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• Disease risks - do we have  the 
bull by the horns?  
 



• Disease investigation is an ancient practice 
(Schwabe).but epidemiology as a science has 
evolved over the last 40 or so years to better 
define, monitor, analyse & explain disease 
processes (May and Anderson). 

• Development of efficient safe wildlife capture 
methods in parallel has enabled studies.  

 

Ross and McKendrick  

Scientific & Veterinary Tools 
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•Most studies 
based on pathology 
& serosurveys 
(antibody detection) 

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 

 

Epidemiological study amongst wildlife 



RVF risk maps showing antibody 
detection in wildlife over time 

2000                      2006                             2009 

Britch et al 2013 



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 disease epidemiology. 

 



Buffalo Cattle interface 

     
Cattle 

do not 

share 

range 

with 

buffalo 

  

   Buffalo 
contact 

on the  

edge of 

the range 

Cornelis et al (2011) Caron et al (2013) 

   Buffalo 

herds have 

discrete 

range 



Behavioural separation 



No Man’s land? 



Interface.. 

Wild elephant 

will seek 

out water 

Molo 

Ghana 



A. Caron 



Buffalo – Cattle Interface  

Tim Robinson and Jennifer Siembieda FAO 2013 

Tawiri dataset June 2014 

R.Kock 



Importance of disease to 
wildlife, people & parks 



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 

~ 75% of biological 

primary production now 

exploited by humans.  
Climate change 

Agriculture &  

population 

driven ecological  

change, pollution 



World is now One – major threat for EIDs  
Human Animal (& Pathogen) Movements) 
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 Networks 

West Nile 
Virus 

White Nose 
Syndrome 

Elm & Ash 
fungus 

Chytrid 
fungus 



Deforestation, 
crops  & 
Climate 
Change 

Yellow 
Fever & 
malaria 

Nipah & 
hendra 

Ebola & HIV 
Leishmania 
& fasciola 

Distemper 
& lions 

(Munson et al 2008; 

 Pulliam et al 2010) 



Modern 
livestock 
systems 
generate 

pathogens that 
spill-over into 

Parks PAs 

HPAI H5N1 
& 

pandemic 
flu 

Cysticercosis 

Echinococcosis 

Salmonellosis 

Leptospirosis 

Campylobacter 

Tuberculosis 

Brucellosis 

(Holmes, 2007;Gimeno, 

2008; Lee et al., 2012). 

http://www.cdc.gov/epiinfo/
http://jvi.asm.org/content/vol75/issue17/images/large/jv1710596003.jpeg


Human 
Behavior 

Lyme’s 

HIV 

? 

EBLV  

TEV 

Ebola 

Mike Kock 



We are only beginning to explore zoonoses 
Amphimerus pseudofelineus Opisthorchiasis Variant Creutzfeldt-Jakob disease Leptospirosis Myiasis Cercarial dermatits 

Anaplasmosis Histoplasmosis Boutonneusse (Tick bite) fever Lymphocytic choriomeningitis Oesophagostomiasis Ternidensiasis Clostridial diseases  

Chikungunya Lassa fever Central European tickborne encephalitis Macracanthorhynchosis Schistosomiasis Clostridial diseases  

Coenuriasis Malaria of nonhuman primates Human subcutaneous dirofilaris Microsporidiosis Scrub typhus Coenuriasis 

Foot-and-mouth disease Myiasis Lyme disease Milker’s nodules (Pseudocowpox) Tanapox Contagious ecthyma (Orf) 

Guinea worm (dracunculiasis) Raillietina infection Tahyna fever Monkey b virus Dracunculiasis (Guinea worm infection) Cowpox 

Hirudiniasis Dengue fever Tick borne encephalitis Mouse or rat tapeworm Myiasis Crimean Congo Haemorrhagic Fever 

Inermicapsifer infection Amebiasis Dioctophymosis (giant kidney worm) Mouse pinworm Barmah Forest Cryptococcosis 

Monkey tapeworm Cutaneous leishmaniasis Dhori virus fever Murine typhus Eosinophilic gastroenteritis Cryptosporidiosis 

