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Abstract

In this thesis, | investigated the relationship between host and pathogen in multi-host
and multi-pathogen systems at the interface between wildlife and domestic species. The term
“epidemiological interaction” was central to my thesis, and was defined as “any ecological
interaction between two host populations resulting in the transmission of one or more
pathogen”. Epidemiological interactions are related to the processes of transmission between
hosts and | investigated how these epidemiological interactions between different host
populations could be investigated in a given ecosystem. | developed two research frameworks
to estimate these epidemiological interactions: 1) an a priori approach based on the host data
and assuming that the mobility of hosts and the resulting contacts between host populations
would be crucial factors influencing the epidemiological interactions; 2) an a posteriori
approach based on the pathogen data, assuming that epidemiological pathways previously
used by some pathogen species can be used in the future by other pathogens. The animal-
pathogen model used to test the first approach was the bird-avian influenza viruses’ model.
Longitudinal counting and sampling protocols of domestic and wild birds over two years were
used to analyse community composition and abundance of hosts to compare with the
prevalence of avian influenza viruses. | could, for the first time, show a persistence of low
pathogenic avian influenza strains in an African ecosystem, and investigate the relationships
with both the potential maintenance hosts (Afro-tropical ducks and resident species) and hosts
that introduced the virus into the system from Europe or Asia (paleartic migrants). With the
estimation of epidemiological interaction using host community data, | estimated the contact
rate between wild and domestic avian compartments (intensive poultry, backyard and farmed

ostrich compartments) and assigned a risk to this interaction based on dynamic and non-
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dynamic factors for each bird species. This approach highlights the species or seasons at risk
for the domestic compartments (or for the wild bird compartments depending on the
perspective) in order to orientate surveillance or control options. This type of data and
framework can also be used in mechanistic modelling to predict the spread of a pathogen after
its introduction in one compartment. | tested the host approach in a broader dataset at the
Southern African region level with similar counting and sampling database in multiple study
sites, showing that the variability of host communities across the region could explain the
variability of pathogen detection (however, finding a causal relationship was impossible).
Finally, | theoretically developed the pathogen approach by combining tools used in parasite
community ecology, molecular epidemiology and social network analysis and gave a

theoretical example using a rodent and human macro and microparasite dataset.

This thesis has explored the field of transmission ecology and offered ways to quantify
the processes of transmission between host populations. Theoretically, | have developed a
fundamental reflexion around epidemiological interactions and formulated hypotheses on
their potential for being independent of the parasite species. Practically, |1 have developed
tools to provide information for decision-making in order to improve efficiency of
surveillance and control programmes at the wildlife/domestic interface particularly adapted to

detect emerging infectious disease spill-over process.
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I have defined the concept of epidemiological interaction (El) between two host
populations (Chapter One is a theoretical introduction). Then | have presented two
approaches to estimate these EIls. The first one, described in Chapter Two, assumes that the
movements of hosts and the contacts induced by this mobility will contribute to estimating
Els. The second one (Chapter Seven) assumes that there is a limited quantity of potential
transmission pathways between two host populations and that past occurrence of disease

transmission can estimate future occurrence of pathogen spill-over or disease emergence.

In this thesis, | have developed mostly the first approach. Using the model of wild and
domestic avian communities in a Zimbabwean wetland, | have gathered longitudinal
ecological and epidemiological data to provide information about Avian Influenza viruses
(AIV) in a multi-host system. In Chapter Three, | have explored how a host community
approach can help defining a risk season, and risk species for the epidemiological cycle
(reservoir, spreader, maintenance host) and at the wildlife/domestic interface. This has been
used to identify potential bridge species able to spread the pathogen from a source host
population to a target host population. In Chapter Four, | suggest for the first time a yearly
persistence of AIV in an African ecosystem based on multi-species data and by exploring
potential mechanisms for this persistence. In Chapter Five, | show how ecological and
epidemiological data can be integrated in a risk analysis to estimate the risk of pathogen
spread through wild birds and present a framework for animal health services to increase the
efficiency of their surveillance at the wildlife/domestic interface. Chapter Six explores the
complexity of predicting AlIV circulation in wild bird communities at the southern African
level, based on a regional dataset and presenting an epidemiological functional group
approach (borrowed from the functional group concept in community ecology). Articles
included as appendices show how this work is integrated in a broader framework of research

on the ecology of AlV in waterbirds (Appendix One, Two, Four & Five).



In parallel, the same approach was used in wild/domestic ungulate community in the
South-East Lowveld of Zimbabwe, exploring transmission pathways for bovine tuberculosis
and other important diseases (Appendix Three & on-going manuscripts). The juxtaposition
of these models highlights the process-centred approach that | have focused on instead of a
host- or pathogen-centred approach: I am (in collaboration with my colleagues) exploring and

testing the same hypotheses in the two models.

In Chapter Seven (and Appendix Six), | present the pathogen approach that |
have developed, presenting the conceptual and operational framework to identify the most
likely transmission pathways at the community level using social network analysis. | use an
example on rodent community and their parasite community in South East Asia (Box in

Chapter Seven).

