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Pre-meeting Abstract

In large populations of hosts and pathogens, disease transmission and co-evolutionary relationships between pathogen virulence and host resistance can be well-behaved and predictable.  Increasingly, epidemiological models are accounting for disease dynamics in structured populations, which may present radically different evolutionary possibilities.  For example, evolution in structured populations may deviate from ideal models because of ecological features of landscapes that create barriers to transmission, social biology of hosts that may isolate small groups of interacting (related) individuals, and/or temporal changes in host/parasite abundance.  Further, disease transmission can be influenced by the number of permissive host species and whether transmission is direct or depends on arthropod vectors.  Given these intricacies and complications, the question arises whether general models of disease transmission can be developed, or whether each is an individual case history.  We would like to discuss both theoretical developments and empirical approaches to the issue of disease transmission.  We invite any of those interested in attending to make specific (short) presentations and/or to provide suggestions to focus attention to particular case(s).  Please contact Mike or Les, so that we may organize discussion further. 

Post-meeting Summary
Disease transmission can be viewed as a fixed phenomenon, where set pathways result in ecological, epidemiological, and evolutionary dynamics of host and pathogen populations.  The evolution of virulence of pathogens is most often studied from this point of view.  On the other hand, transmission itself can be an object of evolutionary organization.  An example is how plague (Yersinia pestis) evolved the ability to be transmitted between mammalian hosts by fleas, from an ancestor that was likely an enteroic disease.

Discussion focused on the host ranges of pathogens (i.e. the number of hosts that are permissive to infection).  Saskia Hogenhout presented information on insect-vectored pant animal pathogens (Mycoplasmas, Spiroplasmas, Rhabdoviruses) , and that some plant pathogens can attack up to 300 different host plant species.  Michael Hood and Janis Antonovics presented data on repeated host-shift in anther smut, Microbotryum violaceum, which attacks a number of species within the carnation family of plants.  

When considering what appears to be a novel host for a pathogen, three possibilities emerged: 1.) the pathogen has shifted from one host to another; 2.) there is spillover from an infected host population into a dead-end host; 3.) an expansion of the host range of the pathogen has occurred.  To disentangle these, the following research directions were discussed.

- If A is the “old” host, and B is the “new” host, the prevalence of several pathways of transmission must be measured, including transmission from A to B and from B back to A.  Without transmission back to A, the infection in B is a spillover and evolutionary dynamics in A will be unaffected.  On the other hand, if rates of transmission between A and B are high, genetic divergence of the pathogen in these hosts should not be expected.  Host shifts would be more probable when transmission between host species is low.  For a host shift to occur, however, transmission within host species B would have to be established. 

- When considering exchange between a suite of host species, the possibility remains that an unknown reservoir of disease is actually driving transmission dynamics.

- It should be possible to study both phylogenetic and phylogeographic aspects of host-pathogen associations.  For instance, hosts and pathogens species may have concordance phylogenies, with clear indications of co-evolution of host and pathogen.  Similarly, host and pathogen populations may have concordant phylogeographic patterns indicating local associations.  Similarly, transmission and host shifts will depend on the proximity of populations the “old” and “new” hosts.

-  Host shifts could easily incur costs of adaptation to the novel hosts (e.g. the evolution of virulence, lowered R0 in the novel host).

-  Novel hosts may harbor genetic variability that influences host shifts.  For instance, it is known that some plant species that have never been previously challenged still show genetic differences in resistance.  Explanations for this include preadaptation to the challenge, in that resistance to disease arises rarely, yet spontaneously, and this is part of the standing genetic variation in populations.  On the other hand, resistance genes could continue to segregate in population because of previous, unknown challenges (the ghost of infections past).

Other topics that were not discussed, but could easily have been:

-  Life histories of diseases:  long-lived within hosts, dependent upon rapid transmission between infected and susceptible hosts.

- Complexity of transmission cycles:  direct transmission between hosts within a species, vector-borne disease, complex life cycles that include alternate hosts

-  Sociality of hosts as a mediator or disease transmission (e.g. disease changes social behavior in animal hosts).

-  Transmission as a component of virulence, including the sociality of the disease (e.g. quorum sensing in bacteria).

