Origins of Bacterial Species—April 24, 2003 (revised)

The nitty-gritty of speciation in pathogens
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Severe acute respiratory syndrome has the potential to be a worldwide pandemic.  It is highly infectious and it is deadly.  The SARS virus is well adapted to spreading quickly within our species, even though we believe it doesn’t have a long history among us.  It is now in the United States, and the President has put SARS among the list of quarantinable diseases.  While it is a member of a known virus family, the coronaviridae, it is not closely related to any known coronavirus (see the phylogenies based on protein-coding genes).  Where did it come from, and what does it have to do to become an optimally efficient and evolutionarily successful ecotype fully adapted as a human pathogen?  This raises the general issue of the suite of adaptations necessary for adaptive radiation within a group of pathogens.  
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Most pathogens that enter humanity from another host species are thought to come from closely related hosts.  For example, HIV is known to have come from the African green monkey.  However, the paper by Harb et al. makes a case that many bacterial pathogens could come from an immensely divergent source—the protists.  Please focus on pp. 251-256 and 260-261.  Of course, SARS is caused by a virus, but one wonders whether coronaviruses might also frequently be able to make huge jumps across widely divergent hosts.
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The infamous Typhoid Mary case gives a sense of what a human pathogen might aspire to achieve:  to transmit many progeny from a single infected person over a very long period of time, without making her sick.  However, as we shall see, this is not the only modus operandi for a successful pathogen.  
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Paul Ewald has developed a compelling theory for how the optimal virulence (nastiness) of a pathogen depends on its mode of transmission.  The gentle, Typhoid Mary style of transmission is not the most adaptive for some kinds of pathogens, as you will see.  The Scientific American version is an enjoyable read, and covers the major points, and the Emerging Infectious Diseases version is somewhat more technically precise and complete, but less readable.  The latter also gives advice to the public health establishment.  
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This paper gives a more general theory for how a pathogen can optimize its level of virulence.  Galvani summarizes Ewald’s contributions on how the mode of transmission affects the optimal level of virulence.  Also, the population structure of the host species is shown to affect the level of virulence:  in hosts where the virus cannot move from one local population to another, low virulence is selected for, but in hosts where the virus can move easily from population to population, high virulence is optimal.  Note that this is particularly bad news for the human species, which may be silently hosting many mild pathogens that up to now have never made it out of local populations that are unconnected to the rest of the world—consider the possibilities for the SARS virus (see the article below).  The Galvani article discusses how competition among strains within a host individual can select for levels of virulence that are higher than what is optimal for transmission.   

Altman, L. K. April 22, 2003. Death rate from virus more than doubles.  New York Times.

The mortality rate from SARS infections has now increased from 2% to 5%.  Among the possible explanations offered is that the SARS virus is evolving toward higher virulence.  Please consider a possible connection to the Galvani article, in which a disjunct host species (where the pathogen cannot move from one host population to another) is expected to drive selection for low virulence, whereas a pathogen that can easily move from one population to another is expected to undergo evolution toward higher virulence.   

