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Scientific & Veterinary Tools

Ross and McKendrick

* Disease investigation is an ancient practice
but epidemiology as a science has
evolved over the last 40 or so years to better
define, monitor, analyse & explain disease
processes

« Development of efficient safe wildlife capture
methods in parallel has enabled studies.
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Global view of historical rinderpest seropositivity
in wildlife over 20 years in East and Central Africa

8§ Locations of positive serology
unsupported by other
epidemiological evidence
for rinderpest
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Epidemiological
study amongst
wildlife

*Most studies
based on pathology
& serosurveys
(antibody detection)

Kock et al 2006, 2008



Epidemiological study amongst wildlife

* Improved antigen detection methods (e.g. LFD, PCR) improved practicality, accuracy &
efficiency of detecting pathogens

« Genomics revolutionising understanding of infection dynamics, evolution & pathways
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RVF risk maps showing antibody

detection in wildlife over time
Britch et al 2013
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Interface

With radiocollars & GPS we have a better idea of
wildlife movements & and home range including the
Interface between groups & species.

GIS and remote sensing has advanced the study of co-
factors in wildlife dlsease epldemlology

Anthrax Epidemic in QENP 2004
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Buffalo Cattle interface

Buffalo
herds have
discrete

Buffalo
contact
on the
edge of

the range

Cornelis et al (2011) Caron et al (2013)
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Importance of disease to
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University of London Wlldllfe’ people & parks
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Protected Areas Buffering Against
Disease Emergence

Natural ecosystems are inherently complex &
parasitised but endemism selects against
pathogenicity.

Fragmentation, homogenisation of buffer zones &
disturbance of PAs effectively desterilises &
opens pathways for pathogen evolution &

disease emergence with flows in & out (Wallace
et al 2014).



Global Drivers of Disease Emergence

Agricult
populatio
driven ecoloX
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World is now One — major threat for EIDs

Human Animal (& Patho vements)

G.. hal Air Passenger Numbers
1970 - 2014
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HPAI H5N1
&
pandemic
flu

Modern
livestock
systems
generate
pathogens that

Brucellosis

Tuberculosis

Echinococcosis
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We are only beginning to explore zoonoses
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Important zoonoses of which
51% arise from domestic
animals, 36% from wildlife,

13% from unknown source or
both.
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Why bats & zoonoses?

sEpidemiological significance for infectious

diseases?
Only flying mammal,variable body

temperature, virus adaptation ~
tolerant to temperature change?
Bat tolerant of viruses? Bats host
more zoonotic VIrUSes per species
than rodents and other mammals;
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Morbilliviruse
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Rinderpest & Pestes des Petits Ruminants

Viruses

Buffalo
susceptible to
RPv vectored

disease but not
long term
reservoir

PPRv antibody in
buffalo associated
with interface
suggesting spiil
over infection

PPRyv antibody in

buffalo in Chad,

Ethiopia, Uganda @
&Tanzania

Buffalo can be
infected with
PPRv (antibody

evidence) but
vectoring not
proven

 Lincage IV €1 No declay
© Positive virology e
O Positive serology “
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Ecological driver — rinderpest virus
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Figure 4. Rinderpest-mediated regulation of ecosystem dynamics. (A) Serengeti wildebeest population (filled circle) and rinderpest
seroprevalence reported for the periods 1958-1963. (B) Inferred causal relationships driving tree population dynamics in the Serengeti. The dominant
effects are shown with thick arrows. Highlighted in red is a four-step pathway of causality linking rinderpest with tree population dynamics. The grass
compartment, as an unobserved variable, is shown in dotted outline.

deoi:10.1371/journal.p bio.1000210.g004



Tsavo Ecosystem Kenya
—Total Aerial Count

1988 1989 1991 1994 1999 2002 2005 2008 2011

Rinderpest epidemic






Distemper — complex syndemics

Should we be concerned about

morbilliviruses of free-ranging large

carnivores in Africa & Asia?

