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Structure of Talk
• Ecology of Emerging Pathogens

• Agricultural intensification
• Habitat fragmentation and emergence
• The role of the wildlife trade
• Rate of exposure and cross immunity

• Economics of Emerging Diseases
• Cost-benefit at each stage of intervention
• Overall cost-benefit
• Missing costs and additional benefits

• Evolution of Emerging Pathogens
• Will Covid-19 become more or less virulent?
• Insights from an avian emerging pathogen



Six stages of viral emergence 
(Bernstein, Dobson et al, in review)



Lloyd-Smith et al
Science, 2009.



Lloyd-Smith et al (2009)



1 .Ecology of Emerging Pathogens

• Agricultural intensification

• Habitat fragmentation and emergence

• The role of the wildlife trade

• Rates of exposure and cross immunity











Zoom in on the farm at the center 
of the Nipah outbreak





The Malaysian epidemiologist, Dr K.W.Chang, who 
reported and investigated the outbreak



Nipah virus prevalence in bats



Pulliam et al 2008.

Nipah



Mango trees used to shade pig barns and provide a second crop to the farmer 
……………….and additional food for the pigs



Nipah virus in Malaysia, Pulliam et al 2008



Dr Juliet Pulliam
Director, SACEMA
Stellenbosch 

University
South Africa



Dr Raina Plowright,
Montana State,
Bozeman.





Agricultural intensification, priming for persistence and the emergence of Nipah virus: a lethal bat-borne zoonosis, Volume: 9, Issue: 66, Pages: 89-101, DOI: 

(10.1098/rsif.2011.0223) 

Pulliam et al (2011)  Royal Society Interface. 



p, is the ratio of duration of infectiousness to duration of immunity



Rondonia, Brazil, 1975 – 2010 (NASA, 
Visible Earth)





Rulli et al.  Sci Reports 2017.

Sites of Ebola outbreaks in Central and West Africa





Null expectations for disease dynamics  

in shrinking habitat:   

dilution or amplification? 
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Phil Trans Roy Soc (2017) 

What happens to pathogens in the remaining patches of forest?



Faust, 
McCallum, 
Bloomfield, 
Dobson , 
Plowright et al  
(Ecology Letters, 
2017)



Transmission across the core-matrix boundary
Faust, McCallum, Dobson et al, Plowright, Ecology Letters (2017)



Transmission across the core-matrix boundary Gillespie stochastic case
Faust, McCallum, Dobson et al, Plowright, 

Ecology Letters 2017



Transmission across the core-matrix boundary
Faust, McCallum, Dobson et al, Plowright. 

Ecology Letters, 2016.







The Role of Trade in Wildlife



Figure 2 Annual animal imports from Singapore to the United States (A) and China (B) as recorded by CITES (Convention on 
International Trade in Endangered Species) The data start when CITES was first set up 1975. Data are the cumulative number of 
transactions (within each year), for Species listed under Appendix I, II and III. The records are predominantly for mammals, birds, 
fish and reptiles. They do not include fish harvested for food.  

Legal registered wildlife trade through Singapore, 1976 – 2015.



Figure 3 The amount of viral species richness discovered as the number 
of animals sampled increases for macaque monkeys (green) and 
Pteropid bats (red). Solid lines are based on rarefaction; dotted lines 
are extrapolations (using double sample size). Dots A (samples 31, 
richness 39) and D (samples 13, richness 5) represent 50% sample of 
sample coverage and dots C (samples 1925, richness 284) and F 
(samples 2075 and richness52) represent 99% of sample coverage. Dots 
B and E are the observed viral species richness. Shaded areas represent 
95% confidence intervals. Data used for plots obtained from (20, 21). 

Macaques

Pteropid bats

OPEN QUESTION:  What are levels of cross-immunity 
Between these viruses?  How many crossover and fade-out?
What levels of immunity does this build-up in people working 
in the wildlife trade?
Does this form a barrier or facilitate persistence/emergence?
(sensu Pulliam et al, above and PLOS-One.)



Agricultural intensification, priming for persistence and the emergence of Nipah virus: a lethal bat-borne zoonosis, Volume: 9, Issue: 66, Pages: 89-101, DOI: 

(10.1098/rsif.2011.0223) 

Pulliam et al (2011)  Royal Society Interface. 

So is this also happening with people working in the wildlife trade..?  Enhanced by cross immunity?



Brook, C.  And Dobson, A. (2015) Trends in Microbiology.



