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LANDSCAPE GENETICS

Interdisciplinary field premised on the idea that exploring spatial variation in genetics can
illuminate how organisms exist in and move across the landscape.

Two steps to a landscape genetics analysis.
First: Pattern
How genetic characteristics vary in space,
Second: Process

Correlate those patterns with specific characteristics of the underlying landscape.

Goal: Identify the landscape factors that drive evolutionary processes.

Which in turn enables scientists to predict future developments of genetic diversity.



SO FAR...

Primarily focused on plants and animals rather than
pathogens or people.

Infer colonization patterns, habitat restriction and
extinction events of mammals, reptiles, insects and
plants.

More recent recognition that landscape genetic
techniques can be used to explore drivers of disease
spread and parasite transmission and gene flow as they
relate to human illness.




LANDSCAPE GENETICS OF INFECTIOUS DISEASES

Answer questions about what features of human-natural

landscapes drive disease emergence and pathogenic
evolution.

What local level population and environment variables
are related to molecular evolution of pathogens! Or
act as barriers to spread of pathogens! Or drive
diffusion of new variants! What is the impact of
vaccination campaigns!?




JOHN SNOW 2.0: GEOGRAPHY OF PATHOGENS:
SPATIAL AND MOLECULAR EPIDEMIOLOGY




DARWIN 2.0: COMBINING SPATIAL AND GENETIC
INFORMATION USING BIOMARKERS

Finer spatial and temporal scales made possible by high-resolution
molecular and geospatial datasets.
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MEASURING SPACE AND PLACE

TECHNOLOGY
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Don’t Reinvent the Wheel: Studies of Space, Place and Health and Studies Not On Health
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STEALTH MALARIA

* Rapid diagnostic tests (RDTs) account for more than two-thirds of malaria diagnoses
in Africa.

* Deletions of the Plasmodium falciparum hrp2 (pfhrp2) gene cause false-negative RDT
results.

* Spread of hrp2-deleted P. falciparum mutants would represent a serious threat to
malaria elimination efforts.
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LANDSCAPE GENETICS IN AVIAN INFLUENZA
ETIOLOGY RESEARCH
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H5N 1| IN VIETNAM
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HPAI H5N1 genotypes from
introduction and reassortment in

Vietnam from 2001 to 2007 (Wan et al.,
2008).




H5N | AVIAN INFLUENZA
DATASET
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locations of virus isolation.



Population
Species genetic predisposition
Systemic vs. localized infection
Age structure
Nutritional Status
Previous exposure

W

H5N1 Avian Influenza

Behavior Environment
Ediicational status Landcover classification
Poultry & pig population density

Transportation traffic patterns
Presence of water bodies
Crop productivity
Elevation

Socioeconomic status
Population density
Cross-species interactions
Urban vs. rural residence
Health care access & use




GENETIC VS. GEOGRAPHIC DISTANCE:
H5N I IN VIETNAM
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SUMMARY

Evolution of H5N viruses in Vietnamese domestic poultry is highly correlated with the location and spread of
those viruses in geographic space.

This correlation varies by time, and gene, though a classic isolation by distance pattern is observed.

Variables relating to both the environmental and social ecology of humans and birds in Vietham interact to affect
the genetic character of viruses.

A combination of suitable environments for species mixing, the presence of high numbers of potential hosts, and
in particular the temporal characteristics of viral occurrence, drive genetic change among H5N I AlV in Vietnam.

Wan et al. 2007 Avian Diseases. 51;Wan et al. 2007 Bioinformatics. 23(18);VVan et al. 2008 PLoS One. 3(10); Carrel et al. 201 | Avian Diseases.
6(4); Carrel et al. 2012 EcoHealth. 91(1); Carrel et al. 2012 Health & Place. 18(5); Carrel et al. 2010 PLoS One. (5)1.



SWINE FLU IN CHINA AND
UNITED STATES

The central hypotheses of this study are that:

1) novel swine influenza viruses (SIVs) (e.qg., avian-like novel HIN1 and H3N2v viruses) continue to
emerge and evolve to be highly transmissible viruses,

2) intercontinental movement of genetic segments in the US and China will further diversify the swine
infulenza A virus (IAV) population and facilitate emergence of novel SIVs, and

3) unique ecological factors drive evolutionary dynamics of IAVs in the two largest swine industry systems.



