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Ecology and health:
Control of emerging and re-emerging
infectious diseases transmitted by wildlife.
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Microorganisms and life on earth

Microorganisms (virus, prions, %?’% @ i‘%ﬁ
bacteria, protozoa) have higher
species diversity than their hosts 3 e *C# %o,
and represent +- 60 % of the ®e o
biomass on earth.

@%:0 90
They produce at least half of the =
oxygen we breath (Gans et al, @ ©'. @ 'f;ff

2005)




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
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Tree of Life. Phylogenetic {evolutionary) tree diagram tracing the
past four billion years of life on Earth. The tree is based primarily
on ribesomal RMA datasets. (Graphic courtesy David M. Hillis)

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

Mesosaurus

Gradual Global changes

a Luoetal'

b Rich et al.?
and Flynn et al.3

Tethys Sea

Tathys Sea
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Actual changes and viral diversification

Dengue virus H3 N2

Actual Global changes

Changes in biotic interactions produce changes in Ecological and Evolutionary relationships

of California Press 2010)

Percent of the earth's habitats that umans
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Global changes and zoonotic
disease emergence
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M Land use changes
Ml Human susceptibility to infection

" Agricultural intensification
Antimicrobial agent use

Food industry changes
B War and famine

B Bushmeat
Other

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

e Often related to increased
disease risks for both
humans and wildlife

[Research [ Meeting Report |

on Land Use Change and

Unhealthy Land Policy R
Infectious Disease Emergence

Jonathan A. Patz,’ Peter Daszak? Gary M. Tabor,? A. Alonso Aguirre.* Mary Pearl,* Jon Epstein,? Nathan D. Wolfe,%
A. Marm Kilpatrick? Johannes Foufopoulos,® David Molyneux,” David J. Bradley,® and Members of the Working

Group on Land Use Change and Disease Emergence -
Effects of Habitat Fragmentation on Choke Disease (Epichloe bromicola) in
the Grass Bromus erectus STO

Kathleen Groppe; Thomas Steinger; Bernhard Schmid; Bruno Baur; Thomas Boller
Journal of Mammalogy, 89(3):684-690, 2008

The Journal of Ecology, Vol. 89, No. 2. (Apr., 2001), pp. 247-255.

EPIDEMIOLOGICAL CONSIDERATIONS OF RODENT
COMMUNITY COMPOSITION IN FRAGMENTED
LANDSCAPES IN PANAMA

GERARDO SUZAN,* ANIBAL ARMIEN, JamEs N. MiLs, ERIKA MARCE, GERARDO CEBALLOS, MARIO AVIL,
JorGE SALAZAR-BRAVO, Luts RUEDAS, BLAS ARMIEN, AND TERRY L. YATES

Am . Trop. Med Hyg. T46), 006, pp. 111110
Copyright © 2006 by The American Socicty of Tropical Mediciae and Hypicne

MODELING HANTAVIRUS RESERVOIR SPECIES DOMINANCE IN HIGH
SEROPREVALENCE AREAS ON THE AZUERO PENINSULA OF PANAMA

GERARDO SUZAN, J. TOMASZ GIERMAKOWSKL* ERIKA MARCE, HUMBERTO SUZAN-AZPIRI, BLAS ARMIEN,
AND TERRY L. YATES
Museum of South Biology and Dep of Biology, University of New Mexico, Albuguerque. New Mexico; Escuela de
Biologia, Facultad de Ciencias Nuturales, Universidad Auténoma de Querétaro, Querétaro, México; Instituto Conmemaorativo
GORGAS, Ciudad de Panamd. Panama
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Rodents and hantavirus reservoirs
at landscape level

Spatial representation of relative abundance for
Zygodontomys brevicauda and Lyomys adspersus for
\\ Fuente: Instituto Conmemorativo Gorgas, Panama, 2003 ]
= =
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Responses of Small Mammals to Habitat Fragmentation:
Epidemiclogical Considerations for Rodent-Borne
Hantaviruses in the Americas

André V. Rubio,” Rafacl Avila-Flores,” and Gerardo Suzén'

sidad Naciomal

nro de Eol » Amimales de Laboratorio, Facultad de Medicinag Vererinaria v Zootecnia, Ui
£ istriter Vederal, o

de Tabasco, Km 0.5 Carrerera Villahermosa-Clrdenas, C.P. 86039

* Hantavirus strains known to produce disease in humans.