— Serengeti — Mara epidemic (Carpenter et al 1998; Roelke-
Parker et al 1996; Munson et al 2008; Kock et al 1998)

es killed

Number of Thylacin
& -

— Extinction of Tazmanian Wolf? mvenzies 2012

— Current debate about CDV & tigers across the

RVC

range. Evidence of mortalities in Russian Far East
(Quigley et al 2010)




Distemper
Co-infection with protozoa

Lion - fulminating
haemoprotozoanaemia +
viraemia e.g. babesia CDV
co-infection. Serengeti Mara
ecosystem (Munson et al 2008)

Tiger — Toxoplasma gondi
& Bartonella (Goodrich et al
2102)

RVC



Distemper in lions
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Fold Difference

Relative quantity of Babesia in lions sampled Blue
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Figure 6. Plot illustrating dog (black dots, n=7,407) and lion (red triangles, n=558) CDV
seroprevalence over time from 1984 to 2012. The dashed vertical blue lines demark reported CD
outbreak years (1994 and 2001). The 1994 outbreak 1s preceded by infection in dogs, however the

direction of the disease 1s not as clear for 2001.



East Coast Fever (& Corridor Disease)

$168,000,000 : 50 years of T
annual loss ‘ parva vaccine

across 30% development still @

Africa (FAO) : not having big
Recent evidence

showing T

mutans infection
immunises cattle
against T parva

Woolhouse 2014




Bovine Tuberculosis

De Garine-Wichatitsky et al 2013

Amboseli - Low prevalence
in cattle TT 6%
mod prevalence in buffalo

Kruger National Park _
bovigam 14%

10-55% South to North High
|
In buffalo & other pp. Pvaﬁ;/mgﬁe
2 density buffalo

Low
prevalence
with low
density buffalo

omas
the Inside of the Rib €

QEPA evidence
Low prevalence in cattle TT
5% individual 18% herd

high prevalence in buffalo? ~ Zoonotic TB rare <3% Mtb complex
30% No evidence for infection from buffalo
Spill back wildlife to livestock unproven?

RVC



RVC

Foot & Mouth Disease

" Processing provides

Buffalo carriers of A5 ' alternati\_/e to
FMD SAT 1-3 draconian

FMD Control in

Challenge is
susceptibility of
domestic cattle &
control of disease
PCP

Thomson et al 2003; Weaver et al 2013; Ferguson et al 2013



g « Politics, economics & disease

Royal Veterinary College

University of London

Foot & Mouth
UK
$25-30bn
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Politics of disease and wildlife

Ranchers voiced concern about plans to relocate some
Yellowstone Park bison to Indian reservations in
Montana and Wyoming. The ranchers are worried
about the animals' history of carrying brucellosis, a
disease that causes domestic cows to miscarry.

"There isn't anyone up here who wants it. It's a
cockamamie idea, and it's an experimental deal,"
said John Brenden, a Scobey, Mont., rancher and
legislator. "l don't like anybody experimenting on us."



Perceptions Flawed? — role of wildlife in
disease

Estimated Global Mortality Burden Selected Wildlife

Zoonoses
(Log scale)
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Wildlite host contribution to Total burden
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Politics of the interface

Wildlife role in disease overstated in livestock and human outbreaks
— blame game

* Little actual evidence of transmission of FMD from wildlife to livestock

* No ?Pparent reservoir host for HPAI H5N1 transmission cycles — poultry to
poultry

« Rare transmission of rabies from wildlife to livestock or people — e.g. bats

« Trypanosomes, RVF transmitted efficiently in absence of wildlife

« Low r;%revalenc:e TB in extensive “natural” integrated wildlife livestock
systems

« Only about 30 cases of hHman Ebgla diregtl contracted from wildlife over
40 years but one spill can lead to epidemic.


http://www.aiweb.info/Default.aspx
http://www.aiweb.info/Default.aspx

Socio — economics, Parks governance &
disease

Parks, Biodiversity and natural ecosystems (resources) have weak governance
structures compared to health, industry, & other human development sectors.