Finally, in Chapter 8, | synthesise the finding of this thesis, try to provide a research
framework for future research and discuss future breakthrough in technology which will

provide major advances in the ecology of disease transmission.
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Note on the text

Each chapter is set out in the style of the journal to which it has or will be submitted.
Consequently there is some repetition and stylistic differences in each of the chapters. In
addition, other authors are included in the paper reference. However, for each chapter, my
input was the greatest. | planned research, undertook the field work, analysed the data and
wrote the manuscripts. | was helped by my co-authors. Elissa Cameron, Michel de Garine-

Wichatitsky, David Cumming and Serge Morand were my supervisors.
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Avian influenza surveillance campaign results in Eastern Europe, the Middle East, and Africa
in early 2006.
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Prevalence of low pathogenic avian influenza virus detected by RT-PCR in wild birds.
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Virus subtypes isolated from the RT-PCR positive samples.
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Summary of our current understanding of AIV transmission in wildfowl in relation to host
ecology and environmental drivers.
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Numbers of birds sampled for avian influenza, by family and by site. BAR, Barberspan; CHU,
Chuali; MAS, Massingir; NGA, Ngami; STR, Strandfontein; ZW, Zimbabwe (Chivero and
Manyame).
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Numbers of birds that tested positive for avian influenza, by family and site.
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Prevalence of avian influenza by avian family and by site over the period March 2007-April
2009.
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Information on viral strains and types.
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Palearctic migrants observed during point counts.
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Matrix of Jaccard index for all pairs of host populations.
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(a) Birds counted per session; (b) birds captured per session; (c) global and duck prevalence
per session with confidence interval.

Schematic representation of the transmission of a HPAI virus from an infected to a naive bird
compartment

Population dynamics in the ostrich and waterfowl compartments on a bi-annual basis.
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Additional information on the exposure assessment of intensive & backyard chicken,
waterfowl and ostriches.

Variation of the log of the interaction sum in the longitudinal protocol across the fourteen
counting sessions.

Community observed (left) and captured (right) in the three sites according to EF 1 & 2
groups.
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composition.
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Epidemiological Functional Groups.

BOX 7.2, s 188

Epidemiological Interaction Network for 14 rodent species and the human species.

Epidemiological Interaction Network for 14 rodent species and the human species in the
Southeast Asian ecosystems based on presence-absence data for 34 macroparasite species
and 8 microparasite species.

Appendix Figures & Boxes

10 LU= AN PSR OPOUPOPRS 223

Locations of sampling sites (or cluster of sites) in surveyed countries (dark grey) initially
participating in the FAO’s Technical Cooperation Programmes (light and dark grey).

[0 LU= AN PSPPSRI 238

Concomitance in timing of field campaigns in surveyed countries (sampling periods
distributed along a temporal axis) and first HPAI H5N1 reported outbreaks (OIE-World
organisation for animal health notification reports) in the surveyed regions between January
and May 2006.

10 LU= AN B PRSPPI 261

A. The timing and duration of rainfall in sub-Saharan Africa and the seasonal position of the
Inter-Tropical Convergence Zone (ITCZ) (30); B. The two main migratory flyways of
Eurasian wildfowl wintering in sub-Saharan Africa; C. Distribution range of Afro-tropical
wildfowl over the African continent; D. Location of sampling sites presented in our study,
also showing sample size ranges.
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10 10T A 5SS 269

Effect plots of the four ecological factors identified as influencing the variation of AIV
prevalence in wildfowl in Afro-tropical regions. Plots of predicted prevalence (95% CI) were
generated from the highest rank model presented in Table A4.S7. Data points are plotted as
rug plots.

10 10T N T TSR 288

Map of southern Africa showing sampling sites mentioned in this paper.

10 [OOSR 290

Example of a walk-in trap used to catch ducks. In this picture, XX (L) and YY (R) capture
Egyptian geese at Strandfontein.

10 U= AN T TSSOSO 312

Prevalence by site and month across all captured birds.

10 10T N T TSR 313

Relative abundance of (a) Anatidae, (b) Charadriidae, (c) Jacanidae and (d) Dendrocygnidae
at each of the four sites from which we obtained AIV positive samples.

FRQUIE AD.5. et bbbttt bbbttt b bbbttt 315

Relative abundance of infected anatids per half-hour point count by site and month. Note how
the impression given by this figure differs from that in Figures 2 and 3(a).

1O [OOSR 316

Relative abundance of palearctic migrants per half-hour point count by site.

10 [OOSR 332

a) Theoretical contact network including wild, domestic and human populations; in the
remaining figures, the same network when the human population (b), a domestic population
(c) or a flagship wildlife species (d) is considered as the target species.
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Three-step process to build a EI network and its schematic representation.

BOX AB. L. 344

Epidemiological Interaction Network for 14 rodent species and the human species.

10 [OOSR 347

Epidemiological Interaction Network for 14 rodent species and the human species in the
Southeast Asian ecosystems based on presence-absence data for 34 macroparasite species
and 8 microparasite species.
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