Myiasis Leishmaniasis Kyansanur Forest Mycobacteriosis Epidemic polyarthritis (Ross River) Cutaneous Larva migrans 

O’nyong-nyong Louping ill West Nile fever Mycobacteriosis Hendra virus infection Cutaneous larva migrans 

O'nyong-nyong virus California Encephalitis Trypanosomiasis Mycobacteriosis Kokobera Cyclospora cayetanensis 

Paragonimiasis Capnocytophaga infection Campylobacter enteritis Myiasis Kunjin Dermatophilosis 

Rat tapeworm Ehrlichiosis Nipah virus infection Myiasis Lyssavirus Dermatophytosis 

Relapsing fever Hantaviral pulmonary syndrome La Crosse encephalitis Newcastle disease Menangle virus infection Dicrocoeliasis 

Schistosomiasis Opisthorchiasis Ehrlichiosis Nocardiosis Murray Valley encephalitis Diphyllobothriasis 

Schistosomiasis Plague Hydatidosis Nodular worm Queensland tick typhus Dipylidiasis (Dog tapeworm infection) 

Schistosomiasis Spirocerca infection Heterophyiasis Orf Ross River Dirofilariasis pulmonary  

Schistosomiasis Taeniasis Myiasis Ornithosis Vibriosis Dog tapeworm 

Schistosomiasis Guanarito Myiasis Pasteurellosis Australian encephalitis (Murray Valley) Dog whipworm 

Sindbis virus disease Monkeypox Nanophyetiasis Pasteurellosis Bolivian Haemorhagic fever  Echinococcosis 

Trichinellosis Anisakiasis Tick paralysis Physaloptera infection Thelaziasis Ehrlichiosis 

Trypanosomiasis Chagas’ disease (American trypanosomiasis) Baylisascaris procyonis Pork tapeworm disease  Gnathostomiasis Hemorrhagic fever with renal syndrome 

Trypanosomiasis Rocky Mountain spotted fever Vesicular stomatitis Psittacosis and ornithosis Opisthorchiasis SARS 

Trypanosomiasis (African sleeping sickness) Spotted fever group Enterohemorrhagic Escherichia coli infections  Pulmonary capillariasis Visceral Larva migrans Giardiasis 

Yabapox St Louis encephalitis Pentastomid infections Q fever (Query fever) Rabies and rabies-related infections Gongylonemiasis 

Fascioliasis Colorado tick fever Omsk hemorrhagic fever Rabies Vibriosis Haemolytic ureaemic syndrome 

Echinococcosis Bordetella Vibriosis Rhodococcosis Listeriosis Hantaviral diseases 

New World HF Borreliosis Bartonellosis (carrions disease) Ringworm (Dermatophytosis) Hepatic capillariasis Hantavirus 

Eastern Equine Encephalomyelitis Botulism Brucellosis Salmonellosis Rhinosporidiosis Hepatitis E 

Venezualan equine encephalitis Acariasis (Mange) Cutaneous and mucosal Sarcocystosis  Brucellosis Herpes B virus disease 

Western equine encephalitis Actinomyces pyogenes abscess Lagocheilascariasis Sarcocystosis (Sarcosporidiosis) Giardiasis Histoplasmosis 

Trichinellosis Actinomycosis Lymphatic filariasis Sparganosis Pneumocystis pneumonia Hydatidosis 

Argentinean Haemorrhagic fever Anthrax Nepah Sporotrichosis Rat bite fever Hymenolepiasis 

Junuin* Babesiosis North Asian tickborne rickettsiosis Streptococcal infections Allergic bronchopulmonary aspergillosis Hymenolepiasis (Dwarf tapeworm infection) 

Angiostrongyliais Babesiosis Mayaro virus Strongyloidiasis Ehrlichiosis Influenza 

Angiostrongyliasis (rat lungworm) Babesiosis Myiasis Swimmer’s itch Myiasis Influenza type A (swine/ avian/Hong Kong flu) 

Asian taeniasis Babesiosis Schistosomiasis Taeniasis Sindbis fever Johne’s Disease 