SWINE INDUSTRY IN CHINA
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DEEP LEARNING METHODS:
SWINE FLU

Feature Representation MLNN
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LANDSCAPE GENETICS IN MALARIA VACCINE
EVALUATION RESEARCH

Gametocyte of P, falciparum



RTS,S MALARIA VACCINE
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OVERALL PHASE 3 TRIAL EFFICACY

Efficacy against all episodes of clinical malaria was estimated

36.3% effective against clinical malaria in children (5-17 months)

22% in Manhica, Mozambique

50.8% in Lilongwe, Malawi
74.6% in Kilifi, Kenya

MALARIA
VACCINE

May be more effective in higher transmission intensity areas

Less effective in infants (6-12 weeks)



CONCEPTUAL FRAMEWORK OF EFFECT MODIFIERS ON
MALARIA VACCINE EFFICACY

Environment and Behavior

2 Geographic Household
Proximit
I . Wlate:l Location of TN and IRS II
Household Use
Transmission Neighborhood ITN
Intensity andIRS Use

Receipt of Malaria
Vaccine Infection

Infecting
CS
Antigen
Type

Host Genetics Parasite Genetics

Resistance

Other Malaria
Polymorphisms




ECOLOGICAL VARIABLES

Table 4: Ecological variables.

Age

Sex

ITN Use by each family member
Malaria in household member
Household insecticide spraying
Proximity of water to house
Vegetation and type near house
Household wall materials
Malaria transmission intensity
Population density near house
Rainfall

Elevation
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Land use land cover
NDVI and other vegetation indices




Figure 2: Google Earth images of sections of trial catchment areas in (A)
Kintampo, Ghana, (B) Lilongwe, Malawi, and (C) Lambarene, Gabon.
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WITHIN-SITE VARIATION OF BED NET USE
AND MALARIA PREVALENCE

Bed Net Use




MALARIA PARASITE DIVERSITY




HUMAN HOST GENETIC DIVERSITY- HLA
TYPE




IMPACTS OF ECOLOGY, PARASITE ANTIGENIC
VARIATION, AND HUMAN GENETICS ON RTS,S/ASOIE
MALARIA VACCINE EFFICACY

Human Leukocyte
(HLA) Type

Vaccine Response Vaccine Response
(Doses 1-3)

Complete

Rebound Malaria

Age (Months)



SUMMARY

There is growing evidence that both genetic variation in
the parasite and variation of human host genetic factors
affect RTS,S vaccine efficacy.

These genetic factors may be interacting in complex
ways to produce variation in the natural and vaccine-
induced immune responses that protect against malaria.

Transmission intensity may have a role pre- and post-
vaccination in modulating immune responses to the
vaccine.




Spatial Health Research Group

University of North Carolina at Chapel Hill

Spatial Health Research
Group

Research Team
Projects
Prospective Students
Links

Contact Information

Dr. Michael Emch Check us out on Twitter: https:/ /twitter.com/SpatialHealth
UNC-Chapel Hill
CB3220 The Spatial Health Research Group at the University of North Carolina at Chapel Hill is led by Dr. Michael Emch. Research

Chapel Hill, NC 27599 activities focus on exploring spatio-temporal patterns of disease, primarily infectious diseases of the developing world. Disease

S —— patterns are studied using a holistic approach by investigating the role of social, natural, and built environments in disease

Recearch Team memibers occurrence in different places and populations. Diverse statistical and spatial analytical methods are informed by theory from the
fields of medical geography, epidemiology, ecology, and others. These theories and methods are used to examine topics such as
how social connectivity contributes to disease incidence, the role of population-environment drivers in viral evolution, and using
environmental indicators to predict disease outbreaks.

Funding

National Institute Of Allergies And Infectious Disease, National Institutes Of Health
(NIAID), 1R01-A1137410-01.

NSF 20-585 Ecology and Evolution of Infectious Diseases, Award # DEB-210974.
MALS55 Phase Ill clinical trial for malaria vaccine, PATH Malaria Vaccine Initiative.

National Science Foundation, Award # BCS-0717688



https://www.med.unc.edu/medicine/infdis/ideel