African green monkey cells
(IFN-defective)

Rousettus aegypticus,
African fruit bat

(idiosyncratic interferon)

Pteropus alecto
S.E.Asian fruit bat
(expresses IFN-α)

rVSV-Ebola virus rVSV-Marburg virus

Accelerated viral dynamics in bat cell lines, with implications for zoonotic emergence

Cara E Brook Is a corresponding author, Mike Boots, Kartik Chandran, Andrew P Dobson, Christian Drosten, 
Andrea L Graham, Bryan T Grenfell, Marcel A Müller, Melinda Ng.   eLife/48401. 2020

rVSV-eGFP-virus



2. Economics of Emerging Diseases

• Cost-benefit at each stage of intervention

• Overall cost-benefit

• Missing costs and additional benefits
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Figure 1: Costs and Ancillary Benefits of Prevention (million $)
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Figure 2: COVID-19 Damages and Total Gross Prevention Costs (million $)
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First line of defense – veterinarians!



Relative abundance of front-line defenders 

Data were absent from the OIE database for several nations (including China and Russia). 
The ratio of veterinarians to civilians plotted against the nation’s area. Countries are 
color- coded based on World Bank income categories.



3. Evolution of Emerging Pathogens

• Will Covid-19 become more or less virulent?

• Insights from an avian emerging pathogen



Mutation has given rise to multiple strains that characterize cluster in different locations

When will we see selection for changes in virulence?





Natural habitats of house finches……



1960-61

House Finches were introduced

on Long Island in 1940



1993

Mycoplasma 

gallisepticum

= MG

House Finch

Carpodacus mexicanus

A Tractable Disease System:

MG in House Finches



House finch distribution in the US



Mycoplasmal conjunctivitis

• caused by the bacterium Mycoplasma gallisepticum

• found in domestic poultry worldwide

• novel strain infects House Finches

• clear external clinical signs

• clinical signs are closely related 

to presence of pathogen

Humans aren’t only species at risk from emerging pathogens 

– monitoring focuses on humans and livestock….intervene as soon as possible

model systems can provide important insights not otherwise available 



Wide Geographical Distribution of Participants

- most data from the 

north-eastern U.S.

- high-density regions would

swamp patterns in other

areas if averaged

- disease arrived at different

times in different regions



Disease Spread Rapidly Through

Eastern North America

After 10 month After 2.5 Years



House finches are pest in wineries…very 
handy for sponsorship!

Upstate new York Wine…. Delicious California wine!!



House Finch abundance decreased dramatically because of the new disease
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PCR to determine infection status using
MG-specific polymerase chain reaction (PCR)

David Ley, NCSU

bp  - +   1    2    3   4    5   6    7   8   9   10
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A Tractable Disease System

-- disease response can be measured non-invasively.



Time course of infection in individual infected birds (days)

Symptoms of infection
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Dhondt, et al (2008) Avian Pathology, 37, 635-640



How do Ro and appearance of symptoms effect ability to control outbreaks?

Christophe Fraser et al. PNAS 2004;101:6146-6151
©2004 by National Academy of Sciences

Covid-19



Virulence in Time and Space
MG emergence in House FInches

Virulence levels shade green (low) to red (high)
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Eastern & Western M. gallisepticum lineages 

independent

- Evolution of spatial variation in virulence is possible because genetic variation in 

M. gallisepticum is spatially structured

in prep.





The model
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Virulence Evolution:  the model
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ES Virulence and Relative Timing of Transmission 
(φ)
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Osnas and Dobson, 2010, Biology Letters



Evolution of virulence when transmission occurs before disease, Volume: 6, Issue: 4, Pages: 505-508, DOI: (10.1098/rsbl.2009.1019) 

Evolution of virulence when transmission occurs before disease
Erik E. Osnas and Andrew P. Dobson,  Biology Letters
Published:10 February 2010https://doi.org/10.1098/rsbl.2009.1019

Relative virulence and 
relative transmission in
Initial infection period
before symptoms appear.

Evolutionary 
stable level
of virulence
when 
symptoms
appear

https://royalsocietypublishing.org/doi/10.1098/rsbl.2009.1019
https://royalsocietypublishing.org/doi/10.1098/rsbl.2009.1019
https://doi.org/10.1098/rsbl.2009.1019




Pairwise invasibility plots (PIPs) show that adding the empirically observed effects of incomplete immunity to a baseline model 

with no immunity effects (A) results in an almost twofold increase in optimal virulence (B). Shaded areas show parameter space 

for which a new mutant introduced at very low densities was able to invade a population with the resident pathogen present at

equilibrium densities, and asterisks mark the Evolutionary Stable Strategy (ESS) for each model.

Fleming-Davies, Williams, Dobson, Dhondt, Hawley, (2018)  Science.



A message from the birds…

• Once herd immunity begins to make its presence known…

• Covid will start competing within the immune population it has created

• This will place selection pressure on the virus to change

• Transmission before virulence is expressed selects for increased virulence

• Immunity selects for asymmetrical immunity

• Implications for vaccine development..?





Conclusions

1) We will see future 
emerging pathogens

2) Cost of prevention is 
well worth the 
investment.

3) Viral evolution will 
speed up as herd 
immunity rises, it 
could go either way..
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