Bertielliasis Babesiosis Wesselsbron fever Taeniasis Yersiniosis Kennel cough 

Clonorchiasis Babesiosis Leprosy Tetanus Machupo Thorny-headed infection of swine 

Echinostomiasis Balantidiasis Southern tick-associated rash illness Thorny-headed worm infection Brazilian Haemorrhagic Fever Angiostrongyliasis 

Echinostomiasis Beef tapeworm disease Coccidioidomycosis Toxocariasis Marburg Echinococcosis 

Far eastern tickborne encephalitis (Russian spring-summer encephalitis) Bird Mites Rift valley fever Toxoplasmosis False hookworm Ebola HF Marburg HF 

Fasciolopsiasis Blastomycosis Tunga infections Trichinellosis Yellow fever Tularemia 

Gastrodisciasis Bovine spongiform encephalitis (BSE) Taeniasis Trichinellosis Hydatidosis Severe acute respiratory syndrome (SARS) 

Glanders Bovine tuberculosis Haycocknemiasis Trichinosis (Trichinellosis) Schistosomiasis Paragonimiasis (Lung fluke disease) 

Gnathostomiasis Brucellosis Yersiniosis Trichostrongyliasis Rickettsial pox   

Intestinal Capillariasis  Brucellosis Trichuriasis (whip worm) Encephalo- myocarditis Typhus (louse-borne)   

Japanese B encephalitis Bubonic plague Tuberculosis Eperythrozoonosis     

Malayan filariasis Campylobacter enteritis Tuberculosis Equine infectious anaemia     

Melioidosis (Pseudoglanders) Candidiasis (Moniliasis) Vet. Caseous lymphadenitis Erysipeloid     

Metagonimiasis Cat scratch disease  Viral encephalomyocarditis Fascioliasis     

Out of 900 zoonoses 292 are 

important zoonoses of which 

51% arise from domestic 

animals, 36% from wildlife, 

13% from unknown source or 

both. 



Why bats & zoonoses? 

Epidemiological 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; 
O’shea et al 2014; Banyard et al 2011; 

Luis et al 2013 



Morbilliviruses.. 



Rinderpest & Pestes des Petits Ruminants 
Viruses 

RPv was a 
significant cause 

of mortality in 
buffalo (60% 

recorded in naïve 
epidemic) 

Buffalo can be 
infected with 

PPRv (antibody 
evidence) but 
vectoring not 

proven 

Buffalo 
susceptible to 
RPv  vectored 
disease but not 

long term 
reservoir 

PPRv antibody  in 
buffalo in Chad, 

Ethiopia, Uganda 
&Tanzania 

PPRv antibody in 
buffalo associated 

with interface 
suggesting spiil 
over infection 



Ecological driver – rinderpest virus 

Haldo et al 2010 



1988 1989 1991 1994 1999 2002 2005 2008 2011 

5860 

10038 10206 

11798 

5941 

7347 

9371 

6514 

7402 

Tsavo Ecosystem Kenya

Total Aerial Count

Rinderpest epidemic 

Drought 
KWS established 





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) 

– Extinction of Tazmanian Wolf? Menzies 2012 

– Current debate about CDV & tigers across the 

range. Evidence of mortalities in Russian Far East  

(Quigley et al 2010) 

– - And PPRv Lion (Balamurugan, et al (2012)? 

 

 

Distemper – complex syndemics 



Distemper 
Co-infection with protozoa  

 Lion  - fulminating 

haemoprotozoanaemia + 

viraemia e.g. babesia CDV 

co-infection. Serengeti Mara 

ecosystem (Munson et al 2008) 

   

 

 Tiger – Toxoplasma gondii  

& Bartonella (Goodrich et al 

2102) 

 



Distemper in lions 

Buffalo carcasses Buffalo carcasses 



Relative quantity of Babesia in lions sampled Blue 
Serengeti Red Ngorongoro rt PCR 

 



Takahashi et al  

Unpublished 



East Coast Fever (& Corridor Disease) 

Buffalo infection 
problem where 

disease 
controlled or 

absent in cattle 

Recent evidence 
showing T 

mutans infection 
immunises cattle 
against T parva 

Woolhouse 2014 

$168,000,000 
annual loss 
across 30% 
Africa (FAO) 

