dr. Thierry Hoch Dr. Shailesh Pawar
Megan M. Doyle Dr. Elizabetha Vergue Dr. Satish Pande

Dr. Cristin CW. Young
Dr. Julie Rushmore
Dr. Peter Sebastian s

Nicole Gardner \WJUSAlDI PREDICT

Dr. Julie Ducrocq
Lexi Lerner

PREDICT Consortium

One Health Institute

School of Veeterinary Medicine




%?cfgm_ugc’%r‘gaIE%e?p:?n:mmum Saringensnt oot wene . 30 ration &uareness vires  coronavirus ™ b An lma l S Physi \__nl Activity
A M
ot e j =t Ca[tle n t l b l Ot_l c Rer 1S§11;1ts t a n CD lc;gy;?t";’eL lve
VQQClne . padClellaTnftac l S t a ﬂ C e C'iestridlum Difficilel Emerging

Molecular:E,,memE,g,!’laInfectlous Disease’" S M hn

i iPolicy, serolonin. S l11 rveil ]. danc e
' :

]d mone ] 1a Chinas= Research :.u__-.Human IH_e’élthﬂ}‘[“ CEH‘erbOL atloglseg‘%% gbct:rﬁeligy .
Transdisciplinarit 1 CH By o Mlst - At i
Fc)nmpnnmnaﬁnmal y rE G ]‘ 0 b al He g zl:‘:!;eb Tgn?l 5 ?‘ ain : g Conseg\.rarmn Medicine” i Ecélﬁégy&?ﬁl

Schistoscmiadis 'g
v

EnVl ronment Ecosystem Hga;Lth Fgdnce, PR

Vector-Borne Disease PCr Influenza®ereisnt

_ “wu. ~ = u_ﬁ
iﬁ%ﬂﬁﬁ?Anlmal Health“"“aﬂ weelﬁj '-“ﬁmemLm@mw@mm
' fectlous Diseases

[;mpatlgp%gp 1avalmfu°’1{ = S C hel rlc h 1?1mlcn(gt 1%n d Caribbean m:am:lmmcs T T AGE O] T e ioes
w : "EIL N el ; | ] —— Epidemics g
-q:i**h lech S . S e o el
X ole-uenome EqLIEI"If_ lngt-:usynﬂ Weterinary Education In fpc LJLm o, 1 hh‘_ ‘é .‘%
Spe Transm1551gn ZOOHOth Dﬁlsease Lep‘gogg_lros;_s
5 BlUSECUrlly .“ e Sorta e O B il s Fipe « SUS amable Developpent_Goalss c
D r. P ra n aV ,_1Pos1_: FE>< bosuge_l_l?‘r.gph)flax15 E l d e m eciimate l 01_0(1: Resistance Genes Af r l C a Rl S k AS S es Sﬂ?lqéﬁt Z _:
. .'_| i codborne Disease p gy Multldrug Re§_;stance b, Blodg\rersny __”
Pandit ==Eiaiation = islEocis TaccIngs y=2 s Ecohealth:

“Aninal m;;‘c-ﬂ gm.f.nthnax d'T’a“S“”“p%li‘i',,.y Env1ronmental Health 5 C‘
ConservatlonHuman Preventlon Saudi Arabia: ' ducation me s m-

_ il erinali E
BVSc & AH. MPVM ek GUENTION g2 e O O Feveyr Clifidte Change & u>.
! ¢ e Emerglng Infectious Disease l e S © -
PhD H 4_, Hurses,-,m. i o Th C -D*
: l "_-| "'--" - Prevalence Qo
a ] A I f]_ o, . F DMJ;E?Q ‘Rt(il_lmonelll-ols;ls S e e c3] Disease %’05 i }Ei'
b | astoralism e ntro iial Kb Togy \ 3 H =
H Vlar] n Uenza 'ruauu '_‘ Y X £ i 'UE'\- GJ | Potsroa
PanditPranav graeniy S‘ill,‘ff‘l o ‘Ui Madaria ~ FIUMA e e | 25 D4
W e giir vl e gy Tuberculosis 5 BN 1nWEEPsﬁH?cEﬂ%Qm% o [t
HETicks" 12 ¥ : 5 © 3 2 5 Fei>1mt
"’2%’?31“5'1“%" ; =N S & g i g C3
25 Syfﬂ'l& -~ 2 § One_Medicine 2! gt z 51 AT
o 0 5 & -Outbreak g =] B E 3 .
E:& t rﬁﬂf?pleh\- it Regylations W & 3 5= Pub; 3 Contr ol *= M- = ‘E 35 . 16 [ S Q 3
o§Zoonot1c Dlseases Staphyl NS [ v e e Attt enomics *re
% Control Vs Health ﬁﬁﬁc Emerglng Lgfectlous Dlseases :
& Control nos i Emrgmg Infections oo, ,__,‘HW”X ildlife Disease .. Review west Nlle VlrUsgcﬂiséifoméﬂgr\]ﬁnam