‘When disease emerges with a link to wildlife it is a significant threat to
management & even biodiversity conservation itself & sometimes to

socioeconomics.

In a moderately severe pandemic, high-income
economies lose the most income but developing

WNS - bat l0Sses
+Human impact on agriculture
pandemic Flu $22.9 billion/year
E . . , .
§ »US$2 trillion B
disease cost
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Parks, wildlife, disease & fear
factor
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Bat lyssavirus distribution

e

[] Rabies Virus
== Vampire Bat Rabies
[] Lagos Bat Virus
£ Duvenhage Virus
Mokoia Virus

[] European Bat Lyssavirus 1
([T European Bat Lyssavirus 2
‘[ Austraiian Bat Lyssavirus
Aravan Virus

Irkut Virus

Khujand Virus

West Caucasian Bat Virus
Shimoni Bat Virus

sob @O

Banyard et al 2011
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Species association ..
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Filoviridae
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Hypothetical transmission cycle of filoviruses

~ [ontact, ingestion, bite

e .

Plant bugs Human >
Predation : Contact
Insectivorous dtt |

Arthropod >
llil P vertebrate Human

Bat or
Arthropod Rodent

Insectivore Monkey
Spider r h.BQ_/l .
Scorpion ontact, bite, sexual transmissio Monkey>

‘>’ Centipede
B2 | epidoptera Envenomation
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Human Ebola outbreak resulting from direct
Exposure to fruit bats in Luebo, DRC, 2007

Leroy et al., 2009, Vector-borne & Zoonotic Disease

April-May
Bats in outbreak area B Bodia
n ay, Beging-June
- i MaMey Mild disease C
nfection rom bat i
i Infection B June 16-17
- —= June 12 Death B
Disease onset B Infection A
= =
June 25 July 03
Disease onset A Death A
April - May - >
Hunting bats :
Buying dead bats for food .?LD prowi:
FATHER: ALy SAe%
Primary case CHILD: Typical disease
Mild disease Secondary case Source of outbreak
Rapid disease
‘ c leading to death ~
Contact with \/ Outtnwe II
== blood of bat Contact with 3 Contact with
A sweat of father the dead child
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Ebola disease ecology & agroeconomics

Disease emergence is complex requiring a One Health approach.

Wallace et al 2014
https//:theconversation.com

Diata from FAOStat.
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WHSG members.....

Chytrid — is there sufficient evidence to link disease and amphibian
decline? Only 14% of threatened amphibians confirmed with
the disease. Heard et al 2013

Batrachochytrium salamandrivorans Asian commensal causing
die-off of salamanders in Europe martel et al 2013

Diclofenac licensing in Europe for veterinary use threatens
Mediterranean vultures (Gyps)

Brucella ceti in marine mammals as a cause of disease &
stranding

Mtb from humans to elephants (Loxodonta africana & Elaphas
maximus)

Rabies & wildlife especially kudu Tragelaphus strepsiceros



RVC

Precautionary principle

Use a Disease Risk Analysis Approach

Reframe the current risk messages in Parks :
Caution on:

recreational activity in e.g. bat & insect/tick vector habitats
food habits & traditions involving bats & bush meat

fragmentation & development in contiguous habitats with Parks especially agriculture
& livestock systems

Excessive interventions

Encourage:

Protection of habitat & wild populations

reduced human contact, disturbance, minimise road systems, paths in high risk
areas, minimise management systems, water points etc.

buffer zones without crop or livestock agriculture, settlement



Conservation Medicine - Ecohealth -

One Health
RHLEAL

|| ONE HEALTH AT THE ROYAL VETERINARY
COLLEGE (RVC), UNIVERSITY OF LONDON

Emerging disciplines, which study the links
between animal, human, and ecosystem
health

The need evolved from the recognition of a
crisis: increasing levels of disease driven by
human-induced environmental degradation,
human behaviour and wide ranging
ecological impacts

Transdisciplinary, bringing together
veterinarians, epidemiologists, public health
& social scientists, economists resource
managers & more...
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