50 years of T 
parva vaccine 

development  still 
not having big 

impact 



Bovine Tuberculosis 

Lack of 
evidence for 
transmission 

between cattle 
and buffalo 

Low 
prevalence 

with low 
density buffalo 

High 
prevalence 
with high 

density buffalo 

QEPA evidence  

Low prevalence in cattle  TT 

5% individual 18% herd  

high prevalence in buffalo? ~ 

30%  

Amboseli  - Low prevalence 

 in cattle  TT 6% 

mod prevalence in buffalo 

    bovigam 14%  
Kruger National Park 

10-55% South to North 

In buffalo & other spp. 

Zoonotic TB rare <3% Mtb complex 

No evidence for infection from buffalo 

Spill back wildlife to livestock unproven? 

De Garine-Wichatitsky et al 2013 



Foot & Mouth Disease 

Lack of evidence for 
transmission 

between cattle & 
buffalo but risk 

exists  

Challenge is 
susceptibility of 

domestic cattle & 
control of disease 

PCP  

Buffalo carriers of 
FMD SAT 1-3 

Processing provides  

alternative to 
draconian 

FMD Control in 
Africa 

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



• Politics, economics & disease 
 

1996 1997 1998 1999 2000 2001 2002 2003 1994 1995 2004 2005 2006 

$50bn 

$40bn 

$30bn 

$20bn 

$10bn 

E
s
ti

m
a
te

d
 C

o
s
t 

BSE UK,  

$10-13bn Foot & Mouth 

Taiwan, $5-8bn 

Foot & Mouth 

UK 

$25–30bn 

 Avian Flu Asia, 

$5–10bn 

BSE U.S.,  

$3.5bn 

BSE Canada 

$1.5bn 
Avian Flu, NL 

$500m 

SARS 

China, Hong Kong, 

Singapore, Canada 

>$59bn 

Nipah, Malaysia 

$350-400m 

Classical 

Swine Fever, 

Netherlands 

$2.3bn 

BSE 

Japan 

$1.5bn HPAI, Italy 

$400m 

H5N1 

>$283bn 



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. "I don't like anybody experimenting on us." 

 



Perceptions Flawed? – role of wildlife in 
disease  
 ·   

Kock R. (2014) 
Wildlife host contribution to Total burden  

Log 

Scale 

Annual 

Mortality 



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 

(Thomson et al 2003). 
 

• No apparent reservoir host for HPAI H5N1 transmission cycles – poultry to 
poultry (Scientific Task Force 2011 http://www.aiweb.info/Default.aspx) 

 
• Rare transmission of rabies from wildlife to livestock or people – e.g. bats 

(Swanepoel 2004). 
 

• Trypanosomes, RVF transmitted efficiently in absence of wildlife (Fevre et al 
2006) 
 

•  Low prevalence TB in extensive “natural” integrated wildlife livestock 
systems (Tschopp et al 2010) 
 

• Only about 30 cases of human Ebola directly contracted from wildlife over 
40 years (CDC) 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. 

Human 
pandemic Flu  

US$2 trillion 
disease cost 

WNS - bat losses 

impact on agriculture 

$22.9 billion/year 



Parks, wildlife, disease & fear 
factor 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=xEg35DfmItLnmM&tbnid=2JSHkX7y_KLcVM:&ved=0CAcQjRw&url=http%3A%2F%2Fwww.freakingnews.com%2Ffunny-pictures%2Fflu-pictures.asp&ei=VQotVOjrK5LxaLXLgvgN&bvm=bv.76477589,d.d2s&psig=AFQjCNHw5SPIf424jM9WzRjWWeu60EWo4w&ust=1412324066256653


Bat lyssavirus distribution 

Banyard et al 2011 



Species association .. 



Filoviridae 
Ebola 



Year Country Type Reported human cases Reported deaths % Fatality Description 

1994 Ivory Coast CIEBOV 1 0 0% Scientist became ill after conducting an necropsy on a wild chimpanzee in the Tai Forest. The patient was treated in 

Switzerland.[20] 

1990 USA REBOV 4 (asymptomatic) 0 0% REBOV was introduced once again into quarantine facilities in Virginia and Texas by monkeys imported from the Philippines. 

