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Rabies reservoirs
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Role of jackals in rabies maintenance

* Lembo et al. 2008 found that domestic dogs are the only
rabies maintenance population in the Serenget.

Rhodes et al. 1998 found rabies to be sub-critical for

jackals in Zimbabwe.

We investigate conditions for rabies maintenance in jackals
in Etosha National Park, Namibia.




Berkeley Etosha Anthrax Project
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Territorial jackals
Long movement data: h
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Resource-driven encounters

Data Credit: Bellan et al. 2012, Namibian Ministry of Environment & Tourism, Etosha Ecological Institute



Steve Bellan’s
Question

Can anthrax “cause” rabies?




Concepts

Maintenance Target population Target population
population

Our challenge -

Develop a consumer-resource model for the target
population and quantify its encounter rates.




Resource-driven encounters
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Non-focal consumers and resources are distributed
uniformly on a landscape as spatial Poisson processes
with densities one consumer per unit area and K
resources per unit area.
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Model assumptions

 Spatial
Random distribution of both the non-
focal consumers and resources

* Consumers
have a limited range of observation

prefer to visit the nearest resource
they observe

respond to resources independently of
other consumers

are satiated after visiting a resource




Regions of attraction
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Voronoi diagram
B focal consumer

“A partitioning of a plane into regions based on
distance to points in a specific subset of the plane.
That set of points is specified beforehand, and for /\ resource
each seed there is a corresponding region consisting

of all points closer to that seed than to any other.”

consumer

- Wikipedia




First result: non-monotonicity
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Second result: detection distance matters
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Simulations and predictions

Resource-driven encounters
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Pathogen invasion

Maintenance population Target population (V)

O Susceptible O Susceptible
@ Infectious (M) @ Infectious (1)

====% Spillover events are
modeled as a Poisson process with rate YM(N —I).

Successful pathogen invasion: when a spillover event produces a lineage which
does not go extinct before reaching a quasi-stationary state.




SIS Model
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Connecting back to rabies in
Etosha jackals...

Maintenance population Target population




Jackal system h

Parameter | Value | Meaning Source
b 1 infection per week Rhodes et al. 1998
v | 14 | rabies related deaths per week Rhodes et al. 1998
p 1 jackal density Rhodes et al. 1998
b1 o .
Ry=— = T4 ~ 0.7 (rabies is sub-critical)
1% 8

Pinf = prob. of infection
£ = # resource-driven encounters

b+ pint - & compare to b,
v v

How does

Rhodes et al. (1998) "Rabies in Zimbabwe: reservoir dogs and the implications for disease control."
Philosophical Transactions of the Royal Society B.




Calculating a temporal
reproduction number
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[ Resource intensity )

# of carcasses

# of jackals

# of carcasses / study area
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Resource intensity

# of carcasses

/\ resource




# of carcasses

Resource
intensity
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Bellan, Steve E., et al. "A hierarchical distance sampling approach to estimating mortality rates from
opportunistic carcass surveillance data." Methods in Ecology and Evolution 4.4 (2013): 361-369.
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B focal consumer




Time scale of reference

“carcass active interval” ~ one week
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Relative y-distance from carcass (km)
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Calculating a temporal
reproduction number
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encounters

Simulation results [Addm"”a')
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Additional
encounters

Simulation results
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Simulation results
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encounters
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Additional
encounters

Simulation results
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Simulation results

Resource-driven encounters
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Calculating a temporal
reproduction number

| .
l Pinf

Additional
infections

Adjust by the probability of infection given a resource-driven encounter (Pinf).
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Implications for invasion

Infectious individuals

Resource pulse

0 L=3——9—3¢

S
v

¢ Pathogen introduction / spillover event




Future work

* Disease model with consumer encounter rate
Investigate approximation methods for the probability of invasion

Qe e
- exact solution - exact solution
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Move from estimating susceptible-susceptible encounter rate to
susceptible-infectious encounter rate

Rabies virus changes behavior

Improve model to account for behavioral changes
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