Hantavirus reservoir hosts @] Overall (11)

——8—— Peromyscus i6)

f————8——— Others(8)

Non-hosts small mammals

——————— Ovenall (30}

|H——@—— Rodents (24)

| Marsupials {6)

08 <06 04 02 00 02 04 06 08 10
Effect Size (Zr) £ 95% (1

Figure 1, Effect sizes £95% CI of small mammal abundances (hantavirus reservoir host and non-host small mammals) associated with patch
size reduction. Sample size of effect sizes are shown in parentheses. The vertical dashed line indicates the 0 value. Effects are statistically
significant when the 95% CI of effect sizes do not overlap with 0.

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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Bovine Rabies and vampire bats
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Las pérdidas directas por concepto de mortalidad de 335 cabezas
de ganado durante 2012 asciende a §7, 526, 750 (US Dis. $
589,408.77)

Bovine Paralytic Rabies

U Death of more than 4000 animals per year with large economic
impact in Mexico
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Bovine Rabies in the State of
Puebla Mexico

Committee of Animal
Health and Health
State department

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

Carrasco-Hernandez
et al. unpublished data

Landscape scale

.
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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.
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Landscape scale

Response of Rabia_Bovina to vbordsum10k

Logistic autput (probability of presence)
s e v =8 e o o=
" @ @ N @ @ B

o
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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)

Carrasco-Hernandez et al. unpublished data

Geographical Model of Bovine Rabies Risk
for the State of Puebla, México

2007

J 2008

2009

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

Present distribution

- Present

@ Counties with reports Huimanguilld g Tizimin, Yuc.
(153,643 cabezas) (125,574 cabezas)

Ty

Potential distribution of vampire bats in México

1

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

Area bajo la curva: 0.92 Zarza et al in Review
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Future scenarios

Presente (1,392,000 km?)

GFDL & HADGEM2 2015-2039
(1,121,800 km?)

Zarza et al In review

Future scenarios

80,000 cabezas

D
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Thanapongtharm et al. BMC Veterinary Research (2015) 11:81
DOI 10.1186/512917-015-0390-0

BMC
Veterinary Research

RESEARCH ARTICLE Open Access

Spatial characterization of colonies of the flying
fox bat, a carrier of Nipah Virus in Thailand

Weerapong Thanapongtharm'", Catherine Linard®?, Witthawat Wiriyarat®, Pornpiroon Chinsorn’,
Budsabong Kanchanasaka®, Xiangming Xiao®’, Chandrashekhar Biradar®, Robert G Wallace® and Marius Gilbert>*
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Metapopulation and diseases

* Several species have a metapopulation structure

* Spatial structure of host population affect infectious
dynamics.

Journal of Wildiife Discases. 51(1). 2015, pp. 2535
©

DO 10.7550/2015-10-259
fo Discase Association 2015

RISK FACTORS ASSOCIATED WITH PREVALENCE OF ANTIBODIES
TO LEPTOSPIRA INTERROGANS IN A METAPOPULATION OF
BLACK-TAILED PRAIRIE DOGS IN MEXICO

Ana Montiel-Arteaga,”* Daniel Atilano,’
Gerardo Suzan'
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Species diversity and disease ecology

Plants
* Teophrastus (372-288 B.C.)
* Diversity disease hypothesis.

(Elton, 1958, Knops, et al.,
1999).

Species diversity loss and infectious diseases

Ecology Letters, (1999) 2:286-293

Effects of plant species richness on invasion
dynamics, disease outbreaks, insect abundances and
diversity

' 7 - = —
== == e

L |1 Knops et al 1999 : e

Plant invaders. 1997 ]

Disase severty inde
Invading Species
Total Biomass (g/m?)