Four humans developed antibodies but did not get sick.[15] 

1989 USA REBOV 0 0 0% REBOV was introduced into quarantine facilities in Virginia and Pennsylvania by monkeys imported from the Philippines. [14] 

1992 Italy REBOV 0 0 0% REBOV was introduced into quarantine facilities in Siena by monkeys imported from the same export facility in the Philippines 

that was involved in the episodes in the United States. No humans were infected. [18] 

1996 USA REBOV 0 0 0% REBOV was introduced into a quarantine facility in Texas by monkeys imported from the Philippines. No human infections were 

identified.[23] 

1996 Philippines REBOV 0 0 0% REBOV was identified in a monkey export facility in the Philippines. No human infections were identified. [24] 

2001–2002 Oct–Mar Gabon ZEBOV 65 53 82% Outbreak occurred over the border of Gabon and the Republic of the Congo. [26] 

2001–2002 Oct–Mar Republic of Congo ZEBOV 57 43 75% Outbreak occurred over the border of Gabon and the Republic of the Congo. This was the first time that Ebola hemorrhagic fever 

was reported in the Republic of the Congo.[26] 

2004 Sudan SEBOV 17 7 41% Outbreak occurred in Yambio county in Western Equatoria of southern Sudan. This outbreak was concurrent with an outbreak of 

measles in the same area, and several suspected EHF cases were later reclassified as measles cases. [29] 

2008–2009 Dec–Feb Democratic Republic of Congo ZEBOV 32 14 45% Outbreak occurred in the Mweka and Luebo health zones of the Province of Kasai-Occidental.[33] 

2012 Jul–Aug Uganda SEBOV 24 17 71% Outbreak occurred in the Kibaale District.[34] 

2002–2003 Dec–Apr Republic of Congo ZEBOV 143 128 90% Outbreak occurred in the districts of Mbomo and Kéllé in Cuvette Ouest Département. [27] 

2003 Nov–Dec Republic of Congo ZEBOV 35 29 83% Outbreak occurred in Mbomo and Mbandza villages located in Mbomo district, Cuvette Ouest Département.[28] 

2007 Democratic Republic of Congo ZEBOV 264 187 71% Outbreak occurred in Kasai-Occidental Province. The outbreak was declared over on November 20. Last confirmed case on 

October 4 and last death on October 10.[30] 

2007–2008 Dec–Jan Uganda Bundibugyo ebolavirus 149 37 25% Outbreak occurred in Bundibugyo District in western Uganda. First reported occurrence of a new strain. [2][3][4] 

2014 (Presently Ongoing) 

Guinea 

Liberia 

Sierra Leone 

ZEBOV 779 481 62% Outbreak is currently ongoing in southeastern Guinea, including the capital Conakry and the neighbour countries Sierra Leone 

and Liberia[35] 

2008 Nov Philippines REBOV 6 (asymptomatic) 0 0% Outbreak in the Philippines and the first known occurrence of REBOV in pigs. Strain closely similar to earlier strains. Six workers 

from the pig farm and slaughterhouse developed antibodies but did not become sick. [31][32] 

1976 
Zaire (Democratic Republic of 

Congo) 
ZEBOV 318 280 88% Occurred in Yambuku and surrounding area. Disease was spread by close personal contact and by use of contaminated needles 

and syringes in hospitals/clinics. This outbreak was the first recognition of the disease. [10] 

1979 Sudan SEBOV 34 22 65% Occurred in Nzara, Maridi. Recurrent outbreak at the same site as the 1976 Sudan epidemic. [13] 

1976 Sudan SEBOV 284 151 53% Occurred in Nzara, Maridi and the surrounding area. Disease was spread mainly through close personal contact within hospitals. 

