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Requisites for VBD transmission
» Vector presence and survival

* Presence of suitable hosts (reservoirs)

» Pathogen presence and amplification
» Opportunities for human exposure

Vectors: the “weak” link

“We know the cause of it [malaria], and the
manner in which it is spread. We know a
specific cure for it, and several efficient
methods of prevention. It is our own fault then
if we do not reduce it as much as possible”

R. Ross (1910)

“...The spread of yellow fever can be most
effectually controlled with measures directed
to the destruction of mosquitoes and
protection of the sick against the bites of these
L 7 insects”

Fi W \Valter Reed (1911)
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Impact of VBD

Malaria, Chagas,

plague, yellow fever,

VBD Deaths/million
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» west nile virus, EEE,
chikungunya,
* venezuelan equine
encephalitis, RVF...
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dengue, leishmaniasis,
filariasis, lyme disease,

Global trends in emerging infectious diseases
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Linking vectors, pathogens,
hosts and the envwonment

“Much remains to be
discovered about the complex
biological and ecological
relationships among
pathogens, vectors, hosts, and
their environments.”

Vector biology & behavior
<> , , Ecological processes
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“Such knowledge is essential
to the development of novel

and more effective Host pathogen iﬁteractions
interventions”
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Outline

Chagas disease
-Spatial heterogeneity and control

Chagas’ disease

Most important VBD in Latin America
15,000 deaths/yt
9-11 million infected, Latin America

DALYs per 100,000

= A complex zoonosis
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Most human transmission of 7. cruzi
occurs under the thatched roofs and in
‘the patios of the domiciliary sites
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Eco-Epidemiology of Chagas
Disease in Argentina

Vector studies - Reinfestation by triatomine bugs
Reservoir studies of dogs and cats

Sylvatic studies of wildlife and bugs

Scale of study and heterogeneity

Spraying strategies and cost effectiveness
Surveillance and control strategy recommendations

~ 0 20 Ty
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(Rockefeller University); C Spillmann (National Vector Control Program); M
Lauricella (Argentine Institutes of Health); E Dotson (CDC); JP Dujardin
(IRD-CNRS, France); U Kitron (Emory University)
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Reinfestation by T. infestans (5 yrs post-spraying)

Octubre 1993

SPATIO-TEMPORAL ANALYSIS OF REINFESTATION BY TRIATOMA INFESTANS
(HEMIPTERA: REDUVIIDAE) FOLLOWING INSECTICIDE SPRAYING IN A RURAL

COMMUNITY IN NORTHWESTERN ARGENTINA
MARIA C. CECERE, GONZALO M. VAZQUEZ-PROKOPEC, RICARDO E. GURTLER, AND URIEL KITRON
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Moving upscale - Including other villages.
Internal and external sources of reinfestation.
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Moving upscale: the Moreno department

Mechanisms responsible of clustering at the village level
may not act at the Department level.

How can spatial heterogeneity in bug distribution be
qguantified and harnessed to improve vector control?
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of measurement
and analysis
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Mapping community infestation

Prevalence of domestic infestation by T. infestans

‘Geographical information sy and tropical medici

o q 0. A, KHAN', W. DAVENHALL', M. ALL’, C. CASTILLO-SALGADO",
0020 G. VAZQUEZ-PROKOPEC', U. KITRON"™, R. J. SOARES MAGALHAES" and
A. C. A, CLEMENTS""* 2

Awrals of Tropicai Medicine & Parasiology, Vol. 104, No. 4, 303318 (2010)
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Spatially-targeted interventions

Transportation-based network model:
-Contiguous interventions (A)

-Interventions targeting high-risk
areas first (B)

No. of No. of high

communities risk Duration,
Distance  / houses Campaign  Distance, ~ communities/ | high-risk
Modeled covered  sprayed duration high-risk  houses only
scenario' __Location” _(km (workdays) _only (km)® _sprayed (workdays)®
Contiguous
Tintina 1,048 108/1,391 373 1,000 51/572 371
Quimili 1015 112/1244 332 937 53/650 307
All 2,063 220/2,635 373 1,937 104/1,222 371
Targeted
Tintina 1022 108/1391 373 301 51/572 157
Quimili 1,084 112/1,244 332 359 53/650 178
| 220/2,635 373 660 104/1.222 178

20 based on e rule of contiguity (1.¢. te nearest neignbor fist) whereas targeted asETES TOTETR—
city whe i based. * Esti needed to cover the ies identifie
cluster > 0.75) of high domestic infestation.

cost in mobility and personnel:
A =US$51,206 - o AR RV
B = US$24,298) Probability: ®0-0.25 £1026-050 E8051-075 EE0.76-1.00

Vazquez-Prokopec et al. submitted

Conclusions from Chagas study

» Spatial heterogeneity in bug infestation: a pattern
emerging at all scales.

» Spatial contextualization of interventions:

» Insecticide spraying of all sites within 450 m of a
residual foci during spring may help prevent
community reinfestation by T. infestans.

» Risk maps can help improve delivery and
effectiveness of vector control interventions at
coarser scales.

11/4/2011
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Dengue

Annually: Most important
50-100 million infections mosquito-borne
500,000 hemorrhagic viral disease in
22,000 deaths. the world (and

growing)

Average annual number nl DF/DHF §
cases repgp!:gm? WHO & average anhual number of countries reporting dengue
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Dengue epidemics: explosive and
wndespread

Figure 3.
GUAYNABO MORBIDITY SURVEY - fe=g—ien
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Recommendations to QH

» During transmission season consider every
dengue-like case as dengue and apply rapid

response.

»Consider spatial heterogeneity when
designing and implementing surveillance and

control interventions.

»Spatial unit for control actions — spray only
first nearest neighbor houses around each

case.

»GIS-based decision support system for NQ.

Need for spatially explicit consideration
of exposure and transmission patterns

11/4/2011
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Human movement and dengue
transmlssmn In Iqwtos Peru

orrison, Steven Stoddard — UC Davis

Valetrie
» azquez-Prokopec, Uriel Kitron — Emory

Tid Kochel - NMRCD (ONEAY) Funded by NIH/NIAID

Considering human behavior when
estimating dengue transmission risk

Revisiting the Common Assumption:
Infection occurs in the home

If other locations are important, then:

Human movement needs to be considered when
determining exposure and probability of key encounters

11/4/2011
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Using GPS to track human
movements

International Journal of Health O
Geographics BioMled Certa

International Journal of Health Geographics 2009, 8:68

Methodology
Usefulness of commercially available GPS data-loggers for tracking
human movement and exposure to dengue virus

Gonzalo M Vazquez-Prokopec*!, Steven T Stoddard?, Valerie Paz-Soldan3,
Amy C Morrison?, John P Elder4, Tadeusz | Kochel5, Thomas W Scott? and
Uriel Kitron!

Key features:

memory and battery life; durable and tamper-proof; light weight;
design widely accepted by participants; little to no maintenance
required of participants; low cost ($50).

Accuracy: 4-10 m

7

Tracking ~600 e A
individuals with GPS L oArd i

GPS: latitude, longitude,
elevation, time.

2,500,000 data points

Sample balanced between
ages and sexes.

Goal: estimate mobility
parameters of Iquitos
residents.

11/4/2011
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Representing movement data

Contact networks — nodes represent
individuals (or locations), links represent
relationships allowing pathogen
transmission

Hosts ’ ’

Locations

Bipartite &
spatial topology

Geographic |~
space

Mobility network
<€ Vector dispersal
Contact network Vagquez-Prokopec & Bansal, in prep.

A dengue contact network

," iy ; O i
. Locations o s
‘ Participants '_w'-‘ P

Vazquez-Prokapec et al. in prep.
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lquitos study
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West Nile virus in urban
Atlanta, GA

% Collaborators
R . .*f;r--..... ’ P Thomas Burkot — CDC
€ Danny Mead — UGA

Dead End
t

.

Cycle ,

Gonzalo Vazquez-Prokopec, Luis

H EEE & WNV .‘- Rosmarie Kelly — GA-DPH
: / Encephalitis =
..'. Chaves, Uriel Kitron - Emory

Combined Sewer Systems and
Mosquitoes

Am. J. Trop. Med Hyg, TI(3). 2007, pp. 478484
Copyright © 2007 by The American Society of Tropical Medicine and Hygicne

Combined Sewage Overflows (CSO) Are Major Urban Breeding Sites for Culex
quinquefasciatus in Atlanta, Georgia

Lisa M. Calhoun, Melissa Avery, LeeAnn Jones, Karina Gunarto, Raymond King, Jacquelin Roberts, and Thomas R. Burkot*
Division of Parasitic Diseases, Centers for Disease Control and Prevention, Atlanta, Georgia

H

3

Does the high mosquito
productivity translates
into a higher WNV
transmission risk?

2

&

3

Samples Positive for Mosquitoes (%)

Average Water Flow Rate (kilogallons/min)
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.

Dsigned to carry both sewage and storm water.

When flow exceeds the maximum capacity of the sewer
systems, it overflows directly into bodies of water with
minor treatment.

Atlanta: 7 CSO facilities located in close proximity to
residential, commercial and recreational sites.

{ESE ENVIRONMENTAL oven @ sccess
arch VoLUME 118 | NUMBER 10| October 2010 + ehp HEALTH 8
PERSPECTIVES

The Risk of West Nile Virus Infection Is Associated with Combined Sewer
Overflow Streams in Urban Atlanta, Georgia, USA

Gonzalo M. Vazquez-Prokopec,’ Jodi L. Vanden Eng,2 Rosmarie Kelly,? Daniel G. Mead,?* Priti Kolhe,®
James Howgate,? Uriel Kitron,"® and Thomas R. Burkot?

TEmory University, Atlanta, Georgia, USA; 2Centers for Disease Control and Prevention, Atlanta, Georgia, USA; 3Georgia Division of
Public Health, Atlanta, Georgia, USA; *University of Georgia, Athens, Georgia, USA; SFulton County Department of Health and Wellness,
ISA

Atlanta, Georgia, USA; ®Fogarty International Center, National i of Health, Y
Cx. quinquefasciatus WNV infection in WNV infection in WNV infection in
abundance Cx. quinquefasciatus dead corvids humans

# [ ocat clusering 16, a0 Spatial clustwing
1 Poste

I Negstive

WNYV infection in mosquitoes, birds and humans clustered in close
proximity to CSO streams.

11/4/2011
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Risk factors of WNV infection

Residential use

Response variable, Distance | Distanceto | Treecover Meantree Low Medium High Wetland Forest Barrenland Elevation

modal® 10 CSO(m) gatch basin (m)] range (%) |cover (%) (%) (%) (%) (%) (%) (%) {m) Constant AIC AAC ®f

WNV infection i Cx. i
1 —6.9e4" — — — — — — — — — — —1.26" 4062 00 0558
2 —7.5e-4" 2484 —_ —_ —_ — -_ _ —_ —_— —_ -1.28" 40783 163 0247
3 — — 0.04* 0.04 - - = = — — — -370 4088 26 0152
4 — - —_ _ 140 -444 004 -333 333 2219 =003 =183 41215 585 0028
5 —2.1E-5 1364 004 131 -123 155 651 695 407 0z 0.0 —-403 4139 77 002
6 3564 — — - - = = — — - -151" 41967 1347 0001
Tao, \ 081 ) 0.0 0.152 0.0 0.0 00 00 00 0.0 0.0 00

Mosquitoes: Distance to CSO, followed by Tree cover range

2000 U.S. Census

Response Maannistanc; Meandistanceto Meantree Mean elevation Percent houses Median household  No. dead

variable  Model 10 CSO [m) catch basin (m)  cover (%) {m} 1950s-1960s  income (U.S. dollars) corvids  Constant AIC AAIC of

Human WNV incidefice
1 —BE-5"" —_ -0.0018 - =1E-5" -0.0362 360 3000 00 0817
2 —BE-5"" 56-5 -0.0012 -0.0018 —26-5" -0.032 413" 3131 4l 0.105
3 —8E-5° 3E-5 — — — -0.117" 265" 3148 58 0.04
4 — —_ — — -2E-5" - 358" 3168 78 002
5 — — -0.020" -0.0035 — — 37" 3169 19 002
Zay; 097 0.0 0.02 00 092 0.04

WNV-positive corvi§ death ratio
1 -BE-4" — 0.194* - 0.10%5 1.0e-5* - 476" 7070 0 0913
2 —BE-4" 2E-5 0215* -0.0159 0.1023 —6.0E-5 — 10.46* 7117 a7 009
3 -_ - —_ _ 0.186” 1464 —_ 119 182 212 0.00
4 — — oz =0.0017 — — — 483 1284 n4 0.00
5 -3-4 -1E-5 — — - —_ - 161" 7399 329 0.00
Ty 10 ) 00 10 00 00 091

Humans: Distance to CSO and housing age, followed by median income.
Birds: Distance to CSO and mean tree cover, followed by Median income.

Observational, laboratory, and semi-
natural experiments

e
e

The role of CSO in
mosquito population
dynamics.

Oviposition preference
Fitness and behavior
Density dependence

Tanyard creek
cso

Peavine creek

Non-CSO cDC

insectary

11/4/2011
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Monitoring CSO (T) and
non-CSO (P) streams

Days
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Conclusions from WNV study

» Sewage overflows impair natural streams.

* Reduction of stream richness and diversity
(including mosquito predators)

* Increase in Culex sp. abundance.
* Abundant bird populations in riparian forests.

» Opportunities for human exposure

* More WNV.

11/4/2011
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VBD: a more complex picture

DT

Landscape/environment

Scale & Heterogeneity L X
b |
| L3
L - ector Dispersal, Movement,
Behayior, Survival Invasion

|
i o AT Y

eservoir Parasite
Capacity, Community ecology Within Host Genetics &|evolution
Between Hosts

Social, Economic,
Political Factors

Domestic-peridomestic-sylvatic
connection

General Conclusions

» Spatial dimension, an essential component of
VBD transmission dynamics and control.

» Vector biology and ecology are rich in diversity &
have significant impacts on VBD transmission.

* GlScience has dramatically increased our ability
of detecting and understanding the linkages
between vectors, humans and the environment.

« A multidisciplinary endeavor.
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