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West Nile virus in Chicago

¢ Introduction

¢ Establishment

¢ Distribution i an urban axea § - —




West Nile Virus in Illinois
WNV- appearedim NYC durng 1999 (armved from: the old world)

2001°="123 positive bird'specimens; (- human;cases

2003°=-54 " human' cases; 1" death (U:S —9.862/264)
2004=60 human' cases, 4 deaths (UsS: —2:539/100)

;12 deaths (US: — 30007119
, 10/ deaths (U.S: — 4269/177)"" 1%+

2007 = 57 human cases, 4 deaths (U.S. — 3,576/115) - -
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West Nile Virus (WNV) Tested Horses, Mosquitoes, & Birds:
August 19, 2001 - October 13, 2001

DRAFT
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=" Positive
Mosquito Collection Sites
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Negative
Birds
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Negative

30 Kilometers
T ] —

Source: linois Department of Public Health in corporation
withthe Division of Epidemiology. Department of Veterinary
Pathobiology, UIUC , April5, 2002




Distribution
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A historical perspective...

¢ 1901 New: York Times |reierrmg to
Chicago’s 19t ward|: = dirty strcets; filthy;

alleys, impurne water cause|d anj epidemic
ol typhoid fever and malaria.
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¢ 2002: Outbreak off WINV.
In humans




VWNV ana
SLE

¢ Strong spatial pattern
foxr: both outbreaks

¢ T'wo statistically

significant foci ofiviral

activity:

— North (Skokie/
Eyanston)

— South (Oak Ioawn)
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Clusters of census tracts based on four factors
derived from a set of demographic and environmental

Dominant variaies 10112004 . R
patterns in the TR
Chicago urban ‘

landscape

¢ Each different

colored area
represents a place
with' a common Set
of factors related to B
housing, vegetation.,
SOCI0-economics, and |
Clusters (tsc_6356) : ,‘
land use Ij Newer, wealthy, hilly, natural i Th- 5

| Pre 1940 housing, somewhat natural
I | Young, low income, Black, some 40's - 60's housing

RlliZ et al) Int'l J Health GeOg 2004 ]:J High density, white, low vegetation, little 40's to 60's housing

Dominated by 40's to 60's housing, white. moderate veg & pop density
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Urban lype 5, dominated by 40s and'50s
housing. Mostly white, moderate vegetation
and moderate population density:

435 cases (64%) were In this group,
cases per 10,000 people ( ):
(All'other types cases per 10,000)
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In hot'dry years
~habitat for Culex
mosquiterlarvac
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What’s hapgening within the hot spot?

Chicago Lake
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Methodological approach

¢ Mosquito vector sampling to) characternize
patterns of viral' amplification and host fecdimng
preferences (blood meal analysis)

¢ Avian host sampling to; characicrize avian
communities and miection rates

¢ Molecular epidemiological'studies o WINV 0O
micr patterns of transmission and' evolution




Vector Community

Adult Mosquito, F'rapping - MIR:
—  [light trap; gravid trap, aspirator

Quantification ofiMosquito Productivity

—  (Catch basins; containers

Index ofi Culex: Density.
—  Ovitraps

MosquitoBloodmealifAnalysis
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Total Culex and Culex Minimum Infection Rate 2005

mmm Total Culex sp.
—— Cx. pip. MIR
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Sharp risein MIRS comncides withrappearance ofitledging birds




Spatialtheterogeneity mimosquitouniection rates
among sites within'the*shot'spot-area

July 30— Aug
19,2006




Avian Host Community

Bird Surveys
—  [line transect bird suryveys during May and June
Bird Mist=netting

—  6-8 nets/morning from sunrise to noon
during May to'October:

Seropositivity ofi Captured Birds
—  ELISA
Virus Detection in Captured Birds (RT-PCR)
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Density of.competent avian hosts w
within the study area

Species Density/Acre

House Sparxow (Passer domesticus) 15.19
8.62

Red-winged Blackbixd (Agelaius phoeneceus) 2.49
Huro: Stacling (Sturnus vulgaris) 2.08
Mourning Dove (Zenaida macroura) 1°88
American Goldiinch (Carduelis tristis) 1075
Mallaxd (Anas platyrhyrnchos) 1,46
Common Grackle (Quiscalus quiscula) 0.83
Cedar Waxwing (Bombycyllum cedrorun) 0:29
American Crow (Corvus brachyrhynchos) 0.27




Blood meal . W l“')

analysis
¢ 15112 bloodied mosquitoes
capturediin 2005 and 2006

¢ 64%0 Culex piprens, 1950 C. restuans, 1550 Aedes
Vexans

¢ Blood 'meal'sources identified in 827 (74%)
mosquitoes

— Kaillure to 1D blood meals retlected advanced
stage ofidigestion

¢ Eor: C. pipiens, 8350 blood meals were avian, 17%
mammalian.




Robins!

» Robins in suburban Chicago: ek
— Abundant - 8.6/ per: acre (Second only to
house Sparrows)

— Pretexred by Culex pipiens (feeding

prejerenceindex:=2) while HHouse Sparrows
are avoided (0:25)

— Kledge and expand in population numbers at

the same time that WNV IR increases in
mosquitoes




“Smoking gun”
mosquito

Blood meal analysis on individual Culex pipiens that were
also positive for WNV by PCR

Date Species Bloodmeal 1D

7/20/05 Cx. pipiens:  House Sparrow

3/19/05 Cx. pipiens: American Robin
JPAUAUS Cx. pipiens: American Robin
917105 Cx. pipiens

Hamer et al., Journal of Medical Entomology, 2008




R'/ Po)

W Findings

¢ Sharp rise i MIRS coincides with appearance of
fledging birds

¢ Robins are likely key reservoir hosts

o WINV- detection frxom Culex pipiens containing
American Robin and Human blood meals
providesidirect evidence ofitheir role in
transmission and as a bridge vector




Conclusions

Iixceptional variation within hot Spots

¢ llandscape ecology
& V.ector ecology -

¢ Avian host ecology -

¢ Virus evolution




Future
directions

s Elucidate fundamental ecological process: = "
that drive fine-scale variation i WINV. "
transmission: withim:suburban Chicagorhot

¢ Hocus onispatial scales as fine as 10m?

— Microgeographic studies ofilandscape ecology and climate
— Measure dispersal patierns o mosquItoes (rom OVIPOSItion Sites
— Tiracksdaily (andnightly)raggrcgation patierns oL robins

— Map fine-scale WINV- fransmission using molccularmethods

¢ WINV: Research in Atlanta




West Nile Virus in Atlanta, GA

Collaborators

Rosmarie Kelly = Georgia Department of: Human Resources/Idivision
of: Public Health

Thomas Burkot'="CDEC

Jody Vanden Eng— CDEC

Unel' Katron'— Emory: University

(Gonzalo Vazquez-Prokopec — Emory: University.

[Puis Chaves — Emory University.
[Danny Mead'- UGA




cumulative cases
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Human cases in Georgia ~10 times lower than in Illinois
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Why WNYV transmission in Georgia is that low ?




WNYV in Georgia

Infection in birds

* 2001-2007 dead bird surveillance: 1,884 (+) / 7,396 tested (25%). Most
(89%) infected dead birds were crows and blue Jays.

* Northern cardinals, rock pigeons and ground doves seem to play a
significant role in virus amplification.

Species

Rock pigeon 847 155 18.0
(Columbna livia)

Northern Cardinal 3000 443 148
(Cardinalis cardinalis)

Common ground dove 61 15 246
(Columbina passerina)

Gray catbird 264 25 9.5

(Dumetella carolinensis
Northern mockingbird 329 32 97

(Mimus polyglottos)
Brown thrasher 327 12 37
5 (Toxostoma rufum)
& House finch 979 19 19
A" Yeafs (Carpodacus mexicanus
» H House sparrow 1057 18 1.7
Combl ned (Passerp domesticus)
Tufted titmouse 489 3 0.6
(Baeolophus bicolor)
Canada goose 2609 8 03
(Branta Canadensis)
All species tested 14077 868 6.2
(n=83)2

Source: Gibbs et al. 2006



WNYV in Georgia

Mosquitoes

* Culex quinquefasciatus the most important
Vector. Found 1n >84% of WNV+ tested pools.

Common urban habitats for Cx quinquefasciatus:
* unmanaged residential pools and containers
* catch basins

* Combined Sewer Systems (CSS)

Mosquito Surveillance (positive pools
14-Sep-07
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Combined Sewer Systems

After a heavy rain, water flow increases dramatically, and
when 1t exceeds the maximum capacity of the sewer
systems overflows directly into bodies of water with minor
treatment.

Atlanta has 7 CSO facilities, many of them are located in close
proximity to residential, commercial and recreational sites.




CSSs and WNV

Significant sources of Cx. quinquefasciatus larvae.

Am. J. Trop. Med Hyg., T7(3). 2007, pp. 478484
Copyright © 2007 by The American Society of Tropical Medicine and Hygiene

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

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

Does the high mosquito
productivity translates
in a higher WNV

S — transmission risk?

Average Water Flow Rate (kilogallons/min)
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_ s uix WyZiZ, Local

I =
o Moran’s [ test

Significant
clusters of
high or low
infection rates




Human infection

WNYV infection rate
(cases per 10,000 person-years)
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WNV dead birds
(rate per 10,000 people)
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around 3 of the 4 CSO streams.

(A)
Density (#/ha) of
mosquitoes per trap

[ Jo-os

[ Jos-s0
[ 5.1-10.0
[ 10.1-200
B 20.1-400
B <01 -620

e Trap locations
Census tracts

0 5 10Km
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B
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.1 Mosquito surveillance

N{I.i?nber of Cx. quinquefasciatus per trap-night.
Significant local spatial clustering up to 1,900 m of a positive trap
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Significant (P < 0.05)
local clustering of
mosquito collections|

B CSO facilities
—— CSO streams
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Mosquito surveillance

Cx. Quinquefasciatus ML Infection Rate (unequal pool size)
Estimations at the census tract level to avoid bias.

(& e o
WNV in mosquitoes e e
® Negative
@® Positive

ML infection rate
in mosquitoes
0.00

| 0857-654
[ 7.08-1069
B 1312-22.74
B 26.03-3825

Although not statistically significant, southern transmission

foc1 at the Grant Park — Zoo area.




Cx. quinquerasciatus abundance and VWINVARfection in
MOSgUIteES; birds and; humans were spatially:clusterediin
close proximity 1o/ CS©;streams.

Southern (Confederate, Boulevard and Custer) €SO

Streams associated withrhtuman; bird andimoesguite
INfECLIONS:

Northern (NoerthrfAve: andillanyard) €SO streams
associatedwith bird and mosquite Infections:.

Potential use Tor future monitening o VWNVARrAtlanta




1. Determinants of WNV spatial clustering:

2. ENVS-Emory field and lab research to understand the
effect of CSOs on Cx. quinquefasciatus population
dynamics and WNYV transmission.
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Field research

Weekly mosquito monitoring by dipping (immatures), light traps, gravid
traps and back pack asplrators (adults)

Weekly evaluation of water quahty (D1ssolved Oxygen, Ph,
Temperature, Chlorine, Ammonia, Nitrates, Phosphates,
Fecal coliforms and E. coli).

WNYV and blood meal analysis of adult mosquitoes at UGA.




o perform: laboratory and'semi-natural experiments {o
understand the role o €SO on'mosquito population dynamics.

= Oviposition preference
= Fitness and behavior
= [Density dependence

100

0 20 40 60 80
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Treatment




¢ John Shimmin (Atlanta’ Watershed Management)
¢ Melanic Downey and Elmer Gray (UGAY)

¢ Will'Galvin, Gregory Decker, Carnie Keogh, Andy Nguyen,
AnNguyen, Jane Dennis-Kang, Alexandra Van INostrand

(Emory)

¢ Department off Environmental Studies (Emory)

¢ Michael Rage (IEmory)










Human cases

¢ Most 0f 2001-2007 GA human transmission occurred in
metropolitan Atlanta, particularly in Fulton County (Atlanta),

muscogee cty (Columbus)

and Chatham Cty
h).
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