Many medical care personnel were infected.[11] 

1994 Gabon ZEBOV 52 31 60% Occurred in Mékouka and other gold-mining camps deep in the rain forest. Initially thought to be yellow fever; identified as Ebola 

hemorrhagic fever in 1995.[19] 

1996 Jan–Apr Gabon ZEBOV 37 21 57% Occurred in Mayibout area. A chimpanzee found dead in the forest was eaten by people hunting for food. Nineteen people who 

were involved in the butchery of the animal became ill; other cases occurred in family members. [19] 

1995 
Democratic Republic of Congo 

(formerly Zaire) 
ZEBOV 315 250 79% Occurred in Kikwit and surrounding area. Traced to index case-patient who worked in forest adjoining the city. Epidemic spread 

through families and hospitals.[21] 

2000–2001 Uganda SEBOV 425 224 53% 
Occurred in Gulu, Masindi, and Mbarara districts of Uganda. The three most important risks associated with Ebola virus infection 

were attending funerals of Ebola hemorrhagic fever case-patients, having contact with case-patients in one's family, and 

providing medical care to Ebola case-patients without using adequate personal protective measures.[25] 

1996–1997 Jul–Jan Gabon ZEBOV 60 45 75% 
Occurred in Booué area with transport of patients to Libreville. Index case-patient was a hunter who lived in a forest camp. 

Disease was spread by close contact with infected persons. A dead chimpanzee found in the forest at the time was determined to 

be infected.[19] 

1977 Zaire ZEBOV 1 1 100% Noted retroactively in the village of Tandala.[12] 

1989–1990 Philippines REBOV 3 (asymptomatic) 0 0% High mortality among cynomolgus macaques in a primate facility responsible for exporting animals in the USA. [16] Three workers 

in the animal facility developed antibodies but did not get sick. [17] 

1996 South Africa ZEBOV 2 1 50% A medical professional traveled from Gabon to Johannesburg, South Africa, after having treated Ebola virus-infected patients and 

thus having been exposed to the virus. He was hospitalized, and a nurse who took care of him became infected and died. [22] 

Reported Ebola Cases - CDC 

http://en.wikipedia.org/wiki/Western_Equatoria
http://en.wikipedia.org/wiki/Western_Equatoria
http://en.wikipedia.org/wiki/Kasai-Occidental
http://en.wikipedia.org/wiki/Kasai-Occidental
http://en.wikipedia.org/wiki/Kasai-Occidental
http://en.wikipedia.org/wiki/Kibaale_District
http://en.wikipedia.org/wiki/Kasai-Occidental
http://en.wikipedia.org/wiki/Kasai-Occidental
http://en.wikipedia.org/wiki/Kasai-Occidental
http://en.wikipedia.org/wiki/Bundibugyo_District
http://en.wikipedia.org/wiki/2014_Guinea_Ebola_outbreak
http://en.wikipedia.org/wiki/Guinea
http://en.wikipedia.org/wiki/Liberia
http://en.wikipedia.org/wiki/Sierra_Leone
http://en.wikipedia.org/wiki/Conakry
http://en.wikipedia.org/wiki/Sierra_Leone
http://en.wikipedia.org/wiki/Liberia
http://en.wikipedia.org/wiki/Philippines


Hypothetical transmission cycle of filoviruses 

Human 

Human 

Monkey 

Monkey 

Plants 

Plant bugs 

Arthropod 

 
Spider 

Scorpion 

Centipede 

Lepidoptera 

etc 

Arthropod 
Predation Insectivorous 

vertebrate 

Contact, ingestion, bite  

Bat or 

Rodent 

Insectivore 

Bird 

envenomation 

Contact 

Contact, bite, sexual transmission 

From Wanda Markotter  



Human Ebola outbreak resulting from direct 

Exposure to fruit bats in Luebo, DRC, 2007 

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



Ebola disease ecology & agroeconomics 
 

Disease emergence is complex requiring a One Health approach. 

 

Wallace et al 2014  

https//:theconversation.com 
 

 

 



• Future Focus 
 



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 



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 

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… 



New 
Way 

learning to 
live with 

change & 
uncertainty; 

nurturing 
diversity 

for 
resilience 

combining 
different 
types of 

knowledge 
for 

learning; 

self-
organization 

towards 
social-

ecological 
sustainability.  
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