0 5 10 15 20 2

Plant Species Richness

Plant species richness

Table 1 | Biodiversity loss can i tr

Disease Mechanism Reference

Amphibian limb maiformation B 12

Bacteriophage of Pseudomonas syringae B 52 .
Coral diseases A 53 Keesi ng et al 2010
Fungal disease of Daphnia B 54

Hantavirus disease AB 23,55-57

Helminthic parasite of fish A* 58

Lyme disease AB 18,22,59

Malaria A 60

Puccinia rust infection of ryegrass A 10

Schistosomiasis B 12

Trematode diseases of snails and birds B 61-63

West Nile fever A* B* 7-964

Disease examples are since 2005, A more complete table, including several counterexamples, is
available from the correspanding author. Mechanisms for effects were reported by authors or
demonstrated in the text (A = host/vector abundance; B = parasi jour see Box 1
for details). Asterisks indicate a suggested mechanism. Other studies have been reviewed

elsewhere” &%,

25/11/2016
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Experimental Evidence for Reduced Rodent Diversity
Causing Increased Hantavirus Prevalence

Gerardo Suzan'”, Erika Marcé®, J. Tomasz Giermakowski’, James N. Mills®, Gerardo Ceballos?, Richard S.

Ostfeld™, Blas Armién”, Juan M. Pascale®, Terry L. Yates’

1 Museum of Southwestem Bioloay and Depatment of Siology, University of New Mexico, Albuqueraue, New Mexico, United States of America. 2 Division of Viral and
e o o

¢ Both the reservoir abundance and
seroprevalence of hantavirus
competent reservoirs in wild rodent
communities will increase when non-
reservoirs are removed.

PN B ACCESS Freety availabis orline @ pLos one

Experimental Evidence for Reduced Rodent Diversity
Causing Increased Hantavirus Prevalence

Gerardo Suzan'”, Erika Marcé®, J. Tomasz Giermakowski’, James N. Mills®, Gerardo Ceballos?, Richard S.
Ostfeld™, Blas Armién”, Juan M. Pascale®, Terry L. Yates’
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Hantavirus. species diversity and evolution

(Garcia- Pefia et al in
prep.)
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On the theoretical generality of the dilution effect for
endemic vector-borne diseases
Roche et. al. Philosophical Transactions B. In press
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Virodiversity in México

13 Families identified by consensus PCR :

Virodiversity of Mexico

e Coronavirus 125
¢ Adenovirus

. 10.0-
e Herpesvirus
e Astrovirus 75-

. (%2}

e Paramyxovirus E
* Alphavirus 507
e Filovirus 25-
e Flavivirus
e Lyssavirus 0.0+

Adenovirus Astovirus Herpesvirus Coronavirus

e Seadornavirus
e Arenavirus
e Hantavirus

e Bocavirus EcoHealth Alliance

Viral diversity of bat communities in human-
dominated landscapes in Mexico.
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Figure 4. Viral richness in the three regions of study: (A) Greater Mexico City, (B) Montes Azules and (C)
Calakmul. Number of virus genotypes discovered per region is shown. Figure 2. Rarefaction and extrapolation sampling curve based on 1,067 samples. Orange line represents

accumulation curve of virus genotypes over samples tested. Green point, viral richness = 221n 1,067 samples
analyzed for virus tested. Sold green line: rarefaction curve, green dashed ling: extrapolation-sampling curve.
‘The numbers of samples needed to obtain the percentage of completeness of 85, 90, 95 and 97% are
presented

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

25/11/2016
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Different spatial scales of analysis

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.
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Ecology and Evolution

HYPOTHESES

Metacommunity and phylogenetic structure determine
wwrildlife and zoonotic infectious disease patterns in time
and space

Suzan®, el E. i
Maria J. Tolss . Benjamin Roche>, R
Carlos Zambrana-Torrelio®, Marion Vittecoqg?, Xawi
Anne-Helene Prieur-Richard®, James M. Mills™ & J

