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WHERE DO EMERGING
PATHOGENS COME FROM?

1) Taxonomy 2) Geography 3) Ecology




HUMAN PATHOGEN SURVEY

» Systematic literature review
« Define as:

“species infectious to and capable of causing disease
In humans under natural transmission conditions”

* Inclusion/exelusion criteria

e.g. no deliberate laboratory infections
 NCBI taxonomy
* Formal methodology

» Catalogue of human pathogen species

Taylor et al. (2001) Phil Trans R Soc Lond B



DIVERSITY OF HUMAN PATHOGENS

Prions, 2

All species: 1399

Protozoa, 58

Viruses, 191

Bacteria, 541

Helminths, 285

Fungi, 321

Woolhouse & Gaunt (2007) Crit Rev Microbiol









Novel species: 87




Post-1980 discoveries (N=51)
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THE PATHOGEN PYRAMID
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EMERGENCE VIA SPECIES JUMPS

DISEASE

AIDS

AIDS

SARS

Malaria

Malaria

Sleeping sickness
Diphtheria
Hepatitis

Viral lymphoma

?

Respiratory infection
Influenza
Measles

Mumps

Smallpox

Typhus

Plague

Dengue fever
Yellow fever

PATHOGEN

HIV-1

HIV-2

SARS coronavirus
Plasmodium falciparum
Plasmodium vivax
Trypanosoma brucei subspp.
Corynebacterium diphtheriae
Hepatitis B virus

HTLV-1

HTLV-2

Human coronavirus OC43
Influenza A virus

Measles virus

Mumps virus

Variola virus

Rickettsia prowazeckii
Yersinia pestis

Dengue fever virus

Yellow fever virus

ORIGINAL HOSTS

Chimpanzee

Sooty mangabey
Bats/Palm civets

Birds?

Asian macaques

Wild ruminants

Domestic herbivores?

Apes

Primate (Asian macaque?)

Bonobos

Bovine

Wildfowl

Sheep/goat

Mammals (pigs?)

Ruminants (camels?)

Rodents

Rodents

Old World primates

African primates
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DRIVERS OF PATHOGEN EMERGENCE

Economic development and land use
Human demographics and behaviour
International travel and commerce
Changing ecosystems

Hospitals

Human susceptibility

Microbial adaptation and change

Institute of Medicine (2003) Microbial Threats to Health
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A MODEL OF EMERGENCE

RNA (and some DNA?) viruses evolve faster than
other kinds of pathogen

Where does variation arise?

— Within the human population “tailor made”
(Antia et al. 2003), or

within the reservoir population “off the shelf”
Working hypothesis:

— (Large?) diversity of mammalian (vertebrate)
viruses humans may be exposed to

— Virus genetic variability frequently throws up
human infective variants

— Most will remain minor, even transient, public
health problems; a tiny fraction may be much
more serious ( but still dead ends? )

— This will go on happening; continual turnover

: Van Heuverswyn et al. (2006)
in cast of pathogens

Woolhouse & Antia (2007) In Evolution in Health and Disease, 2™ ed.
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PROJECTING VIRUS DISCOVERY
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Breakpoints (1930, 1954)

Model for no. spp N discovered in
year n for n>1954 is:

1

N(n)= p(@- p)"*f(p)dp

0

Approximate f(p) as Poisson (low
probabilities p; large pool, K)

Fit to observed N(n) by maximum
likelihood; parameter distributions
by MCMC

Define prediction intervals by
simulation

Woolhouse et al. (in press) Proc. R. Soc. B






HOST RANGE AND RECEPTOR USAGE

*  Receptors known for <100 human virus species from 21 families
e 22 use non-protein receptors (e.g. heparin sulphate)
*  Define host range:

— Narrow = only humans and other primates
— Broad = other taxa as well

* Relate to amino acid sequence homology
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Mouse Homology (%)

A dot plot graph to show the relationship between broad or narrow virus host
range and homology of the most conserved mouse receptor

» Use of conserved receptor necessary but not sufficient condition
for broad host range

Hudson et al. (in preparation)
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FIGHTING EMERGING PATHOGENS

Expect the unexpected
— Effective surveillance for new disease events
— Surveillance in potential reservoirs or sentinels
Surveillance does not begin at home
— Need effective international co-operation
— Investment in infrastructure and human capacity
Multi-disciplinary approach
— Co-operation between public health and animal health agencies
— Biological and ecological drivers of pathogen emergence

Global observatory for infectious diseases



DETECTION, IDENTIFICATION, MONITORING

* Buying time — early detection allowing early
action

- Enabling more effective and efficient
targeting of resources

« Opening up new opportunities for disease
management

Foresight (2006) Infectious Diseases: preparing for the future



DETECTION, IDENTIFICATION, MONITORING

* Novel information technology for the capture
analysis and modelling of data for the early
detection of infectious disease events

 Early detection and characterisation on new or
newly resistant/virulent pathogens using
genomics and post-genomics

« Taking technology for the identification and
characterisation of infectious diseases to the
individual, e.g. as hand held devices

 High-throughput screening  for infectious
diseases of people, animals or plants using
surrogate, non-invasive markers

» Generic technologies for multiple infections

Foresight (2006) Infectious Diseases: preparing for the future












