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Ecology and health: 

Control of emerging and re-emerging 

infectious diseases transmitted by wildlife.

Gerardo Suzán
Facultad de Medicina Veterinaria y Zootecnia

UNAM, México.

Microorganisms and life on earth

Microorganisms (virus, prions, 
bacteria, protozoa) have higher 
species diversity than their hosts 
and represent +- 60 %  of the 
biomass on earth.

They produce at least half of the 
oxygen we breath (Gans et al, 
2005)
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Viruses and life on earth

Viruses infect bacteria, archaebacteria and microeukaryotes, 
driving biogeochemichal cycles (C, N, and P), altering food 
web and biodiversity. 

We only know 83 families of  viruses +- 2600 virus according 
to the (ICTV) (King et al 2012). Each family has different 
reproduction strategies (Macnaughton y Lai 2006).

We estimate around  320, 000 viruses for mammas 
worldwide (Anthony et al 2013).

Viruses and life on earth

Virus affect reproduction, population dynamics, and 
induce population and species extinction.

Contrary, when ecosystems are dominated by few species,  
viruses create new ecological niches, increasing  
biodiversity.  
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Viral ubiquity

Different points of view

Medawar 1960 “Virus is a piece  of bad news wrapped 
in a protein”  (Health sciences)

In ecology and evolution,  viruses can transfer genes 
across species boundaries increasing biodiversity. 
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Gradual Global changes

Gradual Global changes
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Actual changes and viral diversification

Dengue virus H3 N2

Changes in biotic interactions produce changes in Ecological  and Evolutionary relationships

Percent of the earth's habitats that have been converted by humans

(University of California Press 2010)
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Actual Global changes
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Global changes and zoonotic
disease emergence

Drivers and locations of emergence events for zoonotic infectious diseases
in humans from 1940–2005. Keesing et al 2010

New approaches are required

• Ecological and evolutionary approaches are required to identify 
underlying causes of infectious disease maintenance and occurrence 
and are needed to provide  proper management and prevention 
strategies.

• The ecological complexity of infectious diseases requires novel 
research tools and the integration of multidisciplinary approaches at 
different scales of analyses in time and space within  population, 
metapopulation, community and ecosystem perspectives .
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Habitat Fragmentation

• Often related to increased 

disease risks for both 

humans and wildlife
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Rodents and hantavirus reservoirs 

at landscape level

Spatial representation of relative abundance for 
Zygodontomys brevicauda and Lyomys adspersus for 
Peninsula de Azuero.  
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Fuente: Instituto Conmemorativo Gorgas, Panamá, 2003
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Habitat deforestation in Mexico

Transformed habitat (white areas) and untransformed habitat (black areas) projected nationwide, 
based on the Inventario Nacional Forestal (Sanchez-Cordero et al., 2005)

•In Mexico, annual rates of deforestation are over 1% nationwide.
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s en as icaw .sen a s ica .sa g a rp a .g o b .m x /p o rta l/h tm l...

Bovine Rabies and vampire bats

Dolores Manzano

� Death of more than 4000 animals per year with large economic 
impact in Mexico

Bovine Paralytic Rabies
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Committee of Animal 
Health and Health
State department

Bovine Rabies Cases , 
primarily focused on
Northern Sierra. Years
1997 to 2000

Bovine Rabies in the State of 

Puebla Mexico

Carrasco-Hernández  
et al. unpublished data

To describe the surrounding
landscape, we counted the amount of
pixels corresponding to edge zones
between conserved vegetation and
antropogenic land use, around towns
and cities of the State of Puebla,
Mexico

We also considered the surrounding
temperatures, precipitations,
elevations, slopes and conserved
vegetation area to build a niche
model for bovine rabies using
MAXENT software.

Landscape scale
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Figure 2 .- Modeled suitability (y axis) vs. edge area surrounding counties between 5 and 10Km (X axis) .

According to the  model rabies risk (probability of presence) increases when the amount of edge area around a single city increases. 
This modeled  trend is due to the high edge  area around training points ( towns and cities with reported rabies cases that were used 
to biuld the model)

Landscape scale

Carrasco-Hernández  et al. unpublished data

According to the  model rabies risk (probability of 
presence) increases when the amount of edge 
area around an area ncreases (Carrasco-
Hernández  et al. unpublished data)

2009

2008

2007

Geographical Model of Bovine Rabies Risk 

for the State of Puebla, México
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Papantla, Ver. 

Huimanguillo, Tab.
(153,643 cabezas)

Tierra Blanca, Ver.

Tizimin, Yuc. 

(125,574 cabezas)
Counties with reports

Present

Present distribution

Modeling vampire bats

Área bajo la curva: 0.92  Zarza et al in Review

Promedio Temp - Enero
Promedio Precip - Septiembre
Promedio Precip - Mayo

Potential distribution of vampire bats in México
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GFDL & HADGEM2 2015-2039 
(1,121,800 km2)

Presente (1,392,000 km2)

Future scenarios

Zarza et al In review

100,000 cabezas

75,000 
cabezas164,000 cabezas

Zarza et al in review

Future scenarios
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Landscape Ecology of Sylvatic Chikungunya Virus and Mosquito Vectors in Southeastern
Senegal (Diallo et al 2012)

Landscape structure and disease dynamics
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MetapopulationMetapopulationMetapopulationMetapopulation and diseasesand diseasesand diseasesand diseases

• Several species have a metapopulation structure

• Spatial structure of host population affect infectious 
dynamics.
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Plants

• Teophrastus (372-288 B.C.) 

• Diversity disease hypothesis. 
(Elton, 1958, Knops, et al., 
1999).

Species diversity and disease ecology

Species diversity loss and infectious diseases

Knops et al 1999

Keesing et al 2010
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• Both the reservoir abundance and 

seroprevalence of hantavirus 

competent reservoirs in wild rodent 

communities will increaseincreaseincreaseincrease when non-

reservoirs are removed. 
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Hantavirus. species diversity and evolution

(García- Peña et al  in 

prep.)

On the theoretical generality of the dilution effect for On the theoretical generality of the dilution effect for On the theoretical generality of the dilution effect for On the theoretical generality of the dilution effect for 

endemic vectorendemic vectorendemic vectorendemic vector----borne diseasesborne diseasesborne diseasesborne diseases

Roche et. al. Philosophical Transactions B. In  press
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Virodiversity of Mexico

13 Families identified by  consensus PCR :

• Coronavirus

• Adenovirus

• Herpesvirus

• Astrovirus

• Paramyxovirus 

• Alphavirus

• Filovirus

• Flavivirus

• Lyssavirus 

• Seadornavirus

• Arenavirus

• Hantavirus

• Bocavirus

Virodiversity in México

Viral diversity of bat communities in human-
dominated landscapes in Mexico. 

Rico et al.  2014
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Diversidad de virus en comunidades y metacomunidades de Murciélagos en la 

Región Neotropical de México. Oscar Rico (tesis de doctorado)

Community level (alfa diversity) 

Most studies on the ecology of zoonotic diseases caused by pathogens hosted by 
wildlife reservoirs and vectors focus at the level of local populations and communities 
and the environment in which these interactions occur (Karesh et al. 2012). 

Most of the studies focused on  richness, relative abundance, species diversity and 

species composition
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Understanding how local and regional processes affect the 

structure of ecological communities including host vectors 

and parasites, calls for integrating both ecological and 
evolutionary relationships at landscape level.

Different spatial scales of analysis
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A. Lacandona

(Rico-Chávez et al unpublished data). 

Habitats: Disturbed (D), Fragmented (F) and Pristine (P)

At community and metacommunity level

• There is a strong relationship between the change in species composition with 
the variation of rabies prevalence.

At metacommunity level

(Rico-Chávez et al unpublished data). 
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Mendoza et al  2016. In prep

MetaMetaMetaMeta----analysis of  rabies sequences and batsanalysis of  rabies sequences and batsanalysis of  rabies sequences and batsanalysis of  rabies sequences and bats

Host richness

Mendoza et al., 2016. Resultados preliminares

MetaMetaMetaMeta----analysis of  viruses and batsanalysis of  viruses and batsanalysis of  viruses and batsanalysis of  viruses and bats
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Beta-diversity and virus diversity 

Species diversity 

Phylogenetic diversity

¿¿¿¿WhatWhatWhatWhat isisisis ththththe best landscape structure to e best landscape structure to e best landscape structure to e best landscape structure to 

prevent rabies outbreaksprevent rabies outbreaksprevent rabies outbreaksprevent rabies outbreaks????



25/11/2016

26

• Infectious diseases are the result of complex ecological, 
evolutionary and anthropogenic interactions. 

• Human activities including land-use changes impact disease 
dynamics and emergence.

• Landscape studies using a metacommunity framework can provide 
novel insights into the mechanisms of emergence of infectious 
diseases in wildlife including zoonoses.

Conclusions

• The integration of theoretical and empirical findings at 
multiscale approaches will help scientists and policy makers to 
build novel transdisciplinary solutions to predict, prevent and 
respond to different outbreaks including rabies. 

Conclusions



25/11/2016

27

• Oscar Rico 
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