A B
|

(A) Metacommunity

.‘r Non host species

4{ | Reservoir host

‘/..
| Alternative host

(B) ehylogeny
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At community and metacommunity level

—: [ . . Saccopteryx_bilineata
B + Rhynchonycteris_naso

Carollia_brevicauda
Glossophaga_soricina
Glossophaga_commissarisi
Mimon_bennetti
Micronycteris_schmidtorum
Desmodus_rotundus

i { ] Myotis_keaysi
£ : Myotis_nigricans
. ) Antrozous_dubiaquercus
. ) Platyrrhinus_helleri
[ ] Uroderma_bilobatum
[} (] Artibeus_phaeotis
- Artibeus_toltecus
. o Artibeus_ituratus
ry . Artibeus_jamaicensis
@ o Sturnira_ludovici
. ) Sturnira_illum
= @
® v
[ ] [ ]

A. Lacandona

00~00~0‘.‘(‘Q0~.~0~0

B + Pteronotus_davyi
: (] : Mormoops_megalophylla

D F P

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

(Rico-Chévez et al unpublished data).

At metacommunity level

1,00 100- R?=0.50 A o A
p=0.01
Q (o)
I¥] o]
% 0.75+ % 0.75- A
2
] p
o o
£ £
“gﬂ 0.50- ug)v 0.50-
© ©
< =y
[s] o
025 ° 0.25- °
| |
03 05 07 09 04 06 08 10
Beta Diversity (Bsor) Phylobeta Diversity (PBsor)

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

(Rico-Chavez et al unpublished data).
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Meta-analysis of rabies sequences and bats

Host richness

Eptesicus_fuscus:
Tadarida_brasiliensis
Myotis_nigricans
Desmodus_rotundus:
Molossus_molossus
Lesiurus_cinereus
Lasiurus_berealis
Lasiurus_ega
Lasionycteris_noctivagans
Myotis_evotis
Molossus_rufus
Lasiurus_irtemedius |
Lasiurus_blasseilli
Eptesicus_furinalis
Eptesicus_brasiliensis
Myotis_yumanensis
Myotis_velifer
Myotis_cccultus
Myotis_californicus +
Eumops_nanus
Eumops_ferox
Artibeus_lturatus
Artibeus_jamaicensis {

Host

Viral Richness
Mendoza et al 2016. In prep

Meta-analysis of viruses and bats

Numero de Especies

Numero de Virus
U
e
[2t-20
[ Jar-eo
[et-80
R
I o -0

Mendoza et al., 2016. Resultados preliminares
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Beta-diversity and virus diversity

0.100

Species diversity I
0.025

0.000

0.100
0.075
Phylogenetic diversity

2
£ 0050
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0.000

éWhat is the best landscape structure to
prevent rabies outbreaks?
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Conclusions

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.
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Interdisciplinarity and Infectious Diseases: An
Ebola Case Study

3 -, + Roche?®, Xawier Bailly®,
Pierre Becquart®, Gabriel E. Garcia-Pena®®, Parviez R. Hosseini”, Felicia Keesing®,
Annapacia Rizzoli®, Gerardo Suzan', Marco Vignuzzi*, Marion Vittecoq™, James
N.Mils '3, Jean-Frangois Guégan®
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Fig 1. In the two leftmost panels, we depict the of from Each level of the
hierarchy reflects an increas in organizational complexity, with each level being primarily composed of the previous level’s basi i els
llustrate how the study of interactions between infectious disease agents and their hosts differs across tt public health, and

sciences. Specifically, biomedical sciences typically focus on lower- and medium-scale levels of biclogical organization (e.g., molecules, genes, and organs).
In contrast, public health and ecological sciences typically focus on medium-and higher-scale levels of organization (individual, population, community,
‘ecosystem, and environment). The filled circles and sdlid lines connecting the circles ilustrate key cross scale biological interactions studied within each
field. The right panel shows example knawledge gaps that can emerge from the “typical” segregation of research activities acrass the three fields. To better
infegrate our understanding of the causes and consequences of zoonatic infectious diseases, researchers must begin focusing on these types of missing
links.
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