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Episystems: managing transmission, not just maps

Episystems: interconnected populations capable 

of maintaining virus transmission indefinitely 

(they rarely match administrative borders). 



Whether a population is an 
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Episystems: managing transmission, not just maps

Determine 
whether the 

subpopulation 
can sustain the 

virus in the longer 
term or not

▪ Population size and turnover

▪ Population immunity

▪ Interactions (effective contacts)

▪ Intrinsic transmissibility of the virus
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▪ Population size and turnover

▪ Population immunity

▪ Interactions (effective contacts)

▪ Intrinsic transmissibility of the virus

Episystems: managing transmission, not just maps

Episystem: a population or set of interconnected populations where the 
basic reproductive number (R0) can remain above 1 in the long term. 



PPR persistence requires a 
large, connected population of 
susceptible animals.

Transmission is only sustained 
when population turnover and 
connectivity keep providing 
enough susceptibles. 

This is the rationale for defining 
episystems.

Illustrative simulation – not 
calibrated to field data

Episystems-based control: the theory



Episystems-based control: the experience

Modelling showed how the impact of vaccination could be maximized by targeting populations:
i) With highest transmission rates
ii) With size larger than the community size needed for sustained transmission
Shifting from mass vaccination that focused mostly on accessible areas allowing hard-to-reach 
subpopulations to act as endemic reservoirs toward a targeted approach enabled some 
countries to achieve eradication with a reduced national vaccination target. 
Mariner, J. C., House, J. A., Mebus, C. A., Sollod, A. E., Chibeu, D., Jones, B. A., Roeder, P. L., Admassu, B., & van 't Klooster, G. G. 
(2012). Rinderpest eradication: appropriate technology and social innovations. Science (New York, N.Y.), 337(6100), 1309–1312. 

Epidemiologically-
based management

Geographically-
based control



Based on:

▪ Connectivity

▪ Population dynamics

▪ Transmission patterns

Data sources: 

1. Population and movement data

2. Epidemiological data

3. Phylogenetic data

How to identify and characterize episystems?



▪ Small ruminant distribution

▪ Movement patterns:
▪ seasonal migration (transhumance)
▪ livestock trade networks (flows of live animals)

Mapping connectivity
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Social Network Analysis (SNA): examination of the structure of 
interactions through the use of networks and graph theory.

▪ Small ruminant distribution

▪ Movement patterns:
▪ seasonal migration (transhumance)
▪ livestock trade networks (flows of live animals)

Mapping connectivity



➢ Very detailed characterization of movements 

➢ Large study: 1000+ interviews with traders + 20 focus groups

➢ Despite focusing only on 3 states 

Mapping connectivity: SNA



Mapping connectivity: SNA

➢ Very detailed characterization of movements 

➢ Based on analysis of 9 yeas of paper-based animal 
movement permits



Data / information needed to map connectivity 

▪ Actual livestock movement data (often not available)

▪ Information / expert knowledge on main movements.

▪ Participatory disease search.

Identifying animal movement 
patterns between districts during 
a workshop with district 
veterinary services in Kyrgyzstan. 

Mapping connectivity: Other strategies



Mapping connectivity: Other strategies





Prototype tool. Outputs are exploratory and depend on assumptions.



The toolkit allows exploration of the potential impact of 
vaccination under a series of assumptions, linking:
▪ Population size
▪ Assumed contract structure
▪ Immunity

It then provides the probability of PPRV persistence in 
the AU or the episystem, under the specified 

assumptions.



Illustration – scenario 1

No vaccination

Under assumed contacts some 
provinces with limited small 
ruminant populations and 
bordering black sea may not 
sustain in the longer term. 

Prototype tool. Outputs are exploratory and depend on assumptions.



Illustration – scenario 2

50% immune across the country

Under assumed contacts two 
separate parts of the country may 
be able to sustain PPRV circulation 
in the long term. 

Prototype tool. Outputs are exploratory and depend on assumptions.



Illustration – scenario 3

80% immune across the country
No long-distance movements

PPRV circulation may be limited to 
three separate provinces. 

Prototype tool. Outputs are exploratory and depend on assumptions.



Illustration – scenario 4

80% immune across the country
No long-distance movements
Replacement rate 20% instead of 
30%

A single province as likely to 
sustain circulation – driven by large 
small ruminant population (2nd 
largest in the country). 

Prototype tool. Outputs are exploratory and depend on assumptions.



Next steps

The toolkit is already being used collaboratively with countries to help identify their episystems.
Current pilots include:
▪ Turkey
▪ Kyrgyzstan
▪ Côte d’Ivoire
▪ Nigeria
▪ Liberia

Work is progressing country by country, with countries sharing additional data as it becomes available.

For each country we co-develop an adapted version of the tool, discuss the inputs together, and support them in 
exploring the outputs.



Episystems repository

As more countries identify their episystems, a repository of episystems will be regularly updated.



Conclusions

▪ Sustained PPR transmission requires large, connected populations with sufficient turnover.

▪ Epidemiological principles justify defining episystems as the operational unit for surveillance and control.

▪ Evidence from rinderpest eradication supports this approach.

▪ Episystems can be identified and characterised using population data, movement information, 
epidemiological evidence and, where available, phylogenetics.

▪ The episystem toolkit offers countries a rapid, practical way to explore population structure, connectivity, 
and persistence under different assumptions.

▪ It is already being applied collaboratively with several countries. Each country version is co-
developed, using the data they share, and we work with them step by step to review inputs and 
interpret outputs.
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