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WNV backgroundWNV background

•• West Nile Virus is a mosquitoWest Nile Virus is a mosquito--borne borne 
flavivirusflavivirus commonly found in Africa, Asia, commonly found in Africa, Asia, 
Europe, Australia, and the Middle East. Europe, Australia, and the Middle East. 

•• WNV infects humans, birds, mosquitoes, WNV infects humans, birds, mosquitoes, 
horses and other mammalshorses and other mammals

•• Introduced to the U.S. in the summer of Introduced to the U.S. in the summer of 
1999 1999 

Culex spp. larvae



WNV WNV TranmissionTranmission CycleCycle

WNV is transmitted in a WNV is transmitted in a 
birdbird--mosquitomosquito--bird cycle bird cycle 
primarily involving primarily involving CulexCulex sppspp..



WNV in GeorgiaWNV in Georgia

•• 2004 2004 --21 human cases of WNV in Georgia21 human cases of WNV in Georgia-- 9 in 9 in 
Fulton Co.Fulton Co.

•• 20052005--20 human cases of WNV in Georgia20 human cases of WNV in Georgia--9 in Fulton 9 in Fulton 
Co.Co.

•• In 2005, the Georgia State Health Department found In 2005, the Georgia State Health Department found 
66 mosquito pools positive for WNV (66 mosquito pools positive for WNV (63 were 63 were C. C. 
quinquefasciatusquinquefasciatus,, 2 2 C. C. restuansrestuans, and one , and one C. C. 
nigrapalpusnigrapalpus))

Culex quinquefasciatus



In Atlanta, In Atlanta, CulexCulex quinquefasciatusquinquefasciatus is found is found 
in in CSOsCSOs

Fulton Co. Department Health & Wellness Fulton Co. Department Health & Wellness 
trapped WNVtrapped WNV--pos mosquitoes along the pos mosquitoes along the CSOsCSOs



What is a CSO?What is a CSO?

CSO Facility

Stream

To water treatment 
facility

Sewage Overflow

Screening & Disinfection



CSOsCSOs in Atlantain Atlanta
•• >700 >700 CSOsCSOs in hundreds in hundreds 

of major cities around the of major cities around the 
United States, 9 of which United States, 9 of which 
are in Atlantaare in Atlanta

•• Atlanta Atlanta CSOsCSOs completed completed 
in 1920in 1920’’s, separate s, separate 
sewers afterwardssewers afterwards

Clear Creek 



CSOsCSOs are found in densely populated are found in densely populated 
areas of metro Atlantaareas of metro Atlanta



Tanyard Creek

I-75
I-85

I-20

Piedmont Park

Grant Park

Maddox Park

CSO Basins in the City of AtlantaCSO Basins in the City of Atlanta

Tanyard Creek CSO



Goals and ObjectivesGoals and Objectives

•• To quantify and characterize urban CSO To quantify and characterize urban CSO 
streams for mosquito productivitystreams for mosquito productivity

•• To understand how mosquitoes To understand how mosquitoes 
populations are regulated in CSO streamspopulations are regulated in CSO streams

•• To establish a baseline for evaluation of To establish a baseline for evaluation of 
control optionscontrol options



Study designStudy design

•• Map CSO with GPS to determine actual length and Map CSO with GPS to determine actual length and 
characterize different habitatscharacterize different habitats

•• Longitudinal collections at 8 sites in Longitudinal collections at 8 sites in TanyardTanyard CreekCreek
•• Quantify mosquito stages by weekly dipping (25 Quantify mosquito stages by weekly dipping (25 

random dips in each area with description of random dips in each area with description of 
environment for each dip)environment for each dip)

•• Collected pupae brought back to lab to rear and Collected pupae brought back to lab to rear and 
identify adult mosquitoidentify adult mosquito
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Examples of habitatsExamples of habitats

Small side pool

Large pool



Mosquitoes Species in CSOsMosquitoes Species in CSOs
(Identified from emerged pupae)(Identified from emerged pupae)

No.            Species
Month   Pupae C quinq C restuans other
June 66   58%          42%
July 56 79% 21%
August   79         85% 15%
Sept   54         87%           6% 7%
Oct 53 100%
Nov 17 29% 65% 6%

•Found Culex nigrapalpus as well as one Anopheles 
punctipennis in addition to C. restuans and C. 
quinquefasiciatus



Differences in geometric mean per dip among Differences in geometric mean per dip among 
the 8 sites for all mosquito stages (egg rafts, the 8 sites for all mosquito stages (egg rafts, 
larvae and pupae)larvae and pupae)

Significant differences in density among sites (e.g., 
site 3 was significantly less productive overall than 
sites 2, 5, 7 and 8 )
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Egg Raft differences among sitesEgg Raft differences among sites

•There were significant variations in the production of all life 
stages for each of the 8 sites
•Site 2 produced significantly more egg rafts than that of the 
other 7 sites
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LightingLighting conditionsconditions
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Egg rafts and early stage larval production found at significantly 
higher densities  in shady locations than sunlit areas

a
b

a a a

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

sun shade
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

sun shade

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

sun shade
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

sun shade

a  1st & 2nds ba      Eggs b

3rds & 4ths Pupae



Immature Abundance in Immature Abundance in TanyardTanyard CreekCreek
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•Highest densities in side pools, followed by the edge of 
the creek and finally the center of the creek.
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Stagnant water was much preferred over slowly moving or quickly moving 
water
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Site 5Site 5

Before

During

Events!

2005:567 events from the 7 CSOs
& 2 regulators
Tanyard Creek, discharges on 64 
of the 166 days of the study
Events ranged from 104kgal in
36 min to 173m gal in 28 hrs



Impact of CSO Events on Mosquito ProductivityImpact of CSO Events on Mosquito Productivity
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Association of mosquito prevalence and cumulative 
volume water released 1 to 5 days prior to mosquito collection

Cumulative volume (Kgallons)
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Average Water Flow Rate (kilogallons/min)  
0 10 20 30 40 50

S
am

pl
es

 P
os

iti
ve

 fo
r M

os
qu

ito
es

 (%
)

0

20

40

60

80

100

Impact of Event Flow Rates on Mosquito Populations

A few mosquitoes could still be found immediately after events
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Significant increases within 5-10 days







CSO remediation:
1999, Atlanta found in violation of the Clean Water 
Act and the GA Water Quality Control Act for 
polluting the Chattahoochee River ($3.2 m fine)

2007 will complete an underground reservoir 
system to hold excess effluent until treatment 
($3.9 b)



Thursday, April 13, 2006, AJC Metro Section



ConclusionsConclusions

•• Culex Culex quinquefasciatusquinquefasciatus and and C C restuansrestuans
were the dominant species earlywere the dominant species early

•• Culex Culex quinquefasciatusquinquefasciatus increased in increased in 
abundance during the summerabundance during the summer

•• Small number of Small number of C C nigripalpusnigripalpus also found also found 
as well as one as well as one Anopheles Anopheles punctipennispunctipennis

Mosquitoes found in the CSO: 
Not just Culex quinquefasciatus



Larvae and pupae were foundLarvae and pupae were found

In virtually in all habitats, but
Significant variations in density among areas
Highest densities found in:

Side pools>banks of creek>middle
Stagnant water>>slow>>fast
Shade>sunny locations

Flooding (Flooding (““eventsevents””) significantly reduce) significantly reduce
but do not eliminate mosquitoes in CSObut do not eliminate mosquitoes in CSO



Next Steps:Next Steps:

•• More quantitative assessment (Jim More quantitative assessment (Jim 
McNally) McNally) 

•• Building on our understanding of mosquito Building on our understanding of mosquito 
productivity to evaluate interventions (Jim productivity to evaluate interventions (Jim 
McNally) McNally) 

•• Evaluating the relationship between CSO Evaluating the relationship between CSO 
location and isolation of WNV and location and isolation of WNV and Culex Culex 
trap densities (Fulton County and CDC)trap densities (Fulton County and CDC)



Conclusion: CSOs have the potential to generate Conclusion: CSOs have the potential to generate 
explosive numbers of explosive numbers of Culex Culex quinquefasciatusquinquefasciatus

What will be the impact of the 
new